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CHEMICAL LASER COMPUTER CODE SURVEY
Section I

INTRODUCTION

As part of its program to evaluate novel resonator concepts for high-energy laser
applications, the Naval Research Laboratory (NRL) has conducted a survey sponsored by
the Defense Advanced Research Projects Agency (DARPA) to determine the features and
capabilities of government- and contractor-developed computer codes that model one or
more features of hydrogen fluoride/deuterium fluoride chemical laser resonators. The
purpose of this survey was to obtain a detailed measure of the extent of the current and
near-term state-of-the-art modeling capability for predicting chemical laser performance.
Because many diverse chemical laser codes exist, it was recognized that comparisons and
evaluations of codes, models, and computational techniques would best be accomplished
if each code architect assessed the capabilities, limitations, merits, and demerits of his own
code or model for chemical laser resonator analysis and performance.

A code survey form (Appendix A) was prepared to aid in gathering information in
three main areas of concern in modeling chemical lasers: optics, kinetics, and gas dynamics.
It was recognized that certain codes might in some aspects be more powerful than would be
required for analyzing the continuous-wave (CW), supersonic, diffusion-mixing, cold-
reaction HF chemical laser. The government is interested in identifying any such extended
capabilities. For this reason some generalization of the survey form in each of the three
cited areas was attempted. It was also recognized that some aspects of the survey form
would probably be too specific or else too general to accommodate all applicable codes and
models to which they were addressed. Therefore, respondents were encouraged to cite
deficiencies, make recommendations for improvements, and depart from the prescribed
format when necessary to describe better the features of their codes or models.

A potential list of recipients for the chemical laser code capability survey was prepared
using the following sources:

1. Attendees to the Novel Resonator Mid-Term Review held December 5 and 6, 1978,
at NRL

2. Authors of papers presented at the 6th Tri-Service Chemical Laser Symposium held
August 28-30, 1979, at the Air Force Weapons Laboratory

3. Attendees to the Intra-Cavity Adaptive Optics (ICAO)/Internal Focal Line Aper-
ture (IFLA) Review held April 10, 1979, at the Air Force Weapons Laboratory

4. Distribution list for Novel Resonators for High Power Chemical Lasers Program pro-
vided by NRL.

Manuscript submiti:éd August 6, 1980,
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WIGGINS, MANSELL, ULRICH, AND WALSH

This list (Appendix B) includes 165 names of researchers and, in some cases, shows
their current or recent areas of interest. Rather than attempt to communicate directly with
this large number of potential survey recipients, it was decided instead to send several copies
of the survey form to key individuals at the various companies and government agencies
involved and let them make the internal distributions. This final list included 51 names and
is also included in Appendix B.

A significant amount of code development, capabilities, and documentation is consid-
ered proprietary to those companies that build them. This report contains no proprietary
information. The line of distinction for determining exactly which information about any
code marked proprietary is vague and is best answered by the originator of the code.

The remainder of this report is a summary of the responses received from the survey.
Top-level summaries and categorical distributions of chemical laser codes are presented in
section II. These are intended to provide “quick-look” comparisons of code features. De-
tailed code capabilities and features are provided in section III.



Section 11

CODE SURVEY SUMMARY

The purpose of this chapter is twofold. First, the codes are listed in various ways to aid
the reader in determining where a code fits categorically among the various combinations of
optics, kinetics, and gasdynamics features. Second, a single-page summary is included for
each code (alphabetically by code name). The purpose of this top-level or quick-look sum-
mary is to provide a rapid evaluation of a given code’s attributes and for cross comparisons
before going to the more detailed level of section III.

Table II-1 provides the complete alphabetical listing of all codes included in this sur-
vey,* the company or aiency that submitted them,¥ and their proprietary /nonproprietary
status (P if proprietary)+ An alphabetical listing of codes by company /agency, which shows
also the general type or use of code (optics, kinetics, gasdynamics), is provided in Table II-2.
The following rules were applied in classifying a code as O, K, or G. A code with detailed
optics with up to and including a simple saturable gain model, but no detailed kinetics or
gasdynamics features, was classified as an optics (O) code. A code with detailed kinetics
with up to and including a simple Fabry-Perot optics model, but no detailed optics or gas-
dynamics, was classified as a kinetics (K) code. A code with detailed mixing or flow mod-
eling capabilities, but without detailed optics or chemistry models, was termed a gasdy-
namics (G) code. In Table II-3, this categorical approach is used to divide codes into seven
categories made possible by codes having different combinations of detailed optics, detailed
kinetics, and detailed gasdynamics modeling capabilities. The reader will undoubtedly find
many other ways to compare codes; Table II-4 provides one further example.

Some information in a very different format from that used in this survey was provided
on 21 codes by Bell Aerospace Textron. Summary sheets have been included for these
codes. The original Bell Aerospace inputs have been included as Appendix C.

*Codes without names were arbitrarily given alphanumeric names for reporting consistency; such codes are
indicated by a superscript asterisk following the code name.

*Most of the time, but not always, the company or agency submitting a given code was responsible for pro-
ducing or building the code. Attempts have been made to properly credit the original source where known.

#None of the information reported here is considered proprietary.

II-1
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WIGGINS, MANSELL, ULRICH, AND WALSH

Table II-1 — Alphabetical Listing of Chemical Laser Codes

Code Name Company/Agency Proprietary

ABL TRW

AEROKNS Rocketdyne

AFOPTMNORO University of Illinois

ALCHRC* Rocketdyne

ALCRRC* Rocketdyne

ALFA AFWL/ALC

APACHE AFWL/ALC

ARM-D Bell Aerospace P

ARM-G Bell Aerospace P

BAREPL Rocketdyne

BCCLC* AFWL/ALR

BLAZER TRW

BLAZE1I Bell Aerospace P

BLAZE II Bell Aerospace P

BLAZE II1 Bell Aerospace P

BLAZE IV Bell Aerospace P

BLAZE V Bell Aerospace P

BLAZE VI Bell Aerospace P

BLIST TRW P

CLOQ UTRC/P&W P

CLOQ3D UTRC/P&W P

CLSLGM* SAI

CNCDE Bell Aerospace P

COMOC-SA Bell Aerospace P

COMOC-TA Bell Aerospace P

COMOC-2DNS Bell Aerospace P

COMOC-3DPNS Bell Aerospace P

CROQ TRW P

DENTAL AFWL/ALR

DESALE-5 Aerospace Corporation

DIFF-2 Bell Aerospace P

DIFF-3 Bell Aerospace P

ELNWD2 Aerospace Corporation

GASSER TRW

GCAL SAI

GENRING BDM

GIM AFWL/ALC/LOCKHEED P

GLADV TRW P
Bell Aerospace P

GOAD

*Indicates alphanumeric name generated for this survey.

I1-2
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Table IT-1 — Alphabetical Listing of Chemical Laser Codes (Continued)

Code Name Company/Agency Proprietary
GOPWR Rocketdyne
GURDM BDM
HFGOPWR Rocketdyne
HFOX Sandia Laboratories
TPAGOS 'BDM/TRW
KBLIMP Aerotherm Division ACUREX
LAPU-2 LASL
LOADPL Rocketdyne
LS-14RGS* Rocketdyne
MCLANC TRW P
MNORO University of Illinois
MPCPAGOS BDM
MRO TRW
NCFTDPWE* LASL
NORO-I University of Illinois P
NORO-II Bell Aerospace P
OCELOT Hughes P
POLRES AFWL/ALR
POLRESH AFWL/ALR
POP ~ Perkin-Elmer P
PRE-WATSON Rocketdyne
QFHT UTRC/P&W P
RASCAL Rocketdyne P
ROPTICS University of Illinois P
ROTKIN UTRC/P&W p
SAIC2D SAl
SAIC2DV SAI
SAIFHT SAI
SAIGD SAI
SAI1D SAI
SAI2D SAI
SOS Aerospace Corporation
TDLCRC* Rocketdyne P
TDWORRC#* Rocketdyne P
TMRO TRW
TWODNOZ TRW
URINLA2 TRW
VIINT TRW
WAP#* TRW

*Indicates alphanumeric name generated for this survey.

II-3
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WIGGINS, MANSELL, ULRICH, AND WALSH

Table II-2 — Alphabetical Listing of Chemical Laser Codes by Company

Company/Agency Code Name Proprietary Type
Aerospace Corporation " DESALE-5 K, G
‘ELNWD2 0]
SOS K
Air Force Weapons Laboratory ALFA K
APACHE K
BCCLC 0, K
‘DENTAL : 0,K, G
GIM P G
POLRES 0]
POLRESH 6]
BDM Corporation GENRING 0)
GURDM 0]
IPAGOS 8]
MPCPAGOS 0
Bell Aerospace Textron ARM-D P 0]
ARM-G P 0]
BLAZE I P G
BLAZE II P G
BLAZE II1 P K, G
BLAZE IV P K, G
BLAZE V P G
BLAZE VI P 0,K,G
CNDE P G
COMOC-SA P K, G
COMOC-TA P K, G
COMOC-2DNS P K, G
COMOC-3DPNS P K, G
DIFF-2 P 0,G
DIFF-3 P 0, G
GOAD P
NORO-II P K, G
Hughes Aircraft Company OCELOT P O
University of Illinois AFOPTMNORO 0,K
MNORO K
NORO I P K
ROPTICS P 0O, K
Los Alamos Scientific LAPU-2 (o)
Laboratories NCFTDPWE (6]
Perkin-Elmer POP
I1-4
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Table II-2 — Alphabetical Listing of Chemical Laser Codes by Company (Continued)

Company/Agency .Code Name Proprietary Type
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Table II-3 — Comparative Listing of Chemical Laser Codes by General Type

0, K, G* 0,K 0,G K, G 0 K G
ABL AFOPTMNORO | DIFF-2 | AEROKNS ALFA BLAZE I
ALCHRC BCCLC DIFF-3 | BLAZE Il APACHE | BLAZE I
ALCRRC ROPTICS BLAZE IV ARM-D GCAL BLAZE V
BLAZER COMOC-SA ARM-G HFOX BLIST
BLAZE VI COMOC-TA BARE PL MNORO CNDE
CLOQ COMOC-20NS | CLSLGM NORO I GASSER
CLOQ 3D COMOC-30PNS | ELNWD2 SOS GIM
CROQ DESALE-5 GENRING GLADV
DENTAL GOAD KBLIMP
GOPWR NORO-II GURDM MCLANC
HFGOPWR ROTKIN IPAGOS TWODNOZ
MRO SAIGD LAPU-2 VIINT
RASCAL LOADPL WAP
TDLCLRC LS-14 RGS
TMRO MPCPAGOS

NCFTDPWE
OCELOT
POLRES
POLRESH
POP
PRE-WATSON
QFHT
SAIC2D
SAIC2DV
SAIFHT
SAI1D
SAIZD
TDWORRC
'URINLA2

*0 = optics, K = kinetic, G = gasdynamic.
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Table II-4 — Nonproprietary 2-D Codes as Functions of Basic Level of Detail and Geometry

NRL REPORT 8450

Company Contact Telephone Number
I.  2-D Wave Optics/Kinetics/Gasdynamics Codes
Cartesian
Blazer TRW DSSG Don Bullock 213-535-3484
CLOQ 3D UTRC Paul E. Fileger 305-840-6643
Cylindrical
ABL TRW DSSG Don Bullock 213-535-3484
CLOQ 3D UTRC
II. 2-D Wave Optics/Kinetics
Cartesian
BCCLC AFWL/ALR Capt. Ted Salvi 505-264-0721
SAIZ2D SAI Jerry Long 404-955-2663
Cylindrical
SAIC2D SAI Jerry Long 404-955-2663
SAIC2DV SAI Jerry Long 404-955-2663
SAIFHT SAI Jerry Long 404-955-2663
ITI. 2-D Wave Optics
Cartesian
CLSLGM SAI Robert E. Hodder 305-283-3380
Cylindrical
BAREPL Rocketdyne Alexander Simonoff 213-884-3346
GURDM BDM Tom Ferguson 505-264-8568
LOADPL Rocketdyne Alexander Simonoff 213-884-3346
PRE-WATSON | Rocketdyne Phil D. Briggs 213-884-3851
URINLA2 TRW Don Bullock 213-535-3484
11-7
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CODE SUMMARY SHEET CODE NAME: ABL

ORIGINATOR/KEY CONTACT:
Donald L. Bullock
Organization: ___TRW DSSG
Address: R1/1162 One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models cvlindrical lasers
used with URINLA2. This is a URINLA2 model with gain. (See URINLA2)

(213) 535-3484

Name: Phone:

AVAILABLE DOCUMENTATION: _Annular Laser Mode Studies Final Report.

Program ABL User Manual, June 1978.

CATEGORY
ATTRIBUTE OPTICS KINETICS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics Detailed Mixing
G ® cw Premixed
trical
TYPE o P:°Telr'°a Pulsed Scheduled Mixing
]
ysica @ | HF.DF Other
Other
° Standing Wave @® | Annular, Radially Flowing Cylindrical, Radially Fiowing
Ring Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ® | compact
P Other Other
® Annular
(Transverse Dimension) [ ] 1D 1D
GRID DIMENSION [ ] 1D ® 2D 2D
® |20 ® 3D 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical Cylindrical
Other Other Other
® | Misalignments Single Line taminar Flow
FEATURES MODELED | @ gb:"a"‘";s " @ | Mutiline Turbulent Flow
eformable Mirrors PY Line Broadening Boundary Layer
@ | Far-Field Performance ® | other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Jim Viecelj

CODE NAME:

AEROKNS

Phone:_(213) 884-3851

Organization: Rockwell International-Rocketdyne Division

Address: 6633 Canoga Ave., Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF coDE: _Computation of small signal
gain or Toaded gain from a radially flowing system for use by annular

resonator codes.

Package includes aerodynamics for radial flow field.

(Used in LS-14 study, see ALCHRC).

AVAILABLE DOCUMENTATION: _Annular Laser Optics Study Final Report (AFWL-
TR-77-117); Annular Laser Optics Study User's Manual:

Loaded Cavity Codes.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics @® | Detailed Mixing
G cal ® Cw Premixed
t
TYPE P:or.ne|r|ca Pulsed @ | Scheduled Mixing
ysica ® | HF.DF Other
@ | Other
Sfandmg Wave @ Annular, Radially Flowing @ | Cylindrical, Radially Flowing
GEOMETRY 2:": act Transversely Flowing Rectangular. Linearly Flowing
P Other Other
Annular
(Transverse Dimension) ® 1D ® |10
GRID DIMENSION 1D 2D 20
20D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical @ | Cylindrical @ | Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations . Fl
FEATURES MODELED e ® | Multitine Turbulent Flow
Deformable Mirrors @ | Line Broadening Boundary Layer

Far-Field Performance
Other

Other

Shocks
Other

A3TITSSYTOND



CODE SUMMARY SHEET CODE NAME: AFOPTMNORO

ORIGINATOR/KEY CONTACT:
Name: ___ L. H. Sentman/T. Salvi (AFWL)  phone._(217) 333-1834

Organization: Univ. of I1linois, Dept. of Aeronautical & Astronautical Eng.

Address: ___Urbana, I1linois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE:__Predict power spectral per-
formance of CW chemical lasers by coupling an AFWL strip mirror optics
code to a rotational nonequilibrium kinetics - fluid dynamics model
(MNORO). Combined model is called AFOPTMNORO.

AVAILABLE DOCUMENTATION: ___"An Efficient Rotational Nonequilibrium Model
of a CW Chemical Laser," L. H. Sentman & W. Brandkamp, TR AAE 79-5, UILU
Eng 79-0505. July 1979. "Users Guide for Programs MNORO and AFOPTMNORO,"
L. H. Sentman. AAE TR 79-7, UILU Eng 79-0507, October 1979.

CATEGORY
OPTICS KINETI ASDYNA
ATTRIBUTE cs GAS NAMICS
None None ’ None
LEVEL Simple Fabry Perot Simple Saturated Gain @ | Simple Flow Model
@ | Detailed Resonator ® | Detailed Kinetics Detailed Mixing
G cat ® | Ccw Premixed
eometrica
TYPE o Pulsed Scheduled Mixing
sic
ysica @ | HF. DF ® | other
Other
® | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ri . .
GEOMETRY ° C::ng1 st @ | Transversely Flowing @ | Rectangular, Linearly Flowing
p Other Other
Annular
{Transverse Dimension) @ |10 ® 10D
GRID DIMENSION ®|1D 2D 2D
2D 3D 3D
Cartesian @ | Cartesian @ | Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations -
FEATURES MODELED o f" 'bl i ® | Multiline Turbulent Flow
e or‘ma e Mirrors ® ! Line Broadening ® Boundary Layer
Far-Field Performance ® | other Shocks
Other @ | Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Phil Briags

CODE NAME:

ALCHRC*

Phone: (213) 884-3851

Organization: Rockwell International-Rocketdyne Division
Address: 0833 Canoga Ave., Canoga Park, California

91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_L3-14 resonator parameter
selection, assess mode control, performance predictions for power

extraction and beam quality, set/verify design requirements. Analysis of

general HSURIA with reflaxicon.

Kinetics and gasdynamics modeled by

AEROKNS developed under ALOS program. See AEROKNS,

AVAILABLE DOCUMENTATION: Various.
CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simpie Fabry Perot Simpte Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
. L] cw Premixed
TYPE Geomerrical Pulsed ® | scheduled Mixing
[ J Physical [ ) HF, DF Other
@ | Other
® Standing Wave [ ] Annular, Radially Flowing @ | Cylindrical, Radially Flowing
Ring . . .
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY
L4 Compact Other Other
@® | Annular
{Transverse Dimension} ®|1D @ | 1D
GRID DIMENSION ® 1D 2D 20D
20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical @ | Cylindrical
Other Other Other
Misatignments Single Line Laminar Flow
Aberrations ® - Turbulent Flow
FEATURES MODELED ' ble Mi Muitiline ® L
De or}ma e Mirrors Y Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
® | Other [ J QOther

*Axisymmetric Loaded Cavity HSURIA

Resonator Code.

A3TITSSVIONR



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Phil D. Briggs

CODE NAME:

ALCRRC*

Phone: (2] 3) 884-3851

Organization:

Rockewell International-Rocketdyne Division

Address: _ 06633 Canoga Ave., Canoga Park. California

91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_Ring resonator parameter
selection, assess mode control, performance prediction for power and

beam quality, set/verify desiagn requirements,

Kinetics and mixing models

included - see AEROKNS.

AVAILABLE DOCUMENTATION: _Various.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
@ | Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
® cw Premixed
trical
TYPE Geometrica Pulsed @ | Scheduled Mixing
@ | Physical ® | HF. DF Other
@® | Other
Standing Wave @ | Annular, Radiaily Flowing @ | Cylindrical, Radially Flowing
@ | Ring . . .
GEOMETRY pe Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other
@ | Annular
{Transverse Dimension) ® |1D @ 1D
GRID DIMENSION o 1D 2D 20D
20D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical @ | Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED | @ 5 f' . ® | Muttiline ur ”d "
: € or‘ma ¢ Mirrors @ | Line Broadening ° Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other @® | Other

*Axisymmetric Loaded Cavity Ring Resonator Code.



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _N. L. Rapagnani

CODE NAME:

ALFA

Phone.__(505) 844-9836

Organization: _Air Force Weapons Laboratory
Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_Models any chemically
pumped mixing laser system including electronic transition types:

contains Fabry Perot optics model.

AVAILABLE DOCUMENTATION: ALFA, AFWL-TR-78-19

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL @ | Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
P I cal ® | cw Premixed
eomet|
TYPE netriea ® | Pulsed Scheduled Mixing
Physical ® | HF, DF ® Other
@ | Other
Sfandmg Wave Annular, Radially Fiowing @ | Cylindrical, Radially Flowing
GEOMETRY 2:‘: act Transversely Flowing @ | Rectangular, Linearly Flowing
P Other Other
Annuiar
{Transverse Dimension) 10 1D
GRID DIMENSION | @ { 1D ® | 2D ®|:z2D
20 3D 3D
@ | Cartesian @ | Cartesian’ @ | Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical ® | Cytindrical
Other Other Other
Misalignments ® | single Line @ | taminar Flow
Aberrations -
FEATURES MODELED rrat , ® | Multiline ® | Turbulent Flow
Deformable Mirrors °® Line Broadening [ ] Boundary Layer
Far-Field Performance ® | other @ | Shocks
Other Other
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CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _N. L. Rapagnani

CODE NAME:

APACHE

Phone:

(505) 844 -9836

Organization:

Air Force Weapons Laboratory

Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
mixing laser system including electronic transition tvpe.

Models any chemically pumped

APACHF ig the

same as ALFA except that it is time dependent.

Contains Fabry-Pernt

optics.

AVAILABLE DOCUMENTATION: _APACHE, LASL-1A-7427

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE

None None None

LEVEL ® | Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator ® | Detailed Kinetics @ | Detailed Mixing

. g cw Premixed
® | Geometrical ® | Pulsed Scheduled Mixing
TYPE Physical [ ] HF, DF Other
@ | Other
Standing Wave Annular, Radially Flowing @ | Cylindrical, Radially Flowing
Ring . . R
GEOMETRY Compact Transversely Flowing ® Rectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 10 1D
GRID DIMENSION | @ | 1D ® 20D ® |20
20D b ® | 3p Psuedo
@® | Cartesian ® | Cartesian ® | Cartesian
COORDINATE SYSTEM | @ | Cylindrical ® | Cylindrical ® Cylindrical
Other Other Other
Misalignments ® | singte Line @ | Laminar Flow
Aberrations PY . @ | Turbulent Flow
FEATURES MODELED . Multiline

Deformabie Mirrors ® | Line Broadening @ | Boundary Layer
Far-Field Performance PY Other ® Shocks
Other @ | Other . Recirculating




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _S. W. 7Zelazny

CODE NAME:

ARM-D

Phone.__(716) 297-1000

Organization: Be11 Aerospace Textron
Address: P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_Resonator analysis codes.

Models HSURIA and ring resonators.

Uses strip propagator (vr.z) in

annular leq and (v, 0, z) propagator in compact leq.

(See_appendix C.

table 2).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot @ | Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics @ | Detailed Mixing
s @ | cw [ ] Premixed
trical
TYPE o |- cometrica Pulsed @ | Scheduted Mixing
hysicat
ysica ® | HF.OF @ | Other
® Other
® Sfandmg Wave [ ] Annular, Radially Flowing ® | Cylindrical, Radially Flowing
GEOMETRY L] Ring Transversely Flowing Rectanguiar, Linearly Flowing
® | Compact Other Other
@® | Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION ® 1D 2D ® | 2D Quasi2D
® 2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrica! @ | Cylindrical
Other Other Other
M'Sa“g’t‘mems Single Line ® Laminar Flow
FEATURES MODELED Aberrations ® | Mutiline @ | Turbulent Flow
@ | Deformable Mirrors R . Boundary Layer
. Line Broadening
@ | Far-Field Performance Other Shocks
Other Other

Q3TI15SYTIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __o. W. Zelazny

CODE NAME:

ARM-G

Phone:_{(716) 297-1000

Organization: Bel1_Aerospace Textron

Address: P-O. Box ], Buffa'lo, New York ]4240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Resonator analysis codes.

Geometric optics code models HSURIA (with waxicons and reflaxicons) and

ring resonators.

Same capability as ACCOS-V _except can be run

interactively.

(See appendix C, table 2).

AVAILABLE DOCUMENTATION:

CATEGORY
QPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detaited Resonator Detailed Kinetics Detailed Mixing
. cw Premixed
TYPE L Georf'e‘f'cal Puised Scheduled Mixing
Physical HF, OF Other
Other
: Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring : . .
GEOMETRY ® Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other
@® | Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 2D 2D
® |20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
@® | Misalignments Single Line Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED Multiline
Deformable Mirrors . . Boundary Layer
Line Broadening
@ | Far-Field Performance Other Shocks
Other Other




CODE SUMMARY SHEET CODE NAME: BAREPL

ORIGINATOR/KEY CONTACT:
Name: Alexander M. Simonoff Phone.__(213) 884-3346

Organization: Rocketdyne Division, Rockwell International

Address: 0633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: _The code was designed to

model a half-symmetric unstable resonator with an_internal axicon

(HSURIA). Performance predictions for beam quality and mode loss

difference, set/verify design requirements.

AVAILABLE DOCUMENTATION: _3-D Bare Cavity Resonator Code (theory and

user manual).

CATEGORY B
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Fiow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
. cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
@ | Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ® | Compact
Other Other
® | Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 10 2D 2D
®|2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ [ Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations . Turbulent Flow
FEATURES MODELED . Multiline
@ | Deformable Mirrars ) . Boundary Layer
Line Broadening
@ | Far-Field Performance Shocks
Other
Other Other

GITITSSVIOND



CODE SUMMARY SHEET CODE NAME: BCCLC*
ORIGINATOR/KEY CONTACT:
Name: Capt. Ted Salvi Phone:_(505) 844 -0721

Organization: Air Force Weapons Laboratory

Address: AFWL/ALR, Kirtland ARB, New Mexico 87115

PRINCIPAL PURPOSE AND APPLICATION OF cODE: _Models lasers with conventional

unstable resonators with round. elliptical, or rectangular apertures

Contains CO, GDL kinetics and shock wave phase sheets.

AVAILABLE DOCUMENTATION: __None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Modei
@ | Detailed Resonator ® | Detailed Kinetics Detailed Mixing
, ® | cw Premixed
TYPE GeoTetrrcaI Pulsed Scheduted Mixing
@® | Physical HF, DF Other
@ | Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring Py . . .
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact
Other Other
Annutar
(Transverse Dimension} 10 10
GRID DIMENSION 10 2D 2D
® 20 ® | 3D 3D
® | Carntesian @® | Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
@ | Misalignments ® | single Line Laminar Flow
® | Aberrations . Turbulent Flow
FEATURES MODELED ‘ o Mi Multiline L
De or‘mab e Mirrors ® Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other

*Baumgardner Cartesian coordinate laser code



CODE SUMMARY SHEET CODE NAME: BLAZER

ORIGINATOR/KEY CONTACT:
Name: Dona]d L- BU]]OCk Phone:
Organization: TRW DSSG
Address: __RI1/1162, One Space Park, Redondo Beach, California 90278
PRINCIPAL PURPOSE AND APPLICATION OF coDE:__Models the optical perfor-

mance of linear bank CW HF and DF chemical lasers. BLASER is a 3-D
model. Used as design tools for BDL, NACL, MIRACL.

(213) 535-3484

AVAILABLE DOCUMENTATION: The BLAZER and MRO Codes, TRW, June 1978
(theory). BLAZER User Manual {includes use of MRO), TRW, November 1978.

A3TITSSYIIND

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Fiow Model
@® | Detailed Resonator Detailed Kinetics Detailed Mixing
G ical cw Premixed
eometrica
TYPE ) Pulsed Scheduled Mixing
@ | Physical HF, DF
Other
Other
® | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ° Ring Transversely Flowing Rectanguiar, Linearly Flowing
® | Compact Other Other
Annular
{Transverse Dimension) 1D 10
GRID DIMENSION 1D 2D 2D
® |20 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cytindrical Cylindrical
Other Other Other
: Musalugrfmems Single Line Laminar Flow
FEATURES MODELED Abe:rratnonls . Multitine Turbulent Flow
De oatmab e Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: 5. W. Zelazny

CODE NAME:

BLAZE I

Phone: (7]6) 297-1000

Organization:B€11 Aerospace Textron

Address: _P-0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF coDe:_1-0 fluid code with general

chemistry and no optics.

Combustor and cavity analysis.

(See appendix

C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
ical
TYPE Geometrica Pulsed Scheduled Mixing
ical
Physica HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
' P Other Other

Annular
{Transverse Dimension) 1D 10

GRID DIMENSION 10 2D 2D
20D 30 30
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misatignments Single Line Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED Multiline

Deformable Mirrors
Far-Field Pertormance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: 5. W. Zelazny

CODE NAME:

BLAZE 11

Phone:__(716) 297-1000

Organization:

Bell Aerospace Textron

Address: _P-0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF copDe: _Detailed mixing code with

general chemistry and Fabry-Perot optics.

Combustor analysis and

cavity analysis. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
G cw @ | Premixed
i
TYPE eometrical Pulsed ® | Scheduled Mixing
Physical HF, DF P Other
Other
Standing Wave Annular, Radially Flowing [ ] Cylindrical, Radially Flowing
GEOMETRY 2::: act Transversely Flowing ® Rectangular, Linearly Flowing
P Other Other

Annular
{Transverse Dimension) 1D ® |10

GRID DIMENSION 10 2D 20
2D 3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
» Mlsahgf\ments Single Line @ | Laminar Flow
FEATURES MODELED Aberrations Multiline ® | Turbulent Flow

Deformabte Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

AITITSSYTOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _S. W. Zelazny

CODE NAME:

BLAZE 111

Organization: _B€11_Aerospace Textron

Phone:_(716) 297-1000

Address: _P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_2-D mixing code with general

chemistry.

Combustor nozzle, cavity, diffuser, and ejectors analvysis,

No optics,

(See appendix €, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
. cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
Physical HF. DF ® Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other

Annular
(Transverse Dimension) 1D 10

GRID DIMENSION 1D 20 ® | 2D
2D 3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cytindrical Cylindrical
Other Other Other
Misalignments Single Line @ | Laminar Flow
Aberrations . @ | Turbulent Flow
FEATURES MODELED . Multiline

Deformable Mirrors [ Boundary Layer

Far-Field Performance
Other

Line Broadening
Other

Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: 5. W. Zelazny

CODE NAME:

BLAZE IV

Phone:__(716) 297-1000

Organization: .Be11 Aerospace Textron
Address:

P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

2-D mixing code with general

chemistry. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
. cw Premixed
TYPE Geametrical Puised Scheduled Mixing
hysi
Physical HF. DF ° Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Rin . . .
GEOMETRY C:ar: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other

Annular
{Transverse Dimension) 10 1D

GRID DIMENSION 1D 20D @ (2D
20 3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Mlsalugnjlments Single Line @ | Laminar Flow
FEATURES MODELED Ab:rranons . Multiline @ | Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer
Far-Field Performance Shocks
Other

Other Other

G3T131SSYIOND



CODE SUMMARY SHEET CODE NAME:

BLAZE V

ORIGINATOR/KEY CONTACT:
Name: S. W. Zelazny Phone:

!

(716) 297-1000

Organization: ___Be11 Aerospace Textron

Address: __P.0. Box 1, Buffalo, New York- 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
code used for nozzle, fluid, and thermal analysis.

2-D mixing finite difference

(See appendix C,

tabie 1).

AVAILABLE DOCUMENTATION:

CATEGORY

OPTICS KINETICS GASDYNAMICS
ATTRIBUTE ¢
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator Detailed Kinetics Detailed Mixing
G cal cw Premixed
3
TYPE P:or.ne|”ca Pulsed Scheduled Mixing
ysica HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY 2:‘: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other

Annular
(Transverse Dimension) 1D 1D

GRID DIMENSION - TD 2D 2D
2D 30 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Singte Line Laminar Flow
Ab tions - |
FEATURES MODELED errati Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _ S. W. Zelazny

CODE NAME:

BLAZE VI

Phone:

(716) 297-1000

Organization:

Address:

Bell Aerospace Textron

P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

3-D optics and mixing code using finite difference, FFT, and rotational

nonequilibrium models for optics and fluid analysis.

(See appendix C,

table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS 1
ATTRIBUTE KINETICS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detaited Kinetics Detailed Mixing
. o cw Premixed
eometrica
TYPE o] Pulsed Scheduled Mixing
si1ca
% HF. DF @ | Other
Other
zfa"d’"g Wave Annular, Radially Flowing Cylindrical, Radially Flawing
GEOMETRY n9 Transversely Fiowing Rectangular, Linearly Flowing
Compact Other Other
Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 10 20 20
2D 3D [ ] 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line @ | Laminar Flow
Ab: i
FEATURES MODELED ereations Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

@ | Boundary Layer
Shocks
Other

Q3T31SSYTIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:;

Name: R- HUQheS/D- Haf] -inger/H‘ w’ Behrens Phone:

CODE NAME: BLIST

(213) 536-2757

Organization:

TRW DSSG

Address: _R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

BLIST (Boundary Layer Inte-

gral Solution Technique) calculates nonsimilar development of 2-D or

axisymmetric compressible laminar boundary layers with wall heat transfer.

AVAILABLE DOCUMENTATION:

Internal Report:

"A Description of the Laminar

Integral Boundary Layer Model," TRW Report, August 1977.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain [ Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
ical
TYPE Geometrica Pulsed Scheduled Mixing
ical
Physica HF, DF ° Other
Other
Standing Wave Annular, Radially Flowing @ | Cylindrical. Radially Flowing
GEOMETRY 2':"9‘ act Transversely Flowing @ | Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 1D 10
GRID DIMENSION 10 20 ® |20
2D 30 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other @ | Other
Mlsahgr'amems Single Line Laminar Flow
FEATURES MODELED Aberrations Multitine Turbulent Flow
Deformable Mirrors ® | Boundary Layer

Far-Field Performance
Other

Line Broadening
Other

Shocks
Other




CODE SUMMARY SHEET CODE NAME:

ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone:

CLOQ

(305) 840-6643

Organization: _United Technologies Research Center

Address:

P.0. Box 2691, MX-R48, West Palm Beach,

Florida 33402

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

The CLOQ code was developed to analyze linear chemical laser systems

using rotational nonequilibrium kinetics.

AVAILABLE DOCUMENTATION: _R. J. Hall, "Rotational Nonequilibrium and Line-
Selected Operation in CW DF Chemical Lasers," IEEE JQE, Vol QE-12, p 453

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics @ | Detaited Mixing
L4 cw Premixed
ical
TYPE ° Geometrica Pulsed ® | Scheduled Mixing
Physical @® | HF. DF Other
Other
® | Standing Wave ® | Annular. Radially Flowing @ | Cylindrical, Radially Flowing
L4 Ring @ | Transversely Flowing @ | Rectangular, Linearly Flowing
GEOMETRY ® Compact
Other Other
® | Annular
(Transverse Dimension) ® |10 ® |10
GRID DIMENSION | @ | 1D 20D 2D
20 3D 30
@ | Coartesian @ | Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical ® | cylindrical
Other Other Other
: Misalignments Py Single Line [ ) Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED | o | """ W ® | Multiline ® | Tur i
e Ofma e Mirrors [ ) Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@® | Other [ ] Other

G3T31SSYTINA



CODE SUMMARY SHEET CODE NAME: CLOQ3D
ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone: (305) 840-6643
Organization: United Technologies Research Center
Address: _ P.0. Box 2691, MS-R-48, West Palm Beach, Florida 33402

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

CLOQ3D is an input scheduled

code for analyzing HEL chemical lasers using wave optics coupled to rota-

tional nonequilibrium kinetics or to equilibrium kinetics (HF or DF).

AVAILABLE DOCUMENTATION:

User's manual to be published in February 1980.

CATEGORY
OPTICS KINETICS GASDYNAMI
ATTRIBUTE cs
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
. . @ | cw Premixed
eometrica
TYPE Phvsical Pulsed @ | Scheduled Mixing
[ ] ysica @® | HF. DF Other
Other
@ | Standing Wave ® | Annular, Radially Flowing ® | Cylindrical, Radiaily Flowing
GEOMETRY @ | Ring @ | Transversely Fiowing @ | Rectangular, Linearly Flowing
@ | Compact Other Other
@ | Annular
{Transverse Dimension) ® |10 ®| 1D
GRID DIMENSION 1D @®@| 2D 2D
®]20 3D 3D
@ | Cartesian @ | Cartesian @ | Cartesian
COORDINATE SYSTEM | @] Cylindrical @® | Cylindrical @ | Cylindrical
@ | Other Other Other
@ | Misalignments Y Single Line [ ] Laminar Flow
Aberrations -
FEATURES MODELED | ® oot - ® | Multiline ® | Turbulent Flow
L € or.mab e Mirrors o Line Broadening Boundary Layer
@ | Far-Field Performance ® | Other Shocks
@ | Other ® | Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: __Peter R. Carlson/Robert E. Hodder ppone

CODE NAME:

CLSLGM*

(305) 283-3380

Organization:

Science Applications Inc.

Address: _ 201 SW Monterey Rd., Suite 30, Stuart, Florida 33494

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Assess optical performance of

MIRACL device before, during., and after acceptance testing

Essentially same theory/formalism developed by Sziklas

and Siegman for the Pratt & Whitney SOQ codes.

AVAILABLE DOCUMENTATION:

"Chemical-Laser Scaling - Law Gain Model

Analysis." P. Carlson and R, Hodder, SAI Technical Memorandum to D.

Finkleman and J. Streqack (September 25, 1979).

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None @ | None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Fiow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
G cal cw Premixed
eometrica
TYPE ' Pulsed Scheduled Mixing
@ | Physical HF, DF
Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ° z:: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 2D
® |20 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Musahgr.wments Single Line Laminar Fiow
FEATURES MODELED [ ] Ab:rranon's " Muttiline Turbulent Flow
. De or.mab e Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
@ | Other Other

*Chemical-Laser Scaling - Law Gain Model

SA3ITITSSVIOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: S. W. Zelazny

CODE NAME: | _CNCDE

Phone. (716) 297-1000

Organization:

Bell Aerospace Textron

Address: __ P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

1-D flow analysis code analysis of combustor, nozzle, cavity, diffuser

and ejectors.

(See appendix C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
. cw ® | Premixed
ical
TYPE eometrica Puised Scheduled Mixing
Physical
ysica HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . -
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY Compact
Other Other
Annular
(Transverse Dimension) 1D ® |10
GRID DIMENSION 10 20 2D
20 30 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Mlsahgotlments Single Line Laminar Fiow
FEATURES MODELED Aberrations Muttitine Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: S. W. Ze]azn_y

CODE NAME:

coMoC-SA

Phone:

(716) 297-1000

Organization:

Bell Aerospace Textron

Address: P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

2-D finite element code for the structural analysis of combustor, nozzle

and optics.

(See appendix C, table 1.)

AVAILABLE DOCUMENTATION:

CATEGORY
QPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
e cw Premixed
trical
TYPE , eometrica Pulsed Scheduled Mixing
hysical
ysica HF. DF Other
Other
Sfandmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY 2:::‘ sct Transversely Flowing Rectangular, Linearly Flowing
s Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 1D 2D 2D
20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Mlsahgntlments Single Line Laminar Flow
FEATURES MODELED Aberrations Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

QIT31SSYIIND



CODE SUMMARY SHEET CODE NAME: COMOC-TA

ORIGINATOR/KEY CONTACT:
Name: 3. W. Zelazny , Phone:__(/16) 297-1000

Organization: _B€11_Aerospace Textron

Address: __P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

2-D thermal analysis (finite element) code used to analyze combustor,

nozzle, and optics.

(See appendix €, table 1.)

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
G cw Premixed
trical
TYPE gometrica Pulsed Scheduled Mixing
Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY Ring Transversely Fiowing Rectangular, Linearly Flowing

Compact Other Other
Annular
(Transverse Dimension) 1D 1D

GRID DIMENSION 1D 2D 2D
20D 3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other
Mlsalvgfments Single Line Laminar Flow
Aberrations Multiline Turbulent Flow

FEATURES MODELED

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name:

S. W. Zelazny

CODE NAME:

COMOC-2DNS

Phone:

(716) 297-1000

Organization:

Address:

Bell Aerospace Textron

P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

2-D finite element mixing code

with simple chemistry used for cavity and diffuser/ejector analysis (See

appendix _C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics ® | Detailed Mixing
o cal cw Premixed
t
TYPE P:°"f° re Pulsed Scheduled Mixing
ysical HF, DF PY Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
GEOMETRY z':r: set Transversely Fiowing Rectangular, Linearly Flowing
P Other Other
Annutar
(Transverse Dimension) 10 1D
GRID DIMENSION 10 20 ® | 2D
2D 30 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Mlsalvgfaments Single Line @ | Laminar Flow
FEATURES MODELED Aberrations " Multitine @ | Turbulent Fiow
De(or'mable irrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

AITIISSYIIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: S. W. Zelazny

CODE NAME:

COMOC-3DPNS

Phone._(716) 297-1000

Organization:

Bell Aerospace Textron

Address: _P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

3-D mixing code, finite element with simple chemistry used for combustor

and cavity analysis (See appendix C, table 1.)

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @® | Detailed Mixing
. cw Premixed
TYPE :”me"'ca' Pulsed Scheduled Mixing
ical
hysica HF. DF [ Other
Other
Sfanding Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY z::: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 2D 2D
2D 3D ® |30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
M‘sal-grl'mems Single Line ® | Laminar Flow
FEATURES MODELED gb:"“"’"ls " Multiline ® | Turbulent Flow
e or}mab e Mirrors Line Broadening ® Boundary Layer
Far-Field Performance Other Shocks
Other @® | Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock

CODE NAME:

CROQ

Phone:

(213) 535-3484

Organization: TRW DSSG .
Address: __R1/1162 One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Models HSURIA and ring resonator with mode rotation.

Intended to be a

resonator design code for maximizing focusability and power of output

beam as a function of gain generator and resonator parameters.

AVAILABLE DOCUMENTATION: _Planned.

Annual Laser Model Studies (final report

for_axicon theory, aligned and misaligned).

CATEGORY
OPTICS KINETI GAS
ATTRIBUTE Cs DYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
. ® cw Premixed
Geometrical Pulsed ixi
TYPE @ | Physical . ® Scheduled Mixing
1
Y @ | HF. DF Other
Other
° :andmg Wave [ ] Annular, Radially Flowing ® Cylindrical. Radially Flowing
GEOMETRY L4 Cmg Transversely Fiowing Rectangular, Linearly Flowing
[ ompact Other Other
@® | Annular
{Transverse Dimension) ®]1D ®i10
GRID DIMENSION @®@|1D @] 20 20
@20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @® | Cylindrical @ | Cytindrical
Other Other Other
@ | Misalignments Single Line Laminar Flow
Ab i
FEATURES MODELED [ ) errations A ® | Multitine Turbulent Flow
o Deformable Mirrors @ | Line Broadening Boundary Layer
SFi
Far-Field Performance Other Shocks
® | Other ® Other

AITITSSYTONN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name:

Captain Ted Salvi

CODE NAME: | __DENTAL

Phone:

(505) 844 -0721

Organization:
Address:

Air Force Weapons Laboratory

AFWL/ALR, Kirtland AFB, New Mexico 87115

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Laser kinetics calculations with strip unstable resonator.

Can select

CQQ, HF/DF, or KrF kinetics,

AVAILABLE DOCUMENTATION:

None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain @ | Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics Detailed Mixing
G g cw ® Prernixed
i
eometrical ® | Putsed Scheduled Mixing
TYPE [ ] Physical [ ] HF. DF
. Other
® Other
@ | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY ® | compact Transversely Flowing ® Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 1D o 10
GRID DIMENSION ® 1D 2D 2D
2D 30D 3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
: M|sahgr-1ments ® | SsingleLine ® | Laminar Flow
FEATURES MODELED Aberratlonls " Muttiline Turbulent Flow
Defor‘mab e Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@® | Other @ | Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: M. EpStein

CODE NAME:

DESALE-5

Phone:

(213) 648-6861

Organization:

Aerophysics Laboratory, The Aerospace Corporation

Address: _P.0. Box 92957, Los Angeles, California 90009

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Calculation of CW and pulsed chemical laser performance.

AVAILABLE DOCUMENTATION: DESALE-5:

A Comprehensive Scheduled Mixing

Model for CW Chemical Laser, M. Epstein, Aerospace Corporation Report

SAMSO-TR-79-31, May 1, 1979.

User Manual, SAMSO TR-75-60, W. D. Adams,

et al, February 20, 1975.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
G ® Cw Premixed
trical
TYPE P:O'f‘el"ca ® | Pulsed @ | Scheduled Mixing
ysica ® HF. DF Other
@ | Other
sfa""'"g Wave Annutar, Radially Flowing @ | Cylindrical, Radially Flowing
GEOMETRY 2'::1 act Transversely Flowing @ | Rectangular, Linearly Flowing
P Other @ | Other
Annular
{Transverse Dimension) 1D [ ) 1D
GR!ID DIMENSION 1D 20 2D
2D 30 3D
Cartesian @ | Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
QOther Other Other
Misalignments ® | singte Line ® | Laminar Flow
Aberrations - T Fl
FEATURES MODELED ; ran . @ | Muiiline ® | Turbulent Flow
De or'mab e Mirrors @ | Line Broadening @® | Boundary tayer
Far-Field Performance PY Other Shocks
Other @ | Other

AITI15SYTINA



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _S. W. Zelazny

CODE NAME:

DIFF-2

Organization:

Address:

Bell Aerospace Textron

Phone: (716) 297-1000

P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
2=D_unstahle resonator optics coupled to mixing model

Optics uses FFT

{See appendix C, table 1.)

Used to analyze optics,

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
G cw Premixed
ical
TYPE eometrica Pulsed ® | Scheduled Mixing
Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other

Annular
{Transverse Dimension) 1D 10

GRID DIMENSION 1D 2D ® |{2D
2D 3D 3D
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindricat Cylindrical Cylindricai
Other Other Other
stahgnt\ments Single Line @ | Laminar Flow
FEATURES MODELED Aberrations Multiline @ | Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _S. W. 7Zelazny

CODE NAME:| _DIFF-3

Phone:__{716) 297-1000

Organization:

Address:

Bell Aerospace Textron

P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
Same as DIFF-2 except 3-D mixing.

(See appendix C, table 1),

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics ® | Detailed Mixing
G cal cw Premixed
t
TYPE P:or,ne rea Pulsed ® | Scheduled Mixing
ysical HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY z:: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 2D
2D 3D ® |30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other QOther Other
M-sallgf‘ments Single Line @ | Laminar Fiow
FEATURES MODELED Aberrations Muttiline ® | Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

A3TI1SSYTIOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: John Ellinwood

CODE NAME:

Phone:

ELNWD2

(213) 648-7391

Organization: __Ihe Aerospace Corporation

Address: P.0. Box 92957, Los Angeles, California 90009

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Computer transverse eigenmodes of bare annular resonators., Simple gain

madel to be added

AVAILABLE DOCUMENTATION:

None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator Detailed Kinetics Detailed Mixing
s cal cw Premixed
1
TYPE . e°me|"°a Pulsed Scheduled Mixing
hysi
ysica HF. DF Other
Other
sfa“d'"g Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY 2:: act Transversely Flowing Rectanguilar, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 1D 10
GRID DIMENSION 10 20 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindricat Cylindrical
Other Other Other
Mnsahgr.\mems Single Line Laminar Flow
FEATURES MODELED Aberrations Muttitine Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _D. Haflinger/P. Lohn

CODE NAME:] _GASSER

Organization:

Address:

TRW_DSSG

Phone.__(213) 536-1624

R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Inviscid flow code using the method of characteristics and accounts for

heat release

1t is used for cavity flows with heat release defining

shroud contours flow conditions at end of cavity, etc.

AVAILABLE DOCUMENTATION:

None.

CATEGORY
OPTICS KINETICS GASDYNAMIC
ATTRIBUTE s
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
G cal cw Premixed
eometrica
TYPE o om |" Pulsed Scheduled Mixing
ysiea HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring T ty Flowi R lar, Li Flowi
GEOMETRY Compact ransversely Flowing ectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 1D 2D 2D
20D 30 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindricat Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
A .
FEATURES MODELED berrations Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

Q3T418SYTINN



CODE SUMMARY SHEET CODE NAME: GCAL

ORIGINATOR/KEY CONTACT:
Name: _Kerry E. Patterson Phone:_(404) 955-2663

Organization: _ocience Applications, Inc.

Address: 6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_10 Provide extremely efficient

single-Tine gain algarithm which is anchored to available data base for

nozzle being studied. Used with SAIGD.

AVAILABLE DOCUMENTATION: _HF Laser Subsystem Technology Assessment (DARPA

Interim Report), Science Applications, Atlanta, Georgia, July 1979, Section 3.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
@ | None None @ | None
LEVEL Simple Fabry Perot Simple Saturated Gain- Simple Flow Modet
Detailed Resonator @ | Derailed Kinetics Detailed Mixing
) L cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
Physical @ | HF.OF Other
Other
Standing Wave [ ] Annular, Radially Flowing Cylindrical. Radially Flowing
Ring . . v F .
GEOMETRY c . o Transversely Fiowing Rectangular, Lineartly Flowing
ompac Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 1D @ |20 2D
20D 3D 3D
Cartesian [ Cartesian Cartesian
COORDINATE SYSTEM Cytindrical @ | Cylindrical Cylindrical
Other Other Other
Misalignments ® Single Line Ltaminar Flow
Aberrations . Turbulent Flow
FEATURES MODELED . Muitiline
Deformable Mirrors °® Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Carl M. Wigqins

CODE NAME:

GENRING

Phone:

Organization:

The BDM Corporation

(505) 848-5000

Address: 1801 Randolph Road, S.E., Albuquerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF cODE: _Models ring resonators utilizing
_pairs of linear and nonlinear axicons (reflaxicons, waxijcons) to produce an

1 . . Used in ri : lidate trade-off studi
ffects of ] filters l tral { to stud ‘

{scraper) aperture self-imaging.

AVAILABLE DOCUMENTATION: _GENRING: a computer code for Modeling Cylindri-
cal Unstable Ring Resonators With Internal Reflecting Axicons. BDM/TAC~

79-152-TR,_The BDM Corparation, May 1, 1979

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
G ical cw Premixed
14
TYPE P:OTelr'ca Pulsed Scheduled Mixing
® vsica HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
@ | Ring Transversely Flowi i i
y Flowing Rectangular, Linearly Flowing
GEOMETRY ® | Compact
Other Other
® | Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION ® 10 2D 2D
20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
Mlsahgnmenfs Single Line Laminar Flow
Aberrations o lent FI
FEATURES MODELED ) - Mutiline Turbulent Flow
De or.mab & Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other

AAT315SYIOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: D. W. Lankford

CODE NAME:

GIM

Organization:

Air Force Weapons Laboratory

Address: _ AFWL/ARAC, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Laser cavity and nozzle

~analysis. Will eventually combine multidimensional viscous diffusing,

time-dependent flows with the chemical kinetics capabilities of ALFA and

APACHE codes.

AVAILABLE DOCUMENTATION:

To become available.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
. cw Premixed
TYPE Geometrical Pulsed ® | Scheduled Mixing
ical
Physica HF. DF Other
Other
Standing Wave Annular, Radially Flowing @ | Cylindrical. Radially Flowing
GEOMETRY Ring Transversely Flowing @ | Rectangular, Linearly Flowing
Compact Other Other
Annular
{Transverse Dimension} 10 ®@|10
GRID DIMENSION 10 20 ® (20
2D 3D ®|3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrica!l @ | Cylindrical
Other Other Other
Mlsahgr.\mems Single Line @® | Laminar Flow
FEATURES MODELED Abf"a'"’"s " Muiltiline @ | Turbulent Flow
De or»mable irrors Line Broadening o Boundary Layer
Far-Field Performance Other o Shocks
Other @ | Other, Recirculating




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: _R._Hughes/D. Haflinger/H. W. Behrensphone:

Organization:

Address:

IRW DSSG

CODE NAME: | _GLADV

(213) 536-2757

R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

General laser analysis to calculate average flow properties in nozzle

and in cavity.

AVAILABLE DOCUMENTATION:

None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
s | cw Premixed
eri
TYPE P:or_nel"ca Putsed Scheduled Mixing
ysica HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY c Transversely Flowing Rectangular, Linearly Flowing

ompact Other Other
Annular
{Transverse Dimension) 1D 1D

GRID DIMENSION 1D 20D 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cytindrical Cylindrical Cylindrical
Other Other Other
Masal:gst:ments Single Line Laminar Flow
FEATURES MODELED Aberrations Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

G3TATSSYTIINA



CODE SUMMARY SHEET CODE NAME:} _GOAD
ORIGINATOR/KEY CONTACT:
Name; S. W. Ze]azn_y Phone:

(716) 297-1000

Organization: _Bell Aerospace Textron
Address: P.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Resonator analysis code. (See appendix C. table 2).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
trical
TYPE :“me rica Pulsed Scheduled Mixing
hysical
ysiea HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Fiowing
Ri . . .
GEOMETRY C:)nr: act Transversely Flowing Rectangular, Lineatly Flowing
P Other Other
Annular
{Transverse Dimension) 10 10
GRID DIMENSION 1D 2D 20
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Masallgrfments Single Line Laminar Flow
FEATURES MODELED Aberrations " Multiline Turbulent Flow
Defor'mable irrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
Other Other

L



CODE SUMMARY SHEET CODE NAME: GOPWR

ORIGINATOR/KEY CONTACT:

Name: __Tien Tsai Yang/J. K. Hunting Phone.(213) 884-3346
Organization: __Rockwell International/Rocketdyne Division
Address: 6633 .Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_Predict optical performance of
CW chemical lasers, identify physical parameters affecting power extraction

efficiency and gain saturation. (Also see HFGOPWR).

AVAILABLE DOCUMENTATION: __GOPWR: A Computational Program to Calculate
+he Performance of CW Chemical lLasers, AFW -TR-79-142.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
G el cw Premixed
t
TYPE ® . eome I"ca Pulsed ® | Scheduled Mixing
hysi
ysica @ | HF. DF Other
[ ] Other
® | Standing Wave ® | Annular, Radiatly Fiowing ® | Cylindrical. Radially Fiowing
GEOMETRY Ring Transversely Flowing @ | Rectangular, Linearly Flowing
@ | Compact Other Other
[ Annular
{Transverse Dimension) @ 1D @ |1D
GRID DIMENSION [ ] 1D 20 20
20 3D 3D
Cartesian @ | Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical @® | Cylindrical
Other Other Other
Mlsahgr-\ments ° Single Line Laminar Flow
FEATURES MODELED Ab:rrauons " ® Multiline Turbulent Flow
Deformable Mirrors ® | Line Broadening @ | Boundary Layer
Far-Field Performance Shocks
Other
@ | Other [ ) Other

G3TITSSYTIIND



CODE SUMMARY SHEET CODE NAME: GURDM

ORIGINATOR/KEY CONTACT:
Name: __L. R. Ferguson and G. T. Worth Phone:___(505) 848-5000

Organization: The BDM Corporation

Address 1801 Randolph Road, S.E., Albuquerque, New Mexico 87106
PRINCIPAL PURPOSE AND APPLICATION OF cODE:__0Originally designed to model
_Pratt & Whitney's intercavity adaptive optics experiments. Models base

cavity compact beam resonators with circular and mirrors and one or two
internal deformable mirrors. A far-field code includes external deformable
mirror. tilt removal, optimim focus, etc.

AVAILABLE DOCUMENTATION: ___General Unstable Resonator with Deformable
Mirrors (Proaram GURDM), T. R. Ferquson, et al; The BDM Corporation,
BDM/TAC-79-193-TR, March 31, 1979.

CATEGORY
OPTICS
ATTRIBUTE KINETICS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detaited Resonator Detailed Kinetics Detailed Mixing
. cw Premixed
Geometricat Pulsed
TYPE . Scheduled Mixing
@® | Physical HF. DF
Other
Other
Standing W R
o R_a" ing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ° Cmg Transversely Flowing Rectangular, Linearly Flowing
ompact Other Other
Annular
{Transverse Dimension) 10D 1D
GRID DIMENSION 10 2D 2D
@® {20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ |, Cylindrical Cylindrical Cylindrical
.| Other Other Other
[ ) :/Iisalignments Single Line Laminar Flow
b .
FEATURES MODELED | @ errations Muttiline Turbulent Flow
[ ) De(or.mable Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other




i

CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name:

J. K, Hunting/T. T. Yang

CODE NAME:

HFEGOPWR

Phone-__(213) 884-2370

Organization:

Rockwell International - Rocketdyne Division

Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Calculational tool to study

the performance of CW chemical lasers and the interaction with the gain

_medium. Uses geometric optics and quasi-1-D aerokinetics to model HSURIA

resonator.

Also see GOPWR.

AVAILABLE DOCUMENTATION:

Rocketdyne Internal Letter - G-SL-77-509, October

5. 1977 (theory); Rocketdyne Internal Letter G-0-78-937, January 24,

1978 {(user manual).

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detaited Resonator @ | Detailed Kinetics @ | Detailed Mixing
G ical cw Premixed
eometrica
TYPE g ohvei l" Pulsed ® .| scheduled Mixing
ysica L HF. DF Other
@ | Other
® sfa"d'"g Wave Annular, Radially Flowing @ | Cylindrical. Radially Flowing
GEOMETRY Ring Transversely Flowing @ | Rectangular, Linearly Flowing
® | Compact Other Other
® | Annular
{Transverse Dimension) ® |10 ® | 1D
GRID DIMENSION ® 1D 2D 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical @ | Cytindrical
Other Other Other
Misalignments PY Single Line Laminar Flow
Ab tions -
FEATURES MODELED 5 :"a ' . @ | Multiline Turbulent Flow
e or-ma e Mirrors Py Line Broadening [ ] Boundary Layer
Far-Field Performance Other Shocks
@ | Other @ | Other

3TITSSVIONN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: James B. Moreno

CODE NAME:

HFOX

Phone:__(505) 264-4259

Organization:

Address:

4212, Laser Projects Division, Sandia Laboratories

Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Predict oscillator and amplifier

AVAILABLE DOCUMENTATION:

ATAA paper 75-36, presented at AIAA 13th

Aerospace Sciences Meeting, Pasadena, California, January 20, 1975.

J. B, Moreno. author,

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics Detaited Mixing
. cw Premixed
TYPE Geometrical @ | Pulsed Scheduted Mixing
Physi
hysical ® | nr o Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 2D
2D 3D 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Singte Line Laminar Flow
Aberrations . Turbulent Flo
FEATURES MODELED o @ | Muitine urouient How
€ or'ma € Mirrors [ ] Line Broadening Boundary Layer
Far-Field Performance @ | Other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT: *
Name: __D. N. Mansell

CODE NAME:

IPAGOS

Organization:

The BDM Corporation

Phone:.__(505) 848-5000

Address: 1801 Randolph Road, S.E., Albuquerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Geometric ray trace analvsis

of general optical systems; can model nonlinear beam compactors of

reflaxicon, waxicon, and noneverting waxicon designs.

AVAILABLE DOCUMENTATION:

POLYPAGOS, Aerospace Report TR-0059 (6311)-1.

Beam Compactor Design and Fabrication Program AFWL-TR-78-77. Geometric

Ray Analyses of HSURIA Prototypes, BDM/TAC-79-151-TR; POLYPAGOS Users'

Manual, Aerospace TR-0172 (2311)-1.

CATEGORY
OPTICS KINETICS GASDYN
ATTRIBUTE AMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
®!c cal cw Premixed
eometrica
TYPE orvsical Pulsed Scheduled Mixing
sica
Y HF, DF Other
Other
: Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ri .
GEOMETRY ° cmg Transversely Flowing Rectangular, Linearly Flowing
ompact
Other Other
@ | Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION 1D 2D 2D
® | 2D 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
@ | Misalignments Single Line Laminar Flow
Ab i
FEATURES MODELED :zrranons " Multiline Turbuient Flow
De or}mable irrors Line Broadening Boundary Layer
Far-Fietd Performance Other Shocks
@ | Other Other

*Also: Kemp, TRW, One Space Park, Redondo Beach, California.

Q3T31SSYTINN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

Name: H._Tong/A. C. Buckingham/H. L. Morseppone:

CODE NAME:

KBLIMP

(415) 964-3200

Organization:

Address:

Aerotherm Division of ACUREX

Mountain View. California

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Boundary layer analysis.

Noneauilibrium chemistry (KINETIC) Boundary Layer Integral Matrix Pro-

gram (KBLIMP),

AVAILABLE DOCUMENTATION:

Nonequilibrium Chemistry Boundary Layer Inte-

gral Matrix Procedure, Aerotherm Report, UM7367, July 1973.

CATEGORY
OPTICS KINET! A
ATTRIBUTE CcS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
a ical cw Premixed
eometrica
TYPE Phvsical Pulsed @ | Scheduled Mixing
sica
Y HF, DF Other
Other
Standing Wave Annular, Radially Flowing @ | Cylindrical, Radially Flowing
Ri
GEOMETRY c':: act Transversely Flowing @ | Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 10D 10
GRID DIMENSION 10 20 ® |20
2D 3D 3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical @ | Cylindrical
Other Other @ | Other
Mnsallgr.\mems Single Line @® | Laminar Fiow
FEATURES MODELED Aberrations Multitine @ | Turbulent Flow
Deformable Mirrors @ | Boundary Layer

Far-Field Performance
Other

Line Broadening
Other

Shocks
Other




CODE SUMMARY SHEET CODE NAME:
ORIGINATOR/KEY CONTACT:
Name: _John C. Goldstein, D. Q. Dickman  Phone:

LAPYU-2

(505) 667-7281

Organization: L0s Alamos Scientific Laboratory

Address:

Group X-1, MX-531, LASL, Los Alamos, New Mexico 87545

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Calculation of the propagation of a short pulse down a chain of laser

amplifiers and absorbers including diffraction effects; cylindrical

symmetry assumed.

AVAILABLE DOCUMENTATION:
Diffraction, LASL Report LA-6955.

LAPUZ:

A Laser Pulse Propagation Code with

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator Detailed Kinetics Detailed Mixing
G cal cw Premixed
1
TYPE P:ome e Pulsed Scheduled Mixing
ical
ysica HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
GEOMETRY 2:‘: et Transversely Fiowing Rectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 1D 20D 2D
20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cytindrical
Other Other Other
Mlsahgr-\ments Single Line Laminar Flow
FEATURES MODELED Aberrations Multiline Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

QITITSSYTIINN



CODE SUMMARY SHEET CODE NAME: LOADPL

ORIGINATOR/KEY CONTACT:
Name: ___Alexander M. Simonoff Phone:__(213) 884-3346
Organization: _Rocketdyne Division, Rockwell International

6633 Canoga Avenue, Canoga Park, California 91304

Address:

PRINCIPAL PURPOSE AND APPLICATION OF CODE:__The purpose of this code is to
model some of the 3-D phenomenoloqy associated with Half Symmetric Unstable
Resonator with Internal Axicon (HSURIA) with a radially flowing gain

i ictions for power extraction and beam qualit

set/verify design requirements.

AVAILABLE DOCUMENTATION: _Simplified 3-D loaded cavity resonator code,
G-0-78-1123, November 1978. Also see bare cavity code BAREPL.

CATEGORY
OPTICS KINETI GASDY
ATTRIBUTE cs s NAMICS
None None " None
LEVEL Simple Fabry Perot @ | Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics Detailed Mixing
G cal cw Premixed
eometrica
TYPE A Pulsed Scheduled Mixing
@ | Physical HF, DF
Other
Other
® | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring T ly Flowi R lar, Li i
GEOMETRY ® | compact ransversely Flowing ectangular, Linearly Flowing
P Other Other
@® | Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 2D
®| 20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cytlindrical
Other Other Other
® Mlsahgrfmems Single Line Laminar Flow
FEATURES MODELED [ ) Ab:rranons . Multiline Turbulent Flow
@ | Deformable Mirrors Line Broadening Boundary Layer
_Fi 3
@ | Far-Field Performance Other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __Victor L. Gamiz

CODE NAME:

LS-14RGS*

Phone.__(213) 884-3346

Organization:

Address:

Rocketdyne, Laser Optics

6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OFf CODE:

Performs an exact ray trace

analysis in order to determine the geometric configuration of a HSURIA type

tor it i stributi laxicon | bl

Provides geometry data to wave optics HSURIA codes.

AVAILABLE DOCUMENTATION:

Resonator Geometry Synthesis Code Reguirement

(V. L. Gamiz): Incorporate General Resonator into Ray Trace Code (W. H.

Southwell); Surface Optimization Algorithms and Equations (W. H. Southwell);

Fquations for Wave Optics Code Parameters (V. L. Gamiz); User Manualj

Resonator Geometry Synthesis Code Development (L. R. Stidham).

CATEGORY
OPTICS KINETI ASDYN
ATTRIBUTE ETICS GASDYNAMICS
None None @® | None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
@ | Geometrical Pulsed ixi
TYPE Phyvsical Scheduled Mixing
sica
4 HF. DF Other
Other
?andmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ° CI::\ act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
@ | Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 2D 20
®]2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Ab ti
FEATURES MODELED . errations " Muttiline Turbulent Flow
eforAmable irrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
@ | Other Other

*LS-14 Resonator Geometry Synthesizer
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CODE SUMMARY SHEET CODE NAME: MCLANC

ORIGINATOR/KEY CONTACT:
Name: _R. Hughes/H. W. Behrens Phone: (213) 536-1624

Organization: TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
i i i i d M
flow by tracking several thousand simulated molecules. Primarily used

for modeling nozzle flows with large base regions and Tow pressure regions

—in hypersonic wedge wakes,

AVAILABLE DOCUMENTATION:

"Chemical Lazer Nozzle and Cavity Calculation by the Direct Simulation

Monte Carlo Method," T. Sugimura, et. al, presented at AIAA Conference on

High Power Lasers, October 31-November 2, 1978, Cambridge, Massachusetts.

CATEGORY
oPTICS K
ATTRIBUTE INETICS GASDYNAMICS
® | None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
G wrical ® | cw Premixed
eometrica
TYPE Phvsical Pulsed Scheduled Mixing
Sica
y @ | HF. DF ® | other
@ | Other
Standing Wave Annular, Radially Flowing | @ | Cylindrical, Radially Flowing
Ri .
GEOMETRY Cl:ri act Transversely Flowing @ | Rectangular, Linearly Flowing
P [ Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 1D ®| 20 ® | 2D
2D 3D 3D
Cartesian @ | Cartesian @® | Cartesian
COORDINATE SYSTEM Cylindricat Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
A .
FEATURES MODELED berrations Multitine Turbulent Flow
l:e(or'mable Mirrors Line Broadening [ ] Boundary Layer
ar-Field Performance Other ] Shocks
Other [ ] Other




CODE SUMMARY SHEET CODE NAME: MNORO

ORIGINATOR/KEY CONTACT:
Name: L. H. Sentman Phone: (217) 333-1834

Organization: _University of I1linois, Dept. of Aeronautical & Astronautical Eng.
Address: Urbana, I11inois 61801
PRINCIPAL PURPOSE AND APPLICATION OF CODE: ___Rotational nonequilibrium

kinetics - fluid dynamics model. Used with AFWL strip mirror code to
oredict power spectral performance of CW chemical lasers.

AVAILABLE DOCUMENTATION: __"An Efficient Rotational Nonequilibrium Model
i " d W. Brandkamp, TR AAE 79-5
UILU Eng. 79-0505, July 1979. "Users' Guide for Programs MNORO and
AFOPTMNQORO," L, H, Sentman, AAE TR-79-7. UILU Eng, 79-0507, October 1979,

AITITSSYTIND

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics Detailed Mixing
6 L cw Premixed
ical
TYPE P: or,ne:"ca Pulsed Scheduled Mixing
ysica @® | HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY Ring @ | Transversely Flowing Rectangular, Linearly Flowing
Compact Other Other
Annular
(Transverse Dimension) ® )10 1D
GRID DIMENSION 1D 2D 20
2D 3D 3D
Cartesian @ Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
: Other Other Other
Mlsahgr_\ments Single Line Laminar Flow
FEATURES MODELED gb:rratlonls . Py Muttiline Turbulent Flow
e or_mab e Mirrors Py Line Broadening Boundary Layer
Far-Field Performance @ | Other Shocks
Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _D. N. Mansell and C. C. Barnard Phone:__(505) 848-5000

CODE NAME:

MPCPAGOS

Organization:

The BDM Corporation

Address: 1801 Randolph Road, S.E., Albuguerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Caleulates (misali ‘) tiyit Fficients f 1 optical

train. Relates output ray motions to individual optical element motions

in_six degrees of freedom.

Used in conjunction with NASTRAN to predict

beam jitter effects through a inteqrated optics/structures approach.

AVAILABLE DOCUMENTATION:
MPCPAGOS Users' Manual, BDM/TAC-78-727-TR.

Final Task Report for Sensi-

tivity Analyses of the ALL Optical Train, BDM/TAC-78-793-TR.

CATEGORY

OPTICS KINETI
ATTRIBUTE cs GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
@ | Geometrical Pulsed
TYPE Physical Scheduled Mixing
sica
Y HF, DF Other
Other
L z?andmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ‘9 Transversely Flowing Rectanguiar, Linearly Flowing
[ ) Compact
Other Other
[ Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 2D
® |20 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
) Other Other Other
® Mnsahgv:\mems Single Line Laminar Flow
FEATURES MODELED Aberrations ‘ Multiline Turbulent Flow
Defcntmable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
o Other Other




CODE SUMMARY SHEET CODE NAME: MRO
ORIGINATOR/KEY CONTACT:
Name: Donald 1. Bullock Phone: (213) R3”-3484

Organization: TRW DSSG
Address: R1/1162, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF coDE:Models the optical performance

of linear bands CW. HF. and DF chemical lasers., MRQ is similar to BLAZER,
except it is a 2-D model. Used as design tool for BDL, NACL, and MIRACL.

AVAILABLE DOCUMENTATION: The BLAZER and MRO Codes, TRW, June 1978 (theory).

BIAZFR lisers Manual (includes use of MRO), TRW, November 1978,

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL @ | Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ ! Detailed Resonator @ | Detailed Kinetics Detailed Mixing
G - @ | cw Premixed
trical
TYPE o P:or,"e Inca Pulsed Scheduled Mixing
L4 ysica ® | HF.DF Other
Other
® S?andmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ® Ring @ | Transversely Flowing Rectangular, Linearly Flowing
@ | Compact Other Other
Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION ® 1D @ |20 2D
2D 3D 3D
@ | Cartesian @ | Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
[ ] MnsahgrA\mems Single Line Laminar Flow
FEATURES MODELED [ ] gb:rrauor:s " ® | muntitine Turbulent Flow
N or_mab € Mirrors ® Line Broadening Boundary Layer
@ | Far-Field Performance ® | other Shocks
Other Other

Q3TITSSYIIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT: **
Name: _F. D. Toppert/John C. Goldstein Phone:__(505) 667-728]

CODE NAME:

NCFTDPWE*

Organization: __L0S_Alamos Scientific Laboratory

Address: _Group X-1, MS-531. Los Alamos. New Mexico 87545

PRINCIPAL PURPOSE AND APPLICATION OF CODE:___Study of wavefront distortions

during propagation through amplifying self-focusing materials. Code could

be extended to resonator calculations, but does not currently have any .

optical elements or saturable gain models included.

AVAILABLE DOCUMENTATION:

A Numerical Code for the Three-Dimensional

Parabolic Wave Equation, John C. Goldstein, LASL, LA-6833-MS.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
X cw Premixed
TYPE Georﬁetncal Pulsed Scheduled Mixing
@ | Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
Ring . . .
GEOMETRY ® | compact Transversely Flowing Rectangular, Linearly Flowing
L3 Other Other
Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 20 2D
® |20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Musahgr‘\mems Single Line Laminar Flow
FEATURES MODELED Aberrations " Muttitine Turbulent Flow
Defortmable irrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
@ | Other Other

*Numerical Code

for the Three-Dimensional Parabolic Wave Equation.
**Now at University of Miami, Miami, Florida.



CODE SUMMARY SHEET CODE NAME: NORQ-I

ORIGINATOR/KEY CONTACT:
Name:__L. H. Sentman/S. W. Zelazny* Phone:(217) 333-1834
Organization: __University of I1linois, Dept. of Aeronautical & Astronautical Eng.
Address: Urbana, IT1linois 61801

PRINCIPAL PURPOSE AND APPLICATION OF cODE:___Qualitative Rotational nonequi-
librium kinetics and fluid dynamics model coupled with Rell Aeraspace
strip optics code. See ROPTICS.

AVAILABLE DOCUMENTATION: Applied Optics 17, p. 2244 (1978); J. Chem,
Phys. 62, p. 3523 (1975); Applied Optics 15, p. 744, (1976); J. Chem. Phys.
67 p. 966 (1977).

GITITSSVIOND

CATEGORY
QPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL ® | Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
G cw Premixed
trical
TYPE p:ome rea Pulsed Scheduled Mixing
icat
ysica HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
c Ring Transversely Flowin Rectangular, Linearly Flowin
GEOMETRY Compact A 9 gular. M 9
P Other Other
Annular
(Transverse Dimension) 1D 1D
GRID DIMENSION 1D 20 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrica!
Other Other Other
Mlsahgr'\ments Single Line Laminar Flow
FEATURES MODELED Aberrations Multitine Turbulent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

*Bell Aerospace

Textron



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _9- W. Zelazny

CODE NAME:

NORO-I1

Phone:_(716) 297-1000

Organization:

Bell Aerospace Textron

Address: _P-.0. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
rotational nonequilibrium chemistry and Fabry-Perot models.

1-D mixing model coupled to

Used for

optical cavity analysis.

{See éppendix C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Mode!
Detailed Resonator Detailed Kinetics @® | Detailed Mixing
X cw Premixed
TYPE Georf\etr-cal Pulsed @ | Scheduled Mixing
Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
. p Other Other

Annular
{Transverse Dimension) 1D @ |10

GRID DIMENSION 1D 20 2D
2D 3D 30
Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line : Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED Multiline urovien

Deformabte Mirrors
Far-Fieid Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:

CODE NAME:

Phone:_(213) 391-0711, X6925

Organization:

Address:

Hughes Aircraft Company

Culver City, California 90230

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
resonator design and mode control.

Tool to assist with

Primarily models optics, but modular

constructor allows incorporation of other detailed models.

AVAILABLE DOCUMENTATION: _Not available

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
ical
TYPE ::orT\etlrlca Pulsed Scheduled Mixing
e ysica HF, DF Other
Other
L4 Sfandmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ® | Ring Transversely Flowing Rectangular, Linearly Flowing
@ | Compact
Other Other
@® | Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 10 2D 2D
® |20 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
[ ] Mnsahgr‘wnents Single Line Laminar Flow
FEATURES MODELED ® l;b:rranor;s " Muttiline Turbulent Flow
e otmab € Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other

AITIISSVIOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __William P, Latham

CODE NAME

POLRES

Phone: ,(505) 844-0721

Organization: __Air Force Weapons laboratory

Address: AFWL/ALR, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Used for axisymmetric half-

symmetric unstable resonator analysis (HSUR); contains two Fourier com-

ponents for analysis of polarization effects in bare compact beam resonators.

AVAILABLE DOCUMENTATION: __None Relevant:

G. C. Dente, App. Opt. 18, 2911

(1979), W. P. Latham, "Polarization Effects of Half Symmetric Unstable

Resonators with a Coated Rear Cone," App. Opt, (to be published).

CATEGORY .
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None @ | None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@® | Detailed Resonator Detailed Kinetics Detailed Mixing
6 cw Premixed
trical
TYPE P:°'_"e rica Pulsed Scheduled Mixing
@ ysical HF. DF Other
Other
@® | Standing Wave Annular, Radially Flowing Cylindrical, Radiaily Flowing
Ring . . .
GEOMETRY @ | compact Transversely Flowing Rectangular, Linearly Flowing
Other Other
Annular
{Transverse Dimension) 1D 10D
GRID DIMENSION ® |1D 2D 20
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
Mnsallgr‘wnents Single Line Laminar Flow
FEATURES MODELED Aberrations Multiline Turbutent Flow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: William P. Latham

CODE NAME:

POLRESH

Phone:

(505) 844-0721

Organization:

Air Force Weapons Laboratory

Address: _AFWL/ALR, Kirtland AFB, New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Used for axisymmetric half-

symmetric unstable resonator with internal axicon analysis (HSURIA);

contains two Fourier components for analysis of polarization effects in

bare compact and annular beam resonators.

Will eventually include rings

and simple saturable gain models.

AVAILABLE DOCUMENTATION; None relevant:

G. C. Dente, App. Opt 18, 2911

(1979); W. P. Latham, "Polarization Effects of Half Symmetric Unstable

Resonators with a Control Rear Cone," App. Opt (to be published).

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
. cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
@ | Physical HF, DF Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
Ring . . .
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY ® | Compact
Other Other
@® | Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION @ |1D 2D 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED Multiline

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other

Q3131SSYT1INN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Peter B. MumO]a

CODE NAME:

PQP

Phone: . (203) 762-4415

Organization:

Address:

PerlKin-Elmer Corporation

50 Danbury Road, MS 241, Wilton, Connecticut 06897

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
general HEL optical systems and atmospheric propagation.

Physical optics analysis of

Code can be

coupled to variety of detailed kinetics models inc]uding,CO2 EDL (pulsed
or CW), GDL, and Iodine.

AVAILABLE DOCUMENTATION:

Available

CATEGORY
oPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
. cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
@ | Physical HF, DF Other
Other
° Standing Wave Annutar, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY @ | Ring Transversely Flowing Rectanguiar, Linearly Flowing
@ | Compact
Other Other
@ | Annular
(Transverse Dimension) 10 10
GRID DIMENSION @ )10 20 2D
@20 30D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindricat Cylindrical Cylindrical
Other Other Other
@ | Misalignments Single Line Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED ° Do o Mi Muitiline
[ ] eformable Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other




CODE SUMMARY SHEET CODE NAME: PRE-WATSON

ORIGINATOR/KEY CONTACT:
Name: Philip D. Briggs Phone:_(213) 884-3851

Organization: Rockwell International, Rocketdyne Division
Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF cODE;__Evaluate impact on resonator
solution of conical element polarization.

AVAILABLE DOCUMENTATION: None. Some papers in open literature,

G3TITSSVIONN

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None @ | None @ | None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
ical
TYPE Seometlnca Pulsed Scheduled Mixing
hysi
® ysica HF, DF Other
Other
® Standing Wave Annular, Radially Flowing Cylindricai, Radially Flowing
Ring . . .
GEOMETRY ® | Compact Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 10 10D
GRID DIMENSION 1D 20 2D
® |20 3D 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other ) Other
Musahgrfments Single Line Laminar Flow
FEATURES MODELED gb:""a"""ls " Multiline Turbulent Flow
€ ontmab & Mirrors Line Broadening Boundary Layer 4
Far-Field Performance Other Shocks
@ | Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Paul E. Fileger

CODE NAME:

QFHT

Phone: (305) 840-6643

Organization: _United Technologies Research Center

Address:

P.0. Box 2691, MS-R-48, West Palm Beach, Florida 33402

PRINCIPAL PURPOSE AND APPLICATION OF coDE:_The QFHT code was developed as
a_tool for modeling high Fresnel number annular resonators {(will model

collimated Fresnel numbers in excess of 200).

AVAILABLE DOCUMENTATION: None.

Listings available.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
_ cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
@ | Physical HF, DF Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical. Radialty Flowing
GEOMETRY @ | Ring Transversely Flowing Rectangular, Linearly Flowing
® | Compact Other Other
® | Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 20 2D
® |20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cvlindrical Cylindrical Cylindrical
Other Other Other
@ | Misalignments Single Line Laminar Flow
Aberrations . Turbulent Flow
FEATURES MODELED | @ r , Muitiline urbulen :
[ ] Defor.mable Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: Phil D. Briggs

CODE NAME:

RASCAL

Phone:_(213) 884-3851

Organization:

Address:

Rockwell International - Rockedyne Division

6633 Canoga Avenue, Canoga Park, California

91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Resonator parameter selection,

assess mode control, performance predictions for power and beam quality,

resonator perturbation analysis, beam quality, set/verify design regquire-

ments. This is a vector code.

Kinetics and mixing models included--see

AEROKNS.

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detaited Resonator @ | Detailed Kinetics Detailed Mixing
. ° cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
@ | Physical @ | HF. DF Other
@ | Other
® Standing Wave ® Annular, Radially Flowing Cylindrical, Radiatly Flowing
@® | Ring . . .
GEOMETRY Compact Transversely Flowing Rectangular, Linearly Flowing
® P Other Other
@ | Annular
{Transverse Dimension) ® 10 10
GRID DIMENSION 1D 2D 2D
® |20 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical @ | Cylindrical Cylindrical
Qther Qther Other
. M|sahg|t\ments Single Line Laminar Flow
FEATURES MODELED [ ) Aberratlor:s ” ® Multiline Turbulent Flow
[ ] Defor}mab e Mirrors P Line Broadening Boundary Laver
@ | Far-Field Performance Other Shocks
@ | Other Other

qITITSSYTINN



CODE SUMMARY SHEET CODE NAME: ROPTICS

ORIGINATOR/KEY CONTACT:
Name: L. H. Sentman/S. W. Zelazny (BAT) phone:_(217) 333-1834
Organization: University of I11inois, Dept. of Aeronautical & Astronautical Eng.
Address: __Jrbana, Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF cope:___Study interaction between rota-
tional nonequilibrium kinetics and optical resonator geometry. Bell Aerospace

strip optics code (BATOPT) coupled to qualitative kinetic - fluid dvnamics
model (NORO-I). Combined model is called ROPTICS.

AVAILABLE DOCUMENTATION: Applied Optics 17, p. 2244 (1978): J. Chem,
Phys. 62, 3523 (1975); Applied Optics 15, p. 744 (1976): J. Chem. Phys.
67, 966 (1977).

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics Detailed Mixing
cw Premixed
TYPE Geometrical Pulsed Scheduled Mixing
Physical HF, DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
Ring . . .
Transversely Flowing Rectangular, Linearly Flowing
GEOMETRY
Compact Other Other
Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION 1D 2D 2D
20D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindricat Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Aberrations . Turbulent Flow
FEATURES MODELED e Mi Multiline 5 darv L
T
Deformable Mirrors Line Broadening oundary Laye
Far-Field Performance Other Shocks
Other Other




CODE SUMMARY SHEET

CODE NAME: ROTKIN

ORIGINATOR/KEY CONTACT:
Name: R. dJ. Hall Phone:__(203) 727-7349

Organization: __United Technologies Research Center

Address: Silver Lane, E. Hartford, Connecticut 06108

PRINCIPAL PURPOSE AND APPLICATION OF cODE:___Prediction of HF/DF chemical

laser performance based on coupled rate equation analysis of chemical,

vibrational, rotational, and radiative transfer,

AVAILABLE DOCUMENTATION: __Listings available. R. J. Hall, "Rotational

Nonequilibrium and Line-Selected Operation _in CW DF Chemical lLasers."

IEEE JQE, Volume QE-12, p. 453 (1976).

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL @ | Simple Fabry Perot Simple Saturated Gain @ | Simple Flow Mode!
Detailed Resonator @ | Detailed Kinetics Detailed Mixing
A ® | cw Premixed
TYPE Georjetrncal Pulsed @® | Scheduled Mixing
Physicat [ ] HF, DF Other
Other
® Standing Wave Annular, Radiaily Flowing @ | Cylindrical, Radially Flowing
Ring . . .
GEOMETRY ° Compact Transversely Flowing @ | Rectangular, Linearly Flowing
p Other Qther
@® | Annular
(Transverse Dimension) 10D ® |10
GRID DIMENSION ® 1D 20 2D
2D 3D 3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical @ | Cylindrical
Other Other Other
Misalignments Single Line @ | Laminar Flow
Aberrations - Turbulent Flow
FEATURES MODELED Detormate Mi @ | Muttiline ® | Turbu .
€ octma e Mirrors @ | Line Broadening Boundary Layer
Far-Field Performance ® | Other Shocks
Other Other

GITITSSYIONA



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Jerry Long

CODE NAME:

Phone:

(404) 955-2663

Organization:

Science Applications, Inc.

Address: 0600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF coDE;_Provide capability of modeling

high order modes in cylindrical/annular optical resonators.

AVAILABLE DOCUMENTATION: _None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot [ ] Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @®7| Detailed Kinetics Detailed Mixing
i cw Premixed
TYPE Seor.nemca‘ Pulsed Scheduled Mixing
@ | Physical HF. DF Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ‘ Ring Transversely Flowing Rectangular, Linearly Flowing

 J Compact Other Other
@ | Annular

{Transverse Dimension) 10D 1D

GRID DIMENSION 10 20 2D

@® |20 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindricat Cylindrical

Other QOther Other
: Misalignments Single Line Laminar Flow

Aberrations - Turbulent Flow

FEATURES MODELED Def ble Mi Multiline Y

[ ] e or‘ma e Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks

Other Other

+ with GCAL



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Jerry Long

CODE NAME:

SAIC2DV

Phone:

(404) 955-2663

Organization:

Address:

Science Applications, Inc.

6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CoDE: _Provide accurate, cost effective
method of cylindrical/annular optical resonator mode and power extraction

analysis and determine the effect of various design perturbations on these

parameters. This code is a vectorized version of SAIC2D.

AVAILABLE DOCUMENTATION: _None

CATEGORY
OPTICS KINETICS GASDYNAM
ATTRIBUTE Ics
None None None
LEVEL Simple Fabry Perot .+ Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator L J Detailed Kinetics Detailed Mixing
G ical cw Premixed
eometrica .
TYPE ® | Physical Pulsed Scheduled Mixing
ysica HF. DF Other
Other
: Sfandmg Wave Annutar, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY Ring Transversely Flowing Rectangular, Linearly Flowing
@® | Compact Other Other
o Annular
{Transverse Dimension) 10 1D
GRID DIMENSION 1D 20 2D
@{2D 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM ® | Cylindrical Cylindrical Cylindrical
Other Other Other
: Misalignments Single Line Laminar Flow
Ab tions -
FEATURES MODELED . :rra i " Muktiline Turbulent Flow
[ ] e or.ma e Mirrors Line Broadening Boundary Layer
[ ) Far-Field Performance Other Shocks
Other Other
+ with GCAL

A3ITITSSYTINN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Jerry Long

CODE NAME:

"SATFHT

Phone._(404) 955-2663

Organization; _Science Applications, Inc.

Address:

6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF coDEg: _Provide accurate, cost effective
method of cylindrical/annular optical resonator parametric analysis including

power extraction for use in overall system optimization.

AVAILABLE DOCUMENTATION: _HF Laser Subsystem Technology Assessment (DARPA
Interim Report), Science Applications, Inc., Atlanta, Georgia, July 1979

(CONFIDENTIAL)
CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot .+ Simple Saturated Gain Simple Flow Model
@ | Detailed Resanator @7 | Detailed Kinetics Detailed Mixing
6 ical cw Premixed
TYPE . e°'_"e""°a Pulsed Scheduled Mixing
L hysica HF. DF Other
Other
: Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY Ring | Transversely Flowing Rectanguiar, Linearly Flowing
@ | Compact Other Other
® Annular
{Transverse Dimension) 1D 1D
GRIO DIMENSION @ |10 2D 20
® 20D 3D 3D
@ | Coartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
[ M:salvglt\ments Single Line La@inar Flow
FEATURES MODELED | @ ;b:"a"‘":s " Multitine Turbulent Flow
& orAmab e Mirrors Line Broadening Boundary Layer
[ ] Far-Field Performance Other Shocks
Other Other
+ with GCAL



CODE SUMMARY SHEET CODE NAME: SAIGD

ORIGINATOR/KEY CONTACT:

Kerry E. Patterson (404) 955-2663

Name: Phone:

Organization: _ocience Applications., Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF cope:__(1) Correlate and analyze
closed cavity data. (2) Optimize operating conditions and geometric

configurations. (3) Generate gain algorithm for wave optics analyses.

Lasing and chemical kinetics models are included. Generates gas dynamic/
kinetic profiles for gain algorithim (see GCAL).

AVAILABLE DOCUMENTATION: _ HF Laser Subsystem Technology Assessment (DARPA)
Interim Report), Science Applications, Inc., Atlanta, Georgia, July 1979.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
® | None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics @ | Detailed Mixing
G cal cw Premixed
eometrica
TYPE Phvsi |" Pulsed @ | Scheduled Mixing
veics ® | wr.or Otner
Other
Sfandlng Wave o Annular, Radially Flowing [ ] Cylindrical, Radially Flowing
GEOMETRY zmg [ ] Transversely Flowing [ ] Rectanguiar, Linearly Flowing
ompact Other @ | Other
Annular
{Transverse Dimension) 10 10
GRID DIMENSION 1D @® |20 2D
20D 30 o 3D Psuedo
Cartesian ® Cartesian @ Cartesian
COORDINATE SYSTEM Cylindrical [ ] Cylindrical [ ] Cylindrical
Other Other Other
Misalignments PY Single Line [ ] Laminar Fiow
Aberrations - 1 FI
FEATURES MODELED o Multiline : Turbulent Flow
eformable Mirrors PY Line Broadening Boundary Layer
Far-Field Performance Shocks
Other
Other [ Other

G31I1SSYTIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _Jerry Long

CODE NAME:

Phone._(404) 955-2663

Organization: _Science Applications, Inc.
Address: __ 0600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF cOoDE:_Provide accurate, cost
effective method of linear optical resonator mode and power extraction

analysis and the effect of various design perturbations on these parameters.

AVAILABLE DOCUMENTATION: _None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
G cw Premixed
ical
TYPE , eometlﬂca Pulsed Scheduled Mixing
hysi
[ ysica HF, DF Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
GEOMETRY @ | Ring Transversely Flowing Rectangular, Linearly Flowing
@® | Compact Other Other
Annular
{Transverse Dimension) 1D 10
GRID DIMENSION ® | 1D 20 2D
20D 3D 30
@® | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
[ ] M|saI|gr'|mems Single Line Laminar Flow
FEATURES MODELED @ | Aberrations Multiline Turbulent Fiow

Deformable Mirrors
Far-Field Performance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET coDE NAME: | __SAI2D
ORIGINATOR/KEY CONTACT:
Name: __Jerry Long Phone:_(404) 955-2663
Organization: Science Applications, Inc.

Address: 6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

resonators and optical trains.

Modeling of rectangular linear

AVAILABLE DOCUMENTATION:

None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot @ | Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @%| Detailed Kinetics Detailed Mixing
G \ cw Premixed
i
TYPE ° Pheor.nelnca Pulsed Scheduled Mixing
vsica HF. DF Other
Other
® S?andmg Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY L Ring Transversely Flowing Rectangular, Linearly Flowing
[ ] Compact Other Other
Annular
{Transverse Dimension} 10 1D
GRID DIMENSION 1D 20 20
® |20 3D 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cytindrical Cylindrical
Other Other Other
: Mlsahgrl\ments Single Line Laminar Flow
FEATURES MODELED l;berranor:s ” Multiline Turbulent Flow
[ ] efmtmab e Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other
*  with GCAL

3TITSSYTIND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __J. Hough/M. Epstein

CODE NAME:

S0S

Phone:___{(213) 648-686]

Organization:

Address:

Aerophysics lLaboratory, The Aerospace Corporation

P.0. Box 92957. Los Angeles, California

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ Calculati f

DF chemical laser performance by solving coupled thermodynamic, chemical

kinetic, and radiation transport equations.

Utilizes comprehensive chemical

kinetics model (including rotational nonequilibrium) and simple Fabry-Perot

model.

AVAILABLE DOCUMENTATION:

Efficient Model for HF Lasers With Rotational

Nonequilibrium, J.J.T. Hough, Aerospace Corp. Repts. SAMSQ-TR-78-79,

15 Aug. 1978 and SAMSO-TR-78-84, 14 April 1978.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator @ | Detailed Kinetics Detailed Mixing
G ical cw Premixed
TYPE o eometrica ® Pulsed Scheduled Mixing
hysical
ysica ® | HF.DF Other
Other
Sfandlng Wave Annular, Radially Flowing Cytindrical. Radially Flowing
GEOMETRY 2:: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION 10 2D 20D
2D 3D 3D
Cartesian ® Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Fiow
Ab i - FIl
FEATURES MODELED 5 ‘:"a '°"'s i @ | Multiline Turbulent Flow
eformabte Mirrors ® Line Broadening Boundary Layer

Far-Field Performance
Other

Other

Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: _ Victor L. Gamiz

CODE NAME:| __TDLCLRC*

Phone.__(213) 884-3346

Rockwell International, Rocketdyne Division

Organization:

Address: 6633 Conoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Performs 3-D wave optics resonator analysis of a positive branch con-

focal unstable resonator with rectanqular spherical mirrors. Has off

axis geometry capability. Kinetics and mixing models included - see

AEROKNS .,

AVAILABLE DOCUMENTATION: High Power Testing of Optical Components

(HIPTOC) Technical Proposal Part III, Appendix B (V. L. Gamiz) (theory).

CATEGORY
QPTICS
ATTRIBUTE KINETICS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator @ | Detailed Kinetics Detailed Mixing
. L4 cw Premixed
TYPE Geometrical Pulsed Scheduled Mixin
@ | Physical H S
® F.DFf Other
@ | Other
Standi
° R.an ing Wave [ ] Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY ° Cmg Transversely Flowing Rectangutar, Linearly Flowing
ompact
Other Other
Annular
(Transverse Dimension) ®|1D 1D
GRID DIMENSION 1D 2D 20
@ |20 3D 3D
@ | Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical @ | Cylindrical Cylindrical
Other Other Other
Misalignments Single Line Laminar Flow
Ab ti
FEATURES MODELED errations ' ® | Muttitine Turbulent Flow
Deformable Mirrors Py Line Broadening Boundary Layer
Far-Field Performance Other ' Shocks
Other Other
*3-D Loaded Cavity Linear Resonator Code.

A3IT4ISSYTONN



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name:___Victor L. Gamiz

CODE NAME:

TDWORRC*

Phone:

Organization:

Address:

(213) 884-3346

Rocketdyne, Laser Optics

6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Performs 3-D wave optics resonator analysis of a cylindrical annular ring
laser resonator using either a two reflaxicon or a two waxicon beam com-

pactor assembly.

AVAILABLE DOCUMENTATION:
See manuals for LS-14 3-D base and loaded HSURIA codes.

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@® | Detailed Resonator Detailed Kinetics Detailed Mixing
s cw Premixed
etrical
TYPE °lr eom I"ca Pulsed Scheduled Mixing
hysica HF. DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
GEOMETRY ® | Ring Transversely Flowing Rectangular, Linearly Flowing
® | Compact Other Other
® Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 1D 2D 20
®| 2D 3D 30
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindrical Cylindrical
Other Other Other
[ ] Mlsahgrtnments Single Line Laminar Flow
FEATURES MODELED [ ] gb:;rrauobnls " Multitine Turbulen‘( Flow
L4 € ona & Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
@ | Other Other

* 3-D Wave Optics Ring Resonator Code.




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __Donald L. Bullock

CODE NAME:

TMRO

Phone:___(213) 535-3484

Organization:

Address:

TRW DSSG

R1/1162, One Space Park, Redondo Beach, Caiifornia 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Version of MRO code for toric resonators.

AVAILABLE DOCUMENTATION: No_theory manual as such, but (TRW) BLAZER and

d in_much information. See BLAZER Use
Manual. November 1978.
CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
@ | Detailed Resonator Detailed Kinetics Detailed Mixing
G cal cw Premixed
t
TYPE P:ome rica Pulsed Scheduled Mixing
ical
[ ] ysica HF, OF Other
Other
® | Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
® | Ring Trans ly Flowin Rect tar, Li ly Flowi
GEOMETRV Com act ransversely wing anguiar, Linearly owing
P Other Other
@ | Annular
(Transverse Dimension) 10 1D
GRID DIMENSION ® 1D 2D 2D
2D 3D 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cvlindrical Cylindrical Cylindrical
Other Other Other
Mlsalagr‘\ments Single Line Laminar Flow
FEATURES MODELED Ab:rratmbr:s " Multitine Turbulent Flow
De or_ma © Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks
@ | Other Other

G3T31SSYTOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __D. Haflinger/P. Lohn

CODE NAME:

TWODNOZ

Phone._(213) 536-1624

Organization:

Address:

TRW DSSG

R1/1038, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Calculate nozzle flow including boundary laver and inviscid core analysis.

AVAILABLE DOCUMENTATION: None

CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model!
Detailed Resonator Detailed Kinetics Detailed Mixing
wcal cw Premixed
TYPE Geometrica Pulsed Scheduled Mixing
Physi
ysical HF., DF Other
Other
Standing Wave Annular, Radially Flowing Cylindrical, Radially Flowing
GEOMETRY z::r: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
Annular
{Transverse Dimension) 10 10
GRID DIMENSION 1D 2D 2D
2D 3D 30D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
Mvsallgrlwments Single Line Laminar Flow
FEATURES MODELED Aberrations Multiline Turbulent Fiow

Detormabie Mirrors
Far-Field Pertormance
Other

Line Broadening
Other

Boundary Layer
Shocks
Other




CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: __Donald L. Bullock

CODE NAME:

URINLAZ

Phone:

(213) 535-4384

Organization:

Address:

TRW DSSG

R1/1162, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:
arbitrary axicon {except noneverting waxicon).

Models cylindrical laser with

Bare resonator code which

determines mode control and beam quality.

AVAILABLE DOCUMENTATION:

Annular Laser Mode Studies Final Report,

March 1980. Program URINLAZ -User Manual, June 1978,
CATEGORY
OPTICS KINETICS GASDYNAMICS
ATTRIBUTE
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
© | Detailed Resonator Detailed Kinetics Detailed Mixing
G cw Premixed
ical
TYPE o sometrica Pulsed Scheduled Mixing
o hysical HF. DF Other
Other
@ | Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing
GEOMETRY ° 2:: act Transversely Flowing Rectangular, Linearly Flowing
P Other Other
® | Annular
{Transverse Dimension) 1D 1D
GRID DIMENSION @ | 1D 20 20D
® |20 36 3D
Cartesian Cartesian Cartesian
COORDINATE SYSTEM | @ | Cylindrical Cylindricat Cylindrical
Other Other Other
[ ] Musahgrfmems Single Line Laminar Flow
FEATURES MODELED [ ] I;b:rrauonls . Multitine Turbulent Flow
e ontmab e Mirrors Line Broadening Boundary Layer
@ | Far-Field Performance Other Shocks
Other Other

G3TI1SSYTOND



CODE SUMMARY SHEET

ORIGINATOR/KEY CONTACT:
Name: J. Ohrenberger

CODE NAME:

VIINT

Phone: (213) 536-4024

Organization:

Address:

TRW_DSSG

88/1012, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

Viscid/inviscid interaction

program; calculates flow between used gas for hypersonic wedge modeling.

AVAILABLE DOCUMENTATION:
1977 (theory).

Ohrenberger, BMDATC, DASG60-76-C-0043, April

Computer Program Description and Users Manual of a Near

and Far Wake Modeling Analysis for Reentry under Turbulent Boundary Layer

Conditions. Ohrenberger, for BMDSC, DASG60-76-C-0043, March 1979. Others.

CATEGORY
OPTICS KINET]
ATTRIBUTE ETICS GASDYNAMICS
None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
Detailed Resonator Detailed Kinetics @ | Detailed Mixing
6 cal cw @ | Premixed
eometrica
TYPE Physical ' Pulsed Scheduled Mixing
sica
Y HF. DF Other
Other
ding W, . .
zfan ng Wave Annular, Radially Flowing @ | Cylindrical, Radially Flowing
GEOMETRY CI::\ act Transversely Flowing @ | Rectangular, Linearly Flowing
P Other Other
Annular
(Transverse Dimension) 1D 10
GRID DIMENSION 10 2D ® 2D
2D 3D 3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical @ | Cylindrical
Other Other Other
Misalignments Single Line ® Laminar Flow
A .
FEATURES MODELED berrations - Multitine ® | Turbulent Flow
Defor.mable Mirrors Line Broadening ® Boundary Layer
Far-Field Performance Other @ | Shocks
Other Other
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CODE SUMMARY SHEET

ORI!GINATOR/KEY CONTACT:
Name: J. Ohrenberger

CODE NAME:

WAP*

Phone:

(213) 536-4024

Organization:

TRW_DSSG

Address:

88/1012, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

laser nozzle.

To determine base flow between

Detailed analysis of base flows, recirculation, and embed-

ded subsonic zone: boundary remnant 1ip and wake shocks formation are

included.

AVAILABLE DOCUMENTATION:

Computer Program Description and Users Manual

of a Near and Far Wake Modeling Analysis for Reentry under Laminar or

Turbulent Boundary Layer Conditions, J. T. Ohrenberger, for BMDATC

(DASG60-76-C-0043) April 1977.

Others.

CATEGORY
OPTICS
ATTRIBUTE KINETICS GASDYNAMICS
@ | None None None
LEVEL Simple Fabry Perot Simple Saturated Gain Simpie Flow Model
Detailed Resonator Detailed Kinetics ® | Detailed Mixing
. cw @ | Premixed
Geometrical Puised
TYPE Phvsical Scheduled Mixing
ysica
HF. DF Other
Other
Standing W . R
R_a" ng Wave Annular, Radially Flowing @ | Cylindrical, Radially Flowing
n
GEOMETRY 9 Transversely Flowing @ | Rectanguilar, Linearly Flowing
Compact
Other Other
Annular
{Transverse Dimension) 10 1D
GR!D DIMENSION 10 20 ®| 2D
2D 3D 3D
Cartesian Cartesian @ | Cartesian
COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other
I‘\:isalignments Single Line ® Laminar Flow
b ti
FEATURES MODELED errations A Multiline o Turbulent Flow
Sef(:rmab;e Mirrors Line Broadening [ ] Boundary Layer
-Fiel £
ar-Field Performance Other ® | Shocks
Other @ | Other

*Wake Analysis

Program
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Section III
DETAILED CHEMICAL LASER CODES

This chapter contains, in alphabetical order, the received detailed responses to the sur-
vey form (Appendix A). The material has been reformatted somewhat for economy of pre-
sentation and ease of comparison. It was not possible to include the 28 codes submitted by
Bell Aerospace in this detailed format; for these, the reader should see Appendix C. See
Section IV for an explanation of the forms.

-1
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CODE NAME: RABL*

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __Models cylindrical lasers used with URINLA2. This is a URINLAZ
model with gain.

ASSESSMENT OF CAPABILITIES: See URINLAZ.

ASSESSMENT OF LIMITATIONS: See URINLAZ.

OTHER UNIQUE FEATUREs: . Resonator geometries modeled: HSURIA; "HSURIA with toric back mirror, TURIA.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock Phone: (213) 535-3484
i TRW DSSG
Add R1/1162, One Space Park, Redondo Beach, California 90278
AVAILABLE DOCUMENTATION: (T = Theory, U = User, publication): ! (T} Annular taser Mode Studies Final Report;
(U) Program ABL User Manuai, June 1978 Tistings available.

STATUS:
Onarational y2:_Yes

Under Modification?: —_NO
Pur 3

Government
Proprietary?; No
MACHINE/OPERATING SYSTEM (on which installed): — ATWL CYBER 176, NOS/BE.

TRANSPORTABLE?

Machine D dent R

SELF-CONTAINED?: —_See MRO/BLAZER
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:
Large Job: 200K (SCM) + 300K (LCM) 1800

Approximate Number of FORTRAN Lines: 6000

* Annular BLAZER
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CODE NAME: ABL

l OPTICS I I GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: GAIN REGION MODELED (V: NOZZLE GEOMETRY MODELED (and type) (\/):
Physical Optics:_ﬁGeomelricaI:_. Traveling Wave (Ring): ... Reverse TW: Compact Region: Annular ngion:_L Cylindrical, Radially Flowing: |/

FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (‘/): Positive: v

COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: v Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annutar Region:_CY
COORDINATE SYSTEM (Cartesian, eylindrical, etc.): Flat Mirrors: v ical Mirrors:
Compact Region: .CY Annular Region: _CY Cylindrical Mirrors:
TRANSVERSE GRID DIMENSIONALITY (v): 2D Scraper Mirrors: _|/_
Compact Region: v/ *

Other:

KINETICS GRID DIMENSIONALITY (\/):*
10 20 3D

COORDINATE SYSTEM: cy
FLUID GRID DIMENSION (‘/): 1D:_LZD:
Compact Region: FLOW FIELD MODELED (V):

Axicons Waxicons | Reflaxicons] Annutar Region: v v Laminar: Turbulent:

*
Annular Region: V/

Arbitrary: / / GAIN REGION SYMMETRY RESTRICTIONS: omer.__Scheduled mixing
FIELD SYWMETRY ResTRicTionsz.__Half plane Gain Vary Along Optic Axes” _Y_ Flow Direction?y/__ BASIC MOUELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V):

Y
. PULSED: cw: _/ _ KINETICS MODELED Premixed: Mixing:
Parabola-Parabola:
Circular:_LSlrip: \/
i N

Linear: ‘/

Square:

CHEMICAL PUMPING REACTIONS MODELED (\/): Other (speci Scheduled mixing
X+Y, =VK+¥ }“{ F |c |er

Y ¥p=¥KeX Hly usea: €€ MRO/BLAZER

Cold (F+Hp):n V__ o |,

Variable Cone Offsot:

Arbitrary:

Other (specify):

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Resonator Geometry: Misrors:

Fixed, Multiple i Spatial Filters:.
Other Rear flat, rear cone

HH & HP reflaxicons & waxicons THERMAL DRIVER MODELED (V):

PROPAGATION TECHNIQUE (Valt that appiy):| COMPACT JANNULAR PP Reflaxicons. ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Onty: 7 VT o Sﬁﬂ MRO/BLAZER

Hot(H +Fp): Chain (F + Hy & H + Fp):,

Modutar, Multiple

Other

Shock Tube: i Heater:

With Kernel Averaging Simple Saturated Gain: Detailed Gain: .
: Other:
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (V):

Mirror Titt: v/ ] See MRO/BLAZER F-ATOM DISSOCIATION FROM (V):

Fast Fourier Transform (FFT): Other: Fae SFge:
/Thermal Distorti z &

Single Line Model (\/):_ Other i NF3

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Aberrations only Mulitine Model . (¥ A F-ATOM CONCENTRATION DETERMINED FROM MODEL2:YES
Other (speci B J i ion Distribution State (V): oILUeNTs mopeLen: _He, No, CF,
J o MODELS EFFECTS ON MIXING RATE DUE TO (V):

Output Coupler Edges: Rolled:

CONVERGENCE TECHNIQUE (\/):

Power Compark Y Fietd i : Other:

Nozzle Boundary Layers: Shock Waves:
Number of Laser Lines Moduled:L

F (thermal
\/ Source of Rate C i Used in Code: N. Cohen . .
Other: LOADED CAVITY FIELD MODIFIER MODELS (V): Other " Scheduled mixing

Medium Index
ACCELERATION ALGORITHMS USED?: JO_._____

LINE PROFILE MODELS (V):
Doppler i |/
Collisi . / MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORlTHM:(\/)Z

Other:
Oth iy Operation at 1ine center
FAR-FIELD MODELS (V): Beam Stoering Removal:__y/ or (specify)

Optimal Focal Search: \v/ Beam Quality:,

Media Index Variations:

Other

Other:

*See URIHLA2 User Manual
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CODE NAME: AEROKNS

copetvee: _Kinetics and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Computation of small signal or loaded gains from a radially flowing
system for use by annular resonator codes. Package i ics for_radial f i

ASSESSMENT OF CAPABILITIES: __A110WS computation of gain sheet through a radial scan through the middle of
the reaction zone. Allowed transitions are v =1 > 10, j = 1 -~ 20; uses latest y rate structure
available.

ASSESSMENT OF LiMiTATIoNs: _Model does not include rotational nonequilibrium.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: Jim Vieceli Phone: (213) 884-385]
Organizati Rockwell International - Rocketdyne Division
Address: 6633 Canoga Ave., Canoga Park, California 91304 _

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publicationy: L1 )_Annular Laser Optics Study Final Report

(AFW: -TR-77-117): (U) Annular laser Optics Study Use'rg Manual: Lloaded Cavity Codes

STATUS:
0 i c

Under Modifi:

0 ipz: _AFWL
2. _NO

Propi ¥

MACHINE/OPERATING SYSTEM (on which installed): .CDC_Cyber 176

TRANSPORTABLE:. With modification.
Machine Dependent Restrictions: Uses CDC extended core (LCM)-

SELF-cONTAINEDz: __NO - 15 a subroutine package.
Other Codes Required (name, purpose): —Requires that a driver code provide intensity-transition matrix.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 8-10 sec CDC 7600
Large Job:
Approximate Number of FORTRAN Lines:

GITITSSVIIND



CODE NAME: AEROKNS

| OPTICS I None l GAS DYNAMICS |

BASIC TYPE (\/): None RESONATOR TYPE (V): Standing Wave: GAIN REGION MODELED (V):
Physical Optics:. Geometrical: Traveling Wave (Ring): Reverse TW: Compact Region: Annular Region: '/
FIELD (POLARIZATION) REPRESENTATION (\/)Z BRANCH (\/): Positive:

NOZZLE GEOMETRY MODELED (and type) (‘/):
Cylindrical, Radially Flowing:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (\/)Z Compact Region: Annular Region: _CY
COORDINATE SYSTEM (Cartesian, cylindrical, etc.): Flat Mirrors: Mirrors:

Other:

KINETICS GRID DIMENSIONALITY (\/):
10 2D | 3D

COORDINATE sYsTEM: _CY

FLUID GRID DIMENSION (\/) lD:'/—ZD:
Compact Region: FLOW FIELD MODELED (\/):

Axicons Waxicons |Reftaxicons Annular Region: / Laminar: Turbulent:

fon: , ed mixin
Annular Region: : GAIN REGION SYMMETRY RESTRICTIONS: otner._Schedul d
FIELD SYMMETRY RESTRICTIONS?:________

Linear: Gain Vary Along Optic Axes?: Flow Diroctlon?;_'/_ BASIC MODELING APPROACH (\/):

MIRROR SHAPE(S) ALLOWED (V): Parabole.Parabale PULSED: cw:_ Y KINETICS MODELED Premixed: Mixing: Y
Square: Gircular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
X+¥,=YR+¥ ;r‘{ F {cCl | Br

Compact Region: —_ Annular Region: ical Mirrors:

TRANSVERSE GRID DIMENSIONALITY (\/): Scraper Mirrors:

Compact Region:

Variable Cone Offset:

Arbitrary:

Other (specify):

Y4Xy = ¥X+X Hly Referances for Appraach Used: ALOS Fin
Mirvors:

Cold (F + Hz):/__ [

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

ters:
Fixed, Multiple i Spatial Filters:

HM(H*FZ): y Chain(F*'HzI-H*F‘\r‘ /
Other

Modular, Multiple i Other

THERMAL DRIVER MODELED (\/):

PROPAGATION TECHNIQUE (Vail that apply):|COMPACT JANNULA ENERGY TRANSFER MODES MODELED (\/j: Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (\/)I Bare Cavity Only: VT v | Cohen

Simpl i . Shock Tube: Heater:
Yt Kermel Averaging S pesled el R omer Not_modeled
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS N)

\A5 n .
Mirror Tilt: —Lm F-ATOM DISSOCIATION FROM (\/).
Other:

Fast Fourier Transform (FFT): For v SFg:

Fast Hankel Transform (FHT): Single Line Model (v): Other NF’)

Gardener-Fresnel-Kirchhoff (GFK):

Mutiline Model. (Vh: _v/ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: X
state (Vx: OILUENTS MoDELED: _He, N

/ o MODELS EFFECTS ON MIXING RATE DUE TO (V:

Nozzle Boundary Layers:, Shock Waves:

Other

Output Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (\/):

Power i Field : Other:

- \/ Source of Rate Coefficients Used in MQ:M
Other: LOADED CAVITY FIELD MODIFIER MODELS (V): .

o . . of Chemical Lasers

Medium Index
cas . LINE PROFILE MODELS (V):
Doppler
o N v MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Number of Laser Lines Modeled: _== 12

(thermal

Trip

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony: . Other:

Other: FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:

Other

Other:

* Equilibrium thermochemistry



CODE NAME: AFOPTMNORO

CODE TYPE: Optics and Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Predict power spectral performance of CW chemical laser. Also see
MNORQ for more detailed kinetics description.

ASSESSMENT OF capasiLiTies: _Predict power spectral distribution for unstable and stable resonators. Strip

optics code was provided by Capt. T. Salvi, AFWL/ALR. With rotational Nonequilibrium kinetics, code

will predict which lines lase.

ASSESSMENT OF LimiTaTions: . _Need to include rotational non-equalibrium on 1-0 band.
study.

OTHER UNIQUE FEATUREs: . Besides power comparison technique to establish convergence, this code compares
1(x) on all lines; it also calculates Po/Pc, where Po = total optics power loss and Pc = power

available from chemistry.

ORIGINATOR/KEY CONTACT:
Name: L. I, Sentman romr_(217) 333-1834

Aeronautical and Astronautical 'Engineering Dept., University of Iilinois
Address: _Urbana, I11inois 61801

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publicationy: (1) "An Efficient Rotational Non Nonegu[_111ibrium Model
of a CW Chemical Laser," L. H. Sentman and W. Brand‘(amp, TR AAE 79-5, UILU Eng 79-0505 (July B

(V) "Users Guide for Program MNORO and AFQOPTMNORO," L. H. Sentman, AAE TR 79-7, UILU Eng 79-0507

{October 1979).

STATUS:
Operational C:

Under Modification?:
Pury (s)

0 i AFOSR
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which install CDC Cyber 175

TRANSPORTABLE?, _ €S

Machine Dependent Restrictions:

SELF-CONTAINED?: —_YES

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 100K 150 - 800 sec / jteration

Large Job: 272K (depending on number of points:
Approximate Number of FORTRAN Lines: about 15 iterations to converge)
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CODE NAME:

AFOPTMNORO

OPTICS I

BASIC TYPE (\/)‘.
Physical Oplics:_LGeomemcal:___

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: _y___ Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: Si Annular Region: e

TRANSVERSE GRID D INALITY (\/): 10

Compact Region: J

Annular Region:

RESONATORTYPE (V): StsndingWave: — o/
Traveling Wave (Ring): — Reverse TW:

BRANCH (\/): Positive: ‘/ i ‘/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

1 Mirrors:

Mirrors: ‘/

Scraper Mirrors:

Axicons Waxicons |Reflaxicons

FIELD SYMMETRY RESTRICTIONS?.
MIRROR SHAPE(S) ALLOWED (\/):
Circular:— Strip: /L

Square:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Valt that apply)i[COMPACT |ANNULA

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hanke! Transform (FHT):

Linsar:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): Bare Cavity Only:

Simple Saturated Gain: Detailed Gain: _;

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Tilt:

Aberrations/Thermal Distortions:

Gardener-Fresnal-Kirchhoff (GFK):

Other i

CONVERGENCE TECHNIQUE (\/):
Power i '/ Field '/

I
Other: op ti QS_LCh.eIIL_____

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V)Z

¥

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\’):
Medium Index

Gas

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:

GAIN REGION MODELED (\/):
Compact Region: ‘/ Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region:_(L Annutar Region:
KINETICS GRID DIMENSIONALITY (\/):
10 20 3D

Compact Region: /

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: ____ Flow Direction? m———
PULSED: CW: Y___KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X4+ ¥y =¥X+Y Wire|o|er

YXy=VX+X ul,

Cold (F + Hp): i/ o |,

Hot (H + Fz):___‘Lchﬂn (F+Hy&H +Fok

I GAS DYNAMICS

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: '/

Other:

COORDINATE sysTem: _Cartesian
FLUID GRID DIMENSION (V): 10:_¥__20: ____30:
FLOW FIELD MODELED (V):

Laminar:

Turbulent: __

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other i V/

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T: '/

V-R: v

Vv

other: Multiquantum V-T, F-atom wall

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor:

Shock Tube: Heater:

Cther:

F-ATOM DISSOCIATION FROM (V):
Fy: SFg:

recombvxah on.
Singte Line Model (V):

Muttiline Model . Vy:

State (\/):

4

Number of Laser Lines Modeled: Predicts which

Tines lase. .
Source ot Rate Cosfficients Used in Code:

DF rate package, Hinchen's

5 *
ulk® PtRaO ?L%'}naJD'ELs v

Doppler

Voight profile

Other:

*Re]a)'(ation data, Polanyi's
pumping distribution

2
Other (specify):
F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:, V/

(thermal

A

MODELS EFFECTS ON OPTICAL MODES DUE 7O (\/):
Media Index Variations:

Other




CODE NAME: ALCHRC*

CODE TYPE: ti ineti ics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CoDE: _LS-14: Resonator parameter selection, assess mode control
_berformance predictions for power extraction and beam quality, set/verify desian requirements.

ASSESSMENT oF cAPABILITIES: — Capable of evaluating any general HSURJA with reflaxicon.

ASSESSMENT oF LimiTATIoNs: _oingle gain sheet, axisymmetric model precludes resonator azimuthal
perturbation analysis.

OTHER UNIQUE FEATURES: __Resonator geometrics modeled; HSURIA with reflaxicon. Axisymmetric mode
competition. Twelve fields (combination of transitions and modes).

ORIGINATOR/KEY CONTACT:
Name: Phil Briggs phone:  _{(213) 884-3581
oreanizatian.  ROCkwell International-Rocketdyne Division

Addi 6033 Canoga Ave., Canoga Park, California 91304
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = R P (T) various.

STATUS:
Operational Currently?: Yes
Under Modification?: __NO
Pur (s):

Ownership?: AFWL
No

Proprietary?;
MACHINE/OPERATING SYSTEM (on which instafled): _CDC_Cyber 176

TRANSPORTABLE?: _ With mofification.
Uses CDC extended core.

Machine D dent Restrictions:

SELF-CONTAINED?:
Other Codes Required (name, purpose): _Resonator geometry systems code (for other than P-P reflaxicon),
axisymmetric far-field code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 200K SCM-200K LCM 1000 Octal sec
Typical Job: 200K SCM-250K LCM 2000 Octal sec
Large Job: 200K SCM-600K LCM 10000 Octal sec

Approximate Number of FORTRAN Lines: 3000

* Axisymmetric Loaded Cavity HSURIA Rescnator Code
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CODE NAME: ALCHRC

IOPTICSI [GAs DYNAMICSI
BASIC TYPE (V): RESONATOR TYPE (V): Standing Wave: ¥ GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (V):
Physical Optics:, Geometrical: Traveling Wave (Ring): .. Reverse TW: Compact Region: Annular Region: ‘/ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/)1 BRANCH (\/): Positive: _L i COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annular Region: _CY Other:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.): Fla Mirors: feal Mirrors: / KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM: cy
Compact Region: _Q.Y Anntilar Region:ﬂ Cylindrical Mirrors: 10 2D 30 FLUID GRID DIMENSION (‘/): 10: \/ 2D: an:
TRANSVERSE GRID DIMENSIONALITY (\/): 10 | 2D Scraper Mirrors: Y Compact Region: FLOW FIELD MODELED (\/):
Compact Region: J Axicons Waxicons | Reftaxicons Annular Region: / Laminar: Turbulent:
L . led mixin
Annutar Region: v Artitrary: GAIN REGION SYMMETRY RESTRICTIONS: otver:_Schedu J
FIELD SYMMETRY RESTRICTIONS”__Axisymmetric Linear: y Gain Vary Along Optic Axes?:____ Flow Directionz_/__ § BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): . .Y Premixed: Mixing:
¢ )' “/ ) . Parabola-Parabola: y PULSED: ____ CW: KINETICS MODELED emixe i
Square: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
Variable Cone Offset: / X4 Yy = YKo *T1F To o :
Other specify: P-P tanh N 2 ‘ R
CONFIGURATION FLEXIBILITY (V): YoXy = VX4 X Wiy References for Approach used; __ALOS Final Report
Fixed, Single Resonator Geometry: |/ Mirrors: Cold (F + "2)7 o ‘/ .
" " Spatial Filters:. i
Fixed, Multiple Hot (H + F,): v Chain (F + Hy & H + F): 4
i Other
Modular. Multipte Other (speci THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Var trat appiy):|coMPACT [ANNULAY v ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
ithms: GAIN MODELS (V): Bare Cavity Only:
Fresnel Integral Algorithms: V) y 7 T Cohen Shoek Tube: Heator:
N N Simple Saturated Gain: Detailed Gain:
With Kernel Averaging / d VR other: __Ne:i- I led
. ! BARE CAVITY FIELD MODIFIER MODELS (V): o
Gaussian Quadrature: Mirror Tilt: v [l Cohen F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): ‘/ ‘/ Other: Fu: SFg: 1/
/Thermal Di: 2
Fast Hankel Transform (FHT): di 1 Single Line Mode! (\/): Other i NE
Arbitrary: 1 on <
Gardener-Fresnel-Kirchhoft (GFK): / Multiline Modal. (V); v F-ATOM CONCENTRATION DETERMINED FROM MODEL?: %__
s s Selected (speci
other specity: Midpoint rule: Tompact/ a ) ' <bution State (V): oiLUENTS Mopete:__He, Ny
ivity Loss: .
Annular dibiom: o " MODELS EFFECTS ON MIXING RATE DUE T0 (V):
‘/ Output Caupler Edges: Rolled: < 'l 2 Nozzle Boundary Layers: '/ Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled: _~—
Power i Field i Y S Other: _ ] (thermal
\/ Source of Rate Coefficients Used in Codt:_ﬂaﬂ.dmk Tri
other: LOADED CAVITY FIELD MODIFIER MODELS (V): £ Chemical Lasers Other (speci rip
: Medium fndex /_Radial only ot Lhemic
ACCELERATION ALGORITHMS USED?: K ]
- Gas Absorption: Y _Radial only LINE PROFILE MODELS (\/).
Technique: Doppler N ‘/
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORIYHM:(\/): Beams: PO J MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Prony: Other: Media Index Variations:
Other
Other: FAR-FIELD MODELS (\/): Beamn Steering Removal:___ Other
Optimal Focal Search: Beam Quality.,
Other:

*Equilibrium thermochemistry



CODE NAME: ALCRRC*

CODE TYPE: Optics, Kinetics, and Gasdynamics.

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobE: ___Resonator parameter selection, assess mode control, performance

predictions for power and beam quality., set/verify design requirements.

ASSESSMENT OF CAPABILITIES: Allows evaluation of general ring geometries with independently specified

reflaxicons.

ASSESSMENT OF LIMITATIONS: Axisymmetric model precludes resonator azimythal pertyrbation analysis.

OTHER UNIQUE FEATURES: Resonator geometries modeled: _ring resonator with reflaxicon positive/negitive

branch. Axisymmetric mode competition, 5 gain sheets. Twelve fields (combination of transitions
and modes).

ORIGINATOR/KEY CONTACT: —
Name: Phil D. Briggs Phone: (213) 884-3851

Rockwell International, Rockétdyne Division

Add 6633 Canoga Ave., Canoga Park, California 91304
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publication). (7) various.

STATUS:
Operatianal Currentlyz: —NO
Under Modification?: Being developed.

Py
P

ownerstipr: __AFHL
Proprietary?: — 1O
MACHINE/OPERATING SYSTEM (on which installed): CDC Cyber 176

TRANSPORTABLE?: With modification.
Machine Depend icti Uses CDC extended core.

SELF-CONTAINEDY:
Other Codes Required (name, purpose): Axisymmetric far-field code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)
Small Job: 200K SCM-200K LCM 1000 Octal sec
Typical Job: 200K_SCM-250K LCH 2000 Octal sec
Large Job: 200K SCM;gggK LCM 10000 Octal sec

Approximate Number of FORTRAN Lines:

* Axisymmetric Loaded Cavity Ring Resonator Code

GATATSSVTIOND



CODE NAME: ALCRRC

l OPTICS I l GAS DYNAMICS I
BASIC TYPE (V/): RESONATOR TYPE (\/): Standing Wave: GAIN REGION MODELED (V): NOZZLE GEOMETRY MODELED (and type) (V):
Physical Oplics:_LGeometvicaI: Traveling Wave (Ring): _Lneverse ™: Compact Region: Annular ngion:_L Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/)1 BRANCH (\/): Positive: — i N4 COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
5ca|ar:_L Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annular Region: LY. Other:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Pt Mitors: V. Mirrors: KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM: __CY
Compact Region: .E.Yknnular Regiun:_cl Cylindrical Mirrors: ‘/ 10 20 3D FLUID GRID DIMENSION (‘/): 10: l{ 2D; 3D:
TRANSVERSE GRID DIMENSIONALITY (\/): 1D ) 20 Scraper Mirrors: v Compact Region: FLOW FIELD MODELED (\/):
Compact Region: Y Axicons Waxicons |Reflaxicons| Annular Region: ‘/ Laminar: Turbulent:
Annutar Region: A GAIN REGION SYMMETRY RESTRICTIONS: omer._Scheduled mixing
FIELD SYMMETRY RESTRICTIONS?:__Axisymmetric Linear: / Gain Vary Mong Optic Axes?:____ Flow Direction®...Y___ | BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): R . Premixed: Mixing: _Y__
® A Parabola-Parabola: / PULSED: cw:_v__KINETICS MODELED emixe ixing
Square: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
. Variable Cone Offset: J
rbitrary: X+¥y=YX+Y }“{ F la |er|1
Other (specity:: P-P ta -
CONFIGURATION FLEXIBILITY (V): tanh Y Y4 Xy = VX4 X Wy for used: ALOS Final Report
) " [ Mirrors:
Fixed, Single y: Y sontar e / Cold (F + Hy): D /
. " patial Filters:. Gratings:
Fixed, Multiple o Hot (H + Fy): Y. Chain (F+ Hy &H +Fy):, ‘/
Modular, Multip! er ;
ocuan Muliple Otter THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (van trat apolyy:{compact [annuLad v ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fi ! Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: .
resnel Integr gortthm Simple Saturated Gai Detailed Gai : VT '/ COhen Shock Tube: ____ Resi: Heater:
. imple u ain: etailed ain:
Wit Komel Averaging / . orts vl v, oer._Not_modeled
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (V): v /| Cohen \/
Mirvor Tilt: ' : F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): Other: Fo: SFe:
/Thermal Di ) z &
Fast Hankel Transform (FHT): J / / - Axi symmetr"i ¢ Single Line Model (‘/): Other . NF3
Gardener-Fresnel-Kirchhoff (GFK): J/ s . Multiline Mode! . (\/); VAR F-ATOM CONCENTRATION DETERMINED FROM MODEL?: .%__
. . lected
Other (spect Midpoint rule: / ' fon Distribution State (V): piLUENTS MopELep: __He, N
ivity Loss: .
Compact/Annular . / . MODELS EFFECTS ON MIXING RATE DUE TO (\/)‘
\/ Output Coupler Edges: Rolled: Nozzle Boundary Layers:, Shock Waves:
CONVERGENCE TECHNIQUE (V): ‘/ Number of Laser Lines Modeled: £ ] 2
Serrated: Other: i
Power C i Field C : L (thermat
ower *® v Source of Rate Coefficiants Used in Code:_HaNdbook i
other: LOADED CAVITY FIELD MODIFIER MODELS (V): . Other (speci Trip
or: _ s 3 of Chemical Lasers
Medium Index Variation: el
ACCELERATION ALGORITHMS useoz _ None A A
; Gas Absorption: = LINE PROFILE MODELS (\/):
o Doppler i v/
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): Beams: o . / MODELS EFFECTS ON OPTICAL MODES DUE TO (V):
Prany: Other: Media Index Variations:
Other
Other: FAR-FIELD MODELS (\/): Beam Steering Removal:___y/ Other
Optimal Focal Search: Beam Quality:,
Other:

*Equilibrium thermochemistry



CODE NAME: ALFA

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Models any chemically pumped mixing laser system, even electronic

transition type. (See also GIM).

ASSESSMENT OF CAPABILITiES: __2-D_parabolic reactive, viscous flow code. TKE turbulence (2-equation).

(Similar to APACHE, except not time-dependent).

ASSESSMENT OF LIMiTATIONs: __Cannot model dP/dY in subsonic flows. Contains only Fabry-Perot (geometric)

optics packages.

OTHER UNIQUE FEATUREs: _ Besides hot and cold HF and DF kinetics, it also models 3 body recombination

H+F+MTHF (v) + M.

ORIGINATOR/KEY CONTACT:
N.

Name: L. Rapagnani {505) B44-9836

Phone:

Organizati Air Force Weapons Laboratory.

Address: AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (1) (U) AFWL-TR-78-19

STATUS:
0] d Currently?; Yes

Under Modification?: No

P

O ip?: U.S. Government

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which i y: ..CRAY, Cyber-176, CDC-7600, CDC-6600, 1BM-370

TRANSPORTABLE?: Yes

Machine Dependent Restricti None

SELF-CONTAINED?: No

Other Codes Required (name, purpose): DYNDIM for dynamic dimensioning. Not necessary on CRAY

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 65K 15 sec.

Typical Job: 150K 2-5 min.

Large Job: 230K 15-60 min.

Approximate Number of FORTRAN Lines: 2000-2500

AATI1SSYTIOND



CODE NAME: ALFA

I OPTICS I None

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring):

BASIC TYPE (\/):
Physical Optics:_Geome(ricaI:_L_ Reverse TW:

FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: ical Mirrors:

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: __ Annular Region: C ical Mirrors:

TRANSVERSE GRID DIMENSIONALITY (\/): Scraper Mirrors:

Compact Region: Axicons Waxicons |Reflaxicons

Annular Region:

Arbitrary:

FIELD SYMMETRY RESTRICTIONS?: Linear:

MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

CONFIGURATION FLEXIBILITY (\/):

Mirrors:

Fixed, Single Geometry:

Fixed, Multiple Spatial Filters:

Other

Medular, Multiple

PROPAGATION TECHNIQUE (Vall that appty):|cOMPACT | ANNULAI

GAIN MODELS (\/): Bare Cavity Only:
Simpte Saturated Gain: Detailed Gain:

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Tilt: i

Fast Fourier Transform (FFT):

Aberrations/Thermal Distortions:
Fast Hankel Transform (FHT):

Gardener-Frasnel-Kirchhoff (GFX):

Selected

Other

Loss:

Output Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (\/):

Other:

' Power Ci i Field
Other: LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

ACCELERATION ALGORITHMS USED?:
i Gas

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):
Prony: Other:

FAR-FIELD MODELS (\/): Beam Steering Removal;
Optimal Focal Search:

Beam Quality:,

GAIN REGION MODELED (\/):
Compact Region: / Annufar Region: V/

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: l/ Annular Region: V/

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 3D

Compact Region: Y

Annular Region: Y

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?: v/ Flow Direction?_Y_ ‘/
PULSED: Y _CW:_Y__ KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):
X+¥y=V¥X+Y W|F jo fer

Y+Xy=VX+X H

L

Cold (F+Ho): Y __ [+ J/

Hot (4 + Fyi ¥ Chain (F + Hy&H + Fay Y/

l GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing: v/

Rectangular, Linearly Flowing: v/

Other:
COORDINATE svsTEm: Cartesian & cylindrical
FLUID GRID DIMENSION (V): 10:
FLOW FIELD MODELED (V):

Laminar: / Turbulanl:_}/_

2D: V/ 3D:

Other: v/

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other i Y

Other (specify): _3=b0dy recombination

ENERGY TRANSFER MODES MODELED (V): Reference
vr._v | Keber and Hough

V-R: v/

vy

Other:

Single Line Model (V): v/

Multiline Model - (V): _L.._

State (V):
Equilibrium:__y/__ Nonequilibrium: __y/__
Number of Laser Lines Modeled: A] 1Y

Source of Rate Coefficients Used in Code:_COhON

LINE PROFILE MODELS (\/):
Doppler

r

Voight

Other:

THERMAL DRIVER MODELED (‘/):

Arc Heater: Combustor:

Shock Tube: istance Heater:

Other:

F-ATOM DISSOCIATION FROM (VA:
Fy SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves: V/

Nozzle Boundary Layers: /

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other




CODE NAME: APACHE

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope; _Models any chemically pumped mixing laser system, even electronic
transition type. (See also GIM).

ASSESSMENT OF CAPABILITIES: 2-D elliptic, reactive, viscous flow code. TKE turbulence (2-equation).
Similar to ALFA, except it is time-dependent.

ASSESSMENT OF LIMITATIONS: Contains only Fabry-Perot (geometric) optics packages.

OTHER UNIQUE FEATURes: _Besides hot and cold HF and DF reactions, it also models 3-body recombination
H+F+M - HF(v) + M.

ORIGINATOR/KEY CONTACT: —
Name: N. L. Rapagnani phone:  A505) 824-0836

o " Air Force Weapons Laboratory.
Add AFWL/ARAC, Kirtland AFB, New Mexico 87117
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publication): (1) {U) LASL-LA 7427

STATUS:
0 1 C

Under Modifi

nipr: U.S. Government
Proprietary?: — NO
MACHINE/OPERATING SYSTEM (on which instalted): _CRAY» Cyber-176, CDC-7600, CDC-6600, IBM-370

TRANSPORTABLE?: Yes
Machine D et None

SELF-CONTAINED?: No - —
Other Codes Required (name, DYNDIM for dynamic dimensioning. Not necessary on CRAY.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 65K/250K ECS 1-2 hours

Large Job: 77K/400K ECS 2+ hours
Approximate Number of FORTRAN Lines: 2000-2500

ITITSSVIIND



CODE NAME: APACHE

I OPTICS I l GAS DYNAMICS
None

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: GAIN REGION MODELED (V): . . NOZZLE GEOMETRY MODELED (and type) (V'):
Physical Optics: Geomelrical:_L Traveling Wave (Ring): ———— Reverse TW: Compact Region: _Lknnular Region: ___y/ Cylindrical, Radially Flowing: \/
FIELD (POLARIZATION) REPRESENTATION (\/)2 BRANCH (\/): Positive: COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing: v
Scalar: _____ Vector: ____ OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: __Y_ Annular Region:__Y__
COORDINATE SYSTEM (Cartesian, cylindrical, etc.): Flat Mirrors: ical Mirrors:

Other:

KINETICS GRID DIMENSIONALITY (V): COORDINATE sysTem: Cartesian & cylindrical
b 20 )30 FLUID GRID DIMENSION (V): 10 20: ¥ 3o
Compact Region: J/ FLOW FIELD MODELED (V):

Compact Region: — Annular Region: Cylindrical Mirrors:

TRANSVERSE GRID DIMENSIONALITY (\/): Scraper Mirrors:

Compact Region:

Axicons Waxicons | Reflaxicons Annular Region: ‘/ Laminar: ‘/ Turbulent:

Annular Region: Asbitrary: GAIN REGION SYMMETRY RESTRICTIONS: omer:_Recirculating

FIELD SYMMETRY RESTRICTIONS?: Linear: Gain Vary Along Optic Axes?:_L Flow Direc(ion?;_‘/. BASIC MODELING APPROACH (\/):

MIRROR SHAPE(S) ALLOWED (V): ) ; ' iding:
®© i Parabola-Parabola; puLseD:__vV__cw:_v__ KINETICS MODELED xe ixing:

CHEMICAL PUMPING REACTIONS MODELED (\/):
X+¥y=¥X+Y WIlF jo |e

\/ Other (specify):

CONFIGURATION FLEXIBILITY (V): Y+Xy = ¥X+X H /

Mirrors:

Cald (F + Hy): ol

Square: Circular: Strip:

Variable Cone Offset:

Fixed, Single Geometry:

ilters:
Fixed, Multiple i Spatiat Filters:

Hot (H + Fz):__;/_cmin (FrHy&H+Fp) v

other specity):,_3=hody_recombination THERMAL DRIVER MODELED (V):
ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:

vr:_Y | Kerber and Hough
Simple Saturated Galn: Detailed Gain: /
V-R:,

Modular, Multiple i Other

PROPAGATION TECHNIQUE (Vall that apply)]COMPACT | ANNULAI
Fresnel Integral Algorithms: GAIN MODELS (\/): Bare Cavity Only:

Shock Tube: i Heater:

With Kernel Averaging

BARE CAVITY FIELD FIER MODEL (\/ oer
Gaussian Quadrature: VI MoDI S V) Vv |/

Mirror Yilt: F-ATOM DISSOCIATION FROM (\/):

Fast Fourier Transform (FFT): Other: Fy SFg:
/Thermal Di: i ht §

Fast Hankel Transform (FHT): ] Single Line Model (\/): , other
Gardener-Fresnel-Kirchhoft (GFK): -

Seloctod Multitine Model (\/): LA, F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
ecte:

Other (specify ” fon Distribution State (V): DILUENTS MODELED:
Loss: / o / MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Nozzle Boundary Layers:, ‘/ Shock Waves: V/

Output Coupler Edges: Rolled:

CONVERGENCE TECHNIQUE (\/): Number of Laser Lines Modeled:, A!!! —
Power i Field Ci i Other: ions (thermal
‘/ Source of Rate Coefficients Used in CDde:__CQ.b.eﬂ__

LOADED CAVITY FIELD MODIFIER MODELS (V):

Other:

Medium Index
Gas i LINE PROFILE MODELS (\/):
Doppler
collici . / MODELS EFFECTS ON OPTICAL MODES DUE TO (‘/):
. Media Index Variations:
Yoight

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION AlGORlTHM:(V)‘.
Prony: Other:

Other: FAR-FIELD MODELS (\/): Beam Steering Removal:
Optima! Focal Search: Beam Quality:.

Other

Gther:




CODE NAME: BAREPL

copeype: _Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cODE: __3-D Bare i d de was designed odel
Half-Symmetric Unstable Resonator with an Internal Axicon (HSURIA). Performance prediction for beam

quality and mode loss difference, set/verify design requirements.

ASSESSMENT oF cApapimes: _ General field modifiers. Mirror misalignment, misfiqure, struts, deformable
mirrors.

ASSESSMENT oF LimiTaTions: _ Half-plane symmetry vestricted to HSURIA, axisymmetric_or 3-D calculation.

OTHER UNIQUE FEATURES; _ Resonator geometries modeled: HSURIA, unstable P-P waxicon (by updating).
General field modifier with deformable mirrors to correct for any aberrations.

ORIGINATOR/KEY CONTACT: o
Name: Alexander M. Simonoff ] Phone: L 213) 884-3346

Organizati Rocketdyne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = pubicationy; (1) {U) 3-D bare cavity resonator code.

0

STATUS:
0 ional C: Yes

Under Modification?: No
P (s):

e AFUL
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installedy; __CDC_Cyber 176

TrRANsPoORTABLE: __Yes (with modification)
Machine Dependent Restrictions: Uses CDC extended core.

SELF-CONTAINED?: __NO, resonator geometry systems code (for other than P-P refTaxicon) 3-D far-field code.

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: <250K 300-600 ) Octal sec.
Typical Job: <250K 1500 } Rev. N6

Large Job: <250K 5000 ) coc 176
Approximate Number of FORTRAN Lines:

G3TA1SSYTONN



CODE NAME: BAREPL

BASIC TYPE (\/):
Physical Optics: ‘/ Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: / Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: .CY Annular Region: . C)

| OPTICS I

TRANSVERSE GRID DIMENSIONALITY (‘/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):
Strip:

Square: Circular:.

rbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single ¥y

Fixed, Multiple

Modular, Multiple D i

PROPAGATION TECHNIQUE (Vall that apply):|COMPACT

ANNULARY

Fresnel Integral Algorithms:

With Kerne! Averaging

Gaussian Quadrature:

Fast Fourier Transtorm (FFT):

RESONATOR TYPE (V): Standingwave: ¥

Traveling Wave (Ring): Reverse TW:

GAIN REGION MODELED (V): None

BRANCH (\/): Positive: /

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

Mirrors:

Scraper Mirrors: _.L

Axicons

Waxicons |Reflaxicons|

Arbitrary: ‘/* /

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

v

Mirrors:

Spatial Filters:,
Other Corner cube by using

general field modifier to model.

GAIN MODELS (V): Bare Cavity Only:

Simple Saturated Gain: .—Lbﬂlilad Gain: _l/_

BARE CAVITY FIELD MODIFIER MODELS »/:
Mirror Tilt: i

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoft (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

Power C i Field

other. ___Prony method

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORlTHM:(\/)Z

Prony:

Other:

/Thermal Di

Loss: v

Qutput Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (‘/):
Medium Index

Gas

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal: \/

Optimal Focal Search: L Beam Quality:, z

pact Region: Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?___,

PULSED: Ccw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+V¥y=YK+Y PN B ERE

Y+Xy=YK+X H

Cold (F + Hy): )

Hot (H + Fp)i____ Chain (F + Hy &H + F,):

| GAS DYNAMICS I

NOZZLE GEOMETRY MODELED ¢and type) (V3: None
Cylindrical, Radiatly Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (\/): 1D:,
FLOW FIELD MODELED (\/):
Laminar: Turbulent: _

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v-T

V-R:

A8 H

Other:

THERMAL DRIVER MODELED (V):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fy SFg:

Singte Line Mode! (V):

Muftiline Model (\/):

State (\/):

Number of Laser Lines Modeled:,

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Collici

Other;

*With update

2 6
Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzte y Layers:, Shock Waves:

P (thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: BCCLC*

copeTvpe: _Optics and Kinetics.

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope:Mlode1ing Tasers with conventional unstable resonators with round,
elliptical, or rectangular apertures.

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

OTHER UNIQUE FEATURES: COZ GDL_kinetics and shock wave phase sheets. Models conventignal unstable
resonators. Contains amplifier pass.

ORIGINATOR/KEY CONTACT: o
Name: Capt. Ted Salvi or Al Paxton phone:  (D05) 844 -0721

Air Force Weapons Laboratory
Addi AFWL/ALR Kirtland AFB, New Mexico 87117
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publicati (T) (U) None; listing is commented.

STATUS:
Operational Currently?: Yes
Under Modification?: N0

O .. _Government (AFWL)
Probri No

Propi y?:

MACHINE/OPERATING SYSTEM (on which installed): —CDC_Cyber 176

TRANSPORTABLE?:
Machine D it Plot routines; some I/0; ECS.

SELF-CONTAINED?:
Other Codes Required {(name,

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Number of FORTRAN Lines: 2500

* Baumgardner Cylindrical Coordinate Laser Code

@31318SYTONN



CODE NAME: BCCLC*

I OPTICS I | GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: _._l/_—__ GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) {V): None
Physical Optics:_LGeome"icaI: Traveling Wave (Ring): Reverse TW:

Compact Region: 1/ Annular Region: __ Cylindrical, Radially Flowing:

FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/): Positive: '/

COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: \/ Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Ca Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Flat Mirrors: ‘/ ical Mirrors:

Other:

KINETICS GRID DIMENSIONALITY (\/):
i |20 |30

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:,
Compact Region: Y FLOW FIELD MODELED (V):

Axicons Waxicons | Reflaxicons Annular Region: Laminar: Turbulent:

Compact Region:_c_aknnulav Region: Cylindrical Mirrors: '/

TRANSVERSE GRID DIMENSIONALITY (\/): Scraper Mirrors: ._._L_

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS: Other:
Linear: Gain Vary Atong Optic Axss?:_YES Fiow Direction, YES__ || BASIC MODELING APPROACH (V):

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):
Square: Circufar: Strip:

Y - Y . Variable Cone Offset:

Other (specify):

Parabola-Parabota: PuLsED: ____cw:__Y_KINETICS MODELED Premixed: Mixing:
CHEMICAL PUMPING REACTIONS MODELED (V): Other
X+¥g=¥X+Y P ERE

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Y+Xy=¥X+X H

Mirrors:

Cold (F + Hy): o

Fixed, Multiple i Spatial Fitters:.

Hot (H + Fp):__ Chain (F + Hy & H + F,):

Modular, Multiple i J* Other

Other i CO:

THERMAL DRIVER MODELED (\/):

PROPAGATION TECHNIQUE (V211 that apply):|COMPACT |ANNULAS

ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: _L—._._.

V-T: | . )
Simple Saturated Gain: Detailed Gain: v Shock Tube: Heater:
V-R:
Other:
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (V):

Mirror Tilt: v F.ATOM DISSOCIATION FROM (V):

With Kernel Averaging

Fast Fourier Transform (FFT): Other: [ SFg:
/Thermal Di: i i z ¢

- Single Line Model (\/):L Other

Fast Hanke! Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Multine Modet. (V3 _____ F-ATOM CONCENTRATION DETERMINED FROM MODEL?:

Other (speci _ " ion Distribution State (V): DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (V):
Nozzle Boundary Layers: Shock Waves:

Output Coupler Edges: Rolled:

CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled:___]
Power i Field Compari : Other: ions (thermal n

\/ Sourcae of Rate C: i Used in Code:
Other: None LOADED CAVITY FIELD MODIFIER MODELS (V):

Medium index
LERATION ALGORITHMS Usepz: No
ACCE i ATio Gas i LINE PROFILE MODELS (\/):

Doppler
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): o seams: v (two beams) o

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Prony: Other:

Other: FAR-FIELD MODELS (\/): Beam Steering Removal; Y
Optimal Focal Search: Beam Quality:

Other

Other:

*Limited



CODE TYPE: Optics, Kinetics, and Gasdynamics.

CODE NAME: BLAZER

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope; _Models the optical

performance of linear bank CW HF and DF

chemical lasers. MRO is 2D model; BLAZER is 3D model. Used as design tools for BDL, NACL, MIRACL.

ASSESSMENT OF CAPABILITIES: Resonator: Positive or negative branch confocal unstable; arbitrary optical axis

position; cylindrical, toric, or spherical mirrors.

Gain medium: CW flowing HF* or DF*, strut wake,

mirror aberration, thermal distortion, and nonresonant index OPD's

MRO does sfab]e Fabry Perot with geometrical optics.

ASSESSMENT OF LIMITATIONS: _Lacks transverse pressure gradient modeling capability, lacks FFT propagation

algorithm, uses only single gain sheet, uses only rotational equilibrium description.

OTHER UNIQUE FEATURes: _Confocal unstable resonator modeled.

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock
Organizati TRW DSSG

Phone:

(213) 535-3484

Address: RI/1162, One Space Park, Redondo Beach,

California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User,

:  The BLAZER and MRO Codes, June 1978;

P - Rolovant Pafcaioy. (1]
(U): BLAZER User Manual, November 1978 (includes IVFRO); Listings available.

STATUS:
Operational Currently?: Yes

Under Modification?: Planned

P Rotational nonequilibrium, FFT propagation algorithm, multiple gain skins,

P )}

transverse pressure gradient description.

Ownership?: Government

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installedy: _CYDEY 174-TRW/TSS

TRANSPORTABLE?: Needs mods for export

cne

Machine Dependent Restrictions:

SELF-CONTAINED?:

VIINT, KBLIMP, ALFA for

Other Codes Required (name, purpose):

nozzle exit condition.

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

Execution Time (Sec, CDC 7600)

Small Job: __ _MRO: —=-- BLAZER: -

Typical Job: 151K 165K

6500

Large Job: bl 245K

15000

Approximate Number of FORTRAN Lines: MRO: 4500 BLAZER: 6000
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CODE NAME: BLAZER .

I OPTICS ' I GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (‘/): Standing Wave: 4 GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (\/):
Physical Optics:, Geometrical: Traveling Wave (Ring): '/ Reverse TW: Compact Region: v/ Annular Region:
FIELD (POLARIZATION) REPRESENTATION (V): BRANCH (V): Positve: . j v COORDINATE SYSTEM (Cartesian, eylindrical, etc. Rectanguar, Linearly Flowing: V.
Scalar; v Vector: ___ OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: G]__ Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, ete.):: Fat Mirrors: ical Mirrors:

Cylindrical, Radially Flowing:

Other:

g KINETICS GRID DIMENSIONAUITY (V): COORDINATE svsTEM:___Cartesian

* Cylindrical Mirors: 0 | 20 |30 FLUID GRID DIMENSION (V): 10: /o
TRANSVERSE GRID DIMENSIONALITY (V). [1D Soraper Mirrors: Y v FLOW FIELD MODELED (V):

Compact Region:
Axicons Waxicons |Reflaxicons Annular Region: Laminar: Turbulent:

Compact Region: _CQ Annular Region:

Compact Region:

Annular Region: itrary: GAIN REGION SYMMETRY RESTRICTIONS: omer.___Scheduled mixing.
FIELD SYMMETRY RESTRICTIONS?:___ None

MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

Linear: Gain Vary Along Optic Axes?: v Flow Dirocnonr-'/_ BASIC MODELING APPROACH (\/):
Parabola-Parabola: PULSED:____ CW: v KINETICS MODELED Premixed: Mixing: .

CHEMICAL PUMPING REACTIONS MODELED (V): Other (specityy,__ocheduled mixing.
Variable Cone Offset:

X+Y¥y=YX+Y WIF [o |6

v ipti Arbitrary:

Other (specify):
CONFIGURATION FLEXIBILITY (\/): Y+Xy=YK+X WY for used:_1he BLAZER and

Fixed, Single Geometry: Mirrors: Cald (F + H,): Y o |V MRO Codes (TRN) .

Hat (H + Fz):__ Chain (F + H2 &H+ F‘l‘

Fixed, Multiple i Spatial Filters:.

Modular, Multiple i Other

Other

THERMAL DRIVER MODELED (V):
ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:

Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: .
Simple Saturated Gain: Detatiod Gain: — . vriL 1 The BLAZER and MRO Codes Shock Tube: i Heater:
With Kernel Averaging . (\/ VR oth
er:
Gaussi drature: (Modified BARE CAVITY FIELD MODIFIER MODELS (V):
aussian Quadrature ( ) Mirvor Tilt: . V‘V:i The BLAZER and MRO Codes F-ATOM DISSOCIATION FROM (\/):

Fast Fourier Transform (FFT): Other: RR w'i th rot , nonegqu 'i ] .

r Foie L SFg:
/Thermal
Fast Hankel Transform (FHT): / Single Line Mode! (V): Other

PROPAGATION TECHNIQUE (Vall that apply):JCOMPACT JANNULAR]

NF3

Gardener-Fresnel-Kirchhoft (GFK):

Multiine Model . (y: Y F-ATOM CONCENTRATION DETERMINED FROM MODEL?; X85S
Other (spect % . fon Distribution State (V): DILUENTS MopeLeD: o2 22 Y74
Loss: / MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozzle Boundary Layers: Shock Waves:

Qutput Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (\/):

Power Ct i Field

Number of Laser Lines Modolod:_2_4_

Source of Ral i ed i ._N. Cohen
other: LOADED CAVITY FIELD MO‘I/)IFIER MoDELS (V: uree of Rate Coeffictents Used in Code other epecity: Scheduled three stream:

Other:

P i (thermal

Medium Index Variati fuel, oxidant, mixed.
ALGORITHMS usep. ___No s
ACCELERATION LG cas ! LINE PROFILE MODELS (V):

Daoppler
Collixi . Y MODELS EFFECTS ON OPTICAL MODES DUE TO (‘/):

Ov

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)'.

Prony: Other:

i : Media Index Variations:
Operation at 1ine center. ndex Variations

Other: FAR-FIELD MODELS (\/): Beam Steering Removal:,
Optimal Focal Search: Beam Quality:,

other: ___EMBLAZON

Other




CODE NAME: BLIST

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Calculates nonsimilar devel opment of 2-D or axi Syﬂ'lmetri C

compressible laminar boundary layers with wall heat transfer.

_ (BLIST: Boundary Layer Integral Solution Technique)

ASSESSMENT OF CAPABILITIES:

Yields reliable solutions of boundary layer properties_including skin friction,

heat transfer rate, and velocity profiles up to separation.

ASSESSMENT OF LIMITATIONS: Will analyze only nonreacting flow.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT: -

R. Hughes/D. Haflinger/H. Behrens ° pyope: (213) 536-2757

Organization: TRW _DSSG
Add R1/1038, One Space Park, Redondo Beach, California 90278

(T) Internal Report: "A Description of the

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication):
PR Heport, &

Laminar Integral Boundary Layer Model, epor ugust 19775 (U) same; 1isting proprietary.

STATUS:
0 i Currently?: Yes

Under Moditication?: No

Pur

Ownershi TRW

.. Yes

Frop

MACHINE/OPERATING SYSTEM (on which install cDC Cyber 174

TRANSPORTABLE?: No

Machine e TRW numerical subroutines are used in BLIST.

SELF-CONTAINED?: ._NO

Other Codes Required (name, purpose) TRW subroutines.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 53K

Typicat Joh: 53K
Large Job: 53K

Approximate Number of FORTRAN Lines:
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BLIST

CODE NAME:

BASIC TYPE (\/): None
Physical Optics:

Geometrical: _____

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: _____ Vector: ___ _

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: . Annular Region: —__

TRANSVERSE GRID DIMENSIONALITY (\/): 1D | 2D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: _ .
MIRROR SHAPE(S) ALLOWED (\/):

Square:

Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single

Geometry:,

Fixed, Multiple

Modular, Multiple Re

PROPAGATION TECHNIQUE (Vall that apply):|comeacT [annucard

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transtorm (FFT):

I OPTICS I

None

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring):

Reverse TW:

BRANCH (\/): Positive:
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Mirrors: Tel

Scraper Mirrors:

Axicons Waxicons [Reflaxicons |

Arbitrary:

Linear:

Parabola-Parabola;

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Fitters:.

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Gain;

Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mieror Titt: i

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (\/):
Figld C:

Power Cq

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

Prony:

Other:

/Thermal Di

Arbitrary:

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index Vari;

Gas Absorption:

O Beams:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1 | 20 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?_____

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+Vy=¥X+Y }{ F lc |er}
Y+Xy=VKeX H
Cold (F+Hak [

Hot(H+Fy):___ Chain (F+ Hy & H +Fp):

l GAS DYNAMICS

. NOZZLE GEOMETRY MODELED (and type) (‘/):

Cylindrical, Radially Flowing: M
Rectangular, Linearly Flowing: A
Other:

COORDINATE sysTEm: _Streamline
FLUID GRID DIMENSION (V): 10: AN
FLOW FIELD MODELED (V):

Laminar:

Turbulent:

Other:

BASIC MODELING APPROACH (\/):

Premixed: Mixing:

Other

for used: Klineberg-Lees
procedure

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v.T:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: ____ Heater:
V-R: Other:
Vv F-ATOM DISSOCIATION FROM (V):
Other: Fat SFg:
Single Line Model (\/):____ Other

Multiline Mode| (\/):

R i istributi S(ate(V):

Number of Laser Lines Modeled:

Source of Rate C Used in Code:

LINE PROFILE MODELS (V):
Doppler Broadening:

Other

Other:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:,

(thermai

Other (specify):

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: €Log

copetype: Optics, Kinetics,and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __1he CLOQ code was developed to analyze linear chemical lasers
systems using votational nonequilibrium kinetics.

ASSESSMENT OF cAPABILITIES: __The code will model Tinear resonators with collimated Fresnel numbers of < 100.

(Can_model optics phenomena describable in terms of one transverse dimension. This independent

variable can be expressed either as a Cartesian coordinate or as a cylindrical coordinate --
apparently.)

ASSESSMENT OF LimiTATions: . Normal Timitations of a 2-D analysis. For detailed analysis of specific
nozzle types, requires scheduled flow parameters from a code (such as ALFA) having sophisticated
gas dynamic calculations.

OTHER UNIQUE FEATURES: _Models beam/mode rotation. Code employs a schedule mixing model with different

mixing Tengths for primary and secondary mixing zones. Allows use of Tinear, exponential, or tabular
mixing rates.

ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone:  _305)840-6643

Organizati United Technologies Research.Center, OATL
Address: P. 0. Box 2691, MS-R48, West Palm Beach, Florida 33402

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): —(RP) R. Hall. "Rotational Nonequilibrium
and Line-Selected Operation in CW DF Chemical Lasers," IEEE JQE, QE-12, 453 (1976).

STATUS:
o] ional Currently?: Yes
Under Modification?: No

Purpose(s):

o hip?: UTRC
Yes

Proprietary?;
MACHINE/OPERATING SYSTEM (on which installed): __CDC 176, IBM 370

TRANSPORTABLE?: __Yes

Machine Dependent Restrictions: Hone

SELF-CONTAINED2: __YE€S
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 76b0)

Small Job: 60
Typical Job: All same: 174K 1200

Large Job: 1800
Approximate Number of FORTRAN Lines:
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CODE NAME:

CLOQ

OPTICS

BASIC TYPE (\/):
Physical Oplics:_LGeomelrical:
FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: !/ Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):«
Compact Regiun:B_o:_thnnular Region:_BOth*

TRANSVERSE GRID DIMENSIONALITY (\/): 1D
Compact Region: Cart. or cy* v/
Annutar Region: cart- or Cy* /

FIELD SYMMETRY RESTRICTIONS?: Yeg

MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

Rectan) Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Muttiple i Y

PROPAGATION TECHNIQUE (Van that apply):}coMPACT |ANNULAR

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATORTVPE (V): StancingWave:— v/
Traveling Wave (Ring): Reverse TW:

BRANCH (V): Positive: '/ g '/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Mirrors: ‘/
Scraper Mirrors: _L

Axicons

Waxicons | Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors: '/

Spatial Filters: '/

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:
BARE CAVITY FIELD MODIFIER MODELS (V):

Mirror Titt: i

Fast Hankel Transform (FHT):

‘Thermal

jtrary: —___{One dimensional)

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i V/ Field

Other:

ACCELERATION ALGORITHMS USED?:
Scheduled gain & field

averaging.
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Prony:

Other;

#This is a strip code

Selected

v/

Loss:

Output Coupler Edges: Rolled:

i Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas i v/
Beams:_¥.__{arbitrary number)

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:___Y

Beam Quatity:,

GAIN REGION MODELED (V):
Compact Region: '/ Annular Region: /
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Raginn:BOth Annular Ragion:BOth
KINETICS GRID DIMENSIONALITY (\/):
1D | 20 | 3D

Compact Region: /

Annular Region: Y

GAIN REGION SYMMETRY RESTRICTIONS:

Galn Vary Along Optic Axes?: _ ¥ __ Flow Dimctlon?:___L.
PULSED: CW:_‘/KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+ ¥y =YX+Y N F lo |er

YeXy= Ve X Wy

Cold (F + Hy):

s Y

Chain (F+ Hy & H + Fp):

Hot (H + F,):

I GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing: v/

Rectangular, Linearly Flowing: v/

Other:
coorpiNaTE sysTemGartesian or cylindrical
FLUID GRID DIMENSION (\/): 1D:, A 2D: 3D:

FLOW FIELD MODELED (V):

Laminar:

Turbulent:

Other:.

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

other (specityy._E 10W_properties specified
by anchoring to device data using
ALFA.

for Used:

Other

ENERGY TRANSFER MODES MODELED (V): Reference

VT 1/

v/

Vv
Other:

Single Line Model (\/):_L
Multfine Mode! - (V3:

State (\/):
Y, ibrium:
Number of Laser Lines Modeled:M 20 Of 68

Saurce of Rate

ALFA kinetics.

LINE PROFILE MODELS (\/):
Doppler

Used in Code:,

v/

Voight

Optimal Focal Search:

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fy: SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ____
piLuENTs MopeLe: __He, Ny

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Shock Waves:

Nozzle Boundary Layers:

(thermal

Specified by ALFA code.

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: CLOQ3D

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _CLOQ3D is_an input scheduled code for analyzing HEL chemical lasers

using wave optics coupled to rotational nonequilibrium kinetics or to equilibrium kinetics -- HF or DF.
Gasdynamics capabilities include: 1-D, scheduled area, scheduled pressure, all aerodynamics scheduled,
and radial flow.

ASSESSMENT oF cApABILTIES: _1he code is capable of analyzing a large number of annular or linear, unstable

or ring resonator systems having overall collimated Fresnel numbers generally <30 (single step
collimated Fresnel number < 250). Models HSURIA, positive and negative compact unstable confocal
resonators, rings, and rings with injection locking, inter-focal 1ine aperture, and inter-focal point
aperture.

ASSESSMENT OF LiIMiTaTions: Limited to resonators with Fresnel numbers less than 250. Gasdynamics are
generally" provided by ALFA analysis although 1-D, 3 stream scheduled mixing G/D are included in

this code.

OTHER UNIQUE FEATURES: _Models beam/mode rotation, intra and extra cavity phase correction, and mirror
strut supports. Scheduled mixing model used different mixing lengths for primary and secondary
mixing zones. Linear, exponential, or tabular mixing rates are available to the flow field model.

ORIGINATOR/KEY CONTACT: ——. '
Name: Paul E. Fileger Phone: _(305) 840-6643

Organizati United Technologies Research- Center, OATL
Address: P. 0. Box 2691, MS-R-48, West Palm Beach, Florida 33402

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publicatiomy. _User's manual publication date is February 1980.
{(RP) S0Q user's manual.

STATUS:
(4] i Currently?: Yes
Under Modification?: Yes

Purpose(s): —LNCorporate vector (polarization) field, incorporate more sophisticated (geometric

Juapping) axicon model.

ownershipr. _USAF/UTRC

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): CDC-176; kinetics also available on IBM-370.

TRANSPORTABLE?: ___Y€S
Machine Dependent Restrictions: —L01& FFT routine (CPFT) is CDC system dependent.

SELF-CONTAINEDZ: —_Yes
Other Codes Required (name, purpose). ._one for optics; ALFA code is used for gasdynamics inputs.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS;
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 15 sec/iteration
Typical Job: Same for all 2146K 410 sec/iteration
Large Job: 740 sec/iteration

Approximate Number of FORTRAN Lines: 4300
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CODE NAME: CL0Q3D

l OPTICS I - I GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: /— GAIN REGION MODELED (\/): NOZZLE GEOMETRY MODELED (and type) (V):
Physical OPliCSZLGeOme"icali Traveling Wave (Ring): Reverse TW: Comnpact Region: Annular Region: _’/_ Cylindrical, Radially Flowing:

FIELD (POLARIZATION) REPRESENTATION (\/)1 BRANCH (\/): Positive: v/ i 4 COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangutar, Linearly Flowing: 4
{in progress) OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: BOE annutar region: BOth

lar: Vector:
Scalar: lector: other:

COORDINATE SYSTEM (Cartesian, cylindrical, etc): Flat Mirrors: feal Mirrars: KINETICS GRID DIMENSIONALITY (V): COORDINATE SYsTem:_Ca or cy
Compact Region; Qﬁ_ Annutar Region:_m Cylindrical Mirrors: '/ '/ (qeomEtr1 C) 1D 20 3D FLUID GRID DIMENSION (‘/). 1D: v/ 2D:

TRANSVERSE GRID DIMENSIONALITY (V): Soraper Mimors: —_ Y Compact Region: / FLOW FIELD MODELED (V):
Compact Region: Ca *

Axicons Waxicons | Reflaxicons Annular Region: Y Laminar: Turbulent:
otmer: SCheduled mixing with different
mixing Tengths

Annular Region: CY

Arbitrary: 'in prédress GAIN REGION SYMMETRY RESTRICTIONS:
FIELD SYMMETRY ResTRiCTIONsz:_None Linear: / Gain Vary Along Optic Ares: _¥__ fiow pirsction_Y____ | BASIC MODELING APPROACH (V):

MIRROR SHAPE(S) ALLOWED (V:
Square: Circular: Strip:.
Y - Y ptivarye V. Variable Cone Offset:

J/ Parabola-Parabola: PULSED: cw:_Y KINETICS MODELED Premixed: Mixing:

CHEMICAL PUMPING REACTIONS MODELED (V): Other (specify):_L 10W_properties specified
X+¥p=VX+Y YTF ToTer by anchoring to device data using

Other (specity):

CONFIGURATION FLEXIBILITY (V): or (pecity YoXy=¥Rex " 7 ALFA code.
Mirrors: V/ v

/ ] Cold (F e L o |/

for Used:

Fixed, Single Resonator Geometry:

Spatial Filters:.

v Other Misaligned and offset Hot (H* Fa¥: — Chain (F + Hy &K » F2):

cones. Other (spect THERMAL DRIVER MODELED (V):

ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:

Fixed, Multipte

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):]COMPACT fANNULARY
Fresnel Integrat Algorithms: GAIN MODELS (\/): Bare Cavity Only:

VT ‘/ . o .
Simpla Saturated Gain: Detailed Gain: v 7 Shack Tube: Heater:
V-R:

With Kernel Averaging

Other:

Gaussian Quadrature:

BARE CAVITY FIELD MODIFIER MODELS (V): /
Mirvor Tilt: jon: Y Vv F-ATOM DISSOCIATION FROM (\/):

Other: Fa SFg:
/Thermal Distorti 2 6

Single Line Model (\/): ‘/ Other

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

) Muttitne Modet. ¥y Y F-ATOM CONCENTRATION DETERMINED FROM MODELY:
Other Gpecityy: _Radial asymptot A fon Distribution State (V): DiLUENTS mopeLep: He, No
propagator (annular) g 7 I N MODELS EFFECTS ON MIXING RATE DUE TO (V):

‘/ Output Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (V): v oh Number of Laser Lines Modeled: UE_tO_ 68 ( select

Power Ct i Field an 202 ALFA code
Solrce of Rate i Used in Code:
Other: LOADED CAVITY F?E.LD MO}JIFIER MODELS (\/). for DF; Polyani-Woodall to HF; Other

ACCELERATION ALGORITHMS UsEp?: Y Medium tndex others
Scheduled gain & field Gas Absorption: Y LINE PROFILE MODELS (V):

averaging. _ V (arbitrary no. Doppler v
MULTIPLE EIGENVALUE/VEC?OR EXTRACTION ALGOR|THM:(V)‘. Oy Beams: ( Y ) B ] / MODELS EFFECTS ON OPTICAL MODES DUE TO (v):

Nozzle Boundary Layers:, Shock Waves:

; i (thermat

Specified by ALFA code.

Prony: Other: . Media index Variations:
i Voight
Other: FAR-FIELD MODELS (\/): Beam Steering Remaval: ‘/ Other

Optimal Focal Search: v/ Beam Quality:, \/

omer. Quadratric phase removal

*cylindrical in progress



CODE NAME: CLSLGM*

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: _Assess optical performance of MIRACL device before, during; and
after acceptance testing without "breaking the bank."

ASSESSMENT OF capagiLTies: _very flexible because of modular programming approach; faster run time due to
empirical gain modeling approach. Gain is modeled via empirical "fit" to BLAZER predictions.

ASSESSMENT OF LiMiTaTions: _Not suitable for cylindrical problems; gain medium device specific (i.e., not
a_design_code). Detailed kinetic/gas dynamics are not calculated from first principals, but instead
are empirically modeled.

OTHER UNIQUE FEATUREs: __Currently configured for MIRACL resonator (spherical on-axis unstable resonator)
but easily adaptable to other geometries due to modular code philosophy.

ORIGINATOR/KEY CONTACT:

Name: son/Robert E. Hodder_  ppone: (305) 283-3380

Organization: —science Applications, Inc.
Ad 201 S.W. Monterey Rd., Suite 30, Stuart, Florida 33494

AVAILABLE DOCUMENTATION: (F = Theory, U = User, RP = Relevant Publication): ism as developed b
i i n at Pratt and Whitney for theiy SOQ codes); (RP) P. Carlson and R. Hodder,
"Chemical-Laser Scaling-Law Gain Model Analysis," SAI technical memorandum to D. Finkleman and

Jd. Streqack dated September 25, 1979.

STATUS:
Operational Currentyz: _Y€S = but Timited.

Under Modification?: Yes
P ,._Under development. The intent is to model the entire optical path to the calorimeter

at CTS (including aerowindow and beam path conditioning ducts).

Ownership?: __Government
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): _CDC 175/NOS

TRANSPORTABLE?: _Probably
Machine Dependent Restrictions: __Line printer, disc storage.

SELF-CONTAINED?: . Y€S
Other Codes Required (name,

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, COC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Number of FORTRAN Lines: 1400

* Chemical Laser Scaling-Law Gain Model

A3T315SYT1IND



CODE NAME: CLSLGM

| OPTICS ' I GAS DYNAMICS I
BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: Y. GAIN REGION MODELED (V): None . NOZZLE GEOMETRY MODELED (and type) (V): None
Physical Optics:.Y__Geometrical: _____ Traveling Wave (Ring): . Reverse TW: Compact Region: Annular Region: ___ Cylindrical, Radiatly Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/)3 BRANCH (\/): Positive: v i COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: ____ OPTICAL ELEMENT MODELS INCLUDE[:}\/): Compact Region: Annular Region: Other:
COORDINATE SYSTEM_(Cartesian, cylindrical, ete.): Flat Mirrors: ical Mirrors: % KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM:
Compact Region: Y Anmutar Region: Mirrors: il ] FLUID GRID DIMENSION (V): 10: 20: 3p:
TRANSVERSE GRID DIMENSIONALITY (\/): i | 20 Scraper Mirrors: 4 Compact Region: FLOW FIELD MODELED (V):
Compact Region: 128 X 128 4 Axicons Waxicons |Reflaxicons Annutar Region: Laminar: Turbulent! e
Annular Region: GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY RESTRICTIO:/S?: Linear: Gain Vary Along Optic Axes?: Flow Direction?ee BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) -ALLIOWED V) o I;aubola-Parabola: PULSED: cw: KINETICS MODELED Premixed: Mixing:
Square: % Gircutar: Variable Cor . CHEMICAL PUMPING REACTIONS MODELED (\/): Other
i s . artabie ne Offset:
Ell : X+¥y=¥X+¥ )‘{ F lo |er |1
Other (specify):
CONFIGURATION FLEXIBILITY (\/): pocity " Y+X, =¥X+X H : for Used:
N " . D Mirrors:
Fixed, Single Resonator Geometry: " Cold (F + Hy): D
) ! Spatial Fittars:
Fixed, Multiple
oo s . Hot (H + F); Chain (F + Hy & H + F,):
T / Other Transmission_functions o (2 B i (F < Hap & H < o)
utar, Multiple N
NIOUE o ] only developed for DM and grating.* Other THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vai that appiy):|coMPACT [ ANNULAR v ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustar:
Fresne! Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: /+ V-T: Shock Tube: Resi 'Haalcr'
With Kernel Averaging Simple Saturated Gain: Detailed Gain: a— ’
V-R: .
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (\/): Other:
) Mirror Tit: i Vv F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transtorm (FFT): v Other: Fo: SFp:
/Thermal Di: “ 6
Fast Hankel Transform (FHT): Single Line Mode (V): Other
Gardener-Fresnel-Kirchhoff (GFK): Selocted (epc Multiline Modet (\/): - F-ATOM CONCENTRATION DETERMINED FROM MODEL?: .
Other (specity): / N " ion Di ion State (V): DILUENTS MODELED:
ivity Loss:
ose 7 _ MODELS EFFECTS ON MIXING RATE DUE TO (V):
. Qutput Coupler Edges: Rolled: Nozzle Boundary Layers: Shock Waves:
Power C: ison: Field Ct N Other: (thermat
s . Source of Rate Coefficients Used in Code:
omerMonitor yms change over crosshair] LOADED CAVITY FIELD MODIFIER MODELS (V): ree o Rale noese Other
Yes Medium Index '/
ACCELERATION ALGORITHMS USED?: in "gain" model LINE PROFILE MODELS (V)
Technique:_Fi€1d and/or qain averaging. Gas Absorption: 11081 model. X
. / Doppler
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): Beams: MODELS EFFECTS ON OPTICAL MODES DUE T0 (V):
Prony: Other: Media Index Variations:
oth
Other: FAR-FIELD MODELS (\/): Beam Steering Removat:, o Other
Optimal Focal Search: Beam Quatity:,
Other:

*on optic axis *Not presently in code. +Empirical fit to BLAZER predictions.



CODE NAME: -~ __CROQ*

CODE TYPE: Optics. Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Models HSURIA and Ring Resonator with mode rotation. Is intended

to be a resonator desian code for maximizing focusability and power of output beam as a function of
‘gain generator and resonator parameters.

ASSESSMENT OF CAPABILITIES: _Constant or variable magnification non-everting waxicon with arbitrary offset
angle. Full OPD matrix calculation. Tip flux unloading capability. Spherically diverging, converg-
ing, or collimated compact leg beam with capability to adjust ID/0OD ratio (bifocal property of

axicon) of output beam independent of resonator magnification. Models arbitrary tilt , decentation,
misfigure, and thermal distortion of all elements. Models arbitrary number of struts.
ASSESSMENT OF LimTATIons: _P1anned additions: reflaxicon option, sparse OPD matrix calculation with inter-
polation, decomposition of OPD matrix into components amenable to convolution, integral annular leg
treatment with_introduction of FFT annular Teg propagation, two or more gain sheets, polarization
_(vector) code.

OTHER UNIQUE FEATUREs: User manuals planned; well commented 1istings (proprietary), available from TRW
or AFWL; resonator geometrics modeled - HSURIA and ring resonator with mode rotation and axicon tip

flux unloadings exp. gain, CL11, or HWN modeling.

ORIGINATOR/KEY CONTACT: -
Name: Donald L. Bullock v Phone: {213) 535-3484

Organi TRW DSSG
Add RI/1162, One Space Park Redondo Beach, California 90278
(T):_ Anpular Laser Modes Studies Final Report

AVAILABLE DOCUMENTATION: (T = Theory, U = Use

{axicon theory, aligned and misal LLd), other documentatwn planned.

STATUS:
Operational C: v Bare cavity version.

Under Modmcatlon" Yes
P . __Add SLIM gain model (currently being implemented at AFWL). Thermal aberrations being

coded.

o ipz: —_Government
Proprietaryz. — €S for ALPHA competition.

MACHINE/OPERATING SYSTEM (an which installed): _Cyber 176 (CDC)

TRANSPORTABLE?: _CDC Only
Machine Depend icti CDC only (may have to recode permanent disk file management and core size

_adjustment compass routines for installation other than AFWL.)
SELF-CONTAINED?: —._NO

Other Codes Required (name, purpose): LMSLIB routines for eigenvalue calculation; DISSPLA for 2D, 3D, and/or
_contour plots. VIINT, KBLIMP, ALFA for nozzle exit conditions.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 70K without 10
Typical Job: DISPLA, 140K 210
Large Job: with DISPLA 2000

Approximate Number of FORTRAN Lines: 10500 (11213 cards)

*Cylindrical Resonator Optical Quality

Q3TITSSYTINN



CODE NAME: CROG

IOPTICS I - IGAS DYNAMICS I
BASIC TYPE (V): RESONATOR TYPE (V): Standing Wave: GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (V):
Physical Optics:.L__Geometrical: ___ Traveling Wave (Ring): - __ Reverse TW: Compact Region: Annular Region: '/ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/)1 BRANCH (\/): Pasitive: v Negative: '/*_ COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: c,! Annutar Region: C.! Other:
COORDINATE SYSTEM (Cartesian, cylindrica, etc.);: Fiat Mirrors: S Mirors: Y. KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM: __CY.
Compact Region: CY Annular Region: CY__ Cylindrical Mirrors: Te 1D | 2D | 3D FLUID GRID DIMENSION (V): 10:/__2n: 30: -
TRANSVERSE GRID DIMENSIONALITY (‘/)! 1D | 20 Scraper Mirrors: Campact Region: FLOW FIELD MODELED (\/):
Compact Region: 4 4 Axicons Waxicons | Reflaxicons | Annular Region: M VA Laminar: Turbulent:
ion: .Scheduled mixing.
Annular Region: K Arbitrary: / GAIN REGION SYMMETRY RESTRICTIONS: omnr: SChEdU u J
FIELD SYMMETRY ResTRicTionsz,_None Linear: Gain Vary Along 0ptic Axes?Y 5™ fiow Direction.Y€S__ | BAsic MODELING aPPROACH (V):
MIRROR SHAPE(S) ALLOWED W Parabola-Paraboa: PULSED: ew: ___KINETICS MODELED Premixed: Mixing:®
Square: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
Variable Cone Offset: / y
X+Yp=¥X+Y h{ F lo |erfut
Other (specify):
CONFIGURATION FLEXIBILITY (V): YoXy=¥X+X wly for A Used
Fixed, Single Geometry: / Mirors: Cold (F + "2)"/ D /
) ) Spatial Filters:
Fixed, Multiple . R 3 i )z,
other Bifocal axicon, cone ot (P Chain (F - Hp & + Fy
Modular, Multiple Other " ‘/ .
or corner reflector back elements. THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vall that apply):| COMPACT [aNNULAY ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: V-T: i
imple Saturated Gain: Detaited Gain: N Shock Tube: ___ Heater:
With Kemel Averaging Simple Saturated Gain: et '(':/ vR: other
e, er:
) ) BARE CAVITY FIELD MODIFIER MODELS (V):
Gaussian Quadrature: 4 Mirror Tilt: Y vt F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): omer: RR_(ACLOS rot. noneq. to come) F SFg:
/Thermal i
Fast Hankel Transform (FHT): . v Single Line Model (\/): Other o N F,
¥
Gardener-Fresnel-Kirchhoff (GFK): v Muliine Mode! . (¥): V. F-ATOM CONCENTRATION DETERMINED FROM MODEL?: €S
Selected He, N,, CF
Other / A . ion Distri state (Vh: DILUENTS MODELED: 1€ Noy P,
Loss: -
M C - Planned MODELS EFFECTS ON MIXING RATE DUE T0 (V):
\/ Output Coupler Edges: Rolled: Nozzle Boundary Layers: Shock Waves:
CONVERGENCE TECHNIQUE (V): o Number of Laser Lines Modeted: 2% ___
Power C« i Field C: er: ions (thermal
Source of Rate Coefficients Used in Code: _No_COhEN .
other LOADED CAVITY FIELD MODIFIER MODELS (V): e ol Rate Goeflictents Used in Code Other specity): SCheduled three stream:
i No Medium Index Variation: _Y. fuel, oxidant, mixed.
2
ACCELERATION ALGORITHMS USED?: - ) LINE PROFILE MODELS (V):
‘/ Doppler '/
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): Beams: - oy MODELS EFFECTS ON OPTICAL MODES DUE T0 (V):
prony: V. oer: _Single skin at rear element.* - - Media Index Variations: ____
/ Other (specity):_Operation at line center
Other: FAR-FIELD MODELS (\/): Beam Steering Removal;__V__ Other #y: Nonresonant and wake QPD
Optimal Focal Search: Beam Quality:, index effects p'l anned .
Other:

*Upgrading to two skins. *With 2 + skin upgrad.



CODE TYPE: Optics, Kinetics, and Gasdynamics

CODE NAME:

DENTAL

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: _Laser kinetics calculations with strip unstable resonator.

ASSESSMENT OF capaBILTIES: __Kinetics which can be selected are COE, HF/DF, and KRF.

ASSESSMENT OF LiMITATIONS: _One transverse dimension.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: Capt. Tevd Salvi
Organizati AFWL/ALR

(505) 844-0721

Add Kirtland AFB, New Mexico 87115

v T, U, RP: none

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Rel Publi

STATUS:
Operational C Yes

ly?:

Under Modification?:

P ():

0 i _Government (AFWL)

i No
Proprietary?:
MACHINE/OPERATING SYSTEM (on which i lled, coe

TRANSPORTABLE™:

Machine Dependent Restrictions: FFT is machine 1 anguage.

SELF-CONTAINED?:

Other Codes Required (name, purpose):

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

Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

Q3TA75SYTINN



CODE NAME: DENTAL

BASIC TYPE (\/):
Physical Optics: Y. __Geometrical: ——
FIELD (POLARIZATION) REPRESENTATION (V):

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)::
a

Compact Region: __C_ Annular Region:

TRANSVERSE GRID DIMENSIONALITY (‘/): 1D | 2D
Compact Region: y/

Annular Region;

FIELD SYMMETRY REsTRicTionsz:__Nope

MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip: ‘/
Arbitrary:
CONFIGURATION FLEXIBILITY (V):
Fixed, Single Geometry:
Fixed, Multiple
Modular, Multiple i M

PROPAGATION TECHNIQUE (Va! that apply);| COMPACT | ANNULAI

Fresnel Integra! Algorithms:

With Kernel Averaging ‘/

Gaussian Quadrature:

Fast Fourier Transform (FFT): /

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFX):
Trapezoidal

Other

CONVERGENCE TECHNIQUE (\/):
Field ( i v

OPTICS

RESONATOR TYPE (\/)'. Standing Wave: __;_

Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive: ‘/
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

| Mirrors:

Cylindrical Mirrors: \/

Scraper Mirrors:

Axicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirvors:

Spatial Filters:

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain:

Detailed Gain: '/

BARE CAVITY FIELD MODIFIER MODELS (v):
Mirror Tilt: i

Aberrations/Thermal Distortions:

Selacted Intensity map

Loss: L

Output Coupler Edges: Rolled:

Other:

Power C:
other: LOADED CAVITY FIELD MODIFIER MODELS (\/):
N Medium Index Variati Y/
ACCELERATION ALGORITHMS USED?: 0
Gas i '/
. ption:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/): Beams:

Prony: Other:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,
Beam Qualily:___L___
other: __Atmospheric effects

Optimal Focal Search:

GAIN REGION MODELED (V)'.

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: ca Annular Region: _____

KINETICS GRID DIMENSIONALITY (\/):

10 | 20 3D

Compact Region: /

Annular Region:

. NOZZLE GEOMETRY MODELED (and type) (\/)-.

l GAS DYNAMICS

Cylindrical, Radiafly Flowing:

Rectangular, Linearly Flowing: ‘/

Other:

coORDINATE sysTem:_Cart. strip.
FLUID GRID DIMENSION (V): 10:_¥__20:___30:
FLOW FIELD MODELED (V):

Laminar:

Turbulent:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction? e

puLseD:__Y__cw: v__ KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

Other:

BASIC MODELING APPROACH (\/):

Other

for Used:

X+¥y=V¥X+Y Wlr o fer |1
YeXy = VXX Wl

Cold (F+ Moy ¥ __ o}

Hot (H + Fp) Chain (F + Hy & H + Fo):

Other C02 , KrF THERMAL DRIVER MODELED (V):
ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:

V-T: Shock Tube: Heater:

V-R: Other:

v F-ATOM DISSOCIATION FROM (V):

Other: Fy: SFg:

Single Line Model (\/): '/ Other

Multiline Model - (\/):

fati ibuti sme(\/):

o/ Nonequilibrium:

Number of Laser Lines Modolad:_l_

Source of Rate Used in Code:
LINE PROFILE MODELS (V):

Doppler

Collisional

Other

F-ATOM CONCENTRATION DETERMINED FROM MoDEL: Yes
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:,

{thermal T

Other

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):
Media Index Variations: V/

Other




CODE NAME: DESALE-5

copETvPE: _Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copk: __Calculation of CW and Pulsed Chemical Laser Performance.

ASSESSMENT OF capaBILITIES: __Calculates solutions to coupled fluid dynamic, chemical kinetic and radiation
transport equations for CW and pulsed chemical lasers. Utilizes comprehensive model of chemical

kinetics and includes treatment of base relief and nozzle boundary layer effects.

ASSESSMENT OF LImiTATIons: _ Restricted to Fabry-Perot cavity (although ad hoc technique for first order
correction for curved mirrors has been included). Uses scheduled mixing model to treat mixing

phenomena (although mixing rate is determined locally at each downstream station according to

Jocal flow properties). Restricted to rotational equilibrium.

OTHER UNIQUE FeATURes: __Lndividual vibration Tevels treated as separate species; models effect of

blockage (base relief).

ORIGINATOR/KEY CONTACT:

Name: M. Epstein Phone: (213) 648-6861

o i Aerophysics Laboratory, The Aerospace Corporation

Add P.0. Box 92957, Los Ange]es, California 90009

AVAILABLE DOCUMENTATION: (T = Theory, U = Us Publi (T) “Desale-5: A Comprehensive Scheduled

Mixing Model for CW Chemical Lasers Aerospace Corporatwn Rpt. SAMSO-TR-79-31, May 1, 1979.

M. Epstein; (U) "The Resale Chemical Laser Computer Program." Aerospace Corporation Rpt. SAMSO-TR-

75-60, W.D. Adams, E.B. Turner, J.F. Holt, D.G. Sutton, and H. Mirels, February 20, 1975.

STATUS:
0 ional C y?: Yes

Under Modification?: —_NO
Pur) H

ownership?; _Aerospace Corporation

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which instafled); —COC_ 7600

TRANSPORTABLE?: _Y€S

Machine Dependent Restrictions: _None

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 146K 20

Typical Job: 146K 40

Large Job: 146K 60

Approximate Number of FORTRAN Lines: -Overlay

@3TITSSYTIOND



CODE NAME: DESALE-5

I OPTICS I

BASIC TYPE (\/):
Physical Optics:_Geomatrical:_‘/

FIELD (POLARIZATION) REPRESENTATION (V):
Scalar: Vector:

COORDINATE SYSTEM ({Cartesian, cylindrical, etc.):

Compact Region: ___ Annular Region: ..

TRANSVERSE GRID DIMENSIONALITY (\/): 10

Compact Region:

Annular Region:

None

RESONATOR TYPE (V): Standing Wave:

Traveling Wave (Ring): .. Reverse TW:

BRANCH (V): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mimors: Mirrors:

Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reflaxicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (V):
Square:

Circular: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):|COMPACT JANNULAI

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transferm (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

Power C: i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V)Z

Linear:

Parabola-Parabola:

Variabls Cone Offset:

Other {specity):

Deformable Mirrors:

Spatial Filters:

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Titt: i

Aberrations/Thermal Distortions:

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:

GAIN REGION MODELED (V):

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindricat, etc.)

Compact Region: Ca Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1 |20 30

Compact Region: Y

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Atong Optic Axes?: Flow Diroclion?;L_

PULSED: v cw: 4 KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=V¥X+Y WiF fo |er

Y+Xy=¥K+X H Y

Cold (F + Hz):‘/_ o |/

Mot (H + Fy: Y Chain (F + Hy 8 1 + F,3. Y

| GAS DYNAMICS |

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: '/
omer: RECTANgular + varging area due
To shrouds

coorpINATE sysTem: Cartesian
FLUID GRID DIMENSION (V): 10:_Y__2n:
FLOW FIELD MODELED (V):

Laminar:

R

Turbulent:

Other:

BASIC MODELING APPROACH (\/): R
wiing:.Y_(scheduled mass add+-

Premixed: N
tion)

Other

Other

ENERGY TRANSFER MODES MODELED (V): Reterence
vt ¥ Bee rate coefficient referencq

V-R:
wy: v pee rate coefficient reference

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor: _______

Shock Tube: Heater:

Other:

| F-ATOM DISSOCIATION FROM (\/):
Fy: SFg: 4
2

Single Line Model (\/): '/ *
Multifine Model . (\/);

d i ion Distributi Sta(e(\/):
v/

Number of Laser Lines Modelod:i_

Source of Rate C Used in Code:

LINE PROFILE MODELS (\/):
Doppler

o

Other Voight function (includes

Doppler and collisional broadening).

Other:

*Lasin% on only one transition between
prs of vibrational levels.

Other NF 3

F-ATOM CONCENTRATION DETERMINED FROM MODEL%: Y€S

piLuenTs mopeLep:He, Ar, No, others pos-

MODELS EFFECTS ON MIXING RATEDUETO (V) 1D /€
Nozzle Boundary Layers:, Shock Waves:

(thermat % v

other speciy:Rate of mass addition to
mixing zone calculated as part of
solution using local values of var-
iabhlas

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media {index Variations:

Other ify




CODE NAME: ELNWD2

copeTvee: . Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __Compute transverse eigenmodes of bare annular resonators and
later add simple gain.

ASSESSMENT OF CAPABILITIES: i i i nt Fresnel

number, magnification, and fractional length that is compacted.

ASSESSMENT OF LIMITATIONS: _Linear mirrors; low azimuthal modes; geometry. Extensions are difficult Ngg 2 1
due to asymptotic Fresnel approximation. ]

OTHER UNIQUE FEATURES: Can model HSURIA and compact unstable cornfocal resonator.

ORIGINATOR/KEY CONTACT: —
Name: John ETlinwood

Aerospace Corporation
Add Box 92957, Los Angeles, California 90003

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publication): — (1) To be submitted to JOSA; (U) none;
(1listinas) custom available; (RP) see literature on asymptotic methods.

(213) 648-7391

Phone:

STATUS:

Operational Currently?: No
Under Modification?: ._Under development

Pury

0 i Aerospace Corporation
Proprietary?: Distribution controlled by USAF.

MACHINE/OPERATING SYSTEM (on which instalted): ___CDC_Cyber 76/172

TRANSPORTABLE?: No guarantee
Plot routine

Machine Dependent Restrictions:

seLr.conTanepz: O
Other Codes Required (name, purpose): _SPem al functions, IMSL

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 40K

Typical Job: 40K

Large Job: 40K
Approximate Number of FORTRAN Lines: 400

Q3131SSYTIND



CODE NAME: ELNWD2

I OPTICS I

BASIC TYPE (\/):
Physical Optics:, Geometrical:
FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)::
Compact Region: SL Annular Region:_c.L
TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annutar Region:

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive: 4

OPTICAL ELEMENT MODELS INCLUDED (\/): /

Fiat Mirrors: Mirrars:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reflaxicons

FIELD SYMMETRY RESTRICTIONS?: ___None

MIRROR SHAPE(S) ALLOWED‘/(V):

Square: Circutar: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):|COMPACT [ANNULAR]

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): Bare Cavity Only: '/
Simple Saturated Gain: 900N _ Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (v):
Mirror Tilt: i

Fast Hankel Transform (FHT):

/Thermal Di:

Gardener-Fresnel-Kirchhoff (GFK):

Other specity): Analytic solution of
integral equation, Fresnel integrals

appear_explici
conv?ﬂ%sucs Tsx&mocuet()(/‘):
Power i Field C:

omer: ANalytic convergence as per

Horwitz
ACCELERATION ALGORITHMS LseDz: None

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORlTHM:(V)'.
prony: _P0O1ynomial roots

Cther:

y:

Selacted

v/

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index

Gas Absarption:

QOther:

FAR-FIELD MODELS (\/): Beam Steering Removal:
Beam Quality:, S_O_Qﬂ__

Optimal Focal Search:

Other:

GAIN REGION MODELED (\/): None
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):

D | 20 | 3D

Compact Region:

Annular Region;

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction? ___

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+V¥y=YX+Y PN ERE

Y+Xy= VKX H

Cold (F + Ho): D

Hot (H + Fo)x Chain (F + Hy & H + Fy):

GAS DYNAMICS |

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radially Flowing:

Rectangutar, Linearly Flowing:

Other: —

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (\/):

Turbulent: ____

Laminar:

Other:

BASIC MODELING APPROACH (\/):_
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R:,

V-V

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fa: SFg:

Single Line Model (\/):

Multiline Model . (\/):

State (\/):

Number of Laser Lines Modeled:,

Source of Rate C: Used in Code:

LINE PROFILE MODELS (\/):
Doppler

C

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:

P (thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: GASSER

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Inviscid flow code using the method of characteristics and

accounts for heat release. It is used for cavity flows with heat release defining shroud contours

flow conditions at end of cavity, etc.

ASSESSMENT OF CAPABILITIES: an_calculate mean flow parameters in_the laser cavity and the variations
normal to the optical axis, resulting in optical path difference fields.

ASSESSMENT OF LIMITATIONs: Lt does not do the laser mixing problem and the heat release is an input.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: D. Haflinger and P. Lohr orome_(213) 536-1624

Organizati TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publication):

STATUS:
Operational C

P ye

Under Modification?:

Pur

o i TRW

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed): —._CBC 6600

TRANSPORTABLE: __Yes

Machine Dependent Restrictions: None

SELF-CONTaINED?: —NO

Other Codes Required (name, Combustor (GLAD) generates inputs to GASSER at the cavity entrance.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

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

Small Job:

Typical Job: 50K 25
Large Job:

Approximate Number of FORTRAN Lines:

G3TITSSYTIIND



GASSER

CODE NAME:

BAsic TYpE (V): None
Physical Optics:—__Geometricat: ____

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar:_____ Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.);«

Compact Region: —_ Annular Region:___

TRANSVERSE GRID DIMENSIONALITY (\/): 10 | 2D

Compact Region:

Annular Region:

I OPTICS I

None

RESONATOR TYPE (V): Standing Wave:
Traveling Wave (Ring):

Reverse TW:

BRANCH (\/): Positive:
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrars: Mirrors:

Cylindrical Mirrors: Tell

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square:

Circufar: Strip:

Ellipti Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modutar, Multiple R

PROPAGATION TECHNIQUE (Vail that apply):{compacT fannuLad]

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:;

Fast Fourier Transform (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offsat:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain:

Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt:

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhotf (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (\/):
Power Ce i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony:

/Thermal

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

l GAS DYNAMICS I

NO2ZLE GEOMETRY MODELED (and type) (‘/):

Cylindrica), Radially Flowing:

GAIN REGION MODELED (V): None
Compact Region:

Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing: ‘/

Compact Region:

Annular Region:

Other:

KINETICS GRID DIMENSIONALITY (\/):

COORDINATE SYSTEM: Ca

> 3 FLUID GRID DIMENSION (V): 10: w7
Compact Regian: FLOW FIELD MODELED (V):
Annular Region: Laminar:, Turbulent:
iscid wi duled heat
GAIN REGION SYMMETRY RESTRICTIONS: omer. INviscid with_sche ?‘e] e

BASIC MODELING APPROACH (\/):

Premixed:

Gain Vary Along Optic Axes?: _____ Flow Direction?____

PULSED: CW:__KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

Other (specify):

X+¥,=YX+Y h‘{ F la |ar |

Yr¥p=VKeX H for used:_LETPman_and Roshko
Cold (F + Hy): b "Elements of Gas Dyn;" Shapiro "Dyna
Hot (H+ Fp): Chain (F + Hy & H + Fp: ics and Thermo of Compressible Flow"

Other

THERMAL DRIVER MODELED (\/):

ENERGY TRANSFER MODES MODELED ( ‘/): Reference

Arc Heater: Combustor:
VT Shock Tube; Heater:
V-R: Other:
v-v: F-ATOM DISSOCIATION FROM (\/):
Other: Fy: SFg:
Single Line Model (\/): Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL2NQ__
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Muitifine Mode$ (\/):

A i ion Distributi Sme(\/):

Nozzte Boundary Layers:,

Nusmber of Laser Lines Modeled:

Turbul

(therma)

Source of Rate Used in Code:

Other

Medium Index Vari;

Gas

Beams:

Other:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal;

Optimal Focal Search: Beam Quality:,

LINE PROFILE MODELS (\/):
Doppler Bi

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Collisi

Other

Other

Other:




- -k T .

CODE NAME: GCAL

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: To provide extremely efficient single-line gain algorithm
which is anchored to available data base for nozzle being studied. Used with SAIGD.

ASSESSMENT OF capaBILITIEs: __Principally designed to analyze source flow nozzles but can also be applied
to conventional 2-D s1it nozzles.

ASSESSMENT OF LIMITATIONS:

OTHER UNIQUE FEATURES: The_gain alqorithm is a simplification of a full gasdynamic/kinetics code.
A series of gasdynamic and kinetic parameter profiles are passed from the full code to the gain

algorithm in the form of a data file. The gain algorithm then solves the l1asing specie equations

for that gasdynamic/kinetic field with an imposed intensity profile (see SAIGD).

ORIGINATOR/KEY CONTACT;
Name: Kerry E. Patterson

Organizati Science Applications, Inc.
Add) 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory, U = User, R blicati {T) HF Laser Subsystem Technology Assessment
zDARPA Interim Reports r§c1ence Apphcatmns, Inc., Atlanta, Georgia, July, 1979, Section 3.

~(494) 955-2663

Phone:

STATUS:
Operational C % _Jes
Yes
Extend to multi-Tine capability.

Under Modification?:
Pury ):

ownershipz: __U.S. Government

Proprietary?:
MACHINE/OPERATING SYSTEM (on which install Cyber 175

TRANSPORTABLE: __ 1G5

Machine Dependent Restrictions: None

SELF-CONTAINED?: No
Other Codes Required (name, purpose): SAIGD - SAI gasdynamics code generates gasdynamic field
variables as input to this code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: Neqligible 0.1

Large Job:
Approximate Number of FORTRAN Lines: 75
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CODE NAME: GCAL

OPTICS

BASIC TYPE (\/):
Physical Optics:. Geometrical: _____

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, atc.):s

Compact Region: . Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):| COMPACT JANNULAJ

Fresne) Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATOR TYPE (V): Standing Wave:

Traveling Wave (Ring); ——... Reverse TW:

BRANCH (\/): Pasitive:

GAIN REGION MODELED (V):
Compact Region: )/ Annular Regiun:_L

OPTICAL ELEMENT MODELS INCLUDED (‘/):

Flat Mirrors: Mirrors:

Cylindricai Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other {specify):

Mirrors:

Spatial Filters:

Other

GAIN MODELS (\/): Bare Cavity Only:

Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Titt: i

Fast Hankel Transform (FHT):

Gardener-Fragnel-Kirchhotf (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power C. i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

/Thermal Di

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

o

Cther:

FAR-FIELD MODELS (\/): Beam Steering Removal:

Beam Quality:,

€ ATE SYSTEM i i ), etc.)
Compact Region: _C& _ Annutar Region: Ly

KINETICS GRID DIMENSIONALITY (v)

|20 |3

Compact Region: Y

Annular Region: v

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: le_sjﬁow Dlrocllon?;l.es_
PULSED: cw: _Y___ KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+Y¥y=¥YX+Y W|F jo |

Y Xy =KX nly

Cold (F + Hp): AR o |/

Hot W+ Fp): Y Chain (F » B W + Pyl

I GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (\/):
Laminar: Turbulent: o ___

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other i

ENERGY TRANSFER MODES MODELED (V)Z Reterence
vt/ |Cohen & Bott (1976)

V-R;

V-V,

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fse SFG'.

Single Line Model (V3: z{with muiti-Tline

Muititine Modet . (V): corrections )

State (\/):

Number of Laser Lines Modeled:,
Source of Rats C Used in Code:_CODEN

& Bott (1976)

LINE PROFILE MODELS (\/):
Doppler

Optimal Focal Search:

Other:

* with multiple gain sheets

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODELY:

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers:, Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other




CODE NAME: GENRING

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: 10 model chemical Taser ring resonators utilizing linear and non-

linear reflecting axicons to produce an annular gain region; to study and trade off ring resonator

candidates; to study effects of spatial filtering on mode control; to study the concept of (scraper)

aperture self-imaging.

ASSESSMENT OF capaBiLmies: __Models bare and loaded unstable ring resonators of aligned circulary-shaped

optics which employ a pair of similar reflecting axicons. Models positive and negative branch

resonators. Models simple gain. Uses Fresnel-Kirchhoff propagation. Models far-field performance.

2-D plots.

ASSESSMENT OF LimiTaTions: _Cavity fields are assumed to be circularly symmetric; this is a 2-D code.

OTHER UNIQUE FEATUREs: . Models positive and negative branch P-P waxicon (reflaxicon)/P-P waxicon

(reflaxicon) ring with or without offset. Bare or loaded. Also models linear waxicon (reflaxicon)

combinations. Easily modified to model ring resonators without axicons.

ORIGINATOR/KEY CONTACT:

Name: Carl M. w1gg1ns . Phone: (505) 848-5000

Oranizati The BDM Corporation

Address: 1801 Randolph Road S.E., Albuquerque, New Mexico 87106

AVAILABLE DOCUMENTATION: (T = Theory, U = Use: (T) and (U) "GENRING: A Computer Code for

Modeling Cylindrical Unstable R1ng Resonators w1th Internal Reflecting Axicons” BDM/TAC-79-152-TR,

The BDM Corporation, May 1, 1979; listings available from AFWL/ALR.

STATUS:
0 ional C y2: Yes

Under Modification?: No
Pur| )

Government_ (AFWL/ALR)

No

Prop! Yy

MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE?: Yes. except for plot routines

Machine D dent Restrictions: Uses AFUL plot library METALIB.

SELF-CONTAINED?: No

Other Codes Required (name, Uses AFWL plot Tibrary METALIB.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size {Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 200K

Typical Job: 200K

Large Job: 200K

Approximate Number of FORTRAN Lines: 1700
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CODE NAME: GENRING

BASIC TYPE (\/):
Physical Opties:,

Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: _C.Y Annular Region:ﬂ_

TRANSVERSE GRID DIMENSIONALITY (\/): 1D | 2D

Compact Region: /

Annular Region: /

FIELD SYMMETRY RESTRICTIONS?: Yes
MIRROR SHAPE(S) ALLOWED (V):
Circutar: Strip: |/

Square:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

| OPTICS I

PROPAGATION TECHNIQUE (Vall that apply):| COMPACT | ANNULARS

Fresnel Integral Algorithms: / |/

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardaner-Fresnel-Kirchhoff (GFK):

Other (5 Midpoint rule

CONVERGENCE TECHNIQUE (\/):

Power i Field

Other:

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): Reverse TW:

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

BRANCH (\/): Positive: v/ i ‘/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrars:

i

Cylindrical Mirrors:

Scraper Mirrors: ‘/

Axicons Waxicons |Reflaxicons

Arbitrary:
Linear: / /
Parabola-Parabola: v
Variabie Cone Offset: v v
Other (specify):
Mirrors:
Spatiat Fillnrl:_\{_ [ 11T 1 E—
Other
GAIN MODELS (\/): Bare Cavity Only: 4
Simple Saturated Gsin: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (v):
Mirror Tikt: i

Abaerrations/Thermal Distartions:

Setocted .Can mod for circular

symmetric distortions.

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

ACCELERATION ALGORITHMS Usepz: None
N Gas
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(VY: o Beams:
Prony: Other:
Other: FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:.

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1D 2D 3D

Compact Regian:

Annutar Region:

. NOZZLE GEOMETRY MODELED (and type)} (\/): None

‘ GAS DYNAMICS

Cyfindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 10:
FLOW FIELD MODELED (V):

Laminar:

3D:

20! e

Turbulent:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction? e

Other:

BASIC MODELING APPROACH (\/):

Other

for h Used:

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+Yp = VK+Y WIF |o Jer]n
Y+Xy=YX+X H
Cold (F + Hy): ]
Hot (n'+ Fok Chain (F + Hy & H + Fp):
Other fy

ENERGY TRANSFER MODES MODELED (\/): Reference

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:
VT Shock Tube: Heater:
VR Other:
v F-ATOM DISSOCIATION FROM (\/):
Other: Fy SFg:
Single Line Mode! (V):__ Other

Multiline Model . (v):

State (\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Collisi

Other

Other:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ——
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Baundary Layers:,

(thermal

Other

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: GIM

CODE TYPE: Gasdynamics Code

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cone: __General Interpolation Method {GIM) is used for laser cavity and
nozzle analysis. Used for external and internal flows. :

ASSESSMENT OF CAPABILITIES: Multidimensional 2-D, 3-D viscous, diffusing flows; time-dependent. Will

eventually combine this capability with the chemical kinetics of ALFA and APACHE.

ASSESSMENT OF LIMITATIONS: Simplified diffusion.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: D. W. Lankford (505) 844-9836

Phone:

Organizati Air Force Weapons Laboratory

Add AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theary, U = User, RP = Relevant Publication): (1) (U) To_become available after modifi-
cations are completed.

STATUS:

0 i Currently?: Yes
Under Modification?: Yes, from December 1979 until January 1981.

Pur . Add all chemistry and laser physics capabilities of ALFA.

o ip?: Lockheed Space and Missiles; USAF after modifications complete.

Proprietary?: Yes, while under development by Lockheed.

MACHINE/OPERATING SYSTEM (on which instatled): __CDC 176, Star, Cray.

TRANSPORTABLE?: Yes

Machine Restrictions: None

SELF-CONTAINED?: ___NO

Other Codes Required (name, purpose): Liree modules: geometry mesh, code assembly, operational assembly.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time {Sec, CDC 7600)

Small Joh:

Typical Job: 100K CM/500K ECS 1-2 hours

Large Job: 150K CM/1000K ECS 2+ hours

Approximate Number of FORTRAN Lines:

G3TITSSVIIND



CODE NAME: GIM

easic TYpe (V): None

Physical Dptics:. Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):s

Compact Region: .. Anhnular Region: ____

| TRANSVERSE GRID DIMENSIONALITY (\/): 1D | 2D

Compact Region:

Annular Region:

OPTICS I

RESONATOR TYPE (\/): Standing Wave:
Reverse TW:

None

Traveling Wave (Ring):

BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Cylindrical Mirrors: Tel

Scraper Mirrors:

Axicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Cireular: Strip:

Square:

Ellipti Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Resonator Geometry:

Fixed, Multiple Ri

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that appiy)zjcompacT fannutar]

Fresnel Integra) Algerithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (specify):

CONVERGENCE TECHNIQUE (\/):

Power C: Field C

Other:

ACCELERATION ALGORITHMS USED?:

T

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:( ‘/):
Prony: -

Linear:
Parabola-Parabola:
Variable Cone Offset:
Other (specify):

Mirrors:

Waxicons |Reflaxicons

Spatial Filters:

Other

GAIN MODELS (\/): Bare Cavity Only:

Simple Saturated Gatn:

BARE CAVITY FIELD MODIFIER
Mirror Tilt:

Detailed Gain:

MODELS (V):

Aberrations/Thermal Distortions:

Output Couples Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFI
Medium Index Vari:

ER MODELS (\/):

Gas

Beams:

Other:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:

Optimal Facal Search:

Beam Quality:

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 2p 3D

Compact Region:

Annutar Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?;.

PULSED: cw: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (V):

X+¥py=VX+y WIlFE |a{s
Y+Xy= VR+X H
Cold (F + HoYoo D

I GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (V):
Cylindrical, Radially Flowing:

Rectangutlar, Linearly Flowing: V/

Other:

coorDiNATE sysTem:__Ca_and cy
FLUID GRID DIMENSION (V): 10:_Y
FLOW FIELD MODELED (V):
Turbulent: ‘/

ZD:L_SD:

Laminar:

oter: Recirculating

BASIC MODELING APPROACH (\/):

Premixed:

Other

Ref for Used:

Hot (H + Fa): e Chain (F + H2 &H+Fy):

Other

ENERGY TRANSFER MODES MODELED (V): Reference
V-T:

V-R:
v-v:
Other:
Single Line Modet (\/):_
Multiline Model . (\/): ——
Rotatic i istribution State (\/):

Equilibrivm:___ Nonequilibrium:

Number of Laser Lines Modeled:

Source of Rate Ce Used in Code:,

LINE PROFILE MODELS (\/):
Doppler

Other

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater:

Combustor: _'/_

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):

Fy SFg:

Other i NF3

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: YES
DILUENTS MODELED: __HE

MODELS EFFECTS ON MIXING RATE DUE T0 (V):

Shock Waves:

Nozzle Boundary Layers:

2

(thermal

Gther

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other




-\ - -

CODE NAME; GLADY

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobe: __General laser analysis to calculate average flow properties in
nozzles and in cavity.

ASSESSMENT OF CAPABILITIES: With general input quantities such as bulk heat Joss and flow conditions,

average flow conditions are calculated accurately., Two nozzle flow options are included, for high

and moderate Reynold's numbers.

ASSESSMENT OF LIMITATIONS: Detailed flow conditions cannot be predicted. Cavity chemistry is also
done by bulk procedures.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: R. Hughes/D. Haflinger/H. Behrens phone: (213) 536-2757
Oreanizati TRW DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Rel Publicati (T) None; listings proprietary.

STATUS:
Operational C y?:
Under Modification?: No

P 3

Yes

ownership?: ____TRH
Proprietary?: Yes
MACHINE/OPERATING SYSTEM (on which installed): €DC 174

TRANSPORTABLE?:. __Y€S

None

Machine Dependent Restrictions:

SELF-CONTAINED?: . Y€S
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CPC 7600)

Small Job: 44K 15
Typical Job: 44K 15
Large Job: 44K . 15

Approximate Number of FORTRAN Lines: 5000
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CODE NAME: GOPWR

copeTvee: QOptics, Kinetics, and Gasdynamics o

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobe: __Calculational tool to study the performance of CW chemical lasers
and the interaction with the gain medium.

ASSESSMENT OF CAPABILITIES: Uses geometric optics and gquasi-one-dimensional aerokinetics. Useful for
parameter studies to indicate the importance of design parameters on laser performance.

ASSESSMENT OF LIMITATIONS: imi SURIA dified.

OTHER UNIQUE FEATUREs: . Resonator geometries modeled: HSURIA, reflaxicon beam compactors.

ORIGINATOR/KEY CONTACT:
Name: J. K. Hunting/T. T. Yang

Organizati Rocketdyne
Address: 6633 Canoga Avenue, Canoga Park, California
(T) Rocketdyne Internal Letter G-SL-77-509,

(213)884-2370

Phone:

AVAILABLE DOCUMENTATION: (T = Theory,

U = User, RP = Relevant Publication):
October 5, 1977 (U) Rocketdyne Internal Letter G-O-78-937, January 24, 1978.

STATUS:
Operational Currently?: Yes

Under Modification?:

F ’}.

Rocketdyne
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installedy: __ CDC_176 NOS BE

TRANSPORTABLE?: __NO

Uses CDC Fortran extended features, uses CDC LCM.

Machine Dependent Restrictions:

SELF-CONTAINED?:
Other Codes Required (name, purpose): DISSPLA Plot 1i brar‘y.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 16K/15K LCM 10 sec/iteration
Typical Job: 16K/15K LCM 10 sec/iteration

Large Job: T6K/15K LCM 10 sec/iteration
Approximate Number of FORTRAN Lines: 3200

G3TITSSVIOND



CODE NAME: GOPWR

I OPTICS ' l GAS DYNAMICS |

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: 4 GAIN REGION MODELED (\/): . NOZZLE GEOMETRY MODELED (and type) (\/):

Physical Optics:, Geometricah/_ Traveling Wave (Ring): —_._Reverse TW: Compact Region: Annular Region: '/ lindrical, Radially Flowing: v/
—_— Cyl ly

FIELD (POLARIZATION) REPRESENTATION (V): BRANCH (V): Positive: Y Negati COORDINATE SYSTEM (Cartestan, cylindrical, etc.) Rectangular, Linearly Flowing: __¥.

Scalar: Vector: __ OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: CY _ annular Region: cy Other:.
COORDINATE SYSTEM (Cartesian, eylindrical, etc.):: Flat Mirrors: v ical Mirrors: v KINETICS GRID DIMENSIONALITY (V): COORDINATE SYsTEm: __Cylindrical
Compact Region: _CY Annular Region: CY__ Cylindrical Mirrors: Tel v w a0 |ap FLUID GRID DIMENSIO‘N WY n:
TRANSVERSE GRID DIMENSIONALITY (\/)5 D | 2D Scraper Mirrors: — Compact Region: FLOW FIELD MODELED (\/):

Compact Region: Axicons Waxicons | Reflaxicons Annutar Region: Y Laminar: Turbulent:

Annular Region: Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: omer.__Scheduled mixing.
FIELD SYMMETRY RESTRICTIONS?. AXsymmetri Linear: Gain Vary Along Optic Axes?:___ Flow Direction?____ BASIC MODELING APPROACH (V):

{ : . .
MIRROR SHAPE(S::‘ALLIOWED( ) . Parabola-Parabola: 7 PULSED: cW: KINETICS MODELED Premixed: Mixing: _Y___
. . -
Square: ireular " CHEMICAL PUMPING REACTIONS MODELED (\/): Other
" Variable Cone Offset: /
Arbitrary: X+ ¥y =¥X+Y }‘{ F |ct {Brft
\/ Other (specify): A

CONFIGURATION FLEXIBILITY (V): YeXy = YK+ X |y for usea: ALOS Final Report

Fixed, Single Geometry: v Det Mirrors: Cold (F + H,): b 4

oF —te,
. Lo Spatial Filters:. Gratii
Fixed, Multiple Hot (H + Fz): l/ Chain (F + Nz &H+Fy): '/

Other

Modular, Multiple oth .
; er THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vait that aspiy:comphct fannuLaR ENERGY TRANSFER MODES MODELED (V): Refernce Arc Heater: Combustor: _____
Fresnel Integral Algorithms: GAIN MODELS (\/): Bare Cavity Only: /1 Coh
vT ohen hock Tube: ;. .
With Kernef Averaging Simple Saturated Gain: Detailed Gain: v Shock Tube: Heater:
Vi VR: ower__NOt modeled
Gaussian Quadratare: BARE CAVITY FIELD MODIFIER MODELS (V): vw. /| Cohen
Mirror Tt o -V: F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): . . .
/Thermal Di Other: Fyr SFg: NE
Fast Hanket Transform (FHT): bt Single Line Model (\/): v Other (speci 3
ry: '
| -Kirchl N .
Gardener-Fresnel-Kirchhott (GFK) e Multiline Modei - (\/): _'/ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: *__
Other (speci Geometric optics / A fonal Population Distribution State (Vh: DILUENTS MODELED: ___ He, N
Loss: =
o8 . / . / MODELS EFFECTS ON MIXING RATE DUE TO (V):
) Output Coupler Edges: Rolled: Nozzle Boundary Layers: Shock Waves:
CONVERGENCE TECHNIQUE (\/)' Number of Laser Lines Modeled: i ] 2
Power # L riaac e Aerospace (hormat Tt
i i : . .
, LOADED CAVITY FIELD MODIFIER MODELS (V): Source of Rate Caeffcients Used in Gode Tri
Other: Other B
) N N. Cohen
N o Medium Index
ACCELERATION ALGORITHMS USED?:
i Gas LINE PROFILE MODELS (V):
. Doppler B
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): Beams: P, | / MODELS EFFECTS ON OPTICAL MODES DUE o (V):
Prony: Other: Media Index Variations:
\/ Other {: fy
Other: FAR-FIELD MODELS (V): Beam Steering Removal: Other

Optimal Focal Search: Beam Quality:,

Other:

*Uses equilibrium thermochemistry.



CODE NAME: GURDM

copetype: _Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: . Originally designed to model Pratt's Intracavity Adaptive Optics
experiments. Models bare cavity compact beam resonators with circular end mirrors and one or two
internal deformable mirrors. A far-field code includes external deformable mirror, tilt removal,

optimum focus, etc.

ASSESSMENT oF capaBILITIES: — Full 3-D ti1t and decentrations of all mirrars; arbitrary deformations on

all mirrors; arbitrary turning angles at internal deformable mirrors. 2-D and 3-D plots.

ASSESSMENT OF LIMITATIONS: Usual paraxial requirements; restrictions on peak deformations of turning
mirrors, machine and cost limitations for large problems. )

OTHER UNIQUE FeaTures: __Models any two-mirror stable or unstable compact beam resonator with one or two
deformable turning mirrors intracavity, one deformable turning mirror extracavity.

ORIGINATOR/KEY CONTACT:
Name: Thomas R. Ferguson or Guy T. Worth ° ppone: (505) 848-5000

Oreanization: 1N€ BDOM Corporation
Address: 1801 Randolph Road S.E., Albuquerque, New Mexico 87106

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP_= Relevant Publication): 1) _(U) General Unstable Resonator with
Deformable Mirrors &r’rogram GURDM5, T. R. Ferguson et al, The BDM Corporation, BDM/TAC-79-193-TR,

March 31, 1979.

STATUS:
[+ ional Currently?: Yes
Under Modification?: No

Purpose(s):

ownershipz: ____Government (AFWL/ALR).
No

Proprietary?:
MACHINE/OPERATING SYSTEM (on which installed): __CDC 6000, 7000, 176.

TRANSPORTABLEZ: . Yes
Machine Dependent Restrictions: CDC 1/0, size restrictions.

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Number of FORTRAN Lines:
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CODE NAME: GURDM

lopncs' IGAS DYNAMICSI
BASIC TYPE (V): RESONATOR TYPE (V): Standing Wave: 4 GAIN REGION MODELED (V): None . NOZZLE GEOMETRY MODELED (and type) (V): one
Physical Optics:, Geometrical: _____ Traveling Wave (Ring): Reverse TW: Compact Region: Annular Region: Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/): Positive: / i 4 COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
&:alar:_‘_/_ Vector: _____ OPTICAL ELEMENT MODELS INCLUDED (\/): y Compact Region: ____ Annufar Region: Other:
COORDINATE SYSTEM (Cartesian, cyfindrical, etc.): Flat Mirrors: cat Mirrors: KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM:
Compact Region: CY Annutar Region: —___ Cylindrical Mirrors: I w20 |3 FLUID GRID DIMENSION (V): 10: 20 :
TRANSVERSE GRID DIMENSIONALITY (‘/)Z 1D _} 20 Scraper Mirrors: Compact Region: FLOW FIELD MODELED (V):
Compact Region: 4 V¥ Axicons Waxicons [Reflaxicons| Annular Region: ' Laminar: Turbulent: ____
Annular Region: y: GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY ResTRicTionsz.___None Linear: Gain Vary Along Optic Axes?: Flow Direction? BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): . . Premixed:
(S) ‘ V) ) Parabola-Parabola: PULSED: cw: KINETICS MODELED remix
Square: Circular: Steip: o CHEMICAL PUMPING REACTIONS MODELED (V): Other
iable Co set:
Ellipti y: Variable Gone X+¥,=YX+¥ }l‘{ F |o |8 )1
Other (specify):
CONFIGURATION FLEXIBILITY (V): v Y4Xy=VR4X H for Used:
Fixed, Single Geometry: Mirrors: Cold (F + Hy): )
) Spatial Filters: Grati
Fixed, Muttiple / Hot (H + Fy)i e __ Chain (F + Hy&H+Fyk
. Other
odular, Multiple Ry "
Modular, Multiple Other THERMAL DRIVER MODELED (V)):
PROPAGATION TECHNIQUE (vt that apoiy):Jcompac fannuusad J ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: VT N
" . " ° Shock Tube: _ Heater:
With Kemel Averaging Simple Saturated Gain: Detailed Gain: Vi o
" er:
Gaussian Quadratue: 7 BARE CAVITY FIELD MODIFIER MODELS cV): W
3 v-v: 5
_ Wirror Tilt: i v F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): . Other: Fy: SFg:
ermal
Fast Hankel Transform (FHT): J/ Singte Line Model (\/): Other
Gardener Freanel-Kirchhot (GFK): Setected Shape set by Zernike Mutiine Model. V). F-ATOM CONCENTRATION DETERMINED FROM MODELY: —
Other (specity): coetficients input. Rotati ion Distr state (V) DILUENTS MODELED:
Loss: MODELS EFFECTS ON MIXING RATE DUE TO (V):
(‘/ Output Coupler Edges: Rolled: Nozzle Boundary Layers:, Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled:,
Power i Y e Other: ions (thermal
\/ Source of Rate i Used in Code:,
ather: LOADED CAVITY FIELD MODIFIER MODELS (V): Other
USED? None Medium Index Vari;
ACCELERATION ALGORITHMS d - LINE PROFILE MODELS (V):
Doppter
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): oy Beams: N MODELS EFFECTS ON OPTICAL MODES DUE TO (V):
Prony: Other: Media Index Variations:
‘/ ‘/ Other
Other: FAR-FIELD MODELS (V): Beam Steering Removal:_V___ Other
Optimal Focal Search: Bsam Quality:, ‘/
other: _External deformable mirror

*Azimuthal Fourier expansion.



CODE NAME: HFGOPWR

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Calculational tool to study the performance of CW chemical lasers
and the interaction with the gain medium.

ASSESSMENT OF CAPABILITIES: Uses geometric optics and quasi-one-dimensional aerokinetics. Useful for
parameter studies to indicate the importance of design parameters on laser performance.

ASSESSMENT OF LIMITATIONS: Limited to HSURIA geometry only unless modified,

OTHER UNIQUE FEATURES: Resonator geometries modeled: HSURIA, reflaxicon beam compactors.

ORIGINATOR/KEY CONTACT:
Name: J. K. Hunting/T. T. Yang Phone: (213)884-2370
Organizati Rocketdyne
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION: (T = Theor (T) Rocketdyne Internal Letter G-SL-77-509,

, U = User, RP = Publicati
October 5, 1977; (U) Rocketdyne Intermal Letter G-0-78-937, January 24, 1978.

STATUS:
Operational Currently?: Yes

Under Modification?:
Pur ):

Ownership?: M
Proprietary?; No
MACHINE/OPERATING SYSTEM (on which instalted): COC 176 NOS BE.

TRANSPORTABLE __NO
Machine Dependent Restrictions: Uses CDC Fortran extended features, uses CDC LCM.

SELF-CONTAINED?:
Other Codes Required (name, purpose): DISSPLA Plot 1i brary .

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 16K/15K LCM 10 sec/iteration
Typical Job: 16K/15K 10_sec/iteration
Large Job: 16K/15K LCM 10 sec/iteration

Approximate Number of FORTRAN Lines: 3200

3TI1SSVIIND



CODE NAME: HEGOPWR

‘ OPTICS I [ GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: 4 GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (V):

v

Physical Optics:, Geometrical: —_ Traveling Wave (Ring): Reverse TW: Region: Annular Region:

o Cylindrical, Radially Flowing: __ V.
FIELD (POLARIZATION) REPRESENTATION W BRANCH (V): posttive: v i COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: _CY _ Annular Region: CY
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Flat Mirrors: cal Mirrors: KINETICS GRID DIMENSIONALITY (V):
Compact Region: _CY Annular Region: _CY_ indrical Mirrors: v D |20 | 3D

Rectangular, Linearly Flowing: '/

Other:

CcoORDINATE sysTEM: _CYlindrical
FLUID GRID DIMENSION (V): 10:Y_20:____
Compact Region: FLOW FIELD MODELED (V):

TRANSVERSE GRID DIMENSIONALITY (\/): 1D Scraper Mirrors:

Compact Region:

Axicons Wanxicons | Reflaxicons | Annutar Region; Y Laminar: ____Turbulent:
jon: . hed ixing.
Annular Ragion: i GAIN REGION SYMMETRY RESTRICTIONS: omer,___Scheduled mixing
FIELD SYMMETRY ResTRIcTIONs?: _AXsymmetric Linear: Gain Vary Along Optic Axes’: Flow Direction? e BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

Parabola-Parabola: PULSED: Ccw: KINETICS MODELED Premixed: Mixing:
CHEMICAL PUMPING REACTIONS MODELED (\/): Other
Variable Cone Offset:

Arbitrary: X+¥p=VX+Y PN ER L
Other (specify): .
CONFIGURATION FLEXIBILITY (V): YeXy= VKX nly usea:__ALOS Final Report

Mirrors:
Fixed, Single Geometry: irrors:

Cold (F+H): ¥ __ o |y

Hot (H + ¥ Chain (F + Hy & H+ Fpy:o V.

Spatial Filters:

Fixed, Multiple

Other

Modular, Multiple

Other

THERMAL DRIVER MODELED (\/):
ENERGY TRANSFER MODES MODELED (\/): Reference Arc Heater: Combustor:
vr_v | Cohen

PROPAGATION TECHNIQUE (Vall that apply):]COMPACT JANNULA
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only:

Shock Tube: i Heater:

VR omer:__NOt modeled.
BARE CAVITY FIELD MODIFIER MODELS (V):
vv._/ | _Cohen

Mirvor Tilt: - F-ATOM DISSOCIATION FROM (\/):
Other: Fa: ‘/ SFg:

impl : in:
With Kernel Averaging Simple Saturated Gain: Detailed Gain:

Gaussian Quadrature;

Fast Fourier Transtorm (FFT):

Fast Hankel Transform (FHT): Single tine Modst (‘/)z v Other (speci 3

Gardener-Fresnetl-Kirchhoff (GFK):

Other (specif Geometric optics.

Multine Mode). (¥5: V' F-ATOM CONCENTRATION DETERMINED FROM MODEL: X
Selected i He, N

7 ; fon Distribution State (V): DILUENTS MODELED: =2 12

/ o MODELS EFFECTS ON MIXING RATE DUE TO (V):

Nozzle Boundary Layers: ‘/ Shock Waves:

Loss:

Output Coupler Edges: Rolled:

CONVERGENCE TECHNIQUE (V)'-

. < " 2
/ Number of Laser Lines Modeled: _— "<
Power i Field Cq

‘/ Source of Rate Coefficients Used in Code: AGT'OSDACE =
Other: LOADED CAVITY FIELD MODIFIER MODELS (V):

) N. Cohen
Medium Index
ED?:
ACCELFRATION ALGORITHMS US| —No e ! LINE PROFILE MODELS (‘/):

Other:

(thermal

Trip

Doppler
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)‘. . . / MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Other:

Media Index Variations:

FAR-FIELD MODELS (\/): Beam Steering Removal:, Other
Optimal Focal Search: Beam Quatity:

Other:

*Uses equilibrium thermochemistry.



CODE NAME: HFOX

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: ict i ifi 3 Sandia Lab's

hydrogen flouride fusion Taser program.

ASSESSMENT oF capaBiLITIES: . Can do HF pulsed oscillator and amplifier cases with longitudinal
nonuniformities, plus volume-averaged oscillator calculations. Rotational nonequilibrium, hot-
atom enhancement of hot and cold reaction rates, chain-terminating 0, kinetics, amplified spon-

taneous emission, and transverse parasitic oscillations are allowed.

ASSESSMENT OF LIMITATIONS: Initiation rate must be specified. Calculations which allow longitudinal
nonuniformity require increasing amounts of computer time as pulse length increases. No optics in

this code. Rotational relaxation limited to R-T. Difficult to add reactions _to existing scheme.

OTHER UNIQUE FEATURES: Hot-atom hot and cold rate enhancement; amplified spontaneous emission along
optical axis included in amplifier calculations; amplifier input pulse detailed-spectral-time-history
description allowed; transverse parasitic oscillations allowed in both oscillator and amplifier
calculations.
ORIGINATOR/KEY CONTACT:

Name: James B. Moreno Phone: _ (505) 264-4259

i Sandia_Laboratories
4212, Laser Projects Division, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publication): —(RP) A1AA paper 75-36 presented at A1AA 13th
Aerospace Sciences Meeting, Pasadena Cahforma January 20, 1975, J. B. Moreno.

STATUS:

[+ ional Cutrently?: Yes
Not at present

Under Modification?:
Pury ):

Ownership?: Sandia Laboratories/D.0.E.

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed); —CDC 7600

TRANSPORTABLE?, _ Not very, since not documented.

Machine Dependent Restrictions:

SELF-CONTAINED? __Y€S

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 180
Typical Job: — A11_Jjobs same: 150K 600

Large Job: 1200
Approximate Number of FORTRAN Lines:

GITITSSVIIND



CODE NAME: HFOX

OPTICS

BASIC TYPE (\/): None
Physical Optics:—_Geornetrical: o

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COQRDINATE SYSTEM (Cartasian, cytindrical, etc.)

Compact Region: — Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (‘/):

Square: Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single y:

Fixed, Multiple

Modutar, Multiple

PROPAGATION TECHNIQUE (Vah that appiy)z)COMPACT | ANNULA

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

None

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): —— Reverse TW:

BRANCH (V): positive:

OPTICAL ELEMENT MODELS INCLUDED (‘/):

Flat Micrars: Mirrors:

Cylindrica) Mirrars:

Scraper Mirrars:

Axicons Warxicons | Reflaxicons

Arbitrary:

Linear:

Parabola-Parabela:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (\/): Bare Cavity Only:

Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt: i

Fast Hanke! Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

Power Ci i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(‘/)Z

/Thermal Dis

Arbitrary:

Selected

Loss:

Output Coupler Edges: Rolled:

Serrated: Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index Variation:

Gas

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:

Optimal Focai Search: Beam Quality:,

GAIN REGION MODELED (V):

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region: __

KINETICS GRID DIMENSIONALITY (\/):
1D | 2D 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?:
PULSED: A cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

Flow Direction? e

X+ ¥y =YX+ ¥ WIF |o |er

Y4Xy = YK+ K u |/

Cold (F + Hz):v/__ o |/

Hot (H + Fz):__/ Chain (F+ Hy & H + Fa):

I GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (\/): 10 . 2D:
FLOW FIELD MODELED (\/):

Laminar: Turbulent: __

Other:

BASIC MODELING APPROACH (\/):

Premixed:. Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference

V-R:

vr._Y | Aerospace Corp. compilations.

vv._/ | Aerospace Corp. compilations.

Other:

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor:

Shock Tube: Heater:

Qther:

F-ATOM DISSOCIATION FROM (\/):
Fo: SF,

Single Line Model (\/):

Multiline Model . (V): '/

State (\/):

/

Number of Laser Lines Modeled: 77*

Lorp.

Source of Rate Coefficients Used in Code: _Aerosgace

LINE PROFILE MODELS (\/):
Doppler

Y

Other:

*Yariable dimension code.

2 6
Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUETO (\/)'.
Nozzle Boundary Layers: Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: 1PAGOS

copetvee: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Interactive version of POLYPAGOS; conduct geometric ray trace
analysis of general optical systems; code subroutines can design nonlinear beam compactors of
reflaxicon, waxicon, and noneverting waxicon designs.

ASSESSMENT OF CAPABILITIES: Code can produce OPD and spot diagrams through systems containing spheres,
conics, torics, diffraction gratings, axicons, and corner cubes. Code can take Fourier transform of
tield at output plane and generate far-field energy distributions. Can handle up to two deformable

mirrors. Will map movement of a ray via multiple passes.

ASSESSMENT OF LIMITATIONS: Has no physical optics capability internal to optical train; does not
mode] resonators by iterative solution techniques.

OTHER UNIQUE FEATURES: __Resonator geometries modeled: HSURIA, compact unstable confocal, unstable P-P
waxicon/1linear waxicon negatijve branch ring with spatial filter.

ORIGINATOR/KEY CONTACT:
Name: D. Mansell/C. Barnard/Kemp* Phone: (505) 848-5000

Organization: _1he BOM Corporation
Address: 1801 Randolph Road, S.E., Al buqumque, New Mexico 87106
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = R Publicationy. (1) "POLYPAGOS" Aerospace Report TR-0059(6311)-1;
mpac Design_and Fabr1cat1on Proqram " AFWL-TR-78-77; (T) "Geometry Ray Analyses of
HSURIA Prototypes," BDM/TAC-79-151-TR; (U) POLYPAGOS Users Manual, Aerospace TR-0172(2311)-1; (U)
AFWL-TR-78-77. R

STATUS:
0 ional Currently?: Yes
Under Modification?: No

Purpose(s):

Ownership?: —_AFUL
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): CDC 6600/7600

TRANSPORTABLE: ___Ye€s
Machine Dependent Restrictions: __Requires overlaying.

SELF-CONTAINED?, V€S
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Number of FORTRAN Lines: 8300

120K 1 sec

* TRW/DSSG, 1 Space Park, Redondo Beach, California
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CODE NAME: IPAGOS

I OPTICS I l GAS DYNAMICS I
BASIC TYPE (V): RESONATOR TYPE (V): Standing Wave: GAIN REGION MODELED (V): None . NOZZLE GEOMETRY MODELED (and type) (V): None
Physical Optics: Geometrical:_L Traveling Wave (Ring): Reverse TW: Compact Region: Annular Region: _____ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/)i BRANCH (\/): Positive: v i v COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annular Region: __ Other:
COORDINATE SYSTEM (Cartesian, cylindrical, stc.): Flat Mirors: Y. fcal Mirrors: KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM:
Compact Region: C8_ Annuar Region: £ Cylindrical Mirrors: Y 4 NEIE FLUID GRID DIMENSION (V): 10: 20: 3p:
TRANSVERSE GRID DIMENSIONALITY (\/)1 D | 20 Scraper Mirrors: Y Compact Region: FLOW FIELD MODELED (\/):
Compact Region: / Axicons Waxicons | Reflaxicons| Annular Region: Laminar: Turbulent:
Annular Region: v Other:
nnular Region: Arbitrary: v v GAIN REGION SYMMETRY RESTRICTIONS: er:
FIELD SYMMETRY RESTRICTIONS?: Linear: v v Gain Vary Along Optic Axes?: Flow Direction?______ BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): . . Premixed: Mixing:
¢ ). _ / Parabola-Parabola: / / PULSED: cwW: KINETICS MODELED mi i
Sauare: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
4 v ’ No Variable Cone Offset: v v
ipti rbitrary: . X+Yy=YX+Y ){ F lc |er|1
Other (specify): Noneverting] v
CONFIGURATION FLEXIBILITY (V): Y+Xp=¥X+X H Rt for Used:
Fixed, Single Resonator Geometry: Mirrors: Cold (F + "2): D
Fixed. Multiple Spatial Filters: Hot (H + F): Chain (F + Hy & H + F,);
. 2F 2 2
N / Other Torics
Modular. Mullipla _Corner cubes Other (speci THERMAL DRIVER MODELED (V)):
PROPAGATION TECHNIQUE (van that apoty):]compact |annuLAR v / ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: __Combustor: ______
i : GAIN MODELS (V): Bare Cavity Only: . X
Fresnel Integral Algorithms: (4% " - VT Shock Tube: Heater:
With Kernel Averaging Simple Saturated Gain: Detailed Gain: v ot
s T
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (V): V.
g v-v: .
Mirvor Tilt: ' v F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): Other: Fo: SF.:
A ions/Thermal Distorti € 6
Fast Hanke! Transtorm (FHT): Single Line Model (V): Other
y:
Gardener-Fresnel-Kirchhoff (GFK): Multifine Modet . (V): _ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —— _
Selected (speci
Other (specify): A ; ion Distri state (V: DILUENTS MODELED:
Loss: MODELS EFFECTS ON MIXING RATE DUE T (V):
Qutput Coupler Edges: Rolled: Nozzle Layers: Shock Waves:
CONVERGENCE TECHNIQUE (\/)1 Number of Laser Lines Modeled:,
N . . Other: P { (thermal
o
Power Field Wi Source of Rate Coafficients Used in Code:
other: LOADED CAVITY FIELD MODIFIER MODELS (V): Other
Medium Index
2
ACCELERATION ALGORITHMS USED?: o LINE PROFILE MODELS (V):
Doppler B
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): o Beams: . N MODELS EFFECTS ON OPTICAL MODES DUE T0 (V):
Prony: Other: Media Index Variations:
Other
Other: FAR-FIELD MODELS (\/): Beam Steering Removal:, Other
Optimal Focal Search: Beam Quality;, )/
omer __Isometric plotting




CODE NAME: KBLIMP

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: ___Boundary Tayer analysis. Nonequilibrium Chemistry (KINETIC)
Boundary Layer Integral Matrix Program (KBLIMP).

ASSESSMENT OF CAPABILITIES: Treats laminar and turbulent flows. Multicomponent and chemically reacting
flows (including wall recombination) are analyzed.

ASSESSMENT OF LIMITATIONS: S edetermine pressure gradient.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: _H. Tona/ A.C. Buckingham/H.L. Morse ppone: _(415) 964-3200

Organization: Aerotherm Division of ACUREX
Address: Mountain View, California

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): — (1) _Nonequilibrium Chemistry Boundary Layer
Integral Matrix Procedure, Aerotherm Report, UM7367. July 1973.

STATUS:
Op: i | C ly?:

Under Moditication?;
Pury )

o ipr: _Industry-wide code.
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): — CDC 6600/7600

TRANSPORTABLE?: _Ye€s

Machine

Restrictions:

SELF-CONTAINED?: —_NO
Other Cades Required (name, purpose): —_C0des required to generate pressure distribution.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 120K 300
Typical Job: 120K 1000
Large Job: 120K 2000

Approximate Number of FORTRAN Lines:

G3TIISSYIONN



CODE NAME: KBLIMP

I OPTICS I I GAS DYNAMICS
None

Basic Tvpe (V): None RESONATOR TYPE (V): Standing Wave: GAIN REGION MODELED (V): None . NOZZLE GEOMETRY MODELED (and type) (V):
Physical Optics:, Geometrical: ___ Traveling Wave (Ring): Reverse TW: Compact Region: Annular Region: Cylindrical, Radially Flowing: v/
FIELD (POLARIZATION) REPRESENTATION (\/)1 BRANCH (\/): Positive: i COORDINATE SYSTEM (Cartesian, cyfindrical, etc.) Rectangular, Linearly Flowing: 4
Scalar:______Vector: ___ OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annular Region: Other: )
COORDINATE SYSTEM (Cartesian, cylindrical, etc.): Flat Mirrors: ical Mirrars: KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM: General
Compact Region: —_ Annular Region: Cylindrical Mirrors: 1D | 2D | 3D FLUID GRID DIMENSION (‘/): 1D: 2D: \/ 30:
TRANSVERSE GRID DIMENSIONALITY (\/)i 1D _{ 2D Scraper Mirrors: Compact Region: FLOW FIELD MODELED (V):
Compact Region: Axicons Waxicons | Reflaxicons| Annular Region: Laminar: Turbulent:
Annular Region: Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY RESTRICTIONS?: Linear: Gain Vary Along Optic Axes?: Flow Direction?______ BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ‘ALLOWED o ' Perabola-Parabola: PULSED: ow: KINETICS MODELED Premixed: Mixing:
Square: Gircular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
Variable Cone Offsat:
X+ ¥y =¥X+Y WlF fale ]
‘/ Other (specify):
CONFIGURATION FLEXIBILITY (V): Y+X, = YK+ K H for Used:
. . . Mirrors:
Fixed, Single Resonator Geometry: oot Cold (F + Hy): D
. ! patial Filters: —
Fixed, Muitiple Hot (H + Fp): Chain (F + Hy & H + F,):
Modular, Multiple Other .
Other THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vall tnat apoly):|comeac | annuLad ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (\/): Bare Cavity Only: VT
Simple Saturated Gain: Detailed Gain: N Shock Tube: i Heater:
With Kernel Averaging 'mPple Satu " a ain: V-R: oth
Gauasian Quadratore: BARE CAVITY FIELD MODIFIER MODELS (V): o W
3 AAH A
Mirror Tilt: i F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): .
Other: Fy: SFa:
/Thermal Dit er 2 6
Fast Hankel Transtarm (FHT): Single Line Model (V): Other
Gardener-Fresnel-Kirchhoft (GFK): - Muttiine Mods! . (Vh: ______ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Y€S
Selected (speci e, No, etc.
Other (specity): ; " ibution State (V): DILUENTS MODELED: _'"~3 12>
ivity Lass:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Equilibrium:, Nonequitibrium:
‘/_ Output Coupler Edges: Rolled: Nozzle Boundary Layers: _Y.___ Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled: /
Power C i Field i Other: . . oo F ions (thermal
Rat ients Used i o: .
other: LOADED CAVITY FIELD MODIFIER MODELS (V): rce of Rate " Other (specifyy: _Laminar
Medium Index
LGORITHMS USED?:
ACGELERATION ALGO Gas ; LINE PROFILE MODELS (V):
Doppler
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z Beams: o . MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Prony: Other: Media Index Variations:
Other
Other: FAR-FIELD MODELS (\/): Beam Steering Removal; Other

Optimal Focal Search: Beam Quality:,

Other:




CODE NAME: LAPY-2

copeTvee: _ OPtics code

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobE: _Calculation of the propagation of a short pulse down a chain of
laser amplifiers and absorbers including diffraction effects; cylindrical symmetry assumed.

ASSESSMENT OF CAPABILITIES: _Calculates the temporal and spatial evolution of a short pulse due to nonlinear
amplification and diffraction from circular apertures and lenses; includes laser kinetics appropriate

for modeling of €0, and Nd: glass laser systems.

ASSESSMENT OF LiMITATIONs: _Cy1indrical geometry assumed: is not designed for oscillator calculations.

OTHER UNIQUE FEATURES: Models unstable and hole-coupled stable confocal resonators.

ORIGINATOR/KEY GoRTACE:
Jopn C. Coldstein and D.0. Dickman . . .~ _(505) 667-7281

Name:

oreanisation. LOS Alamos Scientific Laboratory, Group X-1, MS-531
Add Los Alamos, New Mexico 87545

AVAILABLE DOCUMENTATION: (T = Theory, U = User, R icationy: (1) (U) LAPU-2: A Laser Pulse Propagation Code
With Diffraction, Los Alamos report LA- 6955

STATUS:
Operational C Yes

Under Modification?: No
Pur :

Ownership?: Los Alamos Scientific Laboratory
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): . CDC 7600/LTSS

TRANSPORTABLE: _No
Machine Dependent Restrictions: —_US€S_storage scheme of 7600 and relies on some aspects of LTSS operating
system.
SELF-CONTAINED?: Yes
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
. Core Size (Octal Wnords) Execution Time (Sec, CDC 7600)

Smali Job:
Typical Job: 58K (decimal) 10 minutes
Large Job:
Approximate Number of FORTRAN Lines: 2000

A3TITSSVIIND



CODE NAME: LAPU-2

I OPTICS I

BASIC TYPE (\/):
Physical Optics:. ‘/ Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, eylindrical, ete.)::
Compact Region: ___ Annular Reginn:_c.L

TRANSVERSE GRID DIMENSIONALITY (\/): iD

Compact Region:

Annular Region: v

FIELD SYMMETRY REsTRICTIONS?:_CY1indrical
MIRROR SHAPE(S) ALLOWED (V):

Square:

Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Madular, Multipte i '/

PROPAGATION TECHNIQUE (Vall that apply):jcompacT [ANNULARS

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

Cylindrical Mirrors: '/ ‘/

Scraper Mirrors:

Axicons Waxicons

Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:. '/

Other El:

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Tilt: i

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

other (specify): _Numerical scheme devised
by B. R. Suydam, LASL.
CONVERGENCE TECHNIQUE (V):

Power i Field

Other:

ACCELERATION ALGORITHMS USED?:

T

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Loss: ‘/

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index

Gas d '/

O

Other:

FAR-FIELD MODELS (\/): Beam Steering Removat:,

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (V): None
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: ___ Annular Region:

KINETICS GRID DIMENSIONALITY (\/):

1D { 2D | 3D

Compact Region:

Annuiar Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?:_ Flow Direction?_____

PULSED: __ CW: _____KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

X+Y¥y=YX+Y Wi F |o]er

Y4Xy=¥X+XK H

Cold (F + Hy):

S, [}

Hot (H + F,): Chain (F + Hy & H + F):

I GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrica), Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (\/):

Laminar:

Turbutent: __

Other:

BASIC MODELING APPROACH (V):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (V): Reference
V-T:

V-R:

v-v:

Other:

Single Line Model (\/):

Multiline Model . (\/):

State (V):

Numbser of Laser Lines Modeled:,

Source of Rate C Used in Code:,

LINE PROFILE MODELS (\/):
Doppler

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fat SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers:

Shock Waves:

(thermal bl T

MODELS EFFECTS ON OPTICAL MODES DUE YO (\/):

Media Index Variations:

Other




CODE NAME: LOADPL

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: __(3-D Loaded Cavity Code with Analytical Gain) The purpose is to
model some of the 3-D phenomenology associated with half symmetric unstable resonator with internal
axicon (HSURIA) with a radially flowing gain medium; performance predictions for power extraction
and beam quality; set/verify design requirements.

ASSESSMENT OF cApABILITIES: _Capable of evaluating any general HSURIA w/reflaxicon. Analytical gain model.
General field modifier, mirror misalignment, misfigure, thermal distortion, struts.

ASSESSMENT OF LIMITATIONs: . Half plane symmetry, restricted to HSURIA axisymmetric or 3-dimensional
calculations.

OTHER UNIQUE FEATURES: General field modifier with deformable mirrors to correct for any aberration.

ORIGINATOR/KEY CONTACT:
Name: Alexander M. Simonoff Phone: (213) 884-3346
Organizati Rocketdyne, Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publication): (1) (U) Simplified 3-D loaded cavity resonator
code-November 1978, G-0-78-1123; see also bare cavity code.

STATUS:
Operational Currently?: Yes
Under Modification?: 0
Pury ):

Ownership?: — AFWL

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which instalied); —CDC Cyber 176

TRANSPORTABLE?: Yes (With modification)
Machine Depend ictions: —_Uses CDC extended core.

SELF-CONTAINED?: No, resonator geometry systems code (for other than PP reflaxicon) 3-D fairfield code.

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: < 250K 300-600
Typical Job: < 250K 1500 Octal sec
Large Job: < 250K : 5000 cDC 176

Approximate Number of FORTRAN Lines:

A3TITSSYTIOND



CODE NAME:

LOADPL

BASIC TYPE (\/):
Physical Optics:, Geometrical:
FIELD (POLARIZATION) REPRESENTATION (\/):

Scafar: ‘/ Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region:E\L Annular Ragion:Jc

OPTICS I

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: ical Mirrors:

Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reflaxicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:.

CONFIGURATION FLEXIBILITY (V):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Valt that apply)s|COMPACT

ANNULAS

Fresnet Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

4 4

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specity): P-P tank

Mirrors: 4

Gratings:

Spatial Filters:.
Other Corner cube {by using

general field modifier to model).

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain: ‘/

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Tilt: i

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i Field

Other:

ACCELERATION ALGORITHMS Usep: _Y&S
Gain convergence algorithm.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

Prony:

/Thermal Di

Selocted (specityy; Lrradiance mapping, bow-

Lo ing, HEX heating.

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

o Beams:

ower: __ADertures

FAR-FIELD MODELS (\/): Beam Steering Removal: Y.

Optimat Focal Search: Beam Quality:

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?,
PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=Y¥X+Y WiEF jo |8

V+Xy=V¥X+X H

Cofc! (F + Ho): D

Hot (H + F2): Chain (F + Hy & H + Fp):

| GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (V): None

Cytindrical, Radially Flowing:

Rectangutar, Linearly Flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (V):
Laminar: Jurbutent: __

Other:

BASIC MODELING APPROACH (\/):

Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R:,

vV

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: i Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fo: SFg:

Single Line Model (\/):

Multiline Model . (\/):

State (\/):

Nonequilibrium:

Number of Laser Lines Modeled:

Source of Rate C: Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other:

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers: Shock Waves:

(thermat T

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE TYPE: Optics

CODE NAME: LS~14RGS*

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Performs_an exact ray trace analysis in order to determine the

geometric configuration of a HSURIA type laser optical resonator with a ray distributing reflaxicon

beam compactor assembly. Provides geometry data to wave optics HSURIA codes.

ASSESSMENT OF CAPABILITIES

Computes OPDs 1ntroduced by the beam compactor

abolics

Determines optimum feedback mirror configuration.

ASSESSMENT OF LIMITATIONS: i SURIA wi n eflaxicon beam

compactors.

HSURIA, reflaxicon beam compactors.

OTHER UNIQUE FEATURES: Resonator Geometries Modeled:

Determines aberration due to beam compactor and transfers data to wave optics codes.

ORIGINATOR/KEY CONTACT:

Name: Yictor L. Gamiz
Organization: — RoCketdyne, laser Optics

Phone: (2] 3) 884-3346

Add 6633 Canoga Ave., Canoga Park, California (91304)

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Rel

__(T) Resonator Geometry Synthesis Code Require-

ments (V. L. Gamiz); Incorporate General Resonator into Ray Trace Code (W. H. Southwell); Surface

_Optimization Algorithms and Equations (W. H. Southwell); Equations for Wave Optics Code Parameters

_(v. L. Gamiz); (U) Resonator Geometry Synthesis Code Development (L. R. Stidham).

STATUS:
[¢) ional C Yes

P ly?:

Under Modification?; No

3

ownership? AFHL

Proprietary?; No

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

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

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

Execution Time (Sec, CDC 7600)

Small Job: 70K

20

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines: 1500

*|.S-14 Resonator Geometry Synthesizer
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LS-14RGS

CODE NAME:

BASIC TYPE (\/):
Physical Optics:

v

Geometrical: __

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar:

Vector:

COORDINATE SYSTEM (Cartesian, cylindricat, ete.):
Compact Region: .ﬂknnular Region:E.L

TRANSVERSE GRID DIMENSIONALITY (\/): b | 2D
Compact Region: v/
Annular Region: |/

FIELD SYMMETRY ResTRicTionsz__Meridional
MIRROR SHAPE(S) ALLOWED (V):

Square:

Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Resonator Geometry:

Fixed, Muttiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):|cOMPACT JANNULA

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

I OPTICS I

RESONATOR TYPE (\/): Standing Wave: -__NL

Traveling Wave (Ring): —__Reverse TW:

BRANCH (\/): Positive: J
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

v

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

Arbitrary:

Linear:

Parabola-Parabota: v

=~

Variable Cone Offset:

PPTANH v/

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): Barecavityonty: — N/A_

Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V): N/A
Mirror Tilt: i

Fast Hanke! Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Ray trace

Other (specify):

CONVERGENCE TECHNIQUE (\/): N/A

Power i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z
Prony: N/A

Other:

Ab ions/Thermal Di

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/): N/A

Medium Index Variati

Gas Absorption:

Beams:

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:, “A

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 20 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?:

Flow Direction?ime

PULSED: Cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+¥p=YX+Y }‘{ F la |er |1
Y+Xy = VK+X H
Cold (F+ Hpl: D

| GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radially Fiowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:,
FLOW FIELD MODELED (V):

Laminar:

2D:

Turbulent:,

Other:

BASIC MODELING APPROACH (\/):

Premixed: Mixing:

Other

for Used:

Hot (H + Fp):_ Chain (F + Hy & H + F,):

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:

V-V

Other:

Single Line Model (\/):—

Multitine Model . (\/):

State (\/):

Number of Laser Lines Modeled:

Source of Rate C Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other

Optimal Focal Search: Beam Quality:,

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: i Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
SFg:

Fat
Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ____
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:

(thermat

Other

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media index Variations:

Other




CODE NAME: MCLANC

copeType: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: __Modeling of a real gas flow by tracking several thousand simulated
molecules. Primarily used for modeling nozzle flows with large base regions, and low pressure
regions_in_hypersonic wedge wakes.

ASSESSMENT OF CAPABILITIES: is method on ide variety of problems has shown no sign of
instability in operation.

ASSESSMENT OF LIMITATIONS: Large array sizes for fiowfield cell network and molecular information
imposes 1imits on size of flowfield which can be analyzed in one run. Cavity radiation inter-
action not included.

OTHER UNIQUE FEATUREs: _ Developed cavity initial conditions for a large number of cavity injector
systems. Includes nonequilibrium chemical reactions, models shock waves, recirculating flows, and
transverse pressure gracdient.

ORIGINATOR/KEY CONTACT:
Name: R. Hughes and H. W. Behrens Phone: (213} 536-1624

Oraanization: _LRW_DSSG
Add RI/1038, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publicationy: ___(RP): “Chemical Laser Nozzle and Cavity
Calculations by the Direct Simulation Monte Cario Method," T. Sugimura, G. A. Bird, and H. W. Behrens,

presented at AIAA Conference on High Power Lasers, Oct. 31-Nov. 2, 1978, Cambridge, Massachusetts.

STATUS:
Operational Currently?: Yes
Under Modification?: No
Pur ):

o ip?: JRW
Yes

Proprietary?:
MACHINE/OPERATING SYSTEM (on which installed): __CDC 7600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size {Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 250K 400
Typical Job: 500K 2000
Large Job: 1000K 4000

Approximate Number of FORTRAN Lines:

@3TITSSYTIND



CODE NAME: MCLANC

| OPTICS '

BASIC TYPE (\/): None

Physical Optics:—___Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: ... Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):
Compact Region:

Annular Region:

None

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive:
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

Cy ical Mirrors:

Scraper Mirrors:

Axicons Waxicons

Reflaxicons

FIELD SYMMETRY RESTRICTIONS?:,
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Resonator Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that appty):|COMPACT |ANNULA

Fresnel Integral Algorithms:

With Kerne! Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Titt:

Fast Hankel Transform (FHT):

Gardener-Fresne!-Kirchhoft (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i Field

Gther:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

0

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (\/): None
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 | 3p

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction? e
PULSED: _CW: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+Y¥y=YX+Y NS ERES

YeXy=VK+X H

Cold (F + Hy):

— D

Hot (H + Fa): e Chain (F + Hy & H + F):

l GAS DYNAMICS l

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: |/

Other:

COORDINATE SYsTeEm: _Cartesian
FLUID GRID DIMENSION (V): 10
FLOW FIELD MODELED (V):
Turbulant:

2D: / 3D:

Laminar;

other:__NOncontinuum; direct simul.

BASIC MODELING APPROACH (\/):
Premixed: Mixing:
Other Kinetic theory, which does
oos £ lecul ]
for uses: . Molecular Gas Dyn!
G. A. Bird, Oxford, 1976.

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v-T:

V-R:,

Vv

Other:

Single Line Model (\/):

Multiline Model - (\/):

ion State (\/):

Number of Laser Lines Modefed:

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (VA:
Frn? s

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL? Y &S
DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Shock Waves:

. Nozzte Boundary Layers:

(thermal

Base region recirculation.

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: MNORO

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobe: __Predict power and power spectral distribution of CW chemical

lasers. Also see AFOPTMNORO.

ASSESSMENT OF CAPABILITIES: Can predict power and power spectral distribution on 2»1 band for CW

chemical lasers, typical case takes 100-200 seconds on Cyber 175. Contains Fabry-Perot resonator.

With the rotational nonequilibrium kinetics, code will predict which lines lase.

ASSESSMENT OF LIMITATIONS: Need to include rotational nonequilibrium on 1-0 band.

OTHER UNIQUE FEATUREs: __The following quantities are input as polynomials: T(x), P(x), U(x), m_{x)

(flow rate remaining in primary), m_(x) (flow rate remaining in secondary), primary nozzle “F atom

boundary layer profile, and Le/Lg(x7 (thickness of mixed flow). Coefficients of the polynomials

are obtained by fits to these profiles (profiles come from BLAZE II, LAMP, etc.)

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman phone:  (217) 333-1834

Organizati Aeronautical and Astronautical Engineering Dept., University of I1linois

Address: Urbana, I1linois 61801

AVAILABLE DOCUMENTATION: (T = Theory, U = User, (T)_"An Efficient Rotational Nonequilibrium
Model of CW Chemical Lasers," L. H Sentman and w Brandkamp, AAE TR 79-5. UILU Eng 79-0505

{July 1979); (U) “Users Guide for Programs MNORQ and AFOPTMNORO," L. H. Sentman, AAE TR 79-7, UILU

Eng 79-0507 (October 1979).

STATUS:
Operational C ly?:

Under Madification?:

Pur|

Ownership?: AFOSR

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): — CDC Cyber 176

TRANSPORTABLE?: Yes

Machine D

SELF-CONTAINED?: ._Y€s

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: All jobs same size 50-100 sec

Large Job:

Approximate Number of FORTRAN Lines:

Q3T31SSYTINN



CODE NAME: MNORQ

BASIC TYPE (\/)‘.
Physical Optics:, Geome"ical:_L

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: .. Annular Region:

I OPTICS '

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: | Mirrors:

Cs ical Mirrors:

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):
Square:

Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geametry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Val that applyy:|COMPACT

ANNULAI

Fresnel Integral Afgorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

GAIN REGION SYMMETRY RESTRICTIONS:

Linear:

Parabola-Parabola:

Variable Cone Offset:

CHEMICAL PUMPING REACTIONS MODELED (\/):

Other (specify):

Mirrors:

Gratings:

Spatial Filters:.

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:
BARE CAVITY FIELD MODIFIER MODELS (\/):

Mirror Tilt: i

ENERGY TRANSFER MODES MODELED (\/): Reference

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhotf (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

Power ( Fietd C

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

/Thermal Di:

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

LINE PROFILE MODELS (V):

Other:

FAR-FIELD MODELS (V); Beam Steering Removal:

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (V5:
Compact Rogiun:_ﬂ_Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: (,a Annular Region:
KINETICS GRID DIMENSIONALITY (\/):
10 j 20 | 3D

Compact Region:

Annular Region:

Gain Vary Along Optic Axes?: _____ Flow Direction? m———

PULSED: cw: v KINETICS MODELED

X+¥y=YK+Y WF Jo |or

YeXp=YR+X W1/

Cold (F + Hy): % o |V

Hot (H + Fz):__'/_cmin (FHy&H+Fp: v

l GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: Y

Other:

COORDINATE sysTem: _Cartesian

FLUID GRID DIMENSION (\/)'. 10: 20:
FLOW FIELD MODELED (V):
Laminar: Turbulent: _

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other i Y

Other

vr. Y
V-R: /
Vv

omer: Multiquantum V-T, F-atom wall
recombination.

Single Line Model (\/):
Muitiline Model . (V):

State (\/):

Equilibrium:,

rium; '/
Predicts which
Number of Laser Lines Modeled:, }ines Tase.
Source of Rate Coefficients Used In Code: COhEN 'S HF /DF|

rate package, Hinchen's rotational?

Doppler

[y

Other:

THERMAL DRIVER MODELED (\/):

Are Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fat SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ——

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Nozzle Boundary Layers: Shock Waves:

P (thermal T

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other

~Relaxation data, Polanyi's pumping distribution.



CODE NAME: MPCPAGOS

cope Type: . Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Derivati R s sensitivit
coefficients for general optical train; relates output ray motions to individual optical element
motions in six degrees of freedom; used in_conjunction with NASTRAN to predict beam jitter through
an_integrated optics/structures approach.

ASSESSMENT OF CAPABILITIES: Can handle all elements of IPAGOS. but alsg incl udes an_unstable resonator
modeling capability.

ASSESSMENT OF LIMITATIONS: Meant to be used to generate multipoint constraint (MPC) cards for
NASTRAN; output format is rough and difficult for novice to interpret.

OTHER UNIQUE FEATURES: Resonator Geometries Modeled: Unstable, Linear, with up to 4 folding flats.

ORIGINATOR/KEY CONTACT:
Name: D. Mansell/C. Barnard Phone: (505) 848-5000

. The BDM Corporation
Addi 1801 Randolph Road, S.E., Albuquerque, New Mexico 87106

AVAILABLE DOCUMENTATION; (T = Theory, U = User, RP = Releyant Publication): (1) Final Task Report for Sensitivity
Analyses of the All Optical Train," BDM/TAC-78-793-TR; (U) "MPCPAGOS Users Manual," BDM/TAC-78-727-1R.

STATUS:
Op: { ! Ci ly?:

Under Modification?: No
Pur| H

Cwnorshio AFWL/LRO. BDM
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): —.CDC_6600/7600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: Yes
Other Codes Required (name, purpose): - NASTRAN uses MCPAGQS output

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 120K 1 sec
Large Job:
Approximate Number of FORTRAN Lines: 6K
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CODE NAME:

MPCPAGOS

I OPTICS I

BASIC TYPE (\/):
Physical Oplics:_Geomnxrical:_'/_

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar:-_L_ Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: _V/ Annular Ragion:__‘/__

TRANSVERSE GRID DIMENSIONALITY (‘/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: No
MIRROR SHAPE(S) ALLOWED (\/):
cireutar: Y __strips_ V.

Y Etipt Y

CONFIGURATION FLEXIBILITY (V)
Geometry: ‘/( + Branch,
~ UnstabTe)

Square:

Fixed, Single

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Van that apply)s|COMPACT |ANNULARY

Fresnel Integral Algorithms:

" With Xernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATOR TYPE (\/): Standing Wave: 4

Traveling Wave (Ring): Reverse TW:

GAIN REGION MODELED (V): None

BRANCH (\/): Positive: vy i v/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors; Mirrors:

v/ v

C ical Mirrors:

Scraper Mirrors: ‘/

Axicons Waxicons }Reftaxicons

Arbitrary: v v

Linear:

%
Parabola-Parabola: v
v

Variable Cone Offset:

other specity:NOneverting

Mirrors:

Spatial Filters:

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Galn: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Titt: { '/

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(‘/):
Prony:

/Thermal Di

y:

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

Other:

Othor:

FAR-FIELD MODELS (\/ ): Beam Steering Removal:_______

Optimal Focal Search: Beam Quality:

pact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region:, Annular Region:

KINETICS GRID DIMENSIONALITY (\/)'.
b | 2p | 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: . Flow Direction? e
PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥p=YX+¥ W F jo |er

Yody=YheX n

Cold (F + Hy): o

Hot (H + Fz):_ Chain (F + H2 &H+Fy):

I GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radiatly Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (‘/): 1D;
FLOW FIELD MODELED (V):

Laminar;

Surbulent _______

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v-T:

V-R:

Vv

Other:

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (‘/):
Fa SFg:

Single Line Mode! (\/):

Multiline Model . (d):

—

State (\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:,

LINE PROFILE MODELS (\/):
Doppler

omer _2-dimensional Fourier transfo

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzte Boundary Layers:,

Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other




CODE NAME: MRO

CODE TYPE: Opti inetics d G ics,

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Models the optical performance of linear bank CW HF and DF
chemical lasers. MRO is 2D model; BLAZER is 3D model. Used as design tools for BDL, NACL, MIRACL.

ASSESSMENT OF cAPABILITIES: _Resonator: Positive or negative branch confocal unstable; arbitrary optical axis
position; cylindrical, toric, or spherical mirrors. Gain medium: CW flowing HF* or DF*, strut wake,
mirror aberration, thermal distortion, and nonresonant index OPD's

MRO does stable Fabry Perot with geometrical optics.
ASSESSMENT OF LIMITATIONs: . Lacks transverse pressure gradient modeling capability, lacks FFT propagation
algorithm, uses only single gain sheet, uses only rotational equilibrium description.

OTHER UNIQUE FEaTures: __Confocal unstable resonator modeled.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock phorer_(213) 535-3484

Organizati TRW DSSG
Address: RI/1162, One Space Park, Redondo Beach, California 90278

June 1978;

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): M ]
H mber 1978 (includes MRO); Listings available.

STATUS:
Operational Currently?: Yes

Under Modification?: Planned
Pur Rotational nonequilibrium, FFT propagation algorithm, multiple gain skins,

transverse pressure gradient description.

Ownership?: __Government

Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): —Cyber 174-TRW/TSS

TRANSPORTABLE?: Needs mods for export
Machine D dent Restricti €DC

SELF-CONTAINED?:
Other Codes Required (name, purpose): — YLINT, KBLIMP, ALFA for nozzle exit condition.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)
Small Job: MRO: ---- BLAZER: - — J—
Typical Job: _151K 165K 6500
Large Job: -r= 245K 15000

Approximate Number of FORTRAN Lines: _MRO: 4500 BLAZER: 6000
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CODE NAME: MRO

l OPTICS I - l GAS DYNAMICS I
BAsIC TYpE (V): RESONATOR TYPE (V): standing Wave: GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (V):
Physical Optics: Geometrical: Traveling Wave (Ring): Reverse TW: Compact Region: Annular Region: _____ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/); Positive: v i 4 COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangutar, Linearly Flowing: v/
Scalar: Vector: OPTICAL ELEMENT MODELS INCLUDED (v): Compact Region: Ca Annular Region: Other:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Flat Mirrors: ieal Mirrors: KINETICS GRID DIMENSIONALITY (V): COORDINATE sysTem:_Cartesian
Compact Region: & Annutar Region: indviat inors: ol il FLUID GRID DIMENSION (V): 10:_Y__2p: 3p:
TRANSVERSE GRID DIMENSIONALITY (V): [ 1D | 20 Scraper Mirrors: ¥ Compact Region: v FLOW FIELD MODELED (V):
Compact Region: '/ Axicons Waxicons {Reflaxicons Annular Region: Laminar: Turbulent:
ion: ._Scheduled mixing.
Annular Region: Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: Other. g
FIELD SYMMETRY REsTRicTIONs”._None Linear: Gain Vary Along Optic Axes?:_Y__ Flow Directionti Y. __ BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): parabola-Parabola: PULSED: cw:_ ¥ KINETICS MODELED Premixed: Mixing: i
Square: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other (specityy; SCheduled mixing.
" Variable Cone Offset: ‘
rhitrary: X+¥py=YX+Y }‘{ F la |e |
Other (specity):
CONFIGURATION FLEXIBILITY (V): YoXy=¥X+X M|y tor usea: 1NE BLAZER and
Fixed, Single y: Mirrors: N > |/ MRO Codes (TRW).
) ' v Spatial Filters: .
Fixed, Multiple Hot (H+F,): Chain (F+ Hy & H + Fp):
i Other
Modular. Mutiple Other (speci THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vall tnat appiy):|COMPACT [ANNULAR ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: VT v/ The BLAZER and MRO Codes Shock Tube: . Heater:
With Kernel Averaging Simple Saturated Gain: Detailed Gainv: Vi othon
! AP BARE CAVITY FIELD MODIFIER MODELS (V):
Gaussian Quadrature:(Mod i fied ) v vv. ¥ [The BLAZER and MRO Codes .
Wirror Titt: i - - F-ATOM DISSOCIATION FROM (V):
Fast Faurier Transform (FFT): oer: RR with rot. nonegui 1. Fo: SFg:
/Thermal Di i < NF
Fast Hankel Transform (FHT): / Single Line Model (V): Other 3
v
Gardener-Fresnel-Kirchhoff (GFK): Mutitine Model . (V): ¥ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ! €5
Selected
Other (speci * i fon Distribution State (V}: piLuents mopeLep: He, No, CF,
: ) J ate (V): 2 4
Loss: J/ . MODELS EFFECTS ON MIXING RATE DUE 70 (V):
Output Coupler Edges: Rolled: Nozzle Boundary Layers: Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled: 24
N . Serrated:. Other: (thermal
Power Field N . N. Cohen
Source of Rate C¢ Used in Cade: L] 1L, .
other: LOADED CAVITY FIELD MODIFIER MODELS (V): ree of Hate " Other specityy: SCheduled three stream:
No Medium Index Variation: Y. fuel, oxidant, mixed.
2:
ACCELERATION ALGORITHMS USED?: - LINE PROFILE MODELS (V):
oo Doppler '/
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V): Beams: - oy MODELS EFFECTS ON OPTICAL MODES DUE T0 (V):
. Other: R . Media index Variations:
Prony: other specityy.__OPEration at line center.
Other: FAR-FIELD MODELS (\/): Beam Steering Removal: Other
Optimal Focal Search: Beam Quality:,
other: _EMBLAZON




CODE NAME: NCFTDPWE*

copeType:  _Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: — Study of wavefront di ion i ropagation through

amplifying self-focusing media.

ASSESSMENT OF CAPABILITIES: — 1Dis code propagates a two (transverse) dimensional wavefront through
a medium with constant small signal gain and with a nonlinear index of refraction which induces
self-focusing. The code was written by F.D. Tappert, now at the University of Miami in Miami,

Florida. A description is in Los Alamos report LA-6833-MS by John C, Goldstein,

ASSESSMENT OF LIMITATIONS: Although this code could be extended to be used in resonator calculations,
it currently does not have any optical elements or saturable gain models included. Therefore,
other than noting that the fast Fourier transform is the basic numerical method employed and that
other details can be found in the report cited, no other data for this code will be given.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:
Name: F.D. Tappert/John C. Goldstein phone:  _{505) 667-7281

Organization: L0S_Alamos Scientific Laboratory, Group X-1, MS-531
Add Los Alamos, New Mexico 87545
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publi

(T) A Numerical Code for the Three Dimensional

Parabolic Wave Equation, John C. Goldstein, Los Alamos report number LA-6833-MS.

STATUS:
[+] ional Currently?:
Under Modification?:

Pury

O

Pl 148

MACHINE/OPERATING SYSTEM (on which i

TRANSPORTABLE?:

Machine Dep Restrictions:

SELF-CONTAINED?:
Other Codes Required (name,

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Number of FORTRAN Lines:

*Numerical Code for the Three Dimensional Parabolic Wave Equation
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NCFTDPWE

CODE NAME:

BASIC TYPE (\/): None

Physical Optics:____Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):«

Compact Region: — Annular Region: —___

TRANSVERSE GRID DIMENSIONALITY (\/): 10 | 20

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (V):

Circular: Strip:

Square:

rbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Resonator Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (V3 that appty):]compacT [annuLar]

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

| OPTICS '

None

RESONATOR TYPE (\/): Standing Wave:

Reverse TW:

Traveling Wave (Ring):

BRANCH (\/): Positive:
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons [Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:
Other (specify):

Mirrars:

Spatial Filters:

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tift:

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhotf (GFK):

Other

CONVERGENCE TECHNIQUE (V):
Power Ci i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Al ions/Thermal Di

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index Variati

Gas

Beams:

Cther:

FAR-FIELD MODELS (\/): Beam Steering Removat:,

Optimal Focal Search: Beam Quality:;,

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1D 2D 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=YX+Y W{ F la |sr 1

YaXy =X+ X H

Cold (F+Hp): D

Hot (H + Fo): __ Chain (F + Hy &H +Fo)

l GAS DYNAMICS I

NOZZLE GEOMETRY MODELED (and type) (\/): None
Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (\/):

Laminar:

2D: 3D:

Turbulent:

Other:

BASIC MODELING APPROACH (\/):
Premixed:

Mixing:

Other

for Used:

Other

ENERGY TRANSFER MODES MODELED (V): Reference
VT

V-R:,

Vv

Other:

Single Line Model (\/):

Muftitine Model . (\/):

F i istributi Slale(\/):

Number of Laser Lines Modeed:

Source of Rate C: Used in Code:,

LINE PROFILE MODELS (\/):
Dappler

C

Other

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater:

Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (‘/):
SFg:

Fy
Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: .
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:

(thermal

Other

MODELS EFFECTS ON OPTICAL MODES DUE YO (\6:

Media Index Variations:

Other




CODE NAME: NORQ-1

CODE TYPE: Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: ___Models rotational nonequilibrium effects in CW chemical lasers.
(Combined with other optics models, e.q., see ROPTICS).

ASSESSMENT OF CAPABILITIES: Predicts power spectral distribution, effect of rotational nonequilibrium

on laser performance.

ASSESSMENT OF LIMITATIONS: Qualitative model, 2 vibrational levels, 21 P-branch and 21 R-branch

lines. Fabry-Perot cavity, fluid dynamic variables p, p, T, u input as constants, premixed.

OTHER UNIQUE FEATURES: This model was used to demonstrate the importance of rotational nonequilibrium
effects in CW chemical lasers. To ascertain the role of the resonator, it was coupled to the

Bell Aerospace strip resonator code and run with_a confocal unstable resonator. In this form

—the code is known as ROPTICS.

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman phone:  {217) 333-1834

Organization: _Agronautical and Astronautical Engineering Dept., University of I11inois

Address:  _Urbana, I11inois 61801

AVAILABLE DOCUMENTATION: (T = Theory, U = Use .. (T) J. Chemical Physics 62, 3523 (1975); (RP)

Applied Optics 15, 744 (1976); (RP) J Chem1ca1 Phys1cs 67, 966 (1977); (RP) Applied Optics 17,

2244 (1978).

STATUS:
Operational ¢ Yes

ly?:

Under Modification?:

Pur )

Ownership?: Bell Aerospace TEXTRON
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (an which installed): —1BM, CDC

TRANSPORTABLE?: Yes

Machine D Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: All _jobs same size 15 sec

Large Job:

Approximate Number of FORTRAN Lines:
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CODE NAME: NORO-I

OPTICS

BASIC TYPE (\/): None
Physical Optics:___Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: . Annular Region: __.

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multipte

PROPAGATION TECHNIQUE (Vall that apply):}COMPACT JANNULAR]

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHY):

Gardener-Fresnel-Kirchhotf (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

Power i Field C

Other:

ACCELERATION ALGORITHMS USED?:

T

MULTIPLE E\GENVALUE/VECTOR EXTRACTION ALGOR\THM:(\/)'.

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): ——w.. Reverse TW:

BRANCH (‘/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrars: Mirrars:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

Arbitrary:

Unear:

Parabola-Parabola:

Variable Cone Offset:

Other (specity):

Mirrors:

Spatial Filters:

Other

GAIN MODELS (\/): Bare Cavity Only:

Simple Saturated Gain: Detaited Gain:

BARE CAVITY FIELD MODIFIER MODELS N):
Mirror Tilt:

Aberrations/Thermal Distortions:

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

o

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:
Optimal Focal Search: ____ Beam Quality:,

GAIN REGION MODELED (V):
Compact Region: '/ Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region:_Ca__ Annutar Region:
KINETICS GRID DIMENSIONALITY (\/):
1D 2D 30

Compact Region: v

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axest: ____ Flow Directiont e
PULSED: CwW: 4 KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+¥p=V¥X+Y WIlF o |er

YoXy=YK+X |y

Cold (F + Hy): v D

Hot (H+Fo)__ Chain (F+Hp & H +Fy):

l GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: '/

Other:

COORDINATE sysTem: __Cartesian
FLUID GRID DIMENSION (V): 10:__2p:
FLOW FIELD MODELED (V):

Laminar:

—30

Turbutent:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R: ‘/

Vv

Other:

Single Line Model (\/):.._
Multiline Model . (\/)Z ——L

F istributi Su(a(\/):

P{edwt? which
Number of Laser Lines Modeled: | TNE€S laSe.
Source of Rate C Used in Code: Cohen's HF

rate package, Hinchen's rotational*

LINE PROFILE MODELS (\/):
Doppler '/

Voight profile.

Other:

*pelaxation data, Polanyi's pumping

distribution.

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fy SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Layers:

Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media [ndex Variations:

Other




CODE NAME: OCELOT

copeTvee: Qptics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CoDE: 1001 to assist with resonator design and mode control.

ASSESSMENT OF capaBILITiES: —.Very flexible code that can model almost any resonator we have beep =~
interested in - annular or compact. Both Cartesian and cylindrical coordinate systems are used,

but there are more elements available in Cartesian coordinates at present. Simultaneous multiple
spectral lines with coupled transitions used in simple gain model.

ASSESSMENT OF LIMITATIONS: imited almost exclusi

have not had time to write models for.

OTHER UN1QUE FeaTUREs: _Modeled HSURIA, un P- i i ing; d

resonator/amplifiers, both confocal and nonconfocal. Allows amplifier beams to overlap resonator
medium. User can specify any number of field stations located wherever desired. Utilizes both

Cartesian and cylindrical coordinate systems.

ORIGINATOR/KEY CONTACT:
Name:  David Fink _ 6/C 120 phone: (213) 391-0711, Ext. 6925

Organization: Hughes Aircraft Company
Address: Culver City, California_ 90230
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = ication): Mot _available

STATUS:
Operational C g Yes
Under Modification?: Yes
Purpose(s): — Lncrease number of models in cylindrical coordinates.

o ip?: Hughes Aircraft Company
Proprietary?: Yes
MACHINE/OPERATING SYSTEM (on which install CDC 7600 CDC 176

TRANSPORTABLE: __ Almost, previous versions have been converted to IBM.
Machine Dependent Restrictions: . cONtro] _Data large core and external file usage.

SELF-CONTAINED?: €S
Other Codes Required (name, purp

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)
Small Job: 100K 50
Typical Job: 140K 500
Large Job: 200K 5,000

Approximate Number of FORTRAN Lines:
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CODE NAME: OCELOT

| OPTICS I

BASIC TYPE (\/):

Physical Optics:, Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

veeor: _With multiple spectral
Tines.

Scalar:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: _l_ Annular Region:_gL

TRANSVERSE GRID DIMENSIONALITY (V):’ 2D
Compact Region: Ca 5 cy M

Annular Region: CY v/

- BRANCH (V): Positive: /. N

RESONATOR TYPE (\/): Standing Wave: ‘/

Traveling Wave (Ring): _.\/_Ravavse ™: _L.__—

OPTICAL ELEMENT MODELS INCLUGED (\/):

Flat Mirrors: Mirrors:

Cy Mirrors: v
Scraper Mirrors: .__L

Axicons

Wanicons | Reflaxicons

FIELD SYMMETRY RESTRICTIONs?:_left-right*
MIRROR SHAPE(S) ALLOWED 4(_\/): for Cartesian:

Square: Circular: Strip:

Y Eipticat:_Y.

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single

Arbitrary:

Geometry:

Fixed, Multiple

Modular, Multiple '/

PROPAGATION TECHNIQUE (Vall that apply):]COMPACT | ANNULAI

Fresnel Integral Algorithms:

With Kernef Averdging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): Bare Cavity Only: ‘/

Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/);Cartesi an*|
Mirror Tilt: i v

Fast Hankel Transform (FHT):

/Thermal

Gardener-Frosnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power C¢ i \/ Field

Other:

ACCELERATION ALGORITHMS USED2: No

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

+also for cylindrical coordinates.
*(pestriction will be. removed.)

v (visual)

Hughes mirror model.

Loss: L

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas d ‘/

Ov Beams: ‘/
omer: ANy number & loca. of gain

FAR-FIEEI;‘%%EEL‘S (V) Beam stoering Removat, V¥

GAIN REGION MODELED (V): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
0 |20 |30

Compact Ragion:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?: Flow Direction?e
PULSED: CWw: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥p=YK+Y WIF | |er

Y+ Xy = YX+X H

Cold (F + Hp): D

Hot (H + Fp) e Chain (F + Hy & H + Fp):

l GAS DYNAMICS

. NOZZLE GEOMETRY MODELED (and type) (\/): None

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:.
FLOW FIELD MODELED (\/):

Turbulent:

Laminar:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Qther

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:

V-V

Other:

Single Line Model (\/):

Multiline Modet . (\/):

F ion Di ion State (V):

Equilibrivm:

Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (V):
Doppler

o

Optimal Focal Search: Bearm Quality:,

Other:

*cylindrical in progress.

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustar:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fa SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: e
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzie Boundary Layers:

L; ions (thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: POLRES/POLRESH

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cobe: __ Axisymmetric - i is wi

_two Fourier components for analysis of polarization effect. POIRFSH-HSURIA modification

ASSESSMENT OF CAPABILITIES: Bare resonator analysis for polarization effects

ASSESSMENT OF LIMITATIONS: No-gain effects, resonator specific HSUR and HSURIA.

OTHER UNIQUE FEATURES: Models HSUR, HSURIA--linear-Tinear, PP wax or reflax. Analysis of
polarization effects.

ORIGINATOR/KEY CONTACT:
Name: William P. Latham Phone: (505) 844 -0721
Organizati AFWL/ALR
Address: Kirtland Air Force Base, New Mexico 87117
AVAILABLE DOCUMENTATION (T = Theory, U = User, RP = blication)y: —{(RP) G. C. Dente, Applied Qptics 18, 2911
79); W. P. Latham, "Polarization Effects in a Half= -Symmetric Unstable Resonator with a Coated
Rear Cone," Apph‘ed Optics, to be published.

STATUS:
0 ional C y?: Yes
Under Modification?: H version for HSURIA, simple saturable gain. ring analysis of Chodzke and
): Huguley's experiments.

Government-AFWL
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which instalied): —CDC 176 (AFWL)

TRANSPORTABLE?: No
Machine D stricti Machine language FFT.

SELF-CONTAINED?:
Other Codes Required (name, purpose): IMSLLIB-LEQ2C - Tinear equation sglution
ASPLIB-ZRPCC - polynomial root solution

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 175K 60

Large Job:
Approximate Number of FORTRAN Lines:

@3TITSSYTIND



CODE NAME: POLRES/POLRESH

BASIC TYPE (\/):
Physical Optics:, Y Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: E.X. Annular Region:_C_L

I OPTICS I

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region: Both

Annular Region:

RESONATOR TYPE (\/): Standing Wave: A

Traveling Wave (Ring): Reverse TW:

GAIN REGION MODELED (V): None

BRANCH (V): Posttive: o/

OPTICAL ELEMENT MODELS INCLUDED (V):

Flat Mirrors: Mirrors: Y/

G Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reffaxicons

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Madutar, Multiple

PROPAGATION TECHNIQUE (Vall that apply):{COMPACT

ANNULAS

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Dy Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): BareCaviyony: ON®

Simple Satursted Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/): None
Mirror Tilt:

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (s

CONVERGENCE TECHNIQUE (\/):

Power C i A Field C:

otner: _Krylov Matrix Method

ACCELERATION ALGORITHMS USED?:
Krylov

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony:

/Thermat Di

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/): None
Medium Index

Gas

Other:

other:__Krylov

* H version only

FAR-FIELD MODELS (V): Beam Steering Removai: NONE

Optimal Focal Search: Beam Quality:,

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region;

KINETICS GRID DIMENSIONALITY (\/):
10 | 2p | 3D

Compact Region:

Annular Region;

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: e FLOW D OCHONT s
PULSED: cw: KINET!CS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+ ¥y =VX+¥ Wlr |o fer

Y+Xy=¥X+X H

Cold (F + Hy): V]

Hot (H+Fo):_____ Chain (F+Hy & H +Fy):

| GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/): None

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:

FLUID GRID DIMENSION (V): 10:
FLOW FIELD MODELED (V):

Laminar: _Turbulent:

Other:

BASIC MODELING APPROACH (‘/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v-T:

V-R:,

V-V

* Other:

Single Line Mode) (V):

Multiline Model - (V):

A P i State (\/):

Equilibrium: Nonequilibrium:
Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (V):
Dopgler

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other;

F-ATOM DISSOCIATION FROM (\/>:
Fy SFg:

Other ify

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:

DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Nozzle Boundary Layers: Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other ify




CODE NAME: poP

cooeTvee: . Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: POP (Physical Optics Propaqgtion) Code; Physical optics analysis
of general HEL optical system and atmospheric propagation. Not limited fo HEL resonators. Can

model CW or pulsed CO2 EDL, GDL and jodine lasers.

ASSESSMENT OF cAPABILITIES; _General purpose, versatile cod
including resonators, beam transfer optics, atmospherics, and adaptive optics.

ASSESSMENT OF LIMITATIONS: nts. Transverse qrid

dimensionality: (1) Compact Region: (a) 2-D Cartesian., 2 x 2, N+M = 165 (b) 2-D cylindrical

2048 radial points x 1. azimuthal modes (1<300); (2) Annular region: 1-D cylindrical, 2048

radial points x 1 azimuthal modes (1<300).

OTHER UNIQUE FEATURES: Principle Resonator Geometries Modeled: HSURIA, Compact Unstable Confocal or

Non-Confocal, Compact Unstable Astigmatic (or Toric, Toric Unstable Resonators (Annular),

Oscillator/Amplifier. A versatile interface routine allows use of a variety of kinetic models

with the POP. Other features include ZERNIKE polynomial decomposition and modification, pulsed or

OR%NEQSK%LC% qqming kinetic cooling.

Name: Dr. Peter B. Mumola Phone: (203) 762-4415

Perkin-Elmer Corporation

Add 50 Danbury Rd./Ms 241, Wilton, Connecticut 06897

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publicationy: L) _Available: (U) Available

STATUS:
Operational Currently?: Yes

Under Modification?: As required

Ownershior: _Perkin-Elmer

Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which installed): — CDC 7600, CYBER 176, IBM 3032, CRAY, CRAY-I (In_progress).

TRANSPORTABLE?: __Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: No

Other Codes Required (name,

-—---——-‘—-—--—

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: 200K _(SCM), 240K (LCM) 56 sec. (CYBER 176) 1 iteration (loaded cavity

Large Job: Pulsed EDL (COQ)

Approximate Number of FORTRAN Lines: 210,000

Q3131SSVIIND



CODE NAME: pPopP

I OPTICS I

BASIC TYPE (\/):
Physical Op(ics:.__Gaomelrical:.'_/_
FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: ____ Vector:

COORDINATE SYSTEM (Castesian, cylindrical, etc.):
Compact Regiun.B.ﬂhnnuln Ra;lon:Str1 P

TRANSVERSE GRID DIMENSIONALITY (v)'.
Compact Region: Cy (Ca

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:_NONe
MIRROR SHAPE(S) ALLOWED (V):

Square:

Strip:, ‘/

Circular:

V/ Elliptical: /

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single

Geometry:

Fixed, Muttiple

Modutar, Multiple i ‘/

PROPAGATION TECHNIQUE (Val that apply):|COMPACT { ANNULAR
Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourler Yransform (FFT):

- BRANCH (\/): Positive: '/

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): 1 _.— Reverse TW:

OPTICAL ELEMENT MODELS INCLUDED (‘/):

Flat Mirrors: Mirrors:

Mirrors: A Y
v

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

Arbitrary:

Linear:

in
progress,
Variable Cone Offset:

Other (specily):

Parabola-Parabola:

Spatiat ﬂhon:_‘/__. Gratings:. '/
Other Generalized conics,
windows, struts.

GAIN MODELS (\/): Bare Cavity Only: ‘/
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt:

Fast Hanke! Transform (FHT):

Gardener-Freanel-Kirchhotf (GFK):

Other

CONVERGENCE TECHNIQUE (V):

Power C i ‘/ Field ‘/

ower: Phage, RMS Intensity, Coupling.
ACCELERATION ALGORITHMS USED?:

Field/Gain averaging, Dynamic

averaging. v
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

/Thermal

v

As per HAC mirror model.
Y

Output Coupler Edges: Rolled: ‘/

Y omer. Different rad. of
urv.

Loss:

c
LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index '/

4

Gas

Other:

*Generalized conics

FAR-FIELD MODELS (V): Beam Steering Removal:, /

Optimal Focal Search: Beam Quality;,

GAIN REGION MODELED (V): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1D | 2p | 3D

Compact Region:

Annular Region;

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: _____ Flow Direction? e
PULSED: CW: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

X+¥y=YR+Y WIlF o fer

Y+Xy=YK+X H

Cold (F + Hp): [}

Hot (H + Fo): e, Chain (F + Hy & H + F )

[ GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/): None

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 0 2D 3D
FLOW FIELD MODELED (V):

Laminar:

Turbulent: ____

Other:

BASIC MODELING APPROACH (\/):

emixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (V): Reference
V-T:

V-R:,

v-v:

Other:

THERMAL DRIVER MODELED (V):

Arc Heater: _____Combustor:

Shock Tube: Heatar:

Other:

F-ATOM DISSOCIATION FROM (V):
Fy: SFg:

Single Line Model (v Y
Muttiline Modet . (V):

P State (\/):

Number of Laser Lines Modeled:

Source of Rate i Used in Code:

LINE PROFILE MODELS (V):
Doppler

omer. _Adaptive optics evaluation,
Atmospheric propagation effects

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODELY: —
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers:

Shock Waves:

P {therma}

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variations:

Other




CODE NAME: PRE-WATSON

copeTvpe: ..Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __Evaluate impact on resonator solution of conical element

polarization.

ASSESSMENT OF CAPABILITIES: Models polarization of conical mirror. Allows arbitrary selection of
reflectivity and phase delay.

ASSESSMENT OF LIMITATIONS: Low resolution, only models polarization.

OTHER UNIQUE FEATURES: Resonator Geometries Modeled: half symmetric unstable resonator with rear cone.
Rear cone polarization.

ORIGINATOR/KEY CONTACT:
Name: Phiilip D. Briggs prome: {213) 884-3851

Organization: .R0ckwell International, Rocketdyne Division
Add 6633 Canoga Ave., Canoga Park, California (91304)
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Publi (RP) Various papers in open literature.

STATUS:
[ 1 G

Under Modifi

o i Developed under contract to AFWL.
i X No
Proprietary?:

MACHINE/QPERATING SYSTEM (on which installed CDC Cyber 176

TRANSPORTABLE?: Yes, with mod.
Machine Dependent Restrictions: Uses CDC-extended core.

SELF-CONTAINEDZ: —__YeS
Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size {Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: Z0K 5 cm, 200K 6 cm <1 min
Large Job:
Approximate Number of FORTRAN Lines: 600

GITITSSYTOND



CODE NAME: PRE-WATSON

| OPTICS I

BASIC TYPE (\/):
Physical Oplics:_LGeomehical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vectar: V/
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region:(_:L Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

RESONATOR TYPE (V): StandingWave: ¢

Reverse TW:

Traveting Wave (Ring):
BRANCH (\/): Positive: ‘/
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons | Reflaxicons

FIELD SYMMETRY RESTRICTIONS?: None
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circutar: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multipte

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply):|COMPACT |ANNULA

Fresnet Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transtorm (FFT):

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:

Other Cone

GAIN MODELS (\/)1 Bare Cavity Only: v

Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Titt: i

Fast Hanke! Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i Field C:

omer: __Eigenvalue

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony:

Other:

/Thermal Di;

Loss:

QOutput Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index

Gas

o

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:.

GAIN REGION MODELED (V): one

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 2D { 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?___
PULSED: cwW: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=YX+Y

WIF |e |8

Y+Xp=YX+X H

Cold (F+ Hy) D

Hot (H + Fo): Chain (F + Hy &H + Fp):

| GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/): None

Cylindrical, Radially Flowing:

Rectanglar, Linearly Flowing:

Other;

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (V):

Laminar: Turbulent: ____

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:,

vV

Other:

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor;

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fy: SF,

Single Line Model (V):

Multiline Model - (\/):

F ion State (\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other:

2 6
Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers:,

Shock Waves:

(thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other
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CODE NAME: QFHT

copeTvee: . Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __The QriT (quasi fast Hankel transform) code was developed as a
tool for modeling high Fresnel number annular resonators.

ASSESSMENT OF CAPABILITIES: The QFHT code will model azimuthally symmetric resonators with collimated
Fresnel numbers in excess of 200. Code will model Targe variety of unstable resonators, positive
or _negative branch, annular or ring. Modular code construction is used with resonator geometry
determined by input.

ASSESSMENT OF LIMITATIONS: aus storage requirements sonat ith severe azimuthal variations
(i.e. 16 modes) and large (+25) Fresnel numbers cannot be adequately sampled.

OTHER UNIQUE FEATUREs: . Models positive and negative compact unstable confocal resonators. rings, rings
with IFPA {inter focal point aperture), misaligned and offset axicon cones, and extra cavity phase

correction.

ORIGINATOR/KEY CONTACT:
Name: Paul E. Fileger Phone:  _(305) 840-6643
United Technologies Research Center, OATL

Address: P.0. Box 2691, MS-R-48 West Palm Beach, Florida 33402
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Rel Publication): None

STATUS:
v/ { Currently?: Yes

Under Modification?: Yes
P To incorporate multiline loaded capabilities by coupling to CLOQ3D kinetics package.

Ownership UTRC
Proprietary?: Yes
MACHINE/OPERATING SYSTEM (on which i lled) CDC-176 2 1BM-370

TRANSPORTABLE?: ___Yes
Machine Dependent Restrictions:

None

SELF-CONTAINED?: —1€S
Other Codes Required (name,

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:
Approximate Nurnber of FORTRAN Lines:
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CODE NAME:

QFHT.

' OPTICS I

BASIC TYPE (\/):

Physical Optics:LGeomelrical:__
FIELD (POLARIZATION) REPRESENTATION (V):
vector: 1N_Process
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: Q_L Annufar Region:&L

Scalar:

TRANSVERSE GRID DIMENSIONALITY (\/): 1D

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONs?__None
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip: /

v enipticat: Y.

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single

Geometry:

Fixed, Multiple

Moduar, Multipte i N

PROPAGATION TECHNIQUE (Vall that apply):]COMPACT | ANNULAJ

Fresnel Integral Atgorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnet-Kirchhotf (GFK):

other specity): Radial asympototic propa-
gator,
CONVERGENCE TECHNIQUE (V): ;

Power C i Field

omer:Wil] also use power when loaded.

ACCELERATION ALGORITHMS useDz: . Yes
. Field averaging.

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)'.

Prony:

RESONATOR TYPE (\/): Standing Wave: _L___.
Traveling Wave (Ring): _L Reverse TW: _1/__._

BRANCH (V): positive: 2/ Negati J/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

Mirrors:

Mirrors: V. /(geometric)

Scraper Mirrors: __L

Axicons

Waxicons | Reflaxicons|

In prdgress

Arbitrary:

Linear: 4

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors: V/

Spatial Filters: '/
Other Misaligned and offset cones

GAIN MODELS (V): Bare Cavity Only: —/
Simple Saturated Gain: Detailed Gain: (11 work)

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Titt: v

Aberrations/Thermal Distortions:

Y/

Loss: L

Output Coupler Edges: Rolled: /

4 Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

o

Other:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:__y

Optirnal Focal Search: Beam Quality;,

GAIN REGION MODELED (V): None

Compact Region: Annular Region: _______

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: Flow Direction?: m—
PULSED: CW. KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=¥X+Y W{ F |a |8r

YeXp=VA+X H

Cold (F + H,): )

Hot (H + )t Chain (F + Hy & H + Fo):

I GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (V): None

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 1D:
FLOW FIELD MODELED (V):

Laminar:

Turbulent:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:.

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:

vV

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustar:

Shock Tube:

Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fa: SFg:

Single Line Model (\/):_
Multiline Model - (\/):

State (\/)'.

Number of Laser Lines Modeled:

Source of Rate C Used in Code:,

LINE PROFILE MODELS (\/):
Doppler

Other:

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: e
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:

P ions (thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations;

Other
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CODE NAME: RASCAL

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Resonator parameter selection, assess mode control s perfOY‘manCe
predictions for power and beam quality, resonator perturbation analysis, beam quality budgeting,

set/verify design requirements.

ASSESSMENT OF capABILmES: . 3-D 0ptics calculation with general field modifier models coupled to AEROKNS
code for kinetics and gasdynamics calculations, Code uses modular construction (see AEROKNS for more

details).

ASSESSMENT OF LiMiTATIONs: . Kinetics model does not include rotational nonequilibrium. Code is presently
being developed.

OTHER UNIQUE FEATURES: nator geometries modeled: HSURIA
ring w/waxicon or reflaxicon (general surface). Beam rotators, axisymmetric mode competition,

3D basis_set competition.

ORIGINATOR/KEY CONTACT:
Name: Phiil Briqgs Phone: @3) 884-3851
C Rockwell International-Rocketdyne Division
Add 6633 Canoga Ave,, Canoga Park, California_ 91304

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): Annular Las ics Study Final Report
_(AFWL-TR-77-117) (U) Annular Laser Optics Study User's Manual: Loaded Cavity Codes.

STATUS:
[+] { Currently?; No
Under Modification?: _.Under development

):

o ip: Rockwell International
Proprietary?; &S __
MACHINE/OPERATING SYSTEM (on which i y CDC Cyber 176

TRANSPORTABLE?: With modification.
Uses CDC extended core.

Machine Dependent Restrictions:

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 200K SCM - 200K LCM ?
Typical Job: 200K SCM - 500K LCM ?
Large Job: 200K SCM -1000K LCM ?
?

Approximate Number of FORTRAN Lines:
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CODE NAME: RASCAL

l OPTICS '

BASIC TYPE (\/):
Physical Optics:. _LGecme(rical:.___
FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):
Compact Region: 21 Annular Region:_cL

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

RESONATOR TYPE (\/): Standing Wave: ‘/
Traveling Wave (Ring): Reverse TW:
BRANCH (V): Positive: - Negat /
OPTICAL ELEMENT MODELS INCLUDED (\/):
Flat Mirrors: |/

Mirrors: VA

v

Cy ical Mirrors:

Scraper Mirrors: '/

Axicons Waxicons | Reflaxicons|

N FIELD SYMMETRY RESTRICTIONs?:__None

MIRROR SHAPE(S) ALLOWED (\/)t

Square: Circular: Strip:,

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multipte i ‘/

PROPAGATION TECHNIQUE (Vall that apply):|COMPACT [ANNULAR}

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transtorm {(FHT):

Gardener-Fresnel-Kirchhoff (GFK): ‘/

other (specity: ___Midpoint Rule: Com/Ann

CONVERGENCE TECHNIQUE (V):
Y fietd

Power C:

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V)'.
Prony:

/

Linear:

Parabola-Parabola:

Variabls Cone Offset:

Other (specify):

Mirvors: \/

Spatiat Filters:—1_

Other

GAIN MODELS (\/): Bare Cavity Only:

Simple Saturated Gain: Detailed Gain: '/

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Titt: i ‘/

Aberrations/Thermal Distortions:

i /

Selected

Loss:

Output Coupler Edges: Rolled:

Other;

LOADED CAVITY FIELD MODIFIER MODELS (V):
Medium Index Variati v

Gas i !/
Beams:

omer: General medium in homogeneities

Cther:

FAR-FIELD MODELS (‘/): Beam Steering Removal: v
v

Optimal Focal Search: Beam Quality:

GAIN REGION MODELED (V):
Annular Region: v/

Compact Region: _______|

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: _____ Annular Region: __CY_

KINETICS GRID DIMENSIONALITY (V):

1D 20 3D

Compact Region:

Annular Region: v

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?: Flow Direction? Y e

PULSED: cw: 4 KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=YR+Y WIF Jo |er

Y4Xy= YK+ X H /

14

Mot (H+ Fp%: v/ Chain (F + Hy & H + F,:

Cold (F + Hz):

I GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (V’):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM: CY__

FLUID GRID DIMENSION (\/): lD:L_ZD:__BD:
FLOW FIELD MODELED (\/):

Turbulent:

otner:__Scheduled mixing
BASIC MODELING APPROACH (V):
Premixed:

Laminar:

Other (specity):,

References for Approach Used:_AAl 0S Final Report

Other

ENERGY TRANSFER MODES MODELED (V): Reference
v-T: %

| Cohen

Other:

Singte Line Model (V):

Multiine Model. (¥3; Y/

State (\/):
4

£12
Number of Laser Lines Modeled: _~ |

Source of Rate Coefficients Used in Code:_Handbook of

Chemical Lasers.

LINE PROFILE MODELS (\/):
Doppler i l/

Colli ing: ¥

Beam phase cleanup_system
model.

Other:

- U S S5 A B US W N AN S W9 I e .

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor: ____

Shock Tube: Heater:

Not modeled.

Other:

F-ATOM DISSOCIATION FROM (\/):
Fjy: \/ SFg:

2

Other ify): NF37

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: X
DILUENTS MODELED: __He Nﬁ

MODELS EFFECTS ON MIXING RATE DUE T0 (V):

Shock Waves:

Nozzle Boundary Layers:, '/

(thermal

Trip

MODELS EFFECTS ON OPTICAL MODES DUE TO (‘/):
Media Index Variations: __L_

Other

* By equilibrium



CODE NAME: ROPTICS

CODE TYPE: Optical and Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copg: — Study interaction between rotational nonequilibrium kinetics and
optical resonator geometry. Also see NORQO-I.

ASSESSMENT OF CAPABILITIES: Since kinetic-fluid dynamic d is ali i i i i

understanding of nonlinear interactions between kinetics, fluid dynamics, and optical resonator.

ASSESSMENT OF LIMITATIONS: alitative kinetics i ics; ip mi

{developed by Bell Aerospace Textron) models two mirror stable and unstable resonators.

OTHER UNIQUE FEATURES: . Can take up to 30 1ines: becauyse of rotational nonequilibrium kinetics,

predicts which lines will lase.

ORIGINATOR/KEY CONTACT:
Name: _L.H. Sentman Phone:  (217) 333-1834

Organization: _Department of Aeronautical and Astronautical Engineering, University of Il1linois
Add 101 Transportation Building, Urbana, I1linois 61801
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): _(RP)._Applied Optics 17, 2244 (1978).

STATUS:
Operational ¢

ly?:

Under Modification?:

By
P

o Bell Aerospace TEXTRON
Proori Yes

Prop y

MACHINE/OPERATING SYSTEM (on which installed)

TRANSPORTABLE?: Yes

Machine D

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Care Size (Octal Words) Execution Time (Sec, CDC 7600)

Smatl Job:
Typical Job: 150 sec/iteration*
Large Job:
Approximate Number of FORTRAN Lines: * typically takes 15 iterations to converge.
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CODE NAME: ROTKIN

copeTyre: _Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copg: _ Prediction of HR/DF chemical Taser performance based on coupled

rate equation analysis of chemical, vibrational, rotational, and radiative transfer.

ASSESSMENT OF cAPaBILITIES: _Accurate prediction of laser spectra results from rotational nonequilibrium

feature of kinetic analysis. Can vary mixing rate and schedules of flow variables to approximate

certain physical effects (e.g. boundary layers, shock, etc.) -Geometrical optics is used.

ASSESSMENT OF LIMITATIONS: Fabry-Perot resonator analysis is one-dimensional; fluid dynamic analysis

is of one-dimensional, scheduled mixing variety.

OTHER UNIQUE FEATURES: . Scheduled mixing model with different mixing lengths for primary and secondary

_mixing zones. Allows use of linear, exponential, or tabular rates.

ORIGINATOR/KEY CONTACT:

Name: R. J. Hall Phone: {203) 727-7349

o United Technologies Research Center

Address: Silver lane, E. Hartford, Connecticut 06108

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publicati (RP) R. J. Hall, “"Rotational Nonequilibrium

- d QOperation in CW DF Chemical Lasers", IEEE JQE, QE-12, 453 (1976).

STATUS:
0 [

Under Modifi

.
P

Ownership UTRC

Proprietary?; Yes

MACHINE/OPERATING SYSTEM (on which instalted): —_Univac 1110

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: — NONE

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: Same for all: 110K ~ 60-90

Large Job:
s

Approximate Number of FORTRAN Lines: 2000

ITITSSYTIINN



CODE NAME:

ROTKIN

l OPTICS I

BASIC TYPE (\/):
Physical Optics:, Geomelrical:_L

FIELD (POLARIZATION) REPRESENTATION (V):

Scalar: Vector:
COORDINATE SYSTEM (Cartesian, cylindricat, etc.)::

Compact Region: —_ Annufar Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square:

v

Circular: Strip:

CONFIGURATION FLEXIBILITY (\/)
Geometry: ( Fabry- Perot)

Fixed, Single

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (+all that apply):)COMPACT | ANNULAI

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoft (GFK):

Other

CONVERGENCE TECHNIQUE (V):

Power Ci i Field C

Other;

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

RESONATOR TYPE (\/): Standing Wave: —_—

Traveling Wave (Ring): ——— Reverse TW:

GAIN REGION MODELED (V):

Region: Annutar Region:

BRANCH (\/): Positive:
OPTICAL ELEMENT MODELS INCLUDED (\/):
Flat Mirrors: Y

Mirrors:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons |Reflaxicons|

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other {specify).

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain:

v/

Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Til: i

Aberrations/Thermal Distortions:

Loss: ‘/

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas pi

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:

Optimal Focal Search: Beam Quality:,

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annutar Region:
KINETICS GRID DIMENSIONALITY (\/):

0 |20 | 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: . Flow Direction? e ‘/
PULSED: cw: v/ KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+ Yy =YX+Y WiF jo fer

Y+ Xy =YX+ X H J

Cold (F + Hay: Y o |V

Hot (H + Fo): e Chain (F + Hy & H + F):

[ GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: |/

Other:
COORDINATE sysTEM: Cartesian or indrical
FLUID GRID DIMENSION (V): 10:.Y___2:
FLOW FIELD MODELED (V):

Laminar: |/ Turbulem:__{ -

Other: sghﬁmlmg—m-l—-—. i

BASIC MODELING APPROACH (\/):
Premixed:

other (spocityy_Scheduled mixing modet with

different mixing lengths for differ-
ent zoqes.

30! e

Used:,

Other

ENERGY TRANSFER MODES MODELED (\/): Reference

v-T: /

VR

V-V '/

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fa SFS:

Single Line Model (Vy:______
Muttifine Model. (V. ___/
d Rotati istril state (V)
Equilibrium: Nonequilibrium:
Nurmber of Laser Lines Modeled:UD_10_68.
Al EA

Source of Rate C
kinetics.

Used in Code:,

LINE PROFILE MODELS (\/):
Doppler '/

v
v (Voight)

Qther:

2

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ——
DILUENTS MODELED: He, NZ

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Shock Waves:

Nozzle Boundary Layers:

(thermal
Other (specify):_CaN_vary mixing rate, sche-
dules of flow variables to approxi-

mate above effects.

MODELS EFFECTS ON OPTICAL MODES DUE TO (V):

Media Index Variations:

Other




CODE NAME: SAIC2D

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __Provide capability of modeling high-order modes in cylindrical/
annular optical resonators. i

. _Provides beam intensity and phase distribution throughout any cylindrical/
ASSESSMENT OF CAPABILITIES: - - YT
annular resonator system. Determine effects of system perturbations of these distributions.

ASSESSMENT OF LimiTaTions:  Limited to analysis of beams with azimuthal modes and compact region
Fresnel numbers < 10.

OTHER UNIQUE FEATURES: Models HSURIA and traveling wave annular ring resonator

ORIGINATOR/KEY CONTACT:
Name: Jerry Long prone: . _(404) 955-2663
oreaniaion, OCience Applications, Inc.

Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publication): —(RP) E. A. Sziklas and A. E. Siegman,
Applied Optics 14, 1874 {1975).

STATUS:
0 i Currently?:
Under Modification?:
Pur, (s):

Yes
es

Incorporate generalized axicon/reflaxicon model.

PR U.S. Government
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): Cyber 175/176

TRANSPORTABLE?: Yes

C'f,‘gg‘"" Dependent Restrictions: Requires 370K or virtual memory computer. Some CDC FORTRAN dependent

SELF-CONTAINED?: _Y€S, except as noted below.
Other Codes Required (name, purpose): Requires input from kinetics calculations on a subroutine to do
gain calculations for power extraction option. (See GCAL.)

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)
Small Job: 370K 250-300
Typical Job: 370K 300-500
Large Jobs: 370K 500-2000

Approximate Number of FORTRAN Lines:
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CODE NAME: SAIC2D

IOPTICSI IGAS DYNAMICSI
BASIC TYPE (V): RESONATOR TYPE (V): Standing Wave: 4 GAIN REGION MODELED (V): NOZZLE GEOMETRY MODELED (and type) (V):
Physical Oplics:‘/_(;eoms(rical:__ Traveling Wave (Ring): Reverse TW: Compact Region; Annular Region: _______ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/): Posiliva:‘/ i A COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar:_Y__ vector: OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: Annular Region: _____ Other:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Flat Mirrors: fcal Mirrors: KINETICS GRID DIMENSIONALITY (VA: COORDINATE SYSTEM:
Compact Region: .(.:_a_ Annular Reglon:&L i Mirrors: Tel 14 1D 2D 3D FLUID GRID DIMENSION (\/): 1D: 2D; 3D:
TRANSVERSE GRID DIMENSIONALITY (\/): o | 20 Scraper Mirrors: Y. Compact Region: FLOW FIELD MODELED (V):
*
Compact Region: 4 Axicons Waxicons | Reflaxicons | Annular Region: Laminar: Turbulent:
Annular Region: v 1Y Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY RESTRICTIONS?: ] = mythal X Gain Vary Along Optic Axes?:_____ Flow Direction?______ BASIC MODELING APPROACH (V):
Vhmodes in annular Linear: 4 4
MIRROR SHAPE(S) ALLOWEIZ/ Vy: regions Parabola.parabeta P ; PULSED: oW: KINETICS MODELED Premixed: Mixing:
Square: Circular: Stelp: CHEMICAL PUMPING REACTIONS MODELED (V): Other (
. . Variable Cone Offset:
E rbitrary: X+¥y=YX+¥ )K F lc |er|
‘/ . Other (specify):
CONFIGURATION FLEXIBILITY (V): Y4+Xy=VR+X H tor Used:
Fixed, Singl Geometry: Mirors: ./
ixed, Single isometry: Cold (F + Hoko D
Spatial Filters:
Fixed. Multiple Hot (H + Fok:___ Chain (F + Hy & H + Fyp):
" Other
Modular, Musttiph '/ "
whar. Multiple Other THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE. (vai tnat appiyi:jcomeact [annuiad ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: GAIN MODELS (V): Bare Cavity Only: VT )
. / " Shock Tube: i Heater:
. N Simple Saturated Gain: Detalled Gain:
With Kernel Averaging V-R: oth
H BT,
Gaussian Quadratures BARE CAVITY FIELD MODIFIER MODELS (V):
. Mirror Tit: Y. y v F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): " Other: Fy SFg
/Thermal Di;
Fast Hankel Transform (FHT): ) / Single Line Model (\/): Other
Gard: ~Fi ¥-Kirchhotf (GFK): . . i . . - »
ardener-Fresnet-Kirc| Seocted (specity: 1NtENS ity mapping & Muttiline Model - (V): F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
Other (specity): Radial asymptotic , bowing fonal Population Distribution State (V): DILUENTS MODELED:
) . . N ivity Loss: "
expansion_in annular region " - MODELS EFFECTS ON MIXING RATE DUE TO (V):
\/ Output Coupler Edges: Rolled: Nozzle Boundary Layers: Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled: N
Power C: i V__ Field Other: {thermal
V Source of Rate C¢ i Used in Code:
other: LOADED CAVITY FIELD MODIFIER MODELS (V): Other (specit
Medium Index Variati
ACCELERATION ALGORITHMS USED?: _Yes 7 o
N " N . LINE PROFILE MODELS (V):
i Field and gain averaging Gas
o . M Doppler Broad
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/): Beams: PO MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Prany: Other: Media Index Variations:
Other i
Other: FAR-FIELD MODELS (V): Baam Steering Removat: SR Other ¢
Optirnat Focal Search: Beam Quality:, ’/
Other:

* 128 x 128 #8192  +8192/NL



CODE NAME: SAIC2DV

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: ___rovide accurate, cost-effective method of cyh'ndri(fa]/annu]ar
optical resonator mode and power extraction analysis and determine the effect of various
design perturbations on these parameters. (This code is a vectorized version of SAIC2D.)

Provides beam intensity and phase distributions throughout any cylindrical/
ASSESSMENT OF CAPABILITIES: . - —
annular resonator system. Determine effects of system perturbations on these distributions.

ASSESSMENT OF LIMITATIONS: Limited to analysis of beams with 1-32 azimuthal modes and compact region

Fresnel numbers < 30.

OTHER UNIQUE FEATURES: Models HSURIA and traveling wave annular resonator.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone:  _{404) 955-2663

Organizati Science Applications, Inc.
Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = pubtication): —(RP) E. A. Sziklas and A. E. Siegman..
Applied Optics 14, 1874 (1975)

STATUS:

Operational Currently?: Yes
Under Modification?: Yes -
( To compliete optimization of vectorized routines

o ip U.S. Government
Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): __CYBER 203

TRANSPORTABLE: __NO

Usus CYBER 203 vector algorithms

Machine Dependent Restrictions:

SELF-CONTAINED?: _1€S» except as noted below.

Other Cades Required (name, purpose): Requires imput from kinetics calculations or a subroutine to do
gain calculations for power extraction option (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, COC 7600)

Small Jobs: 1000K 20 CYBER 203
Typical Job: 1000K 100 CYBER 203
Large Jobs: 1000K 500-1000 CYBER 203

Approximate Number of FORTRAN Lines: 3000

4314155V TINN



CODE NAME: SAICZDV

OPTICS

BASIC TYPE (\/):
Physical Optics: Geometrical:
FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:
COORDINATE SYSTEM (Cartesian, cylindricat, etc.):
Compact Region: ,_C_a Annular Region:_cL

TRANSVERSE GRID DIMENSIONALITY (\/): iD_) 2D
Compact Region: /( 1
Annular Region: /( 2 /( 3

FIELD SYMMETRY RESTRICTIONS?: 1 =64 azimuthal

MIRROR SHAPE(S) ALLOWED (V): Modes in annular
regions

Circular: Strip!

Square:

itrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple i '/

PROPAGATION TECHNIQUE (Val that appi)i|COMPACT | ANNULARS

Fresnel Integral Algorithms:

With Kerne! Averaging

Gaussian Quadrature:

Fast Fourier Transtorm (FFT):

Fast Hankel Transform (FHT):

RESONATOR TYPE (‘/): Standing Wave:
Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive: ‘/ i 14

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

%

Cylindrical Mirrors:

Scraper Mirrors: '/

Axicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

ble Mirrors: 4

Spatial Filters:

Other

GAIN'MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Titt: i 1/

Aberrations/Thermal Distortions:

v

Gardener-Fresnet-Kirchhoff (GFX):
other (specify): Radial asymoptotic
expansion in annular region

CONVERGENCE TECHNIQUE (V):
Power Compari Y____Field Compari 4

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)'.

Y

Selected Intensity mapping &

; bowing

Loss;

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (‘/):
Medium Index

Gas Absorption: ‘/

Beams: 4

Other:

(1) 256 x 256 (2) 32768 (3) 32768/NL

FAR-FIELD MODELS (\/): Beam Steering Removal:_y

Beam Quality;. 4

GAIN REGION MODELED (\/):
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.}
Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):

1D {20 | 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes::_____ Flow Direction? ey
PULSED: CW:__KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+ ¥y = YX+Y WF [o|er

Y+Xy= VXX H

Cold (F + Hy): bl

Hot (H + F,): Chain (F + Hy & H + F,):,

I GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLULD GRID DIMENSION (\/)'. 10:,
FLOW FIELD MODELED (\/):
Turbulent:

Laminar:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R:

L2 g

Other:

Single Line Model (\/)2_

Multiline Model . (\/):

State (\/):

Number of Laser Lines Modeled:,

Source of Rate C Used in Cade:

LINE PROFILE MODELS (\/):
Doppler

Collisional

Other

Optimal Focal Search: ’/

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: ___Combustor: e

Shock Tube: . Resi! Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fz: SFG:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —_.
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:,

(thermal T

MODELS EFFECTS ON OPTICAL MODES DUE TO (‘/):

Media Index Variations:

Other




CODE NAME: SATFHT

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: . Provide accurate, cost-effective method of cylindrical/annular

optical resonator parameter analysis including power extraction for use in overall system

.~ optimization.

ASSESSMENT OF capABILITIES: _ Provides beam intensity and phase distributions throughout any cylindrical/

annular resonator system.

ASSESSMENT oF LimiTaTions: _Models only circular beams which can be described with 1 - 8 azimuthal modes.

OTHER UNIQUE FEATURES: Models standing wave and annular ring resonators, compact unstable confocal

resonators, confocal and non-confocal HSURIA,

ORIGINATOR/KEY CONTACT:

Name: Jerry Long (404) 955-2663

Phone:

Oroanizati Science Applications, Inc.

Address: 6600 Powers Ferry.Road, Suite 220, Atlanta, Georgia 30339

(T) HF Laser Subsystem lechnology Assessment

O RRPR Tnter i Report) s ont; KEfanta, Georgia, duiy, 1979 (CONFIDENTIAL).

(RP) E. A. Sziklas and A. E. Siegman, Applied Optics 14, 1874 (1975).

STATUS:
Operational C. Yes

Under Modifi Yes - . - -
b . To provide generalized axicon/reflaxicon model.

p?:

U.S. Government

F ietary?: No

MACHINE/QOPERATING SYSTEM (on which i Cyber 175, 176

TRANSPORTABLE: _Y€S

Machine Dependent Restrictions: — Reduires machine with minimum of 370K or virtual memory; some lines in

code are CDC FORTRAN dependent.

SELF-CONTAINED?: YES eXCept as noted below.

Other Codes R Requires input from kinetics calculations or a subroutine to do

gain ca1cu1at1ons for power extraction (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 370K 10 - 50

Typical Job: 370K 50 - 100

Large Job: 370K 100 - 300

Approximate Number of FORTRAN Lines:

QITITSSVIIND



CODE NAME: SAIFHT

OPTICS - l GAS DYNAMICS I

BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: Y GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (\/):
Physical Optics:..__Geometrical: Traveling Wave (Ring): vy Reverse TW:

FIELD (POLARIZATION) REPRESENTATION (\/): - BRANCH (\/): Positive: Y ive: .

Compact Region: Annular Region: _______ Cylindrical, Radially Flowing:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: v Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region: Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Fiat Mirrors: ¥ ical Mirrors:

Compact Region: _Cl Annular Region:_cL indrical Mirrors:

— Other:

KINETICS GRID DIMENSIONALITY (\/):

COORDINATE SYSTEM:
n f20 |30 FLUID GRID DIMENSION (V): 10:
'/ Compact Region: FLOW FIELD MODELED (V):

TRANSVERSE GRID DIMENSIONALITY (\/): 1D _| 2D 3 Scraper Mirrors:
Compact Region: 8] 9 4096*
Annular Region: 1944094

GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY RESTRICTIO:!/S?: 1 '38221 muthal Linear: Gain Vary Along Optic Axes?: Flow Direction? e BASIC MODELING APPROACH (V):
MIRROR SHAPE(S) ALLOWED (V): !

Parabols-Parabola: PULSED: cW: KINETICS MODELED : Mixing:
s et s CHEMICAL PUMPING REACTIDNS MODELED (V): Other
X+¥p=VX+Y WTr {o Jer

Axicons Waxicons | Reflaxicons Annular Region: Laminar: Turbulent! e

Variable Cone Offset:

Other (specify):

CONFIGURATION FLEXIBILITY (v):
Fixed, Single Geometry: Mirrors:

Y4Xy= VXX H

Cold (F + Hp): D

Fixed, Multiple i Spatial Filters:. Gratings:

Hot (H + Fp): o Chain (F + Hy & H + F,):,

Modular, Multiple i ‘/ Other

Other

THERMAL DRIVER MODELED (\/):
ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:

V-T:
Y

PROPAGATION TECHNIQUE (Val that apply)s|COMPACT | ANNULAI
Fresnel Integral Algorithms: GAIN MODELS (\/): Bare Cavity Only:

mpl " . Shoack Tube: Resistance Heater: s
With Kernel Averaging Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIE| Vi e Other:
Gaussian Quadrature: Ci D MODIFIER MOD;LS V)

V-v: -
Mirror Tilt: s F-ATOM DISSOCIATION FROM (\/).

Fast Fourier Transform (FFT): Other: Fa SFo:
/Thermat € §

y Single Line Model (\/):___ Other

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (specify): adial i i
in annular region

Selected ay: intensity mapping & Multitine Model - (‘/): —_— F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —

act

J/ bowing i ibution State (V): DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE T0 (V):
Nozzle Boundary Layers:, Shock Waves:

ity Loss:

‘/ Output Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled:
v Field C: i Other:

Power

Other: LOADED CAVITY FIELD MODIFIER MODELS (\/):

P ions (thermal

Source of Rate C i Used in Code:

Medium Index

ACCELERATION ALGORITHMS UsED: Y€S
Field and gain averaging Gas Absorption: J LINE PROFILE MODELS (V):
,/ Doppler

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGOR|THM:(\/)Z Beams:
Other:

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

FAR-FIELD MODELS (\/): Beam Steering Removal:, /
Optimal Focal Search: 4 Beam Quality:,

Other

Other:

* per-NL



CODE NAME: SAIGD

CODE TYPE: Gasdynamics and Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: (1) To correlate and analyze closed cavity data. (2) To
optimize operating conditions and geometric configurations. (3) To generate gain algorithms for
wave optics analysis. Lasing and chemical kinetics modeling are included. Generates gasdynamic/
kinetic profiles for gain algorithm (GCAL).

ASSESSMENT OF capaBiLies: _Model has been applied to a wide variety of source flow nozzles and has
correlated the available closed cavity data base well. Utilizes 1-D gasdynamics to model the 3-D _
flowfield of source flow nozzles. Includes effects of base pressure, mixing rate and source flow

geometry. Treats expansion plane of source flow as two distinct reqions, a base pressure region
and a pure source flow region.

ASSESSMENT OF LIMITATIONS:

OTHER UNIQUE FEATURES: Models HF or DF lasing. Single line lasing is modeled, but multi-line cor-
rections are made to account for photon production at all levels. Utilizes either constant gain
approximation or laser rate equation.

ORIGINATOR/KEY CONTACT:
Name: Kerry E. Patterson phone:  _{204) 955-2663
Organizati Science Applications. Inc.

Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): — (). HF Laser Subsystem Technology Assessment
(DARPA Interim Report), Science Applications, Inc., Atlanta, Georgia, July, 1979, Section 3.

STATUS:
Operational Currently?:
Under Modification? —_1€S
P To_extend kinetics model to full multi-line capabiljty.

Yes

o i U.S. Government
Proprietary?: No
MACHINE/OPERATING SYSTEM (on which installed): Cyber 175

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typicat Job: 10 - 20 (gasdynamic); 6 - 15 (kinetics)
Large Job:
Approximate Number of FORTRAN Lines: 4000 (ganynamics); 900 (kinet'ics)

GITITSSYTOND



CODE NAME: SAIGD

I OPTICS I

BASIC TYPE (\/):
Physical Optics: —.._Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: — Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:,
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Madular, Muttiple

PROPAGATION TECHNIQUE (Vall that apply):)COMPACT JANNULARY

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATOR TYPE (\/): ing Wave:

Traveling Wave (Ring): ——..Reverse TW:

BRANCH (‘/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons Waxicons

Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

De Mirrors:

Spatial Fitters:.

Other

GAIN MODELS (V): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tift: i

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i Field

Other;

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

/Thermal Di:

Selected

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium index

Gas

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (V):
Compact Region: Y. Annular Region: __Y
COORDINATE SYSTEM (Cartesian, cylindrical, stc.)
Compact Region:_CA__ Annular Region: Ly __
KINETICS GRID DIMENSIONALITY (\/):
|20 | 3D

Compact Region: Y

Annular Region: Y

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?: No Flow Dimlonr-&_

PULSED: cw: % KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

X+Yy=VX+Y WiF [o|er

YXy=VReX wly

Cold (F + Hz):‘/_ o |,

Hot 04+ Fo3: Y _ Chain (F + Hy & H + Fp):

I GAS DYNAMICS l

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrica), Radialty Flowing: ___ v

Ractangular, Linearly Flowing: v
other: S0UTCe flow nozzles

COORDINATE sysTem:Cartesian or cylindricd

FLUID GRID DIMENSION (‘/): 1D: 2D: 3D:L
FLOW FIELD MODELED (V):

Laminar:

Turbulent:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other specify): L 1aMe_sheet approach

Other

ENERGY TRANSFER MODES MODELED (V): Referance
vr.Y/_|Cohen & Bott (1976)

V-R:,

V-V

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Py tsF,

Single Line Modsl (V): /*

Multiline Mode! . (\/):

State (\/ 3

Nonequilibrium:

Number of Laser Lines Modeled:,

Source of Rate Used in Code:

Cohen & Bott (1976)

LINE PROFILE MODELS (V):
Doppler /

Other:

* with multi-line corrections

2 4
Other NF’:

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: Y85
DILUENTS mopeLep: No He

MODELS EFFECTS ON MIXING RATE DUE TO (V):

Shock Waves:

Nozzle Boundary Layers:,

{thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media index Variations: Ln_ﬂ_ow direction
Other

* Pseudo
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CODE NAME: SAL1D

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Provide accurate, cost-effecti le_me.thg_d_oﬂlﬂﬁmicﬁj—.

resonator mode and power extraction analysis and the affect of various design perturbations on

these parameters.

ASSESSMENT OF CAPABILITIES: Provides beam intensity and phase distribution throughout one transverse
dimension in a linear resonator.

ASSESSMENT OF LIMITATIONs: _Models only one transverse dimension and does not provide for any cross-
coupling affects that may occur.

OTHER UNIQUE FEATURES: Models linear confocal and non-confocal positive and negative branch
resonators.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long phone:  (404) 955-2663
Organizati Science Applications, Inc.

Address: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publicationy: —(RP) E. A, Sziklas and A, E. Siegman,
Applied Optics 14, 1874 (1975).

STATUS:
Operational Currently?: Yes
Under Modification?: No
Pur )

U.S. Government
Proriotare? No
Prop! v
MACHINE/OPERATING SYSTEM (on which instalted): . Cyber 175/176

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: Has some lines_that are CDC FORTRAN dependent.

SELF-CONTAINED? __Yes, except as noted below.

Other Codes Required (name, purpose): Requires input from a kinetic calculation or a subroutine to do
gain calculations for power extraction (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 200K 5-10
Typical Job: 200K 25 - 75
Large Job: 200K 100 - 200

Approximate Number of FORTRAN Lines:

G3ITITSSYTIOND



CODE NAME: SAI1D

BASIC TYPE (\/):

Physical Optics:, Geometrical: _

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: _c_a_. Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region: * 8192

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: _+
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circutar: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single ¥:

Fixed, Multiple

Modular, Multiple /

PROPAGATION TECHNIQUE (vall that apply):|COMPACT

ANNULAR]

Fresnel Integral Algorithms:

With Kemel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

I OPTICS I

RESONATOR TYPE (V): Standing Wave: ‘/
Traveling Wave (Ring): Reverse TW:

BRANCH (V)Z Positive: 4 ive: Y

OPTICAL ELEMENT MODELS INCLUDED}\/):

Flat Mirrors: ical Mirrors:

4 4

Cylindrical Mirrors:

/

Scraper Mirrors:

Axicons Wanxicons |Reflaxicons |

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

v

Gratings:

Spatial Filters:.

Other

GAIN MODELS (v): Bare Cavity Only:

Simple Saturated Gain:. Detailed Gain: v *

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt: i 4

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power v Field

Other:

ACCELERATION ALGORITHMS USED?: Y€S
Field and gain averaging

MULTIPLE EJGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony:

Other:

+ Not accurate for large cross-coupling effects

/Thermal Dit

v/

Selocted intensity mapping &

oY power bowing

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (‘/):
Medium Index ‘/

Gas i ’/

Oy Beams: Y.

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:, )/
Optimal Focal Search: Beam Quality:, 4

GAIN REGION MODELED (V):
Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annular Region;

KINETICS GRID DIMENSIONALITY (‘/):
1D 2D 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?:___ Flow Direction? oo
PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (V):

X+ ¥y =YX+V WIF |ojer

Y+Xp=VX+X H

Cold (F + Hy): D

Hot (H + Fo): e Chain (F + Hy & H + Fp):

[ GAS DYNAMICS |

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangufar, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (V): 10:
FLOW FIELD MODELED (V):

Laminar: Turbulent: ___

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
v-T:

V-R:

V-V

Other:

Single Line Mode) (V):

Multiline Mode! . (V):

State (\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:,

LINE PROFILE MODELS (\/):
Doppler i

Ps

Other:

* with GCAL

THERMAL DRIVER MODELED (\/):

Arc Heater:, Combustor:

Shock Tube: Heater:

Cther:

F-ATOM DISSOCIATION FROM (V):
Fpo SFg

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzie Boundary Layers:

Shock Waves:

(thermal T

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media index Variations:

Other




CODE NAME: SAIZ2D

CODE TYPE: Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: _Modeling of rectanqular linear vesonators and optical trains.

ASSESSMENT OF capABILITIES; _Provides beam intensity and phase distributions throughout a linear

rectangular resonator system.

ASSESSMENT OF LimiTATIons: Limited to a combined 2-dimensi i i i 8).

OTHER UNIQUE FEATURES; Models compact unstable confocal (ABLE, MIRACL, MADS, HELWS) resonators.

ORIGINATOR/KEY CONTACT:
Name: Jerry Long Phone:  {404) 955-2663

Oreanizati Science Applications, Inc.

Add 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION: (T = Theorz,_lu = User, RP = Relevant Publication): RP) E. A i i

Applied Optics 14, 1874. (1975)

STATUS:

Operational Currently?: Yes
Under Modification?: No
Pur

o i U.S. Government
No

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed): __Cyber 175/176

TRANSPORTABLE?: Yes

Machine Dependent Restricti Contains some CDC FORTRAN dependent Code.

SELF-CONTAINED?: ___Y€S, except as noted below.
Other Codes Required (name, Requires input from kinetics calculation or a subroutine to do

gain calculations for power extraction options (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 370K 100 - 200

Typical Job: 370K 200 - 500

Large Job: 370K 500 - 1000

Approximate Number of FORTRAN Lines: 2500

ITITSSYIIND



SAI2D

CODE NAME:

BASIC TYPE (\/):

Physical Optics:, Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):

Scalar: Vector:

COORDINATE SYSTEM {Cartesian, cylindricat, etc.):
Compact Region: G2 Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/): 10 | 2D
Compact Region: NX NY = 8]92 \/

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: NONE
MIRROR SHAPE(S) ALLOWED)\/):

Square: 4 Circular: Strip:

'/ ipti 14 rhitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single y:

Fixed, Muttiple

Modular, Multiple i |/

PROPAGATION TECHNIQUE (Val that appiy):fCOMPACT [ANNULAR]

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transtorm (FFT): /

| OPTICS I

RESONATOR TYPE (\/): Standing Wave: v/

Traveling Wave (Ring): Reverse TW:
BRANCH (V): positve: ¥ ive: V.
OPTICAL ELEMENT MODELS INCLUDED (‘/):
Flat Mirrors: Mirrors: 4
Mirrors: / /
Scraper Mirrors: v
Axicons Waxicons [Reftaxicons|
Arbitrary:
Linear:

Parabola-Parabola:

Variable Cone Offsst:
Other (specify):

Def errorr’/

Spatial Filters:. '/

Other

GAIN MODELS (V): Bare Cavity Only:

*
Simple Saturated Gain: Y Detailed Gain: —Y_*

BARE CAVITY FIELD MODIFIER MODELS (J):
Mirror Titt: i Y

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (s

CONVERGENCE TECHNIQUE (\/):

Power ¥, Field Compari '

Other:

ACCELERATION ALGORITHMS usep: _Yes
Field and gain averaging

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

Prony:

Cther:

/Thermal

v

Intensity mapping,
s/bowing

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index 4

Gas Absorption: ’/
[y Beams: v/
Other:

FAR-FIELD MODELS (V): Bearn Steering Removal:l/_

Beam Quality:,

GAIN REGION MODELED (V):

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annufar Region:

KINETICS GRID DIMENSIONALITY (\/):
1D | 2D 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?; Flow Direction? e __

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+¥y=YX+Y )f‘{ F lc |Br ]
¥+Xy=YK+X H
Cold (F + Hy): [}

Hot (H + Fo): _ Chain (F + Hy&H+Fy)k

. NOZZLE GEOMETRY MODELED (and type) (\/):

I GAS DYNAMICS

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 10:,
FLOW FIELD MODELED (V):

Laminar:

20:

3D

Turbulent: _

Other:

BASIC MODELING APPROACH (\/):

Premixed:

Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R:

V-v:

Other:

Single Line Model (\/):

Muktiline Model (\/):

State (\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

C

Other

Optimal Focal Search:

Other:

* with GCAL

THERMAL DRIVER MODELED (\/):
Combustor:

Arc Heater:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
SFg:

Fy:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzle Boundary Layers:

Shock Waves:

{thermal

Other

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Media Index Variati

Other




CODE NAME: SOS

CODE TYPE: Optics _and Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: __(Son-of-Spike): calculation of puised HF and DF chemical laser

performance.

ASSESSMENT OF capaBiLITIES: _ Calculates solutions to coupied thermodynamic. chemical kinetic, and radiation

transport equations for pulsed HF and DF lasers. Utilizes comprehensive mode]l of chemical kinetics

and includes rotational nonequilibrium. Treatment of rotational nonequilibrium allows very short

computing time.

ASSESSMENT OF LIMITATIONS: Restricted to Fabry-Perot cavity.

OTHER UNIQUE FEATURES: The existing code is strictly a pulse code. Hence there are no flow-field
features that are pertinent. However, a modification to be known as GSOS (Grandson-of-Spike) is

now_being debugged which will incorporate the DESALE-5 mixing model into SOS. The result will be an

efficient CW code with rotation nonequilibrium.

ORIGINATOR/KEY CONTACT: - :
Name: Orig: J. Hough;Contact: M. Epstein ppone _(213) 648-6861

Organization: —Aerophysics Laboratory, The Aerospace Corporation
Add P. 0. Box 92957, Los Angeles, California 90009
AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = R bl (T) "Efficient Model for HF Lasers with
Rotational Nonequilibrium," J.J.T. Houqh Aerospace Corporation, Rpt. SAMSO-TR-78-79, August 15, 1978;
) "SPIKE A Computer Model for the H (D,,) + F, Pulsed Chem1ca1 Laser", J.d. T Hough Aerospace

v ! #15 I [
Chemical Laser System Su pplemengwﬁ),“ Aerospace Corporatmn Rpt SAMSO TR- 78 41 N. Cohen
June 8, 1978.

STATUS:
[ ional Currently?: Yes

Under Modification?: Yes
Pur .._Extension to CW case.

Aerospace Corporation
Bram »  NO

Propi y

MACHINE/OPERATING SYSTEM (on which install €DC 7600

TRANSPORTABLE: ___YES

Machine D Restrictions:

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job: 30
Typical Job: 6K 60
Large Job: 300
Approximate Number of FORTRAN Lines:
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CODE NAME: SQS

lomcs. IGAS DYNAMICSI
BASIC TYPE (\/): RESONATOR TYPE (\/): Standing Wave: GAIN REGION MODELED (V): . NOZZLE GEOMETRY MODELED (and type) (\/): None
Physical Optics:....___Geometrical: ‘/ Traveling Wave (Ring): ——__ Reverse TW: Compact Region: _y Annular Region: Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (V)i - BRANCH (\/): Positive: i COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Vector: __ OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: C3 _ Annular Region: Other:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.):: Fiat Wircors: Y/ Mirrors: KINETICS GRID DIMENSIONALITY (V3: COORDINATE SYSTEM:
Compact Region: [a.. Annular Region: C ical Mirrors: 10 | 20 | 3D FLUID GRID DIMENSION (‘/): 10: 20; 3D:
TRANSVERSE GRID DIMENSIONALITY (\/)1‘ 1D _| 2D Scraper Mirrors: Compact Region: FLOW FIELD MODELED (\/):
Compact Region: Axicons Waxicons | Reflaxicons| Annular Region: Laminar: Turbulent:
Annular Region: Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: Other:
FIELD SYMMETRY RESTRICTIONS?: Unear: Gain Vary Along Optic Axes?: No Flow Direction]:_N_O_ BASIC MODELING APPROACH (\/):
MIRROR SHAPE(S) ALLOWED (V): ' parabola-arabols: PULSED:__J/_CW: KINETICS MODELED Premixed: Mixing:
Sauare: Circular: Strip: CHEMICAL PUMPING REACTIONS MODELED (V): Other
Variable Cone Offset: -
X+¥y=¥X+Y WIF o [er ]|
Other (specify):
CONFIGURATION FLEXIBILITY (\/): Y+Xg=VX+X H v for Used.
Fixed, Single v v Mirors: Cold (F + Hyy: Y. o |/
- " Spatial Filters:.
Fined, Multiple Hot (4 +Fp): ¥ Chain (F + Hy & H + Fo): v
Other
, Multi
Modular, Waitiple Other THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vail tnat soniy):|comPacT |annuurd W ENERGY TRANSFER MODES MODELED (V): Referance Arc Heater: Combustor:
i : GAIN MODELS :  Bare Cavity Only:
Fresnel Integral Algorithms: ). T Shoek Tube: Hoator:
With Kernel Averaging Simple Saturated Gain: Detailed Gain: v ‘/ othor
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (v): v / ’ \/
g v-v: -
Mirror Tilt: F-ATOM DISSOCIATION FROM (V):
Fast Fourier Transform (FFT): Other: Fo: SFg:
/Thermal Distorti <
Fast Hankel Transform (FHT): Single Line Model (\/): Other
Gardener-Fresnel-Kirchhoff (GFK): Mutiline Model . (V): N F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
Selocted
Other ] A Populati ibution State (V): DILUENTS MODELED:
ity Loss: . ’ / MODELS EFFECTS ON MIXING RATE DUE TO (V):
Ouitput Coupler Edges: Rofled: Nozzte Boundary Layers: Shock Waves:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled: _1 50
i Other: (thermal
Power Field Ci .
LOADED CAVITY FIELD MODIFIER MODELS (\/)' Source of Rate feiens Used in Code: hi
Other: : SAMSO-TR-78-41, June 8, 1978. Other
Medium Index
ACCELERATION ALGORITHMS USED?: -
) Gas " LINE PROFILE MODELS (\/).
N Doppler
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/): Beams: s . MODELS EFFECTS ON OPTICAL MODES DUE TO (\/);
Prony: Other: Media Index Variations:
Other
Other: FAR-FIELD MODELS (V): Beam Steering Removal:____ Other
Optimal Focal Search: Beam Quality:,
Other:




CODE NAME: TDLCLRC*

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Performs 3-D wave optics resonator analysis of a positive branch

confocal unstable resonator with rectangular spherical mirrors.

ASSESSMENT OF capABILITIES: Power_extraction from an active DF medium. Off-axis geometry configuration.

Apertures at all stations. 3-D plot capability. Kenetics and mixing calculations are performed with

AEAOKNS. (See AERQOKNS for additional details).

ASSESSMENT OF LiMiTATIONs: No misalignment model. No Farfield model.

OTHER UNIQUE FEATUREs: __ Resonator geometries modeled: positive branch unstable confocal linear

resonator with rectanqular spherical mirrors. Off-axis geometry capability.

ORIGINATOR/KEY CONTACT:

Name: Victop L. Gamiz phone:  _(213) 884-3346

Organization: —_ROCketdyne, Laser Optics

Address: 6633 Canoga Ave., Canoga Park, California (91304)

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publicati (T) High Power Testing of Optical Components
(HIPTOC) Technical Proposal, Part III, Appendix B (V. L. Gamiz).

STATUS:
0 C

ye:

Under Modification?:

Rocketdyne

Yes

Propi ¥

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

TRANSPORTABLE?: Yes

Machine

SELF-CONTAINED?:

Other Codes Required (name, purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Smalt Job: <250K 100

Typical Job: <250K 500-1000

Large Job: <250K 2000

Approximate Number of FORTRAN Lines:

* 3-D Loaded Cavity Linear Resonator Code
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CODE NAME: TDLCERC

I OPTICS I

AEROKNS I GAS DYNAMICS I

BASIC TYpE (V): RESONATOR TVPE (V): Standing Wave: GAIN REGION MODELED (V/): . NOZZLE GEOMETRY MODELED (and type) (V:
Physical OP'iCSI—\LGeomalrical:_ Traveling Wave (Ring): .LRuvarse ™: Compact Region: Annular Rczion:_‘/_ Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (\/): BRANCH (\/): Positive: . i COORDINATE SYSTEM (Cartesian, cylindrical, etc.) Rectangular, Linearly Flowing:
Scalar: Y Vector: OPTICAL ELEMENT MODELS INCLUDED (V): Compact Region: Annular Region: €Y Other:
COORDINATE SYSTEM (Cartesian, cytindrical, efc.):: Flat Mirrors: Teal Mirrors: L KINETICS GRID DIMENSIONALITY (V): COORDINATE SYSTEM: _CY
Compact Region: G&_ Annutar Region: N/A i Mirrors: Tel |20 |30 FLUID GRID DIMENSION (\/): 10: ' 20 30:
TRANSVERSE GRID DIMENSIONALITY (\/)1 10 | 2D Scraper Mirrors: Compact Region: FLOW FIELD MODELED (V):
Compact Region: ‘/ Axicons Waxicons | Reflaxicons | Annular Region: ‘/ Laminar: Turbulent:
Annular Region: Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: omer:_Scheduled mixing.
FIELD SYMMETRY RESTRICTIONSz:__None Linear: Gain Vary Along Optic Axes?: ___ flow Direction?,Y__ || BASIC MODELING APPROACH (V):
MIRROR SHA:’/E(S) f\LLOWED W . Parabola-parabola PULSED: cw: v KINETICS MODELED Premixed: Mixing: Y
Square: Circutar: Strip: ) CHEMICAL PUMPING REACTIONS MODELED (V): Other
/. Etlipt i Variable Cane Offset: X+ ¥y = VX+Y WIF fa [er [0
Other (specify): .
CONFIGURATION FLEXIBILITY (V): Y+Xy=VX+X wl, Ref for usea: ALOS Final Report
. y . v D Mirrors:
Fixed, Single Geometry: - ] Cold (F + Ho: £ o ‘/
) ! ial Filters:
Fixed, Multiple pe Hot (H + Fp): v Chain (F + Hy & H + F5): 4
" N Other
Modutar, Multipl .
e Multiple Other THERMAL DRIVER MODELED (V):
PROPAGATION TECHNIQUE (Vail that appiy:|compac [annuiad] W ENERGY TRANSFER MODES MODELED (V): Reterence Arc Heater: Combustor:
Fresnel Integral Algorithms: GAsllN IIIOSI:ELS.d G):I Bare Cavity b:nllyl:‘d " VT Vv Cohen Shock Tube: Heater:
. mple Saturat n: a] ain: —__;
e eersens 4 BARE CAVITY FIELD MODIFIER MODELS (V): e omer.__Not_modeled.
Gaussi drature: : e
sussian Quadrature Wirror Ti: vw./_| Cohen F-ATOM DISSOCIATION FROM (V:
Fast Fourier Transform (FFT): ‘/ Other: Fao: / SFe: /
Aberrations/Thermal Distortions: “ 6
Fast Hankel Transform (FHT): Single Line Model (\/): Other N F’!
—_— 3
Gardaner-Fresnel-Kirchhoff (GFK): o Muhiine Model . (Vy; ___v_ F-ATOM CONCENTRATION DETERMINED FROM MODEL?: X,
Select
Other (specify): P jonal Populatis ibution State (V): DILUENTS MODELED: _He N,_
ity Loss: MODELS EFFECTS ON MIXING RATE DUE TO (V):
Y Equilibrium: _y/
v Output Coupler Edges: Rolled: < Nozzle Boundary Layers: Y __shock Waves:
CONVERGENCE TECHNIQUE (V): o Number of Laser Lines Modeled: __= __] 2 o
Power i Field C va er: E Pri {thermal
v Source of Rate Coefficients Used in Code: HANADOOK 0O
other: LOADED CAVITY FIELD MODIFIER MODELS (V): . Other
o ) ) Chemical Lasers.
" Medium Index V:
ACCELERATION ALGORITHMS USED: . Yes
N A . LINE PROFILE MODELS (V):
Mirror Edge Tapering. Gas Absorption: o (‘/’
" . Doppler B r/
MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGoRlTHM:(\/): Beams: . / MODELS EFFECTS ON OPTICAL MODES DUE TO (\/);
Prony: N/ A Other: Media Index Variations: _L
Other (i
Other: FAR-FIELD MODELS (\/): Beam Steering Removal:______ Other

Optimal Foca) Search: Beam Quality:,

Other:

* Uses equilibrium thermochemistry



CODE NAME: TDWORRC*

copeTvee; Optics

PRINCIPAL PURPOSE(S)/APPLICATION(S) oF cope: __Performs 3-D wave optics resonator analysis of a cylindrical
annular ring laser resonator in either two reflaxicon or two waxicon beam compactor assembly.

ASSESSMENT OF cApaBILITIES: _.General geometry specification; i.e., positive or negative branch, arbitrary
scraper location, analytical gain model. Mirror misalignment, mirror misfigure, mirror thermal

distortion models, struts. Ray distribution beam compactors.

ASSESSMENT OF LimiTATions: Half-plane symmetry. No cross-slit filter model. One V-T transition operation.

OTHER UNIQUE FEATURES: Resonator geometries modeled: unstable ring resonator with: PPTANH reflaxicon -

or waxicon beam compactor, negative (spatial filter) or positive branch, self-imaging scraper

geometry. 180° beam rotation at scraper.

ORIGINATOR/KEY CONTACT:
Name: Victor L. Gamiz

oreanization: ROCketdyne, Laser Optics
Add 6633 Canoga Ave., Canoga Park, California

AVAILABLE DOCUMENTATION (T= Theo (UISP Relevant Publication): {T)_Sim nator

code - Nov 1978, G-0-78- H D bare cavity resonator code

(213} 884-3346

Phone:

STATUS:
Operational Currently?. Yes

Under Modification?: Yes
P ,.___Detailed checkout.

O ip2: Rocketdyne
Yes

Proprietary?:
MACHINE/OPERATING SYSTEM (on which installedy: _ CDC_Cyber 176

TRANSPORTABLE: _ _NO

Machine D d

Uses extended core.

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)
Small Job; <250K 100 )
Typical Job: <250K 7000 ; CDC 176

Large Job: <250K 2000 )
Approximate Number of FORTRAN Lines: 8000 v

*3-D Wave Optics Ring Resonator Code
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CODE NAME: TDWORRC

l OPTICS ' - I GAS DYNAMICS I

BASIC TYPE (\/)Z RESONATOR TYPE (\/): Standing Wave: GAIN REGION MODELED (V): None . NOZZLE GEOMETRY MODELED (and type) (v’): None
Physical Optics:——Geometrical: Traveling Wave (Ring): -Y__ Reverse TW: pact Region: Annular Region:

— Cylindrical, Radially Flowing:
FIELD (POLARIZATION) REPRESENTATION (V): BRANCH (V): Positive: - Negati Y/ COORDINATE SYSTEM (Cartesian, cylindrical, stc.)
Scalar: _L Vector: OPTICAL ELEMENT MODELS INCLUDED (\/): Compact Region:
COORDINATE SYSTEM (Cartesian, cylindrical, ete.): Flat Mirrors: .. ical Mirrors:
Compact Region: (_:L Annular Reglun:_gy_ Cylindrical Mirrors:
TRANSVERSE GRID DIMENSIONALITY (\/): 2D Scraper Mirrors: _;
Compact Region: "

Rectangular, Linearly Flowing:

Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 | 3p

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (V): 1D:,
Compact Region: FLOW FIELD MODELED (V):

“Axicons Waxicons |Reflaxicons Annular Region: Laminar: Turbulent: ___

Annular Region: A
FIELD SYMMETRY REsTRIcTIONs?Hal f-plane sy~
MIRROR SHAPE(S) ALLOWED (V): mmetry.

Square: Circular: Strip:

Arbitrary: GAIN REGION SYMMETRY RESTRICTIONS: Other:
Linear: Gain Vary Along Optic Axes?: ____ Flow Direction?e___ BASIC MODELING APPROACH (\/):
Parabola-Parabola: PULSED: cwW: KINETICS MODELED Premixed: Mixing:
CHEMICAL PUMPING REACTIONS MODELED (V): Other
XeYy=YK+Y WIiF o o

Variable Cone Offset:

ify):
CONFIGURATION FLEXIBILITY (V): Other (specify): PPTANH
Fixed, Single Y: Mirrors: S

Yy = VKX H

Cold (F+Ho): D

Fixed, Multiple Spatial Fitters: ¢

Hot (H + F,): Chain (F Fo):,
180° Beam Rotator. 98 (F + F2): e Chain (F + Hy & H + Fy)
Other

Modular, Multiple i Other

THERMAL DRIVER MODELED (\/):

PROPAGATION TECHNIQUE ¢V that appiyr ey ENERGY TRANSFER MODES MODELED (V): Reference Arc Heater: Combustor:
Fresnel Integral Algorithms: v GAIN MODELS (v ). Bare Cavity Only: VT

Shock Tube: Heater:
With Kemel Averaging Simple Saturated Gain: — Y petailed Gain: .

Other:
Gaussian Quadrature: BARE CAVITY FIELD MODIFIER MODELS (V): / . "
Mirror Tiht: ) F-ATOM DISSOCIATION FROM (V):

Other: Fy: SFg:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT): Single Line Model (\/): Other

Gardener-Fresnel-Kirchhoff (GFK):

Seloctsd . Multiline Mode . (\/): — F-ATOM CONCENTRATION DETERMINED FROM MODEL?: —

y A i istribution State (V): DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Nozzie Boundary Layers:, Shock Waves:

Other

toss:

\/ Output Coupler Edges: Rolled:
CONVERGENCE TECHNIQUE (V): Number of Laser Lines Modeled:

Power \/ Field Other: i (thermal
Source of Rate Used in Code:,

Other: LOADED CAVITY FIELD MODIFIER MODELS (V):

s USED? Medium Index Variati
RITHM wNo
ACCELERATION ALGO! cas . LINE PROFILE MODELS (\/):

Doppler

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):
Prony: v Other:

Media Index Variations:

Other: FAR-FIELD MODELS (V): Beam Steering Removal:, 4
Optimal Focal Search: 4/ Beam Quality: |/

Other

Other:




CODE NAME: TMRO

copeType: _Optics, Kineties, and Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: __Version of MRO for toric resonators (TMRO).

ASSESSMENT OF CAPABILITIES: Models L=0 mode for half symmetric or confocal toric ring or standing
wave resonators. Provides economical screen code for CROQ.

ASSESSMENT OF LIMITATIONS: No azimuthal variations modeled. No axicon. Provides only a mode which

has the same geometric optics properties in the gain region as CROQ.

OTHER UNIQUE FEATURES: . 1oric resonator modeled.

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock phone:  L213) 535-3484
i TRW_DSSG

Address: RI/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T, = Theory, U = User, RP = plication): — (1) _none; however, the BLAZER and MRO codes,

June 78 (TRW), contain much information; (U): none, but nearly same as MRO (use BLAZER user manual,

November 78). Listings available.

STATUS:
Operational C * Yes

Yy

Under Modification?: Yes

Pur ~ For ACLOS Program, TMRO being modified for rotational nonequilibrium and anomalous

dispersion description.

Ownership? Government

Proprietary?: No

MACHINE/OPERATING SYSTEM (on which installed): — CYBER 174 TRW/TSS

AFWL CYBER 176, NOS/BE

TRANSPORTABLE?: __Y€S

Machine Dependent Restrictions: (410

SELF-CONTAINED?: No

Other Codes Required (name, VIINT, KBLIMP, Monte Carlo, ALFA

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: 15]K 400

Large Job:

Approximate Number of FORTRAN Lines:
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CODE NAME:

TMRO

OPTICS

BASIC TYPE (\/):

Physical Optics: . Y__Geometrical: __
FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: ¥ Vector:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)::
Compact Region: . Annular Regiun:_c‘y_

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONSZ L=0
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

CONFIGURATION FLEXIBILITY (\/):
Fixed, Single

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vail that apply): | COMPACT | ANNULAI

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature: (MOCH i ed)

Fast Fourier Transform (FFT):

RESONATOR TYPE (\/): Standing Wave: _é__

Traveling Wave (Ring): —___— Reverse TW:

v/

BRANCH (v): Positive: ‘/ Negative:
OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: Mirrors:

Cylindrical Mirrors:

Scraper Mirrors:

Axicons

Arbitrary:

Linear:

Parahbola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:
Other Toric mirrors.

GAIN MODELS (\/): Bare Cavity Only:

Detailed Gain: _L_

BARE CAVITY FIELD MODIFIER MODELS (V)‘.
Mirror Tilt: i

Simple Saturated Gain:

Fast Hankel Transtorm (FHT):

Gardener-Fresnel-Kirchhoft (GFX):

Other

CONVERGENCE TECHNIQUE (\/):

Power Field C¢

Other:

ACCELERATION ALGORITHMS UsED”: —_No

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(V):

Prony:

/Thermal Di:

Selected

Loss: L

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

o

Other:

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal;,

Beam Quality:

GAIN REGION MODELED (V):
Compact Region: Annular Region: /
COORDINATE SYSTEM (Cartesian, cylindrical, ete.)
Annufar Region: C,!
KINETICS GRID DIMENSIONALITY (\/):
1 2D 30

Compact Region:

Compact Region:

Annutar Region: ‘/

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?: NO Flow Dirocﬁon?;_YeS
PULSED: cw: % KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):
X+ ¥y =¥X+Y WIF Jo |er

¥y = YR4X W,
Cald (F + Mgy o |/

Hot (H + Fo): ___ Chain (F + Hy & H + F):

i GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM: <y
FLUID GRID DIMENSION (\/): 1D:.._‘/...2D:__3D:
FLOW FIELD MODELED (V):

Laminar:

Turbulent:

ower-__Scheduled mixing,

BASIC MODELING APPROACH (\/):
i Mixing:

other specityy:__ocheduled mixing.

used:BLAZER and MRO,

Other specity): NF3

ENERGY TRANSFER MODES MODELED (V): Reference
v/ | BULAZER and MRO

V-R:,
Vv ‘/
other: RR_with ACLOS rot. non-equlib.

THERMAL DRIVER MODELED (\/):

Combustor:_L_

Heater:

Arc Heater:

Shock Tube:

Other:

F-ATOM DISSOCIATION FROM (\/):
F l/ SFg:

Single Line Mode! (V): model.

Muttiline Model - (\/): Y

State (\/):

Number of Laser Lines Modaled:_g_

Source of Rate Coefficients Used in Code: __N... COhon

LINE PROFILE MODELS (\/):
Doppler i l/

i Y
otner specity):_Qperation at line center.

Colli: d

Optimal Focat Search:

Other:

2

Other i NF.
3
F-ATOM CONCENTRATION DETERMINED FROM MODEL’!:Ye_g(

DILUENTS MODELED: _He, N CF‘,\1

MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Nozzle Boundary Layers:

Shock Waves:

(thermal
other (specifyy:__Scheduled three stream:
fuel, oxidant, mixed.

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other

* in the mixed stream



CODE NAME: TWODNOZ

cope Type:  Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE: __Calculate nozzle flow including boundary layer and inviscid
core analysis.

ASSESSMENT OF CAPABILITIES: Can calculate two dimensfonal or axisymmetric nozzle flow. Uses local

similarity boundary layer solution coupled with inviscid core sotution.

ASSESSMENT OF LIMITATIONS: Does not calculate boundary layer profiles as presently formulated.

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: D. Haflinger/P. Lohn phone:  4213) 536-1624

Organization: LW _DSSG

Address: R1/1038, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = publicationy: {T): None.

STATUS:

Operational Currently?: Yes

Under Modification?:

Pury

o i TRW

Propi ¥

MACHINE/OPERATING SYSTEM (on which installed: CDC 6600

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED: __Y€S

Other Codes Required {(name,

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: 40K 10

Large Job:

Approximate Number of FORTRAN Lines: 1600

A3T31SSYI1IND



CODE NAME: TWODNOZ

I OPTICS '
None

Basic Tvpe (V): None
Physical Optics:—_Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)::

Compact Region: .. Annular Region:

TRANSVERSE GRID DIMENSIONALITY (V):

Compact Region:

Annutar Region:

FIELD SYMMETRY RESTRICTIONS?:
MIRROR SHAPE(S) ALLOWED (\/):

Square: Circular: Strip:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single metry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Val that apply):]COMPACT { ANNULAR]

fFresnel Integra) Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power Ci i Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): .. Reverse TW:

BRANCH (\/): Positive:

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: ical Mirrors:

G ical Mirrors:

Scraper Mirvors:

Axicons Waxicons | Reflaxicons

Arbitrary:

Linear:

Parabola-Parabola:

Variable Cone Offset:

Other (specity):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt: i

Aberrations/Thermal Distortions:

Loss:

Qutput Coupler Edges: Rolled:.

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index

Gas

Oy

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (\/): None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
1D | 2D { 30

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?: Flow Direction?:

PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=VYXK+Y WIlF {a s

Y+Xy=YK+X H

Cold (F + Hy): D

Hot (H + Fy): e Chain (F+ Hy & H + Fp):

| GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (‘/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: /

Other:
COORDINATE sysTem:_Cart/axisymmetri
FLUID GRID DIMENSION (V): 10:___20: ¥ _3p: ____
FLOW FIELD MODELED (V):

Laminar: __LTurbulanl:_

Other:

BASIC MODELING APPROACH (\/):
Premixed: v/ Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:,

v-v:

Other:

Single Line Model (V):

Muttitine Model . (V):

State (\/):

Equitibrium:, Nonequilibrium:
Number of Laser Lines Modeled:

Source of Rate C: Used in Code:,

LINE PROFILE MODELS (V):
Doppler

Other:

THERMAL DRIVER MODELED (\/):
Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):
Fa: SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: ——
DILUENTS MODELED:

MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Shock Waves:

Nozzle Boundary Layers:

{thermal

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: URINLA2

copeType: . 0ptics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CopE: __Models cylindrical lasers with arbitrary axicon (except noneverting
waxicon). Bare resonator code which determines mode control and beam quality.

Unstable Resonator with Internal Non-Linear Axicon (URINLA2).

Computationally accurate, uses full OPD matrix treatment of axicon, very

ASSESSMENT OF CAPABILITIES:
flexible for design.

ASSESSMENT OF LiMiTaTioNs: __Computationally slow, number of Gaussian points and Fourier components
1imited by large core storage capability on CYBER 176. Half plane symmetry required for misalign-
ments. i.e., all decentrations colinear, all tilt axes parallel, and at 90° from decentration
direction.

OTHER UNIQUE FEATUREs: __Resonators modeled: HSURIA, “HSURIA" with toric back mirror, or TURIA. Models
H-H and H-P reflaxicons and waxicons, P-P reflaxicons, tip unloaded axicons, and variable magnifica-
tion axicons.

ORIGINATOR/KEY CONTACT:
Name: Donald L. Bullock

P TRW_DSSG
Add R1/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, RP = Relevant Publication): (1) _Annular Laser Mode Studies Final Report;
(U): Program URINLA2 User Manual, June 1978; Listings availabie.

{213) 535-4384

Phone:

STATUS:
Operational C Yes

Under Modification?: No

Ownership?: Government

Proprietarry?: No
MACHINE/OPERATING SYSTEM (on which installed): — AFWL CYBER 176, NOS/BE

TRansporTABLE: ___With modification
CDC only

Machine Dependent Restrictions:

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

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:
Typical Job: 736K _{SCM), 100K (LCM) 1500

Large Job:
Approximate Number of FORTRAN Lines: 2000

ATITSSYTIND



CODE NAME:

URINLAZ2

OPTICS I

BASIC TYPE (\/):
Physicat Optics:. Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar:_L Vector:
COORDINATE SYSTEM (Cartesian, cylindrical, stc.):
Compact Region: . CY Annular Region: _CY.
TRANSVERSE GRID DIMENSIONALITY (\/): iD | 2D
Compact Region: \/ \/

Annuiar Region: / )/
FIELD SYMMETRY ResTricTionsz,_Half-plane.
MIRROR SHAPE(S) ALLOWED (V):

Square:

Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (V):

Fixed, Single Geometry:

Fixed, Multiple

Modutar, Multiple

PROPAGATION TECHNIQUE (Val that apply):]COMPACT FANNULAI

Fresnet Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

RESONATOR TYPE (\/): Standing Wave:
Traveling Wave (Ring): Reverse TW:

BRANCH (\/): Positive: ‘/

OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors:

| Mirrors:

Cy ical Mirrors:
Scraper Mirrors: _L

Axicons

Waxicons | Reflaxicons

Arbitrary: Y v

Linear: Y

/
Parabola-Parabola: v
4

Variabla Cone Offset:

Other (spacify):

Mirrors:

Spatial Filters: .
Other H-H_& H-P reflaxicons
and waxicons; P-P reflaxicons, rear

cone or flat /
GAIN MODELS (V): Bare Cavity Only:

Simple Saturated Gain:

Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirrer Tilt: L i

/

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):
Power i Fietd

Other:

ACCELERATION ALGORITHMS USED?: __Y€S
Aitken*

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/):

Prony:

omer: Aitken

*(Cf. The Algebraic Eigenvalue

Problem, J. H. Wilkinson, Oxford

/Thermal Di;

Aberrations only.

Loss:

Output Coupler Edges:. Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium Index

Gas

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal: %

Optimal Focal Search: V/ Beam Quality:,

GAIN REGION MODELED (\/): None
Compact Region: Annular Region:
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annular Region:

KINETICS GRID DIMENSIONALITY (\/):
10 20 3D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes? _____ Flow Divection? e
PULSED: cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

X+¥y=YX+Y P ERERE

YeXy=¥X+X H

Cold (F + Hy): )

l GAS DYNAMICS I

. NOZZLE GEOMETRY MODELED (and type) (\/): None

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing:

Other:

COORDINATE SYSTEM:
FLUID GRID DIMENSION (\/): 10 e 20
FLOW FIELD MODELED (V):

Turbulent:

Laminar:

Other:

BASIC MODELING APPROACH (\/):
Premixed: Mixing:

Other

Hot (H + Fo) e Chain (F + Hy & H + Fp):

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
V-T:

V-R:,

Vv

Other:

' THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: .. Heater:

Other:

F-ATOM DISSOCIATION FROM (\/)‘.
Fy! SFg:

Singte Line Model (\/):

Multiline Model - (V):

State (\/):

Number of Laser Lines Modeled:

Source of Rate C Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other:

2

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?:
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):
Shock Waves:

Nozzle Boundary Layers:,

P (thermat

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




cope Type: _Gasdynamics

CODE NAME: VIINT

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF cope: ___Calculates flow between wedges for hypersonic wedge modeling.

(Viscid Inviscid Interaction Program (VIINT))

ASSESSMENT OF CAPABILITIES:

Calculates full viscous-inviscid flow field with shocks, reflected shocks,

and shock-body interactions. Considers transverse pressure gradients in the supersonic flow.

ASSESSMENT OF LIMITATIONS:

OTHER UNIQUE FEATURES:

ORIGINATOR/KEY CONTACT:

Name: J. Ohrenberger
Oreanisation. _TRW DSSG

phone: 1213) 536-4024

Address: 88/1012, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U User, R Publi

(T): "Turbulent Near Wake Modeling Analysis

for Reentry Application", J.T Ohrenberger Prepared for Ballistic Missile Defense Adv. Tech.

Center, DASG60-76-C-0043, Apr11 1977; (U): "Computer Program Description and Users Manual of a Near

and Far Wake Modeling Analysis for Reentry under Laminar or Turbulent Boundary Layer Conditions,"

J.T. Ohrenberqger, Prep. for Ballistic Missile Defense Systems Command, DASG60-76-C-0043, March 1979.

Ohrenberger, J.T. and Baum, E., "A Theoretical Model of the Near Wake of a Slender Body in Supersonic

Fiow,", AIAA Journal Vol. 10, No. 9, September 1972, pp. 1165-1172. AIAA Paper No., 70-792 (June

512169 AIAA Paper No., 72- 116 (Jan., 1972)
Yes

Op ye

Under Modification?:

Pur

TRW

v On file at ARC Facility, BMDATC, Huntsville

MACHINE/OPERATING SYSTEM (on which installed): —_CDC_6600/7600

TRANSPORTABLE?: Yes

Machine D dent R

SELF.CONTAINED: —_Y€S
Other Codes Required (name, purpose):

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

Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: 65K

60

Large Job:

Approximate Number of FORTRAN Lines:

A3TITSSVIIND



CODE NAME: VIINT

I OPTICS I

masic Tvee (Vi None

Physical Optics:———Geometrical: ___

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)::

Compact Region: ..— Annular Region:

TRANSVERSE GRID DIMENSIONALITY (\/):

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: _______
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

Arhitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modular, Multiple

PROPAGATION TECHNIQUE (Vall that apply)s| COMPACT [ANNULA
Fresnel Integral Algorithms:

With Kemnel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT):

None
RESONATOR TYPE (V): Standing Wave:

Traveling Wave (Ring): ——. Reverse TW:

BRANCH (V): Positive:

OPTICAL ELEMENT MODELS INCLUDED (‘/):

Flat Mirrors: Mirrors:

G ical Mirrors:

Scraper Mirrors:

Axicans Waxicons | Reflaxicons

Arbitrary:

Linear;

Parabola-Parabola:

Variable Cone Offset:

Other (spocify):

Mirvors:

Spatial Filters:.

Other

GAIN MODELS (\/): Bare Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (V):
Mirror Tilt: i

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other

CONVERGENCE TECHNIQUE (\/):

/Thermal D

Loss:

Output Coupler Edges: Rolled:

d Other:

Power Field

Qther:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGOR“HM:(\/)'.

LOADED CAVITY FIELD MODIFIER MODELS (\/):

Medium index

Gas

Other:

FAR-FIELD MODELS (V): Beam Steering Removal:___

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (\/)‘. None

Compact Region: Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region: Annufar Region:

KINETICS GRID DIMENSIONALITY (\/):
10 | 20 | 3D

Compact Region:

Annutar Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along Optic Axes?:, Flow Direction?___

PULSED: cw: KINETICS MODELED

CHEMICAL PUMPING REACTIONS MODELED (\/):

X+Y¥y=VK+¥ W|IF [o|er

YeXy=YR+X H

Cold (F+ Ha)too D

Hot (H + Fo): Chain (F + Hy & H + Fy):

I GAS DYNAMICS I

_ NOZZLE GEOMETRY MODELED (and type) (V):

Cylindrical, Radially Flowing:

Rectangutar, Linearly Flowing: |/

Other:

COORDINATE svsTem:_Cart. and cylind.
FLUID GRID DIMENSION (V): 10: oV
FLOW FIELD MODELED (V):

‘/ Turbulent:

omer._1urb capability available.

Laminar:

BASIC MODELING APPROACH (\/)'.
Premixed: Mixing:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference
VT

V-R:,

V-v:

Other:

Single Line Mode! (V):

Multiline Modet . (\/):

lation Distributi snta(\/):

Number of Laser Lines Modeled:

Source of Rate C Used in Code:

LINE PROFILE MODELS (V):
Doppler

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: Heater:

Other:

F-ATOM DISSOCIATION FROM (V):
Fat SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM mopeLz:la_
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/):

Nozzie Boundary I.ayen:_Lshock anes:+

F i (thermal T /

MODELS EFFECTS ON OPTICAL MODES DUE TO (\/):

Media Index Variations:

Other




CODE NAME: WAP*

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: To determine base flow between laser nozzle. Detailed analysis

of base flows, recirculation and embedded subsonic zone, boundary remnant 1ip and wake shock

formation are included.

ASSESSMENT OF CAPABILITIES: Analysis extendable through saddle to the intermediate near wake.

Heat release capability to simulate exothermic reactions. Parabolized Navier-Stokes (finite

difference) calculation. Base pressure determined uniquely by saddle point technique.

ASSESSMENT OF LIMITATIONS: Does not handie chemistry directly. Two dimensional (but can handle

source _flows).

OTHER UNIQUE FEATURES: Can_handle base injection.

ORIGINATOR/KEY CONTACT:

Name: J. Ohrenberger Phone: (213} 536-4024

Organizati TRW DSSG

Address: 88/1012, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENTATION: (T = Theory, U = User, R v_{T): "Turbulent Near Wake Modeling Analysis

for Reentry Application,” J.T. Ohrenberger, Prep for Ballistic Missile Defense Adv. Tech. Center.

DASG60-76-C-0043, April 1977; (U): “Computer Program Description and Users Manual of a Near and

Far Wake Modeling Analysis for Reentry under Laminar or Turbulent Boundary Layer Conditions.”

J.T. Ohrenberger, Prep for Ballistic Missile Defense Systems Command, DASG60-76-C-0043, March 1979.

Ohrenberger, J.T7. and Baum, E., “A Theoretical Model of the Near-Wake of a Siender Body in Super-

sonic Flow," AIAA Journal, Vol. 10, No. 9, September 1972, pp. 1165-1172. AIAA paper No. 70-792

. Al -
STéﬁﬁQe T1970). AIAA paper 72-116 (Jan 197Z)

0 ional Currently?: Yes

Under Modification?:

Purpose(s):

TRW

Proprietary?: On file at ARC Facility, BMDATC, Huntsville

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

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: Yes

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Execution Time (Sec, CDC 7600)

Small Job:

Typical Job: 107K 300

Large Job:

Approximate Number of FORTRAN Lines:

* Wake Analysis Program

@I3TATSSVIIND



CODE NAME: WAP

‘ OPTICS I
None

BASIC TYPE (V): None
Physical Optics:—__Geometrical:

FIELD (POLARIZATION) REPRESENTATION (\/):
Scalar: Vector:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

Compact Region: . Annular Region: _—

TRANSVERSE GRID DIMENSIONALITY (\/)1

Compact Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?: ______________
MIRROR SHAPE(S) ALLOWED (V):

Square: Circular: Strip:

Arbitrary:

CONFIGURATION FLEXIBILITY (\/):

Fixed, Single Geometry:

Fixed, Multiple

Modutar, Multiple

PROPAGATION TECHNIQUE (Vall that appiy):[compacT fannuLar}

Fresnel Integral Algorithms:

With Kernel Averaging

Gaussian Quadrature:

Fast Fourier Transform (FFT).

RESONATOR TYPE (\/): Standing Wave:

Traveling Wave (Ring): ——..- Reverse TW:

BRANCH (\/): Positive:

"OPTICAL ELEMENT MODELS INCLUDED (\/):

Flat Mirrors: ical Mirrors:

Mirrors:

Scraper Mirrors:

Axicans Waxicons | Reflaxicons

Arbitrary:

tinear:

Parabola-Parabola:

Variable Cone Offset:

Other (specify):

Mirrors:

Spatial Filters:.

Other

GAIN MODELS (\/): Bara Cavity Only:
Simple Saturated Gain: Detailed Gain:

BARE CAVITY FIELD MODIFIER MODELS (\/):
Mirror Tilt: i

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhotf (GFK):

Other (s

CONVERGENCE TECHNIQUE (\/):
Power Field

Other:

ACCELERATION ALGORITHMS USED?:

MULTIPLE EIGENVALUE/VECTOR EXTRACTION ALGORITHM:(\/)Z

/Thermal

Loss:

Output Coupler Edges: Rolled:

Other:

LOADED CAVITY FIELD MODIFIER MODELS (\/):
Medium Index

Gas

Ov

Other:

FAR-FIELD MODELS (\/): Beam Steering Removal:,

Optimal Focal Search: Beam Quality:,

GAIN REGION MODELED (\/): None
Compact Region: Annular Region: __
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)
Compact Region: Annular Region:
KINETICS GRID DIMENSIONALITY (\/):

10 j 20 |3

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along Optic Axes?:
PULSED: Cw: KINETICS MODELED
CHEMICAL PUMPING REACTIONS MODELED (\/):

Flow Direction?

X+Y¥y =VX+Y WlF o jer

YKy =V¥X+X H

Cotd (F + Ho): o [

Hot (H + Fo): e Chain (F + Hp & H + F):

l GAS DYNAMICS |

. NOZZLE GEOMETRY MODELED (and type) (\/):

Cylindrical, Radially Flowing:

Rectangular, Linearly Flowing: v/

Other;

COORDINATE SYSTEM: Cartesian
FLUID GRID DIMENSION (\/): 10 e 2D: v/ 3D:
FLOW FIELD MODELED (V):

Laminar: _LTurbulanl:_L_

Other:

BASIC MODELING APPROACH (\/):
Premixed: _LMleng:

Other

Other

ENERGY TRANSFER MODES MODELED (\/): Reference

v-T:

V-R:,

V.V:

Other:

THERMAL DRIVER MODELED (\/):

Arc Heater: Combustor:

Shock Tube: i Heater:

Other:

F-ATOM DISSOCIATION FROM (\/):

Single Line Model (\/):—

Muitiline Model . (V):

P ion Distributil S!ale(\/):

Number of Laser Lines Modeled:

Source of Rate Used in Code:

LINE PROFILE MODELS (\/):
Doppler

Other:

Fy SFg:

Other

F-ATOM CONCENTRATION DETERMINED FROM MODEL?: o
DILUENTS MODELED:
MODELS EFFECTS ON MIXING RATE DUE TO (\/)1

Nozzie Boundary I.ayers:_Lshock Wavas:—L_.

{thermal /

MODELS EFFECTS ON QPTICAL MODES DUE TO (V):

Media index Variations:

Other ify)




Section IV
SUPPLEMENTARY INFORMATION FOR LONG SURVEY FORM

INTRODUCTION

The first two columns in the long survey form relate to the capability of the code to
perform optical modeling of the elctromagnetic fields in the laser cavity. The third column
summarizes the key features of the gain region chemical kinetic processes available in the
code. The last column deals with the gasdynamic properties treated by the code.

This section provides supplementary background information keyed to the survey
form format and ordering of topics. This brief narrative provides introductory material to
the user of this survey who may not be conversant with some portions of this broad, com-
plex physical, chemical, and computational problem. Some or all of the material will be well
known to the reader. Where it is not, we do not claim to provide an in-depth, self-contained
description of phenomena but, rather, a brief highlighting of the topics so that the reader
can get an immediate impression of the nature of the material and the degree of complete-
ness of its treatment by the codes.

We must, furthermore, warn the reader that the individual codes treat a number of
these phenomena very differently, so the general description given here may vary from the
approach in a particular code.

In short, those readers who require special, in-depth knowledge of any particular topic
treated here should seek that level of information from the key contact person denoted on
the first page of the long form or from the references given.

OPTICS (COLUMN 1)
Basic Type

Codes generally fall into two categories: (a) those that use geometrical ray tracing tech-
niques either to get usually quick, zeroth order analyses or evaluations of optical resonator:
performance or to evaluate optical component specifications in systems such as telescopes
beam transfer, etc. An example would be a misalignment sensitivity study or the generation
of OPD (optical path differences) for input to a physical optics code; (b) physical optics
codes that calculate propagation by nearly exact algorithms can predict resonator modes
and can account for physical optics phenomena such as diffraction and dispersion.

Iv-1
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Field (Polarization) Representation

The electromagnetic field is fundamentally a vector field.™ In the general case, any
valid resonator analysis must accommodate to the vector character of the electromagnetic
field. Nevertheless, to simplify the treatment of these complex problems, we are highly
motivated to find special cases where a scalar or single vector component treatment is valid.

In the case of an empty resonator, the scalar treatment is valid when a single compo-
nent of the electromagnetic vector field can propagate through the entire resonator and
back to the starting point without any coupling to other components of the field.

As an example, consider the reflection of light incident along the axis of a conical
reflector. The field configurations that do not mix are those whose transverse polarization
is everywhere either parallel with or perpendicular to the plane of incidence locally. If some
other field configuration is incident, such as plane-polarized light, mixing will occur and an
orthogonal polarization will result.

Thus, the inclusion of conical elements inside the resonator that scramble the field-
polarization vector has led to the development of more detailed codes that keep track of the
polarization vector at each field point. These vector codes divide the polarization into two
components and combine or resolve the components as necessary at the end of each propa-
gation leg.

The case of a loaded resonator introduces additional complications. In an empty reso-
nator where a scalar treatment is valid, the scalar treatment of modes with orthogonal polar-
izations may proceed independently. In a loaded resonator, the polarization may couple
through such effects as saturation differences of the gain medium and mirror distortion,
since only one polarization component may be absorbing. Thus for a scalar treatment to be
valid in the loaded resonator, we must suppress all but the desired polarization mode.

Finally, Maxwell’s equations predict a depolarization term given by
E -V nn?

where E is the electric field and #n is the complex index of refraction. For media in which
gradients in index are negligible in a wavelength, the latter term can be neglected compared
with terms retained in the Helmholtz equation, i.e., the term

n2k2E,
where % is the wave number.

For most media of interest in the high-energy chemical laser problem, this condition is
well satisfied.

*One might even argue that because of the peculiar properties of the cross product, the electromagnetic
field is actually a second-rank tensor field.
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Coordinate System

The numerical algorithms for beam propagation are simpler, usually more efficient, and
possibly more accurate when the coordinate system (or system of grid points where the field
is specified) matches the resonator geometry. In chemical laser resonators two types of beams
are typically encountered, compact beams and annular beams (Fig. IV-1). Circular compact
beams and annular beams are best described by use of a cylindrical coordinate system, and
beams of square and rectangular cross section typically should use Cartesian coordinates.

The particular curvature of a wavefront (spherical, cylindrical, planar, etc.) usually does not
influence the choice of coordinate system. One reason for this is because most numerical

propagation algorithms are simplified by propagating planar wavefront beams. In this case

the appropriate curvature corresponding to a given optical element is formulated as a phase
sheet™ which then multiplies the field. The more general codes offer the user a choice of co-
ordinate systems for describing compact region fields that are selected according to the ge-
ometry of the elements to be modeled. Cartesian coordinates are usually not considered ap-
propriate for representing annular beams because of the large number of grid points that
would be typically involved in modeling cases of interest. In fact, usually a restriction is even
forced on the general use of cylindrical coordinates, which leads to the use of so-called strip
algorithms for propagating annular beams. (The strip propagator is elaborated upon in later
discussions on specific propagators.)

SeANS | )
)

CIRCULAR COMPACT BEAM
(SPHERICALLY EXPANDING)

RECTANGULAR COMPACT BEAM
(CYLINDRICALLY EXPANDING)

ANNULAR BEAM

{COLLIMATED)

Fig. IV-1 — Types of beams

Transverse Grid Dimensionality

Many times, codes are developed based on tradeoffs between numerical accuracy, code
capability, and computer run time. The simplest codes are one-dimensional (1-D) and are
relatively fast, running at the expense of the ability of model asymmetric phenomena such

* Assuming, as is usually the case, that the curvature is sufficiently small that amplitude differences over the
range of OPDs can be.ignored.
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as misalignments.® One-dimensional codes can be used to provide reasonable approxima-
tions for laser power, spectral content, mode shapes and separation, mirror flux loads,
axisymmetric thermal distortions (such as thermal bowing), and misalignments in the flow
direction for short gain lengths. Two-dimensional (2-D) codes more accurately model more
complex phenomena such as misalignments, two-dimensional asymmetry of the media,
arbitrary mirror distortions, and strut obscurations; thus, 2-D codes offer the capability of
performing a number of important sensitivity studies encountered in practical resonators
that cannot be handled with the 1-D codes.

The dimensionality selected is related to the highest expected spatial frequency struc-
ture developed in the electromagnetic field due to diffraction, gain medium inhomoge-
neities, flow properties, etc. Typical upper limits dictated by computer machine capabilities
for current (1980) state-of-the-art machines are listed below.

Dimensionality = Fresnel Number

1-D problem 910 _ol1 100 — 500
2-D problem 28 x 98 20 — 40

The implications of machine restrictions on array sizes can be appreciated by a simple
example. Suppose the required sampling leads to a grid of 128 X 128 points. This leads to
a basic array of over 16,000 points, and at each point we have both the real part and the
imaginary part of the complex field amplitude. If we wish to store only the field amplitude
and phase in a source plane and an observation plane, we require a total of 64 K storage
locations even before we have loaded the computer program.

We can easily get a rough estimate of the number of grid points required in an observa-
tion plane from the following considerations. Let us imagine an infinite-slit aperture with
transverse dimension 2a¢ and an observation plane located a distance R downstream.

The single-slit diffraction pattern has half-cycle nulls a distance d apart in the obser-
vation plane, where d is given by

;.
2a

This distance can also be written in terms of the Fresnel number of the source as seen from
the observation plane; we obtain

*This does not necessarily imply that they are more efficient.
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For good sampling, we require about four points per half-cycle at the highest spatial fre-
quency so that the spacing of points required is just d/4. If the characteristic transverse
dimension on the observation plane is also of order 2, we find that the total number of
points required in one transverse dimension is given by

Thus for a Fresnel number of 50, we may require as many as 800 points in the transverse di-
mension. Of course this requirement may be eased if the amplitude at the source aperture
falls to zero as one approaches the edge of the source grid.

In addition, when doing a detailed kinetics and gasdynamic calculation as well (see
below) these arrays of field quantities must be retained at sequential times or transverse
points for use in the calculation of gain as the molecules flow away from the nozzle exit

plane.

When a machine core is exhausted, techniques are devised to extend the effective
storage by overlay and mass storage (disk) usage. With the advent of vector, parallel proc-
essing machines of effectively unlimited core, many of these restrictions will be removed
and only cost will dictate the limits of the size of problems to be attempted.

Field Symmetry Restrictions

In some instances, quasi-two-dimensional codes are assembled that assume field sym-
metry about a line or point. Codes also can be tailored to model systems that are circularly
symmetric. These codes have definite field symmetry restrictions. Often, code users take ad-
vantage of field symmetry by specifying only the nonrepeating portion of the field. Thus
one can reduce the total number of required grid points by a factor of n where there is n-
fold symmetry, without affecting the field resolution.

Mirror Shapes Allowed

Codes that have been assembled with one type of coordinate system are usually re-
stricted in their ability to model mirror shapes fitting another coordinate system. Two-di-
mensional Cartesian codes do an excellent job in modeling square or rectangular mirrors, and
an inefficient job in modeling elliptical or circular shapes. One-dimensional Cartesian codes
can model strip mirrors (mirrors that are considered infinitely long in one dimension). Ellip-
tical mirrors that are circular or of moderate eccentricity can be handled by cylindrical coor-
dinate codes. '

The field modification by a mirror usually takes the form of an amplitude and phase
change imposed on the field at the mirror plane. This introduces the effects of mirror curva-
ture and absorption. Actual measured data on mirror shape, curvature, and reflectivity can
be used as well, if available, provided that the code has been designed to accept such data.

IV-5
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Flexibility of Configuration

There appear to be only three approaches or philosophies taken in building detailed
resonator codes. These are: (a) codes developed to model only one specific resonator type
(e.g., the HSURIA™), (b) codes that allow the user to select one of several different pre-
programmed resonator models usually by simply setting certain flags in the input files, and
(c) codes that attempt to provide the user complete freedom to model any resonator he
chooses (the modular codes). In the latter approach, the code builder attempts to provide,
in a useful format, all necessary submodels that could be of interest in modeling resonators
over as wide a range as possible and leaves to the code user the task of representing his own
resonator by utilizing modules in the proper sequence. Essentially, the user writes his own
executive program, which amounts to a particular sequence of calls to the various modules
(subroutines models) representing a complete set of operations on the field in transversing
one round trip through the resonator.

There are obvious advantages and disadvantages to a given approach. The fixed, single
resonator code is of little use unless it models the resonator of interest. On the other hand,
its limited scope offers the possibility of making it highly efficient and cost effective to run.
Also, compared to the other code configurations, it should be the easiest to use given that
all these code types are performing the same level of analysis. The fixed, multiple resonator
code configuration offers the capability of modeling several different resonators with rela-
tive ease. Using one basic code to model several different resonators for performance com-
parisons is advantageous since the numerical precisions will be nearly the same. Such code
configurations require a more complex logical structure; they can become unwieldy if too
many resonator models are included. Finally, the multiple, modular code construction
approach offers very great modeling flexibility in return for a great amount of foresight in
the selection and interfacing of a large number of physical models on the part of the code
builder, as well as the time required to construct the iteration loop to represent a particular
resonator on the part of the user. The advantage is that a user will (in principle) have to
learn how to use only one code. Disadvantages are that it is extremely difficult to predict all
the necessary code features and build a code that is both simple and efficient to use.

Often, cost and/or schedule constraints have dictated the approach to code construc-
tion. Single-purpose codes can be built in several months by those already familiar with the
physical models and the numerical algorithms. Modular codes, on the other hand, require
many man-years of planning and construction before they can be used.

Propagaticn Technique

We turn now to the question of calculating the electromagnetic field at a down-
stream location when its amplitude and phase are specified on some surface upstream. The
surface need not be planar, but it is often so chosen to simplify the calculations.

There are two basic propagator types, the integral type using the Huygens-Fresnel prin-
ciple and the differential equation type derived from the paraxial wave equation. Each type
can deal with a complete vector field, but to simplify our discussion we assume that the
problem has been structured so that a scalar treatment is valid. Our discussion here is ori-
ented toward numerical calculations. Later we will touch briefly on analytical treatments.

*Half—symmetric unstable resonator with internal axicon.
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Paraxial Wave Equation
In the scalar version of paraxial wave treatment we assume that a single transverse
component propagating in the z-direction can be written as the real part of the expression

E (x,y,2,t) = ¥(x,y,2) exp (ikz - iwt) ,

where ¥ satisfies the paraxial wave equation

n?(x,y,2,t)

2
o

dv
vg,\wzik;;— + k2 1|¥=0. 1)

n

The refractive index may be complex if it is to include gain. If the gain is to be introduced
as one or several isolated gain sheets, we set n = n, and the last term in Eq. (1) drops out.

Huygens-Fresnel or Integral Equation [1]

In the paraxial approximation, the field at any observation point downstream is given
by

¥(P)y=-— R

ik f ¥(s,) exp(ikR)
A dsy > (2)
2r Jsy

where the integral extends over the area of the source aperture s, R is the distance from
each element in s; to the observation point P, and ¥(s, ) is the complex field as a function of
position in the source plane.

Comparison of the Two Approaches

Since the integral equation and the paraxial wave equation are alternative approaches
to the same problem, we expect that both approaches will yield the same correct answer.
The question for discussion, then, is which approach can be more readily implemented in a
given case. \

In comparing the two approaches, we find that the integral propagator seems to be the
natural choice for a long propagation distance. The integral is evaluated in a single step from
the source plane to the observation plane. The numerical integration of the differential
equation, on the other hand, is expected to require many steps for a long propagation
distance.
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As the propagation distance decreases, the quantity exp(ikR) in Eq. (2) will begin to os-
cillate more rapidly as we move across the aperture carrying out the numerical integration.
The number of one-half cycles of oscillations is given by the Fresnel number Ny, defined by

Ngp =a2/(R)N), (3)

where a is the radius of the source aperture, A is the wavelength, and R is as before. For
good accuracy in our numerical integration, we may require somewhere between four and
eight points per Fresnel number; thus, as the distance to an observation point R decreases,
the Fresnel number increases to a value of, say Ny = 100; we require between 400 and 800
radial grid points. If, in addition we introduce tilt or otherwise destroy the axial symmetry,
the total number of grid points can climb rapidly into the range of 103 to 104, This discus-
sion assumes, of course, that the phase and amplitude of ¥(s; ) vary at a slower rate than
exp(ikR), a condition not always met in practice. For relatively short distances and corre-
sponding large values of N, the paraxial wave equation seems the natural choice. In the
limit of short distances we have the geometric optics solution in which the electric field can
be expressed in terms of the second derivatives (or equivalently, the radius of curvature of
the phase fronts) of ¥(s;) in the source plane.

In numerical calculations, the values for the electromagnetic field are always presented
on a grid of finely spaced points. The configurations of the grids and the total number of
points are important issues. One is always faced with the tradeoff between computer storage
requirements and calculation speed on the one hand and accuracy requirements on the
other.

The early calculations were often carried out with Cartesian coordinate and square or
rectangular grid systems. The early fast Fourier transform (FFT) (to be discussed later)
algorithms were easily applied to these systems. For circularly symmetric systems, however,
this is not an efficient grid system. Accordingly, radial systems were introduced and suitable
integral propagators were developed for azimuthally decomposed fields. For an axisymmetric
system, the number of grid points for a given level of sampling can be reduced substantially.
Even when the axial symmetry is disturbed by such factors as tilts, mirror distortions, and
struts, one often samples relatively heavily in r and relatively thinly in 6, with an overall
increase in sampling efficiency compared to a Cartesian system. "

Before we leave our discussion of basic considerations, we mention briefly some of the
analytic techniques and contrast them with the numerical techniques.

Since the early work of Horowitz [2] on the empty cavity modes of the perfectly
aligned infinite strip resonator, slow and steady progress has been made with the analytic
techniques. Butts and Avizonis [3] have studied the cylindrically symmetric bare resonator.
Ellenwood and Meyer [4] have obtained preliminary results on the empty perfect HSURIA
resonator. The analytic studies are significantly limited by the fact that they cannot deal
with the general cases of major interest. Nevertheless, to the degree that they can handle
important ideal cases, they serve a useful role for baseline comparison purposes. Some
workers also feel that they retain closer contact with the basic physics of the problem.
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Although the large numerical codes are held in mixed regard within the community,
they do appear to hold promise for accurate numerical results for all cases of interest. The
full set of cases of interest spans a much wider range of phenomena than those that can be
handled by the analytic approaches.

The large codes may be plagued with long run times, considerable expense, and uncer-
tain results, particularly for those cases where there is no convergence. We do not yet seem
to have achieved the happy circumstance of efficient and economic computer codes pro-
ducing results of high confidence for all the realistic cases of interest.

Some Specific Propagators

We present now a brief discussion of some of the features of several propagators used
in practice. We will discuss only Huygens-Fresnel algorithms, since these are the most often
used. The ordering here follows that of the survey form.

Kernel Averaging

This technique takes account of the fact that a relatively fine grid is required to sample
rapid variations in the quantity exp(ikR) in Eq. (2), whereas a coarser grid is generally
adequate for the field distribution in the source aperture. The exp(ikR) grid can be com-
puted once and the values for the field amplitude obtained by interpolation.

Gaussian Quadrature

This is a well-known technique for carrying out numerical integration with a given
accuracy and fewer grid points than those used in the evenly spaced grids. The grid points
must be spaced unevenly to effect this improvement. A nonuniform weighting function is
used. One possible penalty is the requirement for interpolation to obtain the field values at
the proper locations in the source plane. In addition, for large Fresnel numbers, sampling
restrictions lead to prohibitive run times.

Fast Fourier Transform

The FFT is a well-known technique [5] by which the number of steps required to
carry out an integration of an N X N-point 2-D function expanded in an N X N series of
basis functions may be reduced from ~N2 to ~N log, N, which is a substantial saving when
N is 2> 100. In its original version the FFT is suited to the case of a rectangular grid system.
To carry out the procedure, one takes the (fast) Fourier transform of the field distribution
in the source plane, propagates this transform to the observation plane with a simple multi-
plication, and finally, if desired, calculates the inverse (fast) finite Fourier transform.

Fast Hankel Transform

The FHT transform has been described by Siegman [6]. The Hankel transform and the
Fourier transform are very closely related. In fact, the result of a zeroth order Hankel trans-
form is numerically equal to that of a double Fourier transform in x and y when the func-
tion being transformed is cylindrically symmetric. Higher order Hankel transforms accom-
modate cases where, for example, cos mf symmetries are present.
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Gardner-Fresnel-Kirchhoff

The Gardner transform [7] is applied to Eq. (2), resulting in a Gardner-Fresnel-Kirchhoff

(GFK) algorithm. If the Fresnel integral is written in terms of the cylindrical coordinate var-
iables r and 0, the 0 integrations can be carried out analytically for circularly symmetric
fields. As it stands, the form of the remaining integral over v does not lend itself to any of
the fast transform techniques. However, if we apply the Gardner transform to the radial co-
ordinate, the new variables u and u'appear in the form (z - u"), which is a form of a convo-
lution to which the fast transform techniques can be applied. Both FHT and GFK methods
use the Gardner transform. The FHT requires an additional Fourier transform, since a con-
volution is not used.

Strip Propagators

The strip propagator [8] is the appropriate one for the one-dimensional strip resonator
problem in which the fields are independent of the coordinate along the strip. These prop-
agators are applied in the annular region of circularly symmetric HSURIA resonators. Strip
propagators are of interest because we anticipate great difficulty in handling the number of
grid points required for a fully general treatment. We can understand these requirements
from the following considerations. Let us imagine an annulus 60 cm in diameter with a
4-cm shell which is 400 cm long. From Eq. (3) we take the Fresnel number

22
N, = ~ 33
F(8x1074) 400

If we assume that the annulus can be considered as an infinite strip closed on itself, then
about 500 points are required to properly model the field through the thickness. If now we
add the possibility of an angular dependence around the annulus, we may require one to
several orders of magnitude more points to model the fields properly, depending on the
magnitude of the angular variations. A Fourier decomposition is made in the azimuthal
components. These fields are then carried along separately.

Convergence

Convergence in laser resonators is an iterative process that amounts to reflecting the
field around the resonator until the field distribution is repeated to within a multiplicative
constant from one iteration to the next. This constant is related to the mode eigenvalue.
The iterative procedure is terminated when the field stabilizes to within a convergence cri-
terion. In some codes the measure of convergence is taken to be the (normalized) power in
the field fed back into the resonator immediately after outcoupling. Convergence is reached
when either (a) a certain number of the last computed values of the feedback power are all
within some prescribed amount, or (b) the most recently computed minimum and maxi-
mum values of the feedback power agree to some preset number of decimal places. Conver-
gence can also be established by requiring the point-to-point variation in the field distribu-
tion to be less than a prescribed amount for consecutive iterations.
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When the two largest eigenvalues have nearly the same value, e.g., for resonators of
nearly integer equivalent Fresnel number, convergence to the dominant eigenvalue can be
quite slow if obtainable at all. In such situations convergence acceleration algorithms are
sometimes used to predict the eigenvalue in hopes of reducing the number of iterations to
convergence.® Since the results obtained with some algorithms can be misleading or erro-
neous, they should be utilized with caution.

Eigenvalue/Eigenvector Extraction [9]

In modern unstable resonator calculations, it is very important to determine a resona-
tor’s transverse mode behavior to ensure adequate transverse mode discrimination and insen-
sitivity to small mirror misalignments (tilts, translations, decentrations, etc.). This means
that, typically, several high-order transverse modes of the resonator, in addition to its
lowest, need to be calculated. Ordinarily, however, numerical unstable resonator solutions
yield only one eigenvalue, i.e., the one associated with the dominant, or lowest loss, mode
represented by the stable (self-replicating) field distribution at convergence. Thus, to obtain
information about some other (higher order) mode, one must somehow extract the known
modes from the initial field distribution and reiterate the resonator to convergence. There
are two basic problems with this approach. First, finding many eigenvalues (and transverse
modes) one at a time for a complex resonator can be very expensive, since convergence must
be reached every time. It would not be unusual for higher order modes to converge more
slowly. Second, due to numerical inaccuracies, it could be very difficult to completely
extract a known (lower order) eigenvalue from the starting field distribution, to prevent its
dominating again after many iterations.

The Prony method, which provides an effective algorithm for extracting all of the sig-
nificant lowest order modes in a resonator eigenvalue calculation, is one means of alleviating
the problems just discussed [10]. Furthermore, with this method several different transverse
modes of a resonator can be found without iterating the field to convergence! This is obvi-
ously a very powerful technique and provides an important measure of both power and ef-
ficiency to be considered in trading off resonator optics codes for use in higher order mode
calculations.

Resonator Type

Standing-wave resonators have mirrors at either end of a cavity that reverse the beam
direction, causing it to alternately retrace its path in the opposite direction. Field points in-
side standing-wave resonators have a bidirectional flux traveling through them. Traveling-
wave resonators, commonly called ring resonators, circulate the mode unidirectionally (if
properly designed). Sometimes, poorly designed traveling wave resonators can support
reverse running modes, which are generally undesirable.

*For example, see Aitken’s method as discussed in J. H. Wilkinson, The Algebraic Eigenvalue Problem,
Oxford University Press, Cambridge, 1965, p. 578.
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Branch

The branch of a resonator relates to the stability diagram [11] for two-element reso-
nators, made up of spherical mirrors at unequal curvature (see Fig. IV-2), which is equiv-
alent to a sequence of lenses of alternating focal length f1 =R,/2,fy = R, /2 equally
spaced a distance d apart. ’

One identical subelement of this sequence of lenses is a space d followed by a lens of

focal length £, , followed by another space d, and finally the second lens of focal length f..
1 2

By applying the appropriate paraxial ray transfer matrix to this subelement and requiring
that one-half the trace of this matrix be between -1 and 1, we arrive at the condition for
stability. That is, for the optical system representing the complete round trip in the reso-
nator mirror system, we have the equivalent lens sequence shown in Fig. IV-3.

The matrix operations are, for this sequence,

1 djf 1 of [1 df|1 o
0 1|(-1 1] jo 1f[-1 1
fy P
- -
1-4d/f, 2d - d2/f,
1 1 d d 2d  d?
- — 1- —-—+—
fl f2 f1f2 fl f2 f1f2J

]

Fig. IV-2 — General open optical resonator
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4

fy f2

Fig. IV-3 — Equivalent lens sequence
for open optical resonator

Stability requires that ~1 < 1/2(trace) <1, or,

2d 2d d2
-1<1/2 [2-—-—+—|<1.
fi fa fify

Thus,

d d
o< ({1- — 1- — )} <1 for stable resonators
Rl R2

where we have substituted f1 = R1/2 and f2 =R,/2. Letg, =1~ d/R1 and g, =1-d/R,.
Then the unstable resonators split into two categories

positive branch 8,8,=1

and

negative branch 8185 <0.

The stability diagram is a plane representing all combinations of 8185, as in Fig. IV-4. A
special case of great interest is the confocal resonator for which the focal points of the mir-
rors coincide. The condition of confocality is given by

fi tfy=d
which leads to contours of confocality

&1 =g2/(2g2 -1)

on the stability diagram.
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Fig. IV-4 — Stability diagram. Unstable resonator systems lie
in shaded regions.

The positive-branch confocal resonator has &, and & positive, but the curvatures of
the mirrors are of opposite sign. The negative-branch confocal resonator has both curvatures
positive, but g, and g, are of different sign. Thus, the negative-branch resonator has a real
internal focus. These examples are shown in Fig. IV-5. Both have fundamental mode colli-
mated outputs.

9192 > 1 9192 < 0
‘/ > - >
(a) Positive branch (b) Negative branch

Fig. IV-5 — Two classes of confocal resonator
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Optical Element Models Included

Most optics codes are capable of modeling standard components such as those dis-

cussed in this section.

Flat, spherical, and cylindrical mirrors are standard optical components.

<

FLAT SPHERICAL CYLINDRICAL
PARALLEL IN PARALLEL IN x: PARALLEL IN & OUT
PARALLEL OUT FOCUSED/DEFOCUSED OUT  y: PARALLEL IN —
FOCUSED/DEFOCUSED OUT
» SIMPLY REDIRECTS  B>POINT FOCUS
THE BEAM » LINE FOCUS
NO PHASE SHIFT: x, ¥ PHASE SHIFT: K(x2 +y?) PHASE SHIFT: Ky2/2f,

2 NO PHASE SHIFT: x

Telescopes, intra- or extracavity, are used to enlarge or reduce beam sizes.
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Scraper mirrors are placed between the end mirrors of unstable resonators to outcouple
the beam. A scraper mirror is usually a flat with a hole in it, placed near the convex cavity
mirror. (Note: Usually not modeled.)

A
—/ N\ =
/ «/ CONVEX

Axicon is the generic term for an axisymmetric, cone-shaped optical element.

e =

Waxicon is the term for a compound axicon (two cones) whose cross section is
W-shaped. An annular input beam is transformed into a compacted beam traveling in the
opposite direction.
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7 Reflaxicon refers to a compound axicon that compacts an annular beam without re-
versing the beam direction.

]

|
|
| A

Arbitrary refers to the surface contour of the axicon. Arbitrary axicons can be de-
signed to change the beam phase or intensity profiles.

Linear model: surface contour is a line of revolution, resulting in a true cone section.

Parabola-parabola model: the inner and outer cone of surfaces are parabolas of revolu-
tion. These configurations spread the compact beam to reduce flux loading on optical
elements.

IV-17
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Variable cone offset is the axial separation between the inner and outer cones and is a
code variable.

mmlmwl | 0 18 THE OFFSET
| i

Deformable mirrors refers to a mirror whose surface contour is adjustable by use of a
series of actuators. When a deformable mirror is coupled to a feedback system of sufficient
bandwidth, an adaptive optic system results. This can be used to offset aberrations induced
in the intracavity beam by gain media inhomogeneities and fluctuations, mirror deforma-
tions, or jitter.

Spatial filters refers to an aperture stop placed near a focal point to restrict passage of
a beam to those elements that can be focused through the aperture. Since unwanted modes
have energy in the wings of the focal pattern, the filter acts as a suppressant by removing
this energy from the feedback loop. If the passage to a “point’’ focus is impossible due to
high flux, then a cylindrical lens can be used to form a line focus, thereby spreading out the
beam power over a greater area. In this case the filter is a line aperture.

Gratings are linear, circular, or holographic contours of wavelength dimensions etched
or ruled into a mirror to disperse the beam.

Gain Models

Bare cavity models do not contain gain models but mathematically normalize the cir-
culating flux to unity after each round trip. Simple saturated gain models use a simple gain
algorithm for homogeneous and inhomogeneous broadening to boost the intracavity flux
on each round trip. Detailed gain models calculate the gain by taking into account the actual
number densities of active media at each field point and consider effects such as cascading,
mixing, and deactivation. These models are summarized in the sections of the survey form
dealing with kinetics (column 3) and gasdynamics (column 4).

Bare Cavity Field Modifier Models
Field modifiers are mathematical operations applied to the intracavity field at selected

points to model various resonator elements such as mirrors or errors. For instance, errors
due to thermal distortion of a laser mirror can be calculated once the field is predicted at
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the plane of the mirror. An algorithm is then used to determine the mirror distortion, which
in turn is converted to a phase error and added point by point to the field phase.

Recent work by Felsen, Dente, and others on the effect of the mirror edges on reso-
nator mode stability and control have resulted in the comments on output coupler edges:
rolled, serrated, etc.

Loaded Cavity Field Modifier Models

In loaded cavity models (gain included), field modifiers to simulate gain sheets as well
as errors in the gain medium index of refraction, gaseous resonant or nonresonant absorp-
tion of the intracavity flux, or the effects of overlapped beams in detailed three-dimensional
gain packages are sometimes modeled. The gain is a function of the laser intensity; hence,
matrix methods are not usable, since the problem is nonlinear.

Far-Field Models

Far-field models are used to project a beam with a certain intensity and phase profile
taken at the resonator output into the far field for purp(oses of evaluating beam quality.
Errors in the output beam phase such as tilt and focus need to be removed in some instances
in order to properly evaluate the residual beam quality. Beam quality is usually calculated
by measuring the fraction of the total power that passes through an aperture of fixed size
and comparing the ratio of the theoretically perfect beam to the predicted beam by one of
a number of simple algorithms.

KINETICS
Introduction

The objective of the chemical kinetics subroutines in these computer codes is to calcu-
late the gain coefficient by taking account of the detailed rates of pumping, deactivation,
and stimulated emission of the vibrational states of the excited product molecules in the
chemical reaction of the laser medium. These instantaneous point solutions are then coupled
with fluid flow models (cf. discussion of column 4 of survey form) of various degrees of
sophistication to describe the gain as a function of position transverse to the laser light beam
propagating between the mirrors. Since the pumping and stimulated emission rates are de-
pendent in part on the local intensity of laser light at the site of each molecule in the stream,
one sees immediately that the most comprehensive solutions require that self-consistency be
established (the laser light appears both as a cause and an effect of the molecular kinetics).

The gain coefficient a is calculated at a discrete plane along the propagation direction
(2) and is used in the radiative transfer equation to calculate the local intensity I;

dI

— =Ja

dz
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The gain coefficient is derived from the details of the complex behavior of the mole-
cules, which derives from functions of the following factors:

1. Their combustion formation processes (rate coefficients)
2. Collisions with other molecules (foreign and self-broadening and energy transfer)

3. Their motion at the temperature of the flowing, expanding gas (Doppler broad-
ening)

4. Rotational and vibrational populations (Boltzmann or non-Boltzmann distribution
plus partition function)

5. Einstein coefficients for stimulated emission and competing deactivation modes.

Gain Region Modeled

If the gain generator is in the compact region of an annular device, as it is in laboratory
test beds in many cases, the model is appropriate for that configuration—that is, for example,
linear banks of nozzle and parallel flow. If the gain generator is in the annular region, then
cylindrical symmetry dictates a (r, 6) coordinate system to model the radial diverging gain
medium.

Kinetics Grid Dimensionality and Symmetry

The molecular effects summarized above are calculated for each transverse point in the
region intercepted by the laser beam modes in the most sophisticated models. For some ge-
ometries and flow patterns, an approximation of one-dimensional kinetics is assumed and im-
plemented by averaging over the transverse coordinate perpendicular to the flow direction.
The variation of gain along the optic axis is achieved by use of more than one transverse
plane for the kinetics/gasdynamics calculation. One does so only with care, however, since
this gain calculation can be very time consuming. Typically, one to three gain “sheets” are
used, although some lasers have been studied with as many as six sheets. A rule of thumb is
about one per meter of HF. One tries to keep the gain X length product between sheets
such that the intensity rises linearly.

Chemical Reactions Modeled
The reactions modeled for use in high-energy lasers have generally fallen into three
catetories: (a) cold, (b) hot, and (c) chain. Cold and hot are terms referring to the relative

exothermicity of the one reaction compared with the other. The cold reactions are given
by the class of halogen-hydrogen reactions

X+H,>HX+H,
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where X is any of the halogen atoms F, Cl, Br, or I, and H can be replaced by D. The hot
reactions are given by the class of atom transfer reactions,

H+X,>HX+X.

The energy to be distributed among the reaction products is -AH + E, where AH is
the change in enthalpy of the reaction and E , is the activation energy needed to overcome
the potential barrier between the two initially stable reactants. The reference to cold and
hot reactions can be understood by reference to energy values for a specific reaction. For
example,

F+H,>HF +H

has
-AH +E = 34 keal ,
whereas
H+F,>HF +F
has

~AH +E,, = 102 keal .

Since this excess energy appears as excited state HF* , one sees that much higher vibra-
tional levels are possible in the hot reaction.

The higher exothermicity of the hot reaction can be attributed to the difference be-
tween the very weak bonding of F, and strong dissociation energy at 0 kelvins from v = 0
of HF. The difference of about 100 kcal is sufficient to excite HF vibrationally to v = 11.

The chain reaction occurs with a mixture of H, and F, so that both the hot and cold
reactions are present in the gain medium, supplying the necessary H and F atoms to activate
the excited HF molecules. In addition, the hot reaction allows energetic interaction of F,
with the excited HF above a minimum vibrational level to create a surplus of F atoms via

the branch

HF*(v=>v,,; ) + F,~> HF(v=0) + 2F .
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The difference in exothermicity and hence in available vibrational energy for popula-

tion inversion is clearly seen in the following coordinate energy level diagrams for F/H,, and

are the rate constants for activation and recombination, respectively.

H/F, reactions. In Fig. IV-6 the energies shown are for one mole of reactants. The k; and k;

F+H, —HF" + H H+F, —~HF' 4+ F
K10
H+F, —~ H + HF (v = 10)
-0 10
\:9‘ H + HF (v = 9)
E, = 4.0 keal 3
\k,\H+HF(v=B)
\k7 8
k'
7 H+HF(v=T
!k6
\\kko\H+HFv=6)
5
5 S\
@ \ H + HF (v = 5)
z
u AH = -98.0 keal L\¢
2 ST A W HE (v -4
e \"3 '
w k k-!’\
£ FeHy 3—H + HF (v = 3) H + HF (v = 3)
o \"z
’
k2
koN\Q_H + HF (v = 2) H+ HF (v = 2)
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AH = -31.6 kcal k'%
H + HF (v = 1) t H+ HF (v = 1)
k
oko
__j _____ '___ H+HF(V=0) _—J H+HF(V=°)

REACTION COORDINATE ———»

Fig. IV-6 — Reaction coordinate diagrams for F/H, and H/F, reactions {12a]

Modeling of Energy Transfer Modes

Deactivation of the inverted population occurs via stimulated emission together with
competing radiative and collisional processes. Relaxation rate coefficients are used in the
computer calculations to account for the self-deactivation of the hydrogen halides and for
their deactivation by other species of atoms, molecules, and radicals present in the flowing
medium.

The energy transfer occurs through either vibrational-translational reactions or vibra-

tional-vibrational reactions. The vibrational-vibrational (rotational, V-T(R)) reactions are
exemplified by
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k

v,v-Av
—_

HX(v)+M " HX(v- Av) + M + AE(v,Av)

where &, ,_ A, is the rate coefficient, v is the initial vibrational level of HX, and Auv is the
number of vibrational quanta transferred to the chaperone specie molecule M as translational
and/or rotational energy. This type of transfer leads, clearly, to a real loss of available
guanta for stimulated emission at vibrational level v. In the vibrational-vibrational (v, v’)
reaction

ku,v'

HX(v) + AB(v') = HX(v~ Av) + AB(v + Av) ,

energy remains in vibrational states. In the case of self-deactivation, lasing species are pre-
served in v, - v’ transfer.

Single vs Multiline

Since the vibrational-rotational levels are populated and deactivated at different rates,
the inversion condition necessary for lasing depends on the instantaneous relative popula-
tion between all V-R levels and therefore changes with time. Thus the spectral output of the
chemical laser is generally multiline. The line profile as a function of the transverse flow co-
ordinate is in general different for each line because of differences in gain distribution.

Rotational Population Distribution

To avoid excessive computational time, the assumption of rotational state population
equilibrium is usually made. The partition function describes a Boltzmann distribution in this
case. At the low pressures encountered in some HF laser designs, this assumption is not neces-
sarily a good one. If, for example, collisional rates are greatly exceeded by stimulated emis-
sion rates, then the equilibrium assumption is suspect. Brute-force inclusion of rate equa-
tions for each J level would lead to inordinate run time and expense. Thus various simpli-
fying assumptions are made, including empirical distributions fit to small-signal gain and
chemiluminescence data. Care must be exercised, however, since in the absence of lasing, the
Boltzmann distribution is very well fitted to available data. ’

Line Profile Models
The natural line width of the lasing transition is broadened by collision and the Doppler
effect. In high-pressure devices (> 75 torr), collisional broadening dominates. In low-pres-

sure devices (< 5 torr), Doppler broadening dominates. A convenient method for inclusion
of both effects is to use the Voight function defined by
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42
Ky =2 [o-2-% fdt
’ a ] 2 _n2’

' -—ooy +(x t)

The line profile at wavenumber « is then

1/2
Qﬁ) 1 K(x,y)

P(w;v,d,m) = ( T

aDp(U,J:m)

where

lw =~ we (v,d,m) |

= (tn 2)1/2
* (n ) aDP(v>J’m)
y = (n 2y1/2 B0
aDP(l)’Jam)

Also, o p and oy, are the Doppler and Lorentz HWHM (half widths at half maximum),
respectively. For laser operation at line center (w = w, ), x = 0 and the Voight function
[12b] reduces to the exact formula

KO~ [1-erfy)] expir?) .

Then in the limit of pure Doppler broadening (y = 0 and K(0,0) = 1), the line profile be-
comes

fn2/m)/2
<I)]:)1>((’~’c )= '(____ ’
%pp

whereas in the (Lorentz) limit of pure collisional broadening (y = ¢ and K(0,y) = 1/y\/F '
it becomes

CIJLR(wc )= oL
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For operation at other than line center (w # w, ), approximate algebraic expressions for the
Voight function exist [13]. ‘
GASDYNAMICS
Background

Gasdynamics, the fourth column on the detailed code survey form, describes the
capability of the code to account for the fluid mechanical properties of the gases as they
are mixed and transported through the laser and, in particular, to account for the effects

of gas mixing on the production rate and spatial distribution of HF* (or DF*), which deter-
mine power production.

Nozzle Type and Geometry Modeled

There are basically two distinct ow}erall nozzle bank geometries that define the shape

~ of the gain region: cylindrical and rectangular. The specific nozzle elements themselves

usually reflect geometries characteristic of subsonic or supersonic flows. There are many
different types of chemical laser nozzles. The cylindrical, radially flowing nozzle banks
produce a gain region of annular cross section as seen in Fig. IV-7. The gases flow radially
outward and hence the streamlines diverge. Rectangular, linearly flowing nozzle banks
(shown in Fig. IV-8) produce a gain region of rectangular cross section with parallel stream-
lines. In either geometry the flow is transverse to the optical beam path.

Coordinate System

The representation and calculation of fluid flow phenomena are usually simplified when
the chosen coordinate system reflects the flow field geometry. It is often important to be
aware of which coordinate system is used in a given code, expecially when that code is to be
combined with another for extended calculations or when a code is being considered as a
candidate for analyzing a problem of given geometry where the run time, cost, and/or accu-

racy should be compromised if the coordinate system and problem geometry were not the same.

Fluid Flow Grid Dimension

This section requests specification of the spatial dimensionality of the numerical fluid
dynamics grid. The ability to accurately represent actual physical phenomena increases (as
do the run time and cost) as fluid grid dimensionality is increased from one to say, three
dimensions. Certain phenomena may actually require four dimensions, three spatial dimen-
sions and time, in order to be modeled satisfactorily. Other phenomena may be adequately
modeled by only a single spatial variable in a time-independent calculation. There may be
no advantage at all in using a code with higher dimension capability than is required for a
given analysis, although there are usually significant cost, run time, and job turnaround
penalties.
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Fig. IV-7 — Hypothetical combustion-driven CW HF chemical laser employing a cylindrical, radially flowing nozzle bank and a HSURIA
resonator producing an annular gain region
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Equally important (but ignored in the survey) in assessing the suitability of a code for a
given problem is the actual number of grid points per grid dimension allowed, which deter-
mines the maximum sizes of the arrays that can be handled by the computer, and which for
a given set of geometrical dimensions determines the maximum achievable resolution.

Flow Field Modeled

Typically the supersonic HF /DF mixing laser must solve a number of gasdynamical
problems because the type of mixing influences the mixing rate that affects the lasing
process. The mixing rate depends on whether the mixing in the laser cavity is laminar, tran-
sitional, or turbulent. Since this is a question that has not been fully resolved, the capability
of a code for modeling a variety of flow field conditions is an important measure of its use-
fulness in certain types of performance analyses.

Basic Modeling Approach

When F and (Hy of Dy) are mixed in a flowing system, the chemical reaction prod-
ucing HF* (or DF*) begins as soon as the reactants come into contact. As a result the over-
all rate and spatial distribution of HF* (or DF™ ) produced by such a reaction is governed by
both the chemical reaction rate and by the rate of mixing. Attempts to model the influence
of both rates on power production and distribution in the cavity lead first to an investiga-
tion of two limiting cases, the so-called premixed and mixing- or diffusion-rate dominated
cases.

In the premixed approach the rate of mixing or diffusion of F and H, is considered to
be very fast compared to the reaction rate, and therefore the production of HF* is limited
by the chemical reaction rate. In this case gases are allowed to mix before the chemical
reaction starts, hence the production of HF* (and laser gain) occurs downstream from the
mixing. Thus, in this limiting case the diffusion equations that describe the mixing process
are ignored. This approach also leads to a considerable simplification in modeling.

In the mixing-rate-dominated approach, the rate 6f mixing (or diffusion) is considered
to be slow in comparison to the chemical reaction rate, and therefore power production is
governed by the mixing process.

As might be expected, neither limiting case is considered sufficiently accurate for
modeling the coupling of finite diffusion and chemical reaction rates necessary for ade-
quately describing HF production in CW HF lasers. As a result, other approaches have been
developed that attempt a more realistic modeling approach, i.e., one that is intermediate

between the limiting cases. For example, there is the so-called flame sheet solution approach.

In this approach the mixing process is incorporated into the premixed solution through the
use of a flame sheet diffusion profile [12]. Such approaches are referred to as scheduled
mixing.

There are many approaches to modeling chemical lasers [12,14]. Generally they can
be divided into two overall categories—those that are basically numerical and those that are
analytical. Some of these are loosely grouped by category below in terms of (generally
speaking) decreasing rigor, scope, and complexity:

Iv-28



1%

&N B W EE B Ey A

N BN O an b ap S EBE E e e

NRL REPORT 8450

Detailed Numerical Approaches

There are three main detailed numerical approaches, which are given here, with appro-
priate references.

® Rigorous attempts at mixing solutions (possibly with kinetic and radiative proc-
esses) included work by the following researchers:

A. W. Ratliff, J. Thoenes, and S. D. Smith, “Method of Characteristics Laser and
Mixing Program Theory and User’s Guide,” vol. IV, Technical Report RK-CR-73-2, Lock-
heed Missiles and Space Co., Huntsville, Ala., 1973.

B. R. Bronfin, et al., “Development of Comprehensive Laser Computer Models,”
United Aircraft Research Laboratories Report K911252, Nov. 1971.

B. R. Bronfin, et al., “Development of Chemical Laser Computer Models,” Air
Force Weapons Laboratory Technical Report AFWL-TR-73-48, Kirtland AFB, July 1973.

“ALFA Code,” Air Force Weapons Laboratory Technical Report AFWL-TR-78-19,
Kirtland AFB, Feb. 1979. An upgrade of the LAMP code incorporating turbulent nozzle
flows, cylindrical laser configurations, pressure-unbalanced cavity flows, effects of rotational
nonequilibrium, and multiline lasing for analysis of CW chemical lasers.

“APACHE Code,” Los Alamos Scientific Laboratory Report LA-7427, Jan. 1979.
Time-dependent finite difference code for modeling a multicomponent chemically reactive
fluid flow interacting with an intense radiation field.

D. B. Rensch and A. N. Chester, “Chemical Laser Mode Control Program,” Final
Technical Report, Contract DAAHO01-70-C-1082, Hughes Research Laboratories, Malibu,
Calif., 1971.

W. S. King and H. Mirels, “Numerical Study of a Diffusion Type Chemical Laser,”
Amer. Inst. Aeronaut. Astronaut. J. 10, 1647 (Dec. 1972).

® Flame-sheet solutions incorporating mixing processes into premixed solutions
through use of flame-sheet diffusion profile include those reported in ‘A Simplified Model
of CW Diffusion-Type Chemical Laser,”” by H. Mirels, R. Hofland, and W. S. King, Amer.
Inst. Aeronaut. Astronaut. J. 11, 156 (1973).

® Premixed solutions (which ignore the diffusion equations which describe the mix-
ing process) include the works of Emanuel, et al., and Meinzer, et al.:

G. Emanuel, W. D. Adams, and E. B. Turner, “RESALE-1: A Chemical Laser Com-

puter Program,”’ Aerospace Corporation Report TR-0172(2776)-1, El Segundo, Calif.,1972.

R. A. Meinzer, et al., “CW Combustion Mixing Chemical Laser: HF, DF,” Pro-
ceedings of the 6th International Quantum Electronics Conference, Tokyo, Japan, Sept.
1970.
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Approximate Analytical Approaches
® Variable gain-length mixing model:

d. E. Broadwell, “Effect of Mixing Rate on HF Chemical Laser Performance,”
Appl. Opt. 13,962 (1974). '

® Flame-sheet mixing scheme utilizing premixed solutions;

R. Hofland and H. Mirels, “Flame-Sheet Analysis of CW Diffusion-Type Chemical

Lasers, I. Uncoupled Radiation,” Amer. Inst. Aeronaut. Astronaut. J. 10, 420 (Apr. 1972).

H. Mirels and R. Hofland, “Flame-Sheet Analysis of CW Diffusion-Type Chemical
Lasers, II. Coupled Radiation,” Amer. Inst. Aeronaut. Astronaut, J. 10, 1271 (Oct. 1972).

H. Mirels, “Interaction Between Unstable Optical Resonator and CW Chemical
Laser,” Amer. Inst. Aeronaut. Astronaut. J. 13, 785 (June 1975).

dJ. M. Herbelin, “Continuous-Wave (F + Hy) Chemical Lasers: A Temperature-
Dependent Analytical Diffusion Model,” Appl. Opt. 15, 223 (Jan. 1976).

® Premixed solutions (which ignore diffusion):

G. Emanuel, *“‘Analytical Model for a Continuous Chemical Laser,” J. Quant.
Spectrosc. Radiat. Transfer 11, 1481 (1971).

G. Emanuel and J. S. Whittier, “Closed-Form Solution to Rate Equations for an
F + H, Laser Oscillator,” Appl. Opt. 11, 2047 (1972).

Thermal Driver Modeled

The thermal driver refers to the process of generating the oxidizer, atomic fluorine,
usually from F,, SFg, or NF3. There are a number of different types of thermal drivers
including arc heaters, shock tubes, resistance heaters, combustors, and chemical reactions.
Whatever the method, it is necessary to produce a known, large concentration of F atoms
with the thermal driver and then mix F with H, or D, in a fast expansion through a super-
sonic mixing nozzle. Figure IV-9 shows the role of the thermal driver in relation to mixing,
population inversion, and pressure recovery. In the figure a combustor illustrates the pro-
duction of atomic fluorine by burning nitrogen trifluoride in ethylene. It is important to
accurately control the desired degree of fluorine dissociation, mass flow, and temperature
of the F atoms since these quantities directly affect the laser operating point (defined by
the combustor and nozzle diluent ratios 3, /8,, and mass flux m/A), and hence the power
production.

F-Atom Dissociation From:

Specifies the compound (Fg, SFg, NF3, etc.) from which atomic fluorine is obtained
as modeled by the code. (See Thermal Driver Modeled.)
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POPULATION PRESSURE
THERMAL DRIVER MIXING INVERSION RECOVERY
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Fig. IV-9 — A CW mixing Hf/DF chemical laser illustrating use of a
combustor as thermal driver

F-Atom Concentration Determined From Model?:

This question is posed to help determine the extent of computer model capability.

Diluents Modeled

Diluents (He, N,, etc.) added to the mixing plenum play a very important role in estab-
lishing the laser operating point and hence the amount of power produced under a given set
of conditions. It is of interest in measuring the capability of a computer model to determine
the types of diluents and the extent to which their effect on laser performance is modeled.
Often one may want to conduct tradeoff studies with several different diluents and/or
diluent ratios as functions of other device parameters to optimize power output.

Models Effects on Mixing Rate Due To:

In the supersonic HF mixing laser there are many gasdynamical phenomena that will
affect the mixing rate (and hence the detailed gain profile and power production). Thick
laminar boundary layers of F and He can form along a nozzle wall and have a tendency to
separate, giving rise to shock waves that can intersect in the flow outside of the nozzle. In
assessing code capabilities it is important to determine whether such models are included.

Models’ Effects on Optical Modes Due To:
Effects producing gain medium inhomogeneity arising from pressure, density, or

refractive index variations can couple to and alter optical modes. Sonic or ultrasonic waves
traveling in the active medium may cause these mode/media interactions.
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CHEMICAL LASER CODE CAPABILITY SURVEY FORM

GITITSSVIIND



WIGGINS, MANSELL, ULRICH, AND WALSH

1.0 OPTICAL CAVITY CODE

1

.1

GENERAL (Please complete if different from 2.1 and 3.1)
CODE NAME:

PROGRAM NAME (if applicable):

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

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:
Name:

Organization:

Address:

Phone:

AVAILABLE DOCUMENTATION:
Theory Manuals:

A2
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User Manuals:

Listings:

Other Relevant Publications:

STATUS:
Operational Currently?:

Under Modification?:

Purpose(s):

Ownership?:

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?:
Machine Dependent Restrictions:

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words)

Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:
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1.2 CODE STRUCTURE

BASIC TYPE ():
Physical Optics:

Geometrical:
FIELD (POLARIZATION) REPRESENTATION OVB:

Scalar:

Vector: .
COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region:

Annular Region:
TRANSVERSE GRID DIMENSIONALITY (\b: 1-D

2-D

Qompact‘Region:

Annular Region:

FIELD SYMMETRY RESTRICTIONS?:

MIRROR SHAPE(S) ALLOWED @/):
Square:

Rectangular:

Circular:
E1liptical:
Strip:

Arbitrary:
CONFIGURATION FLEXIBILITY GJ):

Fixed, Single Resonator Geometry:

Fixed, Multiple Resonator Geometries:

Modular, Multiple Resonator Geometries:

Other (describe):

A4
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PROPAGATION TECHNIQUE ﬁ/a11 that apply): COMPACT

ANNULAR

Fresnel Integral Algorithms:
With Kernel Averaging:

Gaussian Quadrature:

Midpoint Rule:

Romberg:

Simpson:

Trapezoidal:

Fast Fourier Transform (FFT):

Fast Hankel Transform (FHT):

Gardener-Fresnel-Kirchhoff (GFK):

Other (specify):

Finite Difference Algorithms
Method (specify):

CONVERGENCE () :
Technique:
Power Comparison:

Field Comparison:
Other (specify):

Acceleration Algorithms Used?:

Technique:

MULTIPLE EIGENVALUE/EIGENVECTOR EXTRACTOR ALGORITHMS (V@:

Prony:
Other (specify):

1.3 RESONATOR MODELING FEATURES

GENERAL CAPABILITIES:
Stability @/):
Stable Resonators:
Unstable Resonators:
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Type (V)

Standing Wave:

Traveling Wave (Ring):

Reverse Traveling Wave:

Branch (\/) :

Positive:

Negative:
Optical Element Models Included C\é:
Flat Mirrors:

Spherical Mirrors:
Cylindrical Mirrors:
Telescopes:
Scraper Mirrors:
Axicons
Arbitrary:
Linear:
Parabola-Parabola:
With Offset Cones:
Other (specify):
Deformable Mirrors:
Spatial Filters:
Gratings (specify type):
Other Elements (specify):

Reflaxicons

PRINCIPAL RESONATOR GEOMETRIES MODELED(e.g. HSURIA, Compact Unstable
Confocal, Unstable P-P Waxicon/Linear Waxicon Negative Branch

Ring With Spatial Filter, etc; Please List):

A-6
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MODELS (V):
Bare Cavity Only:
Simple Saturated Gain:
Detailed Model (see 2.0 below):
CAVITY FIELD MODIFIER MODELS (\6:
Mirror Tilt:
Mirror Decentration:
Aberrations/Thermal Distortion
Arbitrary:
Selected (specify):

Reflectivity Loss:

Qutput Coupler Edges
Rolled:
Serrated:
Other:

Refractive Index Variation:
Gas Absorption:

Overlapped Beams (for flux updating):

Number of overlaps Allowed:
Other (see 2.0, 3.0):

FAR FIELD MODELS (W):

Beam Steering Removal:

Optimal Focal Search:

Beam Quality:

Atmospheric Propagation Effects:
Other:
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OTHER UNIQUE FEATUES (e.g. Beam/Mode Rotation, Extra-Cavity
Adaptive Optics, Multipath/Parasitic Effect, etc.)

2.0 KINETICS

2.1 GENERAL (Please complete if different from 1.1 and 3.1)
CODE NAME:

PROGRAM NAME (if applicable):

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

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:
Name:

Organization:

Address:

Phone:
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AVAILABLE DOCUMENTATION:
Theory Manuals:

User Manuals:

Listings:

Other Relevant Publications:

STATUS:
Operational Currently?:

Under Modification?:

Purpose(s):

Ownership?:

Proprietary?:

MACHINE/OPERATING SYSTEM (on which installed):

TRANSPORTABLE?:
Machine Dependent Restrictions:

SELF-CONTAINED?:

Other Codes Required (name, purpose):
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ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words)

Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

CODE STRUCTURE/FEATURES

GAIN REGION (V):
Compact Region:
Annular Region:

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region:
Annular Region:
KINETICS GRID DIMENSIONALITY hﬁ 1-D

2-D

3-D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:
Gain Vary Along
Optic Axis?:

Flow Direction?:

KINETICS TYPE MODELED (\6:
Pulsed:
CW:
CHEMICAL PUMPING REACTIONS MODELED (\6:

X

D

Cold Reaction (X+H2):
Hot Reaction (H+X2):

Chain Reaction (X+H2 and H+X2):

Other (including non-chemical, specify):
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ENERGY TRANSFER MODES MODELED (\6: Follows (reference)
V-T:

V-R:

V-V:

Other (Specify):

Single Line Model (vﬁ:

Multi-Line Model (V):

Assumed Rotational Population Distribution State (\A:
Equilibrium:

Non-Equilibrium:

Number of Laser Lines Modeled:

Source of Rate Coefficients Used in Code:

LINE PROFILE MODELS (\h:
Doppler Broadening:

Collisional Broadening:
Other (specify):

2.3 OTHER UNIQUE FEATURES:

A-11
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3.0 GAS DYNAMICS

3.1 GENERAL (Please complete if different from 1.1 and 2.1)
CODE NAME:

PROGRAM NAME (if applicable):

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

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

ORIGINATOR/KEY CONTACT:
Name:

Organization:

Address:

Phone:

AVAILABLE DOCUMENTATION:
Theory Manuals:

User Manuals:

A-12



NRL REPORT 8450

Listings:

Other Relevant Publications:

STATUS:
Operational Currently?:

Under Modification?:

Purpose(s):

Ownership?:

Proprietary?:

MACHINE/QOPERATING SYSTEM (on which installed):

TRANSPORTABLE?:
Machine Dependent Restrictions:

SELF-CONTAINED?:

Other Codes Required (name, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Core Size (Octal Words)

Execution Time (Sec, CDC 7600)

Small Job:

Typical Job:

Large Job:

Approximate Number of FORTRAN Lines:

A-13
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3.2 CODE STRUCTURE/FEATURES

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):

NOZZLE GEOMETRY MODELED () (and nozzle type(s) if known):
Cylindrical-radially flowing:

Rectangular-Tinearly flowing:

Other (specify):

FLUID GRID DIMENSIONALITY C\é:
1-D:
2-D:
3-D:

FLOW FIELD MODELED (\6:
Laminar: _

Turbulent:
Other:

BASIC MODELING APPROACH (\6:
Premixed:

Mixing:

Other (specify):

References for Approach used:

THERMAL DRIVER MODELED (V):
Arc Heater:

Combustor:

Shock Tube:
Resistance Heater:
Other (specify):
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F-ATOM DISSOCIATION FROM
F2:
SF6:
Other (specify):

IS F-ATOM CONCENTRATION DETERMINED BY MODEL?:

DILUENT(S) MODELED (1ist):

MODEL EFFECTS ON MIXING RATE DUE TO (\6:
Nozzle Boundary Layers?:
Shock Waves?:
Pre-Reaction (thermal blockage, etc.)?:
Turbulence?:
Other (specify):

MODEL EFFECTS ON OPTICAL MODES DUE TO (Vﬁ:
Index of refraction variation?:

Other (specify)?:

3.3 OTHER UNIQUE FEATURES:

A-15
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POTENTIAL MAILING LIST FOR CODE SURVEY

Novel Resonator Program Contractors

TRW
*D, L. Bullock (1), (2), (4) ALL HEL) Gain model, ) IMOPA, BLAZER,
codes ring resona- | MRO, CROQ,
and tor, optical BRIA, URINLA2
models rotator

K. T. Yano (1), (2), (4) IMOPA, ring resonator, optical rotator, BRIA

dJ. B. Kaelberer (2) IMOPA

D. Dee (2) BLAZER, MRO

*H. W. Behrens (2) BLAZER, MRO

C. L. Merkle (2) Monte Carlo laser flow, ALFA,

T. Sugimura (2) LAMBDA nozzle, HYWND.

R. D. Hughes (2) Modeled chemical laser (CL) flow-thru noz-
zles; modeled recirculating flow regions and
fuel/oxidizer stream merging.

R. S. Lipkis (2) Gain modeling, saturation effects, hole
burning, mode pulling.

H. M. Bobitch (2) Ring resonator with optical rotator (BRIA).

J. Munch (2) Used double waxicon setup and evaluated

A. Murthy (2) mode control by measuring beam quality
(BQ).

R. K. Delong (2) MIRACL performance

P. M. Livingston (2), (4) Doppler shift produced by HYWND

S. Jarvis (3)

dJ. Miller (4)

O. Minnick (4)
K. Vogelsang (5)

(1) Attendees, Novel Resonator Mid-Term Review, December 5 and 6, 1978, NRL.
(2) Attendees/Presenters, 6th Tri-Service Chemical Laser Symposium, August 28-30,
1979, AFWL.

*Survey recipient
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(3) Attendees, ICAO/IFLA Review, April 10, 1979, AFWL.
(4) Distribution List for Novel Resonators for High Power Chemical Lasers Program.
(5) ADABECS Technical Interchange Meeting, September 12-14, 1979.

Rocketdyne
*R. Brandewie (1), (2), (4), (5) (All codes Physical optics codes; geo-
) and models)  metrical optics code
(GOPWA)
J. B. Shellan (1), (4), (5) HSURIA performance analysis
G. A. Tyler (1), (5) Ring resonators with spatial filters
~T. Waite (1), (2), (3), (4) Mode-media interactions in HSURIA
*D. Holmes (2), (3) with flowing gain model
P. Briggs (2)
G. E. Mevers (5) (All codes Resonator configurations,
and models) alignment
F. D. Feiock (3), (5) (All codes Resonator configurations,
and models)  alignment
T. Marks (4)
V. L. Gamiz (5) Compensatory misalignment in ring resonators

Pratt & Whitney/United Technologies Research Center

Pratt & Whitney
P. E. Fileger (2) Anchored CLOQ3D kinetics model to CL-XI
W. B. Watkins (2) nozzle data as part of IFLA annular ring
study.
*R. Quinnell (2), (3) Used ALFA tilt sensitivity, IFLA rings,

injection-locked annular resonator
R. Schmidtke (4)
R. Freeman (4)
*J. Campbell (3), (4)
J. M. Bruckler (3)

G. MacClafferty (4)

*Survey recipient B-3
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UTRC

R. L. Hall (2)
H. R. Garcia (2), (3), (4)

P. Slaymaker (2)
R. Tansey (2)
K. E. Oughstun (2), (3)

A. W. Angelbeck (2)
G. E. Palma

d. J. Hinchen (2)

R. H. Hobbs (2)

J. M. Spinhirne (3)
R. Freiberg (3)
Perkin-Elmer
*P, B. Mumola (1), (2), (4) }
D. Stoler (1), (2)
P. W. Milonni (2)

F. Way (4)

Non-NOVEL Resonator Program Contractors
Bell Aerospace
W. Brandkamp (1), (4)
T. F. Buddenhagen (1), (3)
*S. W. Zelanzy (2)
W. A. Chambers (2), (3)

M. Subbiah (2)
L. Lang (2)

* Survey recipient

CLOQ3D studies using ALFA code of mixing
regions; rotational nonequilibrium; wave
optics. Garcia only: Injection-locked annular
resonator.

Tilt misalignment sensitivity studies on
unstable negative-branch ring resonators
(IFLA). Forward/reverse mode sensitivity
studies.

Analysis and computer modeling of injection-

locked annular resonator. Also compact rings.

Geometrics and wave optics.

Rotational relaxation and linewidths for DF
compared to HF. Pressure broadening mea-
surement.

Mode selectivity in annular resonators, radial
strut effects on mode control. HSURIA
comparison.

Anomalous dispersion in HF/DF. Broadening.

Extended BLAZE to STARE, arotational
equilibrium code modeling upstream-down-
stream coupling across optical axis. Compares
with CL-XI nozzle data.
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W. Solomon (4)

W. L. Rushmore (2)

Aerospace Corporation
*R. A. Chodzko (1), (2), (4)

H. Mirels (1), (4)

E. B. Turner (2)

S. B. Mason (2)

R. L. Varwig (2)

P. L. Smith (2)

C. P, Wang (2), (4)

C. G. Coffer (2)
R. W. F. Gross (2)

J. F. Bott (2)
R. F. Heidner (2)

R. L. Wilkins (2)
M. A. Kwok

G. L Segal (2)

E. F. Cross (2)

R. H. Ueunten (2)

*N. Cohen

*W. Warren (4)
W. J. Schafer Associates
*W. Evers (1), (2), (4)
G. W. Zeiders (1), (2), (4)
E. Gerry (4)

R. Schaefer (2)

*Survey recipient

§
}
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Efficient nonrotational equilibrium model

Experimental HSURIA with linear waxicon
and rear flat. Tip and outer cone obscuration
studies, strut obscuration studies, polarization
studies. HSURIA w/rear cone comparisons.

Phase detectors based on optical heterodyning
with acousto-optic modulator for control of
adaptive optics. Anomalous dispersion studies.

Multiline HF tuning and phase control. Anom-
alous dispersion in HF.

Upper vibrational level deactivation in HF/DF.

Absolute rate coefficient for F + Hg and
F + Dy. Oxygen-iodine laser; upper vibra-
tional level deactivation in a HF /DF.

Temperature dependence of vibrational relax-
ation from upper vibrational levels of HF and
DF. V-R and V-V studies.

Experimental study of significance of R-T
equilibrium in presence of V-R collisional
transfer.

Temperature dependence and rate coefficients
fOl'F+H2,F+D2,H+F2,andD+F2
pumping reactions.

B-5
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Science Applications, Inc.

*F. Horrigan (Boston) (1), (4)
J. Long (Atlanta) (1)

*R. Wade (Atlanta) (1), (3), (4)

S. S. Howie (Atlanta) (2)
K. E. Patterson (Atlanta) (2)

H. Ford (Atlanta) (4)
*R. Hodder (Stuart) (4)
MIT Lincoln Laboratory
*A. J. Morency (1), (2)
R. Osgood (1), (2)
*C. A. Primmerman (1), (2)
R. Rediker (4)
L. Marquet (4)
*J, Herrman

Air Force Weapons Laboratory

A. Paxton (1), (2), (3), (4)

*W. Plummer (1), (3), (5)
G. C. Dente (2)
R. Butts (3), (4), (5)

T. Salvi (2), (4)

L. D. Buelow (3)
*B. Deuto (3)

P. Latham (3)

R. F. Shea (2), (3)

R. Bower (4)

*Survey recipient

Modeled gasdynamics of high area relief
nozzles.

Modeled propagation of arbitrarily polar-
ized electric fields via physical optics code.

HSURIA, rings, three-level cascading HF/DF
media.

All resonators and codes.

Polarization effects in HSURIA with real cone.

Atmospheric effects; thermal blooming.

Physical optics codes, kinetics, and fluid
dynamics.

Modular physical optics codes (MOC3).

Oxygen-iodine kinetics.
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W. H. Lowrey (2)

H. D. McIntire (2)

W. H. Swantner (2)
*N. L. Rapagnani

The BDM Corporation

*T. R. Ferguson (2), (3)
G. T. Worth (2)
*¥D. N. Mansell (2), (3), (4)

C. M. Wiggins (2), (5)

Hughes Aircraft Company
M. Greenfeld (3)
*D. Fink (3), (4)
*B. J. Skehan (4)
J. Fitts (4)
W. B. King
R. Cubalchini
*I. Abréhmowitz
Ford Aerospace
*V. F. Pizzurro (3), (5)
P. Valliones (4)
*R. Buchheim (5)
GE Company/RESD

*J. B. Gilstein (4)

*Survey recipient

NRL REPORT 8450

Interferometric testing of waxicons and re-
flaxicons and aberration balancing using two
geometric ray-tracing codes.

Physical optics codes URINLA2, GURDM,
MOC3, PROPAGATORS.

Physical optics codes GURDM, MOC3, intra/
extra cavity adaptive optics.

Geometric codes POLYPAGOS; IPAGOS,
MCPPAGOS, IMOPA.

Physical optics codes HSURIA with rear flat,
positive- and negative-branch ring resonator,

spatial filtering, self-imaging (GENRING,
SARAD).

Optics.

LPTS code.

Beam Control Systems (LPTS code).

Beam Control Systems (BREUX code).
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C. S. Draper Lab

J. Valge (4)
*C. Whitney (4)

AVCO Everett Research Labs
*J. Daugherty (4)

Johns Hopkins Applied Physics Laboratories
*R. Gorozdos (4)

Pacific Sierra Research
*A. Shapiro (4)

ITEK Corp.
*J. R. Vyce (4)

Lawrence Livermore Lab
*#J. Emmett (4)

Lockheed Missile and Space Company
*R. Stewart (4)

Los Alamos Scientific Laboratory
*C, Fenstermacher (4)

J. Ramshaw (4)

McDonnel Douglas Astronautics

W. Gaubatz (4)

Director, Naval Research Laboratory

P. Ulrich (1), (4)

W. Watt (4)

S. C. Lin (1), (4)

“*Survey recipient
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L. Sica (1), (4)

W. C. Carter (1), (4)

L. Drummeter (4)

J. MacCallum (4)
J. Walsh (1)
Under Secretary of Defense (RE&S)
R. Airey (4)
Defense Advanced Research Projects Agency (Info)
A. Pike (1), (4)
*R. C. Sepucha (1)
U. S. Army Missile R&D Command (MIRCOM)
*C. J. Albers (1), (4)
*J. M. Walters (1)
Deputy Assistant Sgacretary of the Navy
T. A. Jacobs (4)
Office of Naval Research
W. Condell (4)
Naval Sea Systems Command
D. Finkleman (4)
*J, Stregack (4)
Rome Air Development Center

R. Ogrodnik (4)

*Survey recipient
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Polytechnic Institute of New York

S. H. Cho (2)
L. B. Felsen (2)
University of Illinois

*L. H. Sentman (2)
P. Bradbury (2)

Sandia Laboratories
*J. B. Moreno (2)
Michigan State University
*R. L. Kerber (2)
R. C. Brown (2)
K. Emery (2)

D. H. Stone (2)

R&D Associates

J. M. Green (2)
*R. D. Melville
T. K. Tio (2)

*Survey recipient

} Circular mirror resonators with aixicons
modeled using ray optics; cone tip and edge
diffraction studied.

Efficient rotational nonequilibrium model.
V-R and V-V relaxation in HF and DF.

HF chemical laser models for laser fusion.

Evaluation of rotational nonequilibrium
models for R-R, and V-R transitions. Com-
puter simulation.

Developed statistical model to correlate
relative rate coefficients in HF/DF pumping.

with rear cone. Gas breakdown on line focus

} Gas breakdown in CL resonators (HSURIA)
of axicons in presence of dirty helium.
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Appendix C
BELL AEROSPACE CODES RESPONSE
This appendix contains two tables summarizing the analysis capability related to the

Bell Aerospace Textron laser and reports detailed information on 28 codes. This informa-
tion is provided as submitted by Bell Aerospace Corp.

C-1
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Table C-1 — Laser Design Related Computer Analysis Capabilities at Bell

= E I R EL B R F B El IR B EIELE
wilwlwlwlwlwjwilwlwjlwiwjwlwlwn|cjlwlw]lw
elola|lala|njofal|a|alalala|Z|c|e|af=
CODE °
HH
8I8[% s o
KEY -I=I=1z]o ol oo w 13 al]? S|E
FEATURES, MHHHEEHEEE m m 2l2l3le]81%]2
METHODOLOGY, M M HEHEHEHEEHEHEEE
STATUS da b
Nl ln]jo|NR|N[Ol-|N|Mm]|tciv]o|~N]®
S MENEENE
1. ANALYZE COMBUSTOR [ BLJL) ojo|e|e
2. ANALYZE NOZZLE [ ] eojo|e [ J
3. ANALYZE OPTICAL CAVITY ®jojolole|o [ ] ole ]
4. ANALYZE OPTICS eole ole [ AL [ 2K
5. ANALYZE DIFFUSER/EJECTORS ® ] ®
6. OPERATIONAL [ B 3K olojeje [ ] ojleole
7. IN DEVELOPMENT (3] eole ® [ J
8. MODIFYING FOR IBM 360
9. THREE DIMENSIONAL ® [ [ ) ®
10. TWO DIMENSIONAL [ JLAL ®le o LJ
11. ONE DIMENSIONAL o|e ® ol
12. FLUID ANALYSIS o |oje|eo |e]e ® ® [ ALJ
13. STRUCTURAL ANALYSIS [ J
14. THERMAL ANALYSIS ® [ J
15. COMPUTES LASER POWER [ ] [ ] [
16. GENERAL CHEMISTRY (ALIIK] [ J o
17. PREMIXED [ B @
18. SCHEDULED MIXING ® ole [ [ ]
19. LAMINAR MIXING ojojojo|e (2L ) [ J ole
20. TURBULENT MIXING oleo|e®joje ole ®
21. TURB.-CHEM. INTERACTION oj0jo|e|e® ole [ ]
22. 20 N.S. EQS.
23. BOUNDARY LAYER EQS. [ J ® [ J
24. PARABOLIC N.S. EQS. ®
25. FREE SHEAR LAYER ANALYSIS
26. METHOD OF CHARACTERISTICS
27. CONTROL VOLUME ANALYSIS X ®
28. FINITE ELEMENT olo|e®]o]| - [ ]
29. FINITE DIFFERENCE ol|e
30. EXPLICIT INTEGRATION ojojo]|e
31. IMPLICIT INTEGRATION ol [ J
32. EXPLICIT/IMPLICIT o|e -le
33. FFT [ JKJ ®
34. ROTATIONAL NON EQUIL. eo|e (K]
35. SIMPLIFIED CHEMISTRY [ JK) ® L] [ ]
36. SIMPLIFIED FLUID MECH. [ ] [ ] [ ]
37. FAB-PEROT CAVITY ® [ JLJ
38. UNSTABLE RESONATOR eo|e oo
39. COMPUTES ZERO POWER GAIN @ |ojo]e ®
40. COMPUTES MEDIA QUALITY [ ] ®
41. COMPUTES SPECTRAL DIST Y
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Table C-2 — Bell Aerospace Codes

RESONATOR ANALYSIS CAPABILITY

CODES | GOAD |ARM-D | ARM-G

GITIISSYTIIND

FEATURES (1) (2) (3)
(1) OPERATIONAL ON iBM 370 X X
(2) OPERATIONAL ON CYBER 176 O
(3) GEOMETRIC ANALYSIS X X
(4) DIFFRACTIVE ANALYSIS X
(5) r-X MODELED X
{6) r-H-Z MODELED X X
(7) LOADED CAVITY X
(8) DIFFRACTIVELY COMPUTES FFBQ (] X
(9) MODELS HSURIA RESONATOR X X

(a) INTERNAL FOCUS WAXICON X X X

(b) CONFOCAL REAR CONE X O

(c) VIT ABERRATIONS X

{d} REFLAXICON X X
(10) MODELS RING RESONATOR X X

(11) MODELS STRUT EFFECTS

(12) MODELS MISALIGNMENT AND TILT
EFFECTS ‘ X

{(13) MODELS MIRROR THERMAL DIST.

(14) MODELS MEDIA EFFECTS

NOTES: (1) THE ARM-D CODE MODELS r-6 -Z IN COMPACTED LEG ONLY, SRM-D

1S USED IN ANNULAR LEG.

(2) *DENOTES HAC SUPPLIED CODE CAPABILITY.

(3) CODE (3) PROVIDES SAME CAPABILITY, HOWEVER, ARM-G ALLOWS
FOR INTERACTIVE MODE OPERATION DUE TO REDUCED CORE SIZE
REQUIREMENT.

(4) O DENOTES FEATURE CURRENTLY BEING INCORPORATED,
* DENOTES FEATURE NOT YET EXERCISED BUT WITH THE CAPABILITY
FOR ANALYSIS CURRENTLY EXISTING.
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