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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 submitted 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 If. These are intended to provide "quick-look" comparisons of code features. De-
tailed code capabilities and features are provided in section III.

1
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Section II

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 11-1 provides the complete alphabetical listing of all codes included in this sur-
vey, the company or agency that submitted them,t and their proprietary/nonproprietary
status (P if proprietary)T 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 11-2.I The following rules were applied in classifying a code as 0, 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 (0) 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 [1-3, 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 11-4 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.

tMost 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.
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WIGGINS, MANSELL, ULRICH, AND WALSH

Table 11-1 - 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
BLAZE I Bell Aerospace P
BLAZERI Bell Aerospace P
BLAZE III Bell Aerospace P
BLAZE IV Bell Aerospace P
BLAZE V Bell Aerospace P
BLAZE VI Bell Aerospace P
BUIST 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
GOAD Bell Aerospace P

*Indicates alphanumeric name generated for this survey.
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NRL REPORT 8450

Table Il-1 - Alphabetical Listing of Chemical Laser Codes (Continued)

Code Name Company/Agency Proprietary

GOPWR Rocketdyne
GURDM BDM
HFGOPWR Rocketdyne
HFOX Sandia Laboratories
IPAGOS BDM/TRW
KBLIMP Aerotherni 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 Mlinois P
NORO-lI 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 SAl
SAIID SAI
SA12D 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.
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WIGGINS, MANSELL, ULRICH, AND WALSH

Table 11-2 - 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 0

BDM Corporation GENRING 0
GURDM 0
IPAGOS 0
MPCPAGOS 0

Bell Aerospace Textron ARM-D P 0
ARM-G P 0
BLAZE1 P G
BLAZE II P G
BLAZE III 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 0
NORO-Il P K, G

Hughes Aircraft Company OCELOT P 0

University of Illinois AFOPTMNORO 0, K
MNORO K
NORO I P K
ROPTICS P 0, K

Los Alamos Scientific LAPU-2 0
Laboratories NCFTDPWE 0

Perkin-Elmer POP 0
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Table 11-2 - Alphabetical Listing of Chemical Laser Codes by Company (Continued)

NCompany/Agency Code Name Proprietary Type

Rocketdyne AEROKNS K, GILHC0,K
ALCHRC 0, K, G

BAREPL 0
GOPWR 0, K, G
HFGOPWR 0, K. G
LOADPL 0
LS-14RGS 0IPRE-WATSON 0
RASCAL 0,KG
TDLCLRC P 0,K,G
TDWORRC P 0

Sandia Laboratories HFOX K

Science Applications, Inc. CLSLGM 0
GCAL K
SAIC2D3 0
SAIC2DV 0
SAIFHT 0
SAIGD K, G
SAID 0
SAM2 0

TRW ABL 0, K, G
BLAZER 0, K, G
BLIST P G
CROQ P 0, K, G

*GASSER P G
GLADV P G
KBLIMP G
MCLANC P G
MRO 0, K, G
TMRO 0, K, G
TW0DNOZ P G
URINLA2 P 0
VIINT P G
WAP P G

United Technologies Research CLOQ P 0, K, G
Center Pratt & Whitney CLOQ3D 0, K, G

QFHT P 0

ROTKIN P K, G
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NRL REPORT 8450

Table 11-4 - Nonproprietary 2-D Codes as Functions of Basic Level of Detail and Geometry

Company Contact Telephone Number

1. 2-D Wave Optics! Kinetics/Gasdynarnics 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

11. 2-D Wave Optics/Kinetics

Cartesian

BCCLC AFWL/ALR Capt. Ted Salvi 505-264-0721
SA12D SAI Jerry Long 404-955-2663

Cylindrical

SAIC2D SAI Jerry Long 404-955-2663
SAIC2DV SAT Jerry Long 404-955-2663
SAIFHT SAI Jerry Long 404-955-2663

111. 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:j ABL

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-3484

Organization: TRW4 DSSG
Address: R1/1162 One Space Park. Redondo Beach. California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models cyinrlriera 1 1 Pr
used with URINLA2. This is a URINLA2 model with gain, (See URINLA2)

AVAILABLE DOCUMENTATION: Annular Laser Mode Studies Final Report.
Program ABL User Manual. June 1978.

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTR11T

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

D etaled~ Resonator * Detailed Kinetics * Detailed Mixing

*9 CW Premi.ed

TYEGeometrical Pulsed * Scheduled Mixing
TYE 0 Physical * HF. OF Other

Other

* Standing Wave * Annular. Radially Flowing * Cylindrical. Radially Flowing
Ring Transversely Flowing Rectangular Linearly FlowingGEOMETRY 0 Compact OtherOte

0 Annular

(Transverse Dimenuionl * 1 0 0 1 0
GRIDODIMENSION 9 1 0 * 20 20

*0 2D 0 30D 30
Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical 0 Cylindrical 0 Cylindrical
Other Otherf Other

* Misalrgnments Single Line Laminar Flo"

FEATURES MODELEDO Aberrations * Multibl TrulneFo
Oeformable Mirroirs 0 Line Broadening Boundary Layrr

* Far Field Performance 0 Other Shocks
Other * Other



CODE SUMMARY SHEET CODE NAME:I AERO KNS

ORIGINATOR/KEY CONTACT:

Name: Jim Vieceli 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 loaded 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.

, .AT.. OPTICS KINETICS GASDYNAMICS

SNone None Nione

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator 0 ealdKntc Detailed Mixing

* CW Premised

TYEGeometrical Pulsed * Scheduled Mixing
TYEPhysical SHF. OF Other

*Other

Standing Wave 0 Annular. Radially Flowing 0 Cylindrical. Radially Flowing

GEMTYRing Transversely Flowing Rectangular. Linearly Flowing
GEMERYCompact Other Other

Annular

Transverse Dimensionl 0 1 0 9 1 0
GRID DIMENSION 1D 2 D 20

20 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical 18 Cylindrical 0 Cylindrical
Other Other Other

Miselignments Single Line Laminar Flow

FEATURES MODELED Aberrations 0 Multiline Turbulent Flow
Deformeble Mirors 0 Line Broadening 0 Boundary Layer
For- Field Performance Other Shocks

Other 0 other



CODE SUMMARY SHEET CODE NAME: AFOPTMNORO I
ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman/T. Salvi (AFWL) Phone (217) 333-1834

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

Address: Urbana. Illinois 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 ME 79-5, UILU

Eng 79-0505. July 1979. "Users Guide for Programs MNORO and AFOPTMNORO."

L. H. Sentman. AAE TR 79-7. UILU Ena 79-0507, October 1979.

CATORY
OPTICS KINETICS GASDYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gin Simple Flow Model

D Oetailed Resonator * Detailed Kinetics Detailed Mixig

* CW Prem..ed
Geometrical Pulsed Scheduled Miing

TYPE * Physical 4 HF. OF * Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

Ring * Transversely Flowing • Rectangular Linearly Flowing
GEOMETRY Compact Other Other

Annular

(Transverse Omensionl 0 1 0 4 1 0

GRID DIMENSION * 10 2 0 2D

20 30 30

Cartesian 0 Cartesian 0 Cartesian

COORDINATE SYSTEM Cyh ndrilca Cylindrical Cylindrical
Other Other Other

Misalignments S eLamna, FlowSingle Lne

FEATURES MODELED Aberrations * Mull'ne Turbulent Flow
Deformable Mirrors 0 Line Sroadening 0 Boundary Laver
Far-Field Performance • Other Shocks

Other S Other



CODE SUMMARY SHEET CODE NAME _____________

ORIGINATOR, KEY CONTACT:

Name. Phil Brigas Phone (2131) 884-3851

Organization. Rockw~ell International -Rocketdvne Division
Address. 6833 Canoga Ave.. Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: LS-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 Ind Qasdynamics modeled by
AEROKNS developed under ALOS program. See AERCKNS.

AVAILABLE DOCUMENTATION. Various.

CAEYOPTICS KINE TICS GASOYNAMICS

None Non* None

LEVEL Sanapie Faclt. Peo Satnple Saturated Go~n S-MPte Pta.. Modt.'

* Deis-led Resonator S Detailed Kinetics * Detailed Miring

Gem tia C WV Prenrisea

G~onetrc~lPulsed * 5Chrd1,i-.dM.
TYPE * Phvlla.al F DF Othe

* Other

0 Starid.i W.". Annular RodasiI, Flo-anq * Cvlindrical Rodw.ly Ffo....q
RaMER Flng Trns.nr.lv Fiown9  Rectangular Lnoori, Foarrang

GEMTR 0 Coavpact other Otta..
*Annular

,Trangaa.,,. Dim~ension- * 1 D 0 1 0

GRIDODIMENSION * 10 2 20

20 3D 3D

Cartesian Cartesan Cate.ij

COORDINATE SYSTEM 0 Cylindrical 0 Cviandracal 41 Cvtind,.coA

0tho. Other Other

M.Salan. nt.eil Single Line Larnane, Fao..

FEATURES MODELED Aberrations 0 Multlalnim yu~abulgnt Floo.

0.Iorntablo Mirrors Line Broadening 40 Bound.,, Ls,0r
* Far Field Performa~nce Other Shocks
* Other, * other

*Axlsymmetric Loaded Cavity HSURIA Resonator Code.



CODE SUMMARY SHEET CODE NAME] ALCRRC*I

ORIGINATOR/KEY CONTACT.

Nome; Phil D. Briggs Phone (213) 884-3R51

Organization: Rockewel 1 International -Rocketdvne Division
Address: 6633 Canoga Ave., Canoaa Park, California 913fl4

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Ring resonator Darameter
selection, assess mnode Control. performance prediction for pnwpr andI
beam quality, set/verifY deslan reouirelfents. Kinetics and miging frndtt~
included - see AEROKNS.

AVAILABLE DOCUMENTATION. Various,

CATEORY
OPTICS KINJETICS GASOYNAMICS

Ndone None Ndone

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
0 Detailed Resonator Detuailed Kinetics * Detailed M-ng

TYPEtrca Pulsed * Scheduled M-.nq
*hs~a '4 OF Other

* Other

Standing Vifse * Annular Nadiall, Flowing * CYI-ndrmcal Nadnatly Flowing

GEOMETR Tirieeesaiv Flowins Rectentutt toeaty flowin~g

0IM~' S compact Other Other
0 AnnularI

Trons,,*,e. Dimiension, * 1 0 S 10

GRIDODIMENSION * t0 20 20

20 30 30

Cartesnan Cartesian Carteenent

COORDINATE SYSTEM * Cylindrical 0 Cyiinwtcal 0 C ltndrrcal
Other Other Other

M'ealornments Single Line Lam mar Flo-

FEATURES MODELED * Aborratnons * l~in Turbulent Flow
Oetoornbte Mirrror% Li.ne Broadening b oundarV Laver
FoPr Field Performaence Other shocks

* other * Other,

'Axisyninetric Loaded Cavity Ring Resonator Code.



CODE SUMMARY SHEET CODE NAME:I ALFAI

ORIGINATOR/KEY CONTACT:

Name: N. L. Rapagnani Phone: (535) 844-9836
Organization: Air Force Weapons Laboratory
Address: AWL/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-78-1 9

CTEGORY

AT .UE OPTICS KINETICS GASOYNAMICS

None None None

*LEVEL * Simple Fabry Perot Simple Saltrated Gain Simple Flow Model

Oeta~l~d Retsonator Detailed Kin~etics * Detailed Misig

is CWy Premised

TYP Geometrical 41 Pulsed Scheduled Mixing
TYEPhysical le NF OF * Other

*Other

Standing Wave Annular, Radially Flowing 0 Cylindrical. Radially Flowing
GEMTYRing Transversely Flowing * Rectangular Linearly Flowing
GEMERYCompact Other Other

Annuls,

ITranuirerse Dimension) 1 0 1 0

GRIDODIMENSION * 10 20 0 20

20 30 30

*Carlos..an S Cartesian is Cartesian

COORDINATE SYSTEM *Cylindrical 0 Cylindrical S Cylindrical
Other Other Other

Misolignments * Single Une Lamyinar Flow

FEATURES MODELED Aberrations * Mullne 0 Turbulent Flow
Olormaible Mirrors S Line Broadening 0 Boundary Layer
Far Field Performance * Other Shrocks

Other Other



CODE SUMMARY SHEET CODE NAME:I APACHEI

ORIGINATOR/KEY CONTACT:

Name: N. L. Raqaunani Phone. (505) 844 -9836

Organization: Air Force Weapons Laboratory
Address: AFWL/ARAC. Kirtland AF8. New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Model s any chemically pumped
mixing laser system including electronic transition typp- APAfl4F J, thp

same as ALFA except that it is time dependent, Contains Fabry-Pprnt

ootics.

AVAILABLE DOCUMENTATION: APACHE. LASL-LA-7427

CAEOYOPTICS KINETICS GASOYNAMICS
ATTRIBUTE

None None None

LEVEL * Simple PabV Perot Simple Sat.rated Gain , rnolv Plo. Model
Detailed Resonator * Detiled Kinetics 0 D0ra,.ed M-ung

0 CWv

TYP Geomietrical 411 Pulsed SCheduled M..,ng
TYEPhysical * NP OF Other

*Other

Standng War Annular RffdlalIV Plowing Is CinndrCal Radnaly Plowing

GEOMETRY A~ng Ttansiereslly Flowing 0 Rectangular Lfierly Flowing
Compact OtherOte
AnnularOtr

(Trarrsverse DinmenslonI D

GRIDODIMENSION 1 10 0 20 0 20D
20 3D 40 3 0, Ps~redo

* Cartesnan * Cartevear 0 Cartesan

COORDINATE SYSTEM C CyI.ndr,cal 0 Cylindrical 0 CVlInndrrCal
Other Other Other

Mosalignments 0 Single Lilne 0 Lamrinna Plow

PEATURES MODELED Aberrations * MuIt'lle 0 Turbulent Plo-

Oeforrrable Mirrors Uni B~* ,g * o-l Oavaae

For Field Performance * Other 0 Shoclis

Other S Other ReC"rCulat~ng



CODE SUMMARY SHEET CODE NAME:1  ARM-DI

ORIGINATOR/ KEY CONTACT:

Name: S. W. Zelaznv Phone: (716) 297-1000

Organization: Bell Aerospace Textron
Address: P.O. Box 1. Buffalo. New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Resonator analysis codes.-
Models HSURIA and ring resonators. Uses strip Propagator (rz) in
annular leg and (r, 0, Z) propagator in compact leg:. (See appendix C.

table 2).

AVAILABLE DOCUMENTATION:__________ ___________

OPTICS KINETICS GASOYNAMICS~STe
None None None

LEVEL S.-ple Fa~ Perot 0 Simpl. Salwated Gain SI-Ple Flo-i Model

* Detailedj Resonator Detailed Kinetics * ela0 Manng

TYPE *~s~ Schedoaled Mixing
0 PhiScal 0 HF OF te

* 0ther

0 Stand.ng VV14e * Annul., Radially Flowing 0 Cylindrical Radially Flowing

GEOMETRY * Ring Ttns.;sl Flo-my. Rectangualar Linearly Flowing
0 Compisct Other Other
0 Annula,

Transa.eqte Oamemsaon, 1 0 1 0
GRID DIMENSION * 1 0 2 0 2 20 Ques 20

0 20 3 0 30

Cawte.anaavn Cartes,, ian

COORDINATE SYSTEM 0 Cylindrial Cylindrical Cylindrical

Other Other 0tlh.,

M-alagniments Single LUn. Lisman. Flo.i

FEATURES MODELED Abo,,ataons * ilbri0 T..,,..ant Flow
0 Osilo,mabip Lineo~ *1odmn oundary ae

Fa Veld.1 Perfo,marici Other Shocks

Other 0th.,



CODE SUMMARY SHEET CODE NAME:j ARN..GI

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelaznv Phone: (716') 297.-1Qflf

Organization: Bell Aerospace Textron
Address: P.O. Box 1. Buffalo. New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Resonator analysis codes.
Geometric optics code models HSURIA (With waxiconS and raflaxiconn) and
ring resonators. Same capability as ACCOS-V exept can be run
interactively. (See appendix C, table 2).

AVAILABLE DOCUMENTATION:

C ATEGORY
TTIITEOPTICS KINETICS GASDYNAMiCS

None None None

LEVEL Simple Flebry Perot Simple Saturated Gain Simple Flow Model

0 Detailed Reson'ator Detailed Kinetics Detailed Mixing

CW Premised

TYPE * Geometrical Pulsed Scheduled Mixing
Physical NIP. OF Other

Other

0 Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing

GEMTY 0 Ring Transversely Flowing Rectangular. Linearly Flowing
GEMER * compact OtherOte

0 AnnularI

(Transverse Dimerisionl 1 010

GRID DIMENSION 1 0 20 2D

0 20 3D 30

Cartesian Cartesian Cortesean

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other other Other

* Misalignmients Single Line Laminar Flow

FETRSMDLD Aberrations Multiline Turbulent Flow

Detormable Mirrors Line Broadening Boundary Layer

0 For-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: 6633 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 axicon4

(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).

OPTICS KINETICS GASDYNAMICS

None None * None

LEVEL Simple Fabry Perot • Simple Saturated Gai Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed

Geometrical Pulsed Scheduled Mixing
TYPE 0 Physical HF. OF Other

Other

* Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing

Ring Transversely Flowing Rectangular. Linearly Flowing
GEOMETRY 0 Compact Other Other

0 Annular

(Transverse Dimension) I D 1 0

GRID DIMENSION 1 D 20 20

* 2D 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical

Other Other Other

0 Misalgnments Single Line Laminar Flow
Aberrations Multilne Turbulent Flow

FEATURES MODELED • Deformable Mirrors Line Broadening Boundary Laver

0 Far-Field Performance Other Shocks

Other Other

Zi



CODE SUMMARY SHEET CODE NAME] BCCLC*

ORIGINATOR/'KEY CONTACT:

Name: Capt. Ted Salyi 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 rectangallar aArflirps
Contains CO,, GDL kinetics and shock wave phase sheets.

AVAILABLE DOCUMENTATION: _None

CAEOYOPTICS KINETICS GASDYNAMICSA RU8TE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain 0 Simple Flow Model

* Detailed Resonator 0 Detailed Kinetics Detailed Mixing

0 CW Premised

TYPE Geometrical Pulsed Scheduled Mixing
0 Physical MF. OF Othier

0 Other

* Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing

GEOMETRY Rig 0 Transversely Flowing Rectangular Linearly Flowinig
0 Comrpact Other 0the,

Annular

(Transverse Oimensioni 1 0 1D0

GRID DIMENSION 1D 20 20

4D 20 0 30 30

*1 Cartesian * Cartesian Catesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Othet Other

* Misalignments 0 Single Line Laminar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flo-
Oclormable Mirrors * Line Broadening Boundary Layer

* Far-Field Performance Ote Shocks

* Other Other

*Baumgardner Cartesian coordinate laser code



CODE SUMMARY SHEET CODE NAME] BLAZER

ORIGINATOR 'KEY CONTACT:

Name: Donald L. Bullock Phone (213) 535-3484

Organization: TRW DSSG

Address: RI/1162, One Space Park, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models the optical perfor-
mance of linear b-nk CW HF and OF chemical lasers. BLASER is a 3-D
model. Used as de ,n tools for BDL, NACL, MIRACL.

AVAILABLE DOCUMENTATION: The BLAZER and MRO Codes, TRW, June 1978

(theory). BLAZER User Manual (includes use of MRO), TRW, November 1978.

C ATEGORYAT.IUEOPTICS KINETICS GASOYNAMICS

None None None

*LEVEL Simple e'abrv Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator ID Detailed Kinetics 0 Detailed Mixing

0 CW Premixed

TYEGeometrical Pulsed 0 Scheduled Mixing
TYE s Physical * HF. OF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical. Radially Flowing

GEOMETRY * Ring * Transversely Flowing 0 Rectangular. Linearly Flowing
* compact Other Other

Annular

[Transverse Dimension) 1 0 19 10D

GRID DIMENSION 10 D* 20D 20

2 20 30D 3 0

*Cartesian * Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Mstg ensSingle Line Laminar Flow

FETRSM DLD Aberrations, ulln Turbulent Flow

Deoonmable Mirrors e Line Broadening Boundary Laver

Far Field Performance Other Shocks
Other 0 Other



CODE SUMMARY SHEET CODE NAME: BLAZE I

ORIGINATOR/ KEY CONTACT:
Nm:S. W. Zelaznv hoe (716) 297-1000

Organization: Bel I Aerospace Textron
Address:P.O. 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

ATTRIBUTE OPTICS KINETICS GASOYNAMICS

ANone None None

L.EVEL. Simple Fabry Perot Simple Saturated Gain S~mple Flo. Model

Detailed Resonator Detailed Kinetics Detailed M-Cng

CW *D 9rem..ed

TYEGeometrocal Pulsed Scheduled MixingTYEphyn~cal HF. OF Other

Other

Standing Wave Annular. Radially Flowing Cylinofical Radially Flowing
GE M TYRing Transversely Flowing Recanguar Linearly Flowing

GEMTYCompact OtherOte

Annular

(Transverse Dimenstoonl 1 09 1 D
GRID DIMENSION 1 0 2 D 2 0

2D 3D 30

Caries an Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Mlsallgnments Sil Lin Laminar Flow

FEATURES MODELED Aberrations MIl~ln Turbulent Flow
Delorrnable Mirrors Line Broadening Boundary Layer
Far-Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME] BLAZE II

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Detailed mixing code with
general chemistry and Fabry-Perot optics. Combustor analysis and

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

AVAILABLE DOCUMENTATION:

CATEGRY
OPTICS KINETICS GASDYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

Cy S Prem..ed
Geometrical Pulsed Scheduled Mixing
Physical HF. OF * Other

Other

Standinq Wave Annular. Radially Flowing • Cylindrical. Radially Flowing

Ring Transversely Flowing 0 Rectangular. Linearly Flowing
GEOMETRY Compact Other Other

Annular

Transverse Otmensnonl 1 0 D 1 0

GRID DIMENSION 1 0 2 D 20

20 3D 3D

Cartesian Cartesian Cartesran

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other
Misalig;nments Single Line • Laminar Flow

Aberrations Multlne Turbulent Flow
FEATURES MOOEL~EO Mldn

Deformable Mirrors Line Broadening Boundary Laver
Far Field Performance Other Shocks
Other Other

I
SI



CODE SUMMARY SHEET CODE NAME:I BLAZE III

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000
Organization: Bell Aerospace Textron
Address: P.O. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 2-D mixing code with general
chemistry. Combustor nozzle, cavity, diffuser, and electors analysis.

No optics, (See appendix C. tahlp 1)

AVAILABLE DOCUMENTATION:_________ ___________

CATEGORY

ATIUEOPTICS KINETICS GASOYNAMICS

S None None None

ViEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics S Detailed Mixing

CW Premrxed

TYEGeometrical Pulsed Scheduled Mixing
TYEPhysical HF. OF 0 Other

Other

Standing Wave Annular. Radially Flowing Cylindrical, Radially Flowing

GEOMETRY Ring Transversely flowing Rectangular, Linearly Flowing
Compact Other Other
Annular

iTransverse Otmensionj 1 0 1 0
GRIDO0IMENSION 10 20 0 2 0

2D 3D 3D

Cartesian Cartsrai Cartesian

COORDINATE SYSTEM Cylinndrical Cylindrical Cylindrical

Other Other Other

M.salhgnments Single Line 0 Lamninar Flow

FEATURES MODELED Aberrations MIl'ln * Turbulent Flow
Defornmable Mirirors Line Broadening * Boundary Layer
For-Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME] BLAZE IV

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone : (716) 297-1000

Organization: Bell Aerospace Textron
Address: P.O. 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:_________ ___________

CATEGRY

ATIUEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL. Simple Fabry Perot simple saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premixed

TYEGeomerical Pulsed Scheduled Mixing
TYPE Physical HF. OF* Ohe

Other 
Ote

Standing wave Annular, Radially Flowing Cylindrical, Radially Flowing

GEMTYRing Transversely Flowing Rectangular Linearly Flowing
GEMERYCompact Other Other

Annular

Transverse Dimensioni 1 010
GRID DIMENSION 1 0 20 D* 20D

2 0 3 D 30D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cyl-rid,.cal

Other Other Other

Misalignments Single Line * Larninar Flow

FEATURES MODELED Aberratinon: Multlil 0 Turbulent Flow
Deformable Mirrors Linne Broadening Boundary Layer

Far-Fineld Performance Other Shocks

t ~OtherOte



CODE SUMMARY SHEET CODE ' NAE LZI

ORIGINATOR/KEY CONTACT:I

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.O. Box 1. Buffalo,* New York- 14240
PRINCIPAL PURPOSE AND APPLICATION OF CODE: 2-D mixing finite difference

code used for nozzle, fluid, and thermal analysis. (See app)endix C,
table 1).

AVAILABLE DOCUMENTATION:__________ ___________

CATEGORY

ATIUEOPTICS KINETICS GASOYNAMICS

*None * None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simnple Flow Model
Detailed Resonator Detailed Kinetics * Detailed Mixing

CW Premm cd
TYEGeometrical Pulsed S Scheduled Mixing
TYEPhysical HF. OF Other

Other

Standing Wave Annular. Radially Flowing Cylindrical. Radially Flowing
GEMTYRing Transversely Flowing Rectangular. Linearly Flowing
GEMERYCompact Other Other

Annular

(Transverse Dimerision( 1 0 I0

GRID DIMENSION 1 0 20 0 20

20 30 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrincal
Other Other Other

Misalignmnents Single Line 0 Laminar Flow

FEATURES MODELED Aberrations Multihlne Turbulent Flow
Deformable Mirrors Line Broadeinng S Boundary Layer
Far-F.Ind Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME j BLAZE V1

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Addrss: P.O. 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

ATIUEOPTICS KINETICS GASDYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simtple Flo- Model

* Detailed Resonator Detailed Kinetics Detailed M..nrg

CWN Premised

TYEGeometrical Pulsed Scheduled Mising
0YE Pysical HF. OF * Other

Other

Standing Wave Annular Radially Flowing Cylindrical Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular Linearly Flowing
Compact Other Other
Annular

(Transverse Dintensionl 1 0 D

GRID DIMENSION 1 0 20 20

* 20 30 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Ltne L Iaminar Flow

FEATURES MODELED Aberrations Multdlno Turbulent Flow
Deformable Mtrrors Line Broadening 0 Boundary Layer
For-Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME:1  BLIST

ORIGINATOR/'KEY CONTACT:

Nam.e:R. Hughes/0. Haflinger/H. W. Behrens Phone (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 2-0 or
axisv Mntric 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

*None 0 No.* None

LEVEL Simple Fabry Perot Simple Saturated Gain * Srrpie Flo. Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premired

TYEGeometrical Pulsed Scheduled M-ng
TYEPhysical HF. OF * Other

Other

Standing Wave Annular Radially Flowing 0 CyIndr-cat Radially Flowing

GEMTYRing Transversely Flowing a Rectangular, Linear'ly Flowing -
GEMERYCompact Other Other

(TransvEerseNDimension) 1 0 1 D
GRDDMNIN 10 2D 020D

20D 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other IOther 0Other

Misalignments Single Line * Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Dleformable Mirrors Line Broadening 0 Boundary Layer

Far*Fillld Performance Other Shocks

OtherOte

OtherL ?:



CODE SUMMARY SHEET CODE NAME:j CLOO

ORIGINATOR/KEY CONTACT:

Name: Paul E. Fileger Phone; (305) 840-6643
Orgaizaion United Technologies Research Center

Address:-P.O. Box 2691. MX-R48. W~est Palm Beach, Florida- 33402
PRINCIPAL PURPOSE AND APPLICATION OF CODE:______________

The CLOQ code was developed to analyze linear chemical laser systems
using rotational noneauilibrium kinetics,

AVAILABLE DOCUMENTATION: R. J. Hall. "Rotational Noneguilibrium and Line-

Selected Operation in CW OF Chemical Lasers," IEEE JQE, Vol QE-12, p 453

(1976)

CATEGORIY
-TRI T OPTIC S KINETICS GASOYNAMICS

None None None

LEVEL Simrple Fabry Perot Simple Saturated Gainl Simple Flow Model
* Detailed Resonator * Detailed Kinetics 0 Detailed Mixing

* CW Pete
Geometrical Pulsed SheldMiig

TY E Physincal 0 HF. OFOt e
OOther

* Standing Wave Annla Radinally Flowing 9 Cylindrical. Radially Flowing

GEMER ARing Transversely Flowing 0 Rertanigula.. Linnearly Flowing
GEMERY * compact Other Other

* Annular

(Transverse Dimension) * 1 0 0 1 0

GRIDODIMENSION 1 10 20 2D

2 0 30 3D

* Cartesian 0 Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylinndrical *9 Cylindrincal

Other IOther Other

49 M~sal~grnrnents * Single Linne 0 Laminnar Flow

FEATURES MODELED *0 Aberrations * Multline 0 Turbulent Flow
0 Delormable Mirrors * Line Broadening Boundary Layer

0 Far-Fneld Performance Other Shocks

*0 Other 0 Other



CODE SUMMARY SHEET CODE NAME:j CLO03DI

ORIGINATOR/KEY CONTACT:

Name: Paul E. Fileaer 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: CLOQ30_is an input scheduled
code for analyzing HEL chemical lasers using wave optics coupled to rota-
tional noneouilibrium kinetics or to equilibrium kinetics (HF or OF).

AVAILABLE DOCUMENTATION: User's manual to be published in February 1980.

CATEGORY

ATROPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

0 beailed Resonator 0 Detailed Kinetics S Detailed Mixing

*CW Premised
Geometrical Pulsed 0ShdldMsn

TYPE * Physical M F. OF OtSherue Mxn

OOther

0 Standing Wave. * Annular. Radially Flowing * Cylindrical Radially Flowing

GEMTR * Ring * Transversely Flowing 0 Rectangular Linearly Flowing
GEMTR Compact Other Other

0 Annular

fTrantiverse Dimensioril * 1 D * 1 0

GRIDODIMENSIOiN 1 0 * 20 2D

* 20 30 3D

* Cartesian S Cartesian 0 Cartesian

COORDINdATE SYSTEM 9 Cylindrical SCylindrical 0 Cylindrical

* Other Other Other

0 Misslignmetnts 0 Single Line *Laminar Flow

FEATURES MODELED *0 Aberrations * Multiline Turbulent flow
* Deformable Mirrors 0 Line Broadening boundary Laver

fo -aField Performance 0 OhrShocks
*other SOther



CODE SUMMARY SHEET CODE NAMEI CLSLGM* I
ORIGINATOR, KEY CONTACT:

Name: Peter R. Carlson/Robert E. Hodder Phone (305) 283-3380

Orgoanzation 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 acceotance 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. Stregack (September 25. 1979).

CATEGORY
OPTICS KINETICS GASOYNAMICSATTRiSuTE

None None N None

LEVEL S-010 laob Perot * S-vio Seit-sled G#-, S-."P. Fi.- Model

* Detailed Resonator Detailed K ntVl O l.a,,d Mt-nq

TYPE Geril" usdS¢hlduled: M-ing
T PYPs 0 t4F OF Other

Otheer

0 Standing Wave An,.uia Rad,il, Flownq Cohna.,cel Rad'a Ffo, ng
Rnq 0 Transv~ seiv f*n.-,nq Rectangular Lneeriv FlOv*nq

GEOMETRY * Conmpt 0*,,Ot
0 C-AIOther Other

Annulet

1Transverse 0.mension, I D 1 0
GRIDO OIMENSION 1 D * 20 O0

0 20 30 30

0 Cartesian 0 Cartesin C oeraS'n

COORDINATE SYSTEM Cylindrcal Cylindrcal C v n,,cal

Other Other Other

Mi$algnmenl$ *9 Singie Line LaI 0ne, Flo.

FEATURES MOOELEDO Aberraions Mult'hne Tbwent FlvO,

Deformable Mirrors J Lne Broadening S-ndo*, La,
* Fa FieId Performence I Other Shocils

* Other, O1he

*Chemical-Laser Scaling - Law Gain Model

i



p

CODE SUMMARY SHEET CODE NAME:j CNCE 4

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

Address: P.O. Box 1. Buffalo. New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

1-0 flow analysis code analysis of combustor, nozzle, cavity, diffuser

and ejectors. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:

CATEGORY

AT UTE OPTICS KINETICS GASDYNAMICS

None None None

LEVEL Srmple Feabr Perot Simple Saturated Gain Simpie Flo- Mooei
0etaieed Resonator Detailed Kinetics Detailed Mn,,ng

CW Prern,.ed
Geometrical P,..Ied Sem

TYPE Physical Pu OP
Other

Other

Standing Wave Annular, Radialiv Flow,ng Cviidficat Radotliv Flow,ng

GEOMETRY Trnsversely Flowg Reclengula, Ln*aiv F;own 4Compact Other Other

AnnulIar

iTrensverse Omens~on- 1 0 0 0
GRID OIMENSION 1 0 20 2 0

20 30 30

Cartesian Cartesian Cartesian

COOR I SAI SYSTEM Cvlndrcal Cyllndrcel Cyhndrcai

Other Other Other

M~sah.gnmens Sngle Lne Lanr FIolv

ifATURES MODELED Aberrations Mitnlne T.rbulent FioW

Oeformable M.rror, Line Broadenig Boundavv Laver
Far Peld Perforence Other Shocks

Other Other

- 4.



CODE SUMMARY SHEET CODE NAME: COM0C-SA

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: Bell Aerospace Textron

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

2-0 finite element code for the structural analysis of combustor, nozzle

and optics. (See appendix C, table 1.)

AVAILABLE DOCUMENTATION:

CATEGORY OPTICS KINETICS GASDYNAMICS
ATTRIBUTE

None None None

LEVEL Simple Fabrv Perot Simple Saturated Gain Sinple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW
Premtxed

Geometrical Pulsed Scheduled Mixing
Physical HF OF Other

Other

Standing Wave Annular Radially Flowing Cylindrical Radialty Flowing
Ring Transversely Flowing Rectangular Lneal v FlowingGEOMETRY Compact Other Other

Annular

(Transverse Dimension) 10 0 0

GRID DIMENSION I D 2 O 2 D

20 30 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cvlndrical Cylindrical Cylendrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multaline Turbulent Flov,

Deformabt Line Broadening Boundary Layer

Far Field Performance Other Shocks
Other Other



CODE SUMMARY SHEET CODE NAME] COMOC-TA1

ORIGINATOR/ KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000
Orgniatin:Bell Aerospace Textron

Address: P.O. 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 C, table 1.)

AVAILABLE DOCUMENTATION:________________________

CATEGOY

ATIUEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple Fabry Perot Simrple Saturated Gain Simtple Flow Model

Detailed Resonator Detailed kintetics Detailed M-xng

CW Peme

TYEGeometrical Pulsed Scheduled Mixing
TYEPhysical HF OF Other

Other

Standing wave Annular Radinally Flowing Cylindrical Radially Flowing

GEOMETRY RigTransversely Flowing Rectangular Linnearly Flowing
Compact Other Other
Annular

(Transverse Dinmensinon) 1 0 1 0
GRID DIMENSION 1 0 2 D 20

20 3 D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Linne Lamina, Flo.

FETRSMOLD Aberratinon: Muoilne Turbulent Flo-

FEATURESl MOrosLieBrELEDBudayLae

Fa e ald Perorac Onther enn Shocnark Lye
FarthedProrraOtr Othert



CODE SUMMARY SHEET CODE NAME] COMOC-2DNS

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone (716) 297-1000
Organization: BellI Aerospace Textron
Address: P.O. 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:________________________

CTEOYOPTICS KINETICS GASDYNAMICS
ATTR IBUTE

0 None None None

LEVEL Simple Fabry Perot Simrple Saturated Gain S-iope Flow Model

Detailed Resonator Detailed Kinsetic........ DLrtaied Mi.Wg

CW Premised

Geometrical Pulsed ShdldMsn
TYEPhysical HF~ OF 0 Other

Other

Standing Wae aAnnular. Radially Flowing Cylindrical Radially Flowing

GEMERYRng Transversely Flowing Rectangular Linearly Flowing
Comrpact Other Other
Annular

(Transverse ,mensionl 1 D 1 D
GRID DIMENSION I1D 20 0 20

20D 30 30D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aberrations M.line 0 Turbulent Flow
DeombeMrosLine Broadening Boundary Layer

Far Field Performance OhrShocks

Other Other



CODE SUMMARY SHEET CODE NAME: COMOC-3DPNS

ORIGINATOR/KEY CONTACT:

Name; S. W. Zelazfly Phone (716) 297-1000
Organization:. Bell Aerospace Textron

Address: PO. Box 1, Buffalo, New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE: ______________

3-0 mixing code, finite element with simple chemistry used for combustor
and cavity analysis (See appendix C, table 1.)

AVAILABLE DOCUMENTATION:__________ ___________

CATEGORY

TTIUEOPTICS KINETICS GASDYNAMICS
ATRBT

6Norne None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flo- Model

Detailed Resonator Detailed Kinetics* Detailed Mixing

CW Peie

TYPE Geometrical Pulsed Scheduled Mixing
Physical HF. OF 0 Other

Other

Standing Wave Annuilar. Radially Floiwing Cylindrical Radially F'ouing

GE M TYRing Transversely Flowing Rctangular Linearly Flowing

GEMERYComrpact Other Other
Annuilar

(Transverse Dirrensionl 10D 1 0
GRID DIMENSION 1 D 20D 2 D

20 3D 0 3D

Cartesian Cariesity Cartsa

COORDINATE SYSTEM Cylindrical Cylindrical Cylndrical
Other Other Other

Misalignments Single Line 0 Laminar Flow

FEATURES MODELED Aerto:MO Multiline 0 Tuirbulent Flow

OfralLine Broadening 0 Boundary Layer
Far Field Performance OhrSok

Other 0 other



CODE SUMMARY SKEET CODE NAME: CROQ

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock 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 ringj 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 misaligrned).

AT lTOPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple cabry Perot Simple Saturated Gain Simple Flows Model

0 Detailed Resonator *0 Detailed Kineics * netailed Mixing

41 CW Premixed

TYEGeometrical Pulsed 40 Scheduled Mixing
TYE Physai * H-F. DF Other

Other

0 Ri dng Wac Annular. Radially Flowing 0 Cylindrical Radially Flowi~ng

GEOMETRY Transversely Flowing Rectangular Linearly Flowing

GEOMTRY S CrrsactOther Other

Transverse Dimenstonil * 1 D 0 1 D

GRID DIMENSION 0 10D 0 2 0 20D

*0 20 3 D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical * Cylindrical *1 Cylindrical
Other Other Other

* Mssaiignnsents Single Line Laminar Flows

FEATURES MODELED *Aberratinons 0 Multine TruetF
Oeforrnable Mirrors * Lin Broadening Boundary LayerI * Far Finel d P rforrrance OhrShocks

O ther * Other



CODE SUMMARY SHEET CODE NAME] DENTAL

ORIGINATOR/KEY CONTACT:

Name: Captain Ted Salvi Phone: (505) 844 -0721
Organization: Air Force Weapons Laboratory

Address: _AFWL/ALR. Kirtland AFB. New Mexico 87115
PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ _____________

Laser kinetics calculations with strip unstable resonator. Can select
CO 21 HF/OF, or KrF kinetics.

AVAILABLE DOCUMENTATION: None

OPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain 0 Sim.ple Flow. Model

0 Detailed Resonator 40 Detailed Kinetics Detailed M...ng

0 CW 0 P,en,.sed

Geometrical 0 Pulsed scheduled M-ngTYPE 0 Phrysical 0 HF. OF Other
*1 Other

* Standirng Wa e Annular. Radially Flowing Cylindrical. Radially Flo-rig

GEM TRRing Transversely Flowing 0 Rectangular Linearly Flowing
GEMERY 5 Comrpact Other Other

Annul.ar

iTransverse Oinmensionl 1 0 0 1 0

GRIDODIMENSION 1 10 20 20

20 30 30

Cartesian Cartesian 5 Cartesian

COORDINATE SYSTEM 40 Cylinrdrical Cylindrical Cylinldrical

Other Other Other

* Misalignments 0 Single Line S Lami~nar Flow

FEATUJRES MODELED 0 berrations Multiline Turbulent Flow
Deformable Mirrors LnBraeigBoundary Layer

0 FrFedPromneOther Shocks
Other S Other



CODE SUMMARY SHEET CODE NAME] DESALE..5

ORIGINATOR/KEY CONTACT:

Name: M. Epstein 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. 0. Adams,
et al. February 20. 1975.

ATEGOY
.TFI.TEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL * Simple Fabry Perot Simple Saturated Gain Sample Flow~ Model
Detailedj Resonator * Detailed Kinetics * Detailed Mixing

0 CVV Pee

TYPE SGeometrical 0 Pulsed * Schedaled Maxing
Physical 0 HF, OF Other

* Other

Standing Wave Annular. Radially Flowiang 0 Cylindrical. Radially Flowing
GE M TYRing Transversely Flowing * Rectangular Linearly Flowing
GEMTYCompact Other 0Other

Annular

Transverse Dimension) 1 0 0

GRID DIMENSIONA 0 20o 2 D

20D 30 3 D

* Cartesian 0 Cartesian 0 Catsn

COORDINATE SYSTEM C ylandracal Cylindrical Cylindrial

Other Other Other

Masalagnments * Single Lane 0 Laminar Flow

FE T R SM D LD Aberrations 0 M tane 0 Turbulent Flow

Delormable Marrors * Lane Broadenang 0 Boundary Layer
Far-Facld Performance 0 Other Shockst

Other * Other



CODE SUMMARY SHEET CODE NAME:j DIFF-2

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelaznv Phone: (716) 297-1000
Organization: Bell Aerospace Textron
Address: P.O. Box 1. Buffalo. New York 14240

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ ____________

- 2-Dl itntahle resionator optics coupled to mixing modpl- Optircs iuses FFT-

UsHed to an~ly~re optic-- (See appendix C. table 1-)

AVAILABLE DOCUMENTATION:__________ ___________

CATEGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUT

None None None

LE VEL Simple Fabry Perot Siple Saturated Gain Simple Flowv Model

0 Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premixed
TYEGeometrical Pulsed * Scheduled Mixing
TYE * Physical HF. DF Other

Other

Standing wave Annular. Radially Flowing Cylindrical Radially flowing

GEMERYRing Transversely Flowing Rectangular Linearly FlowingGEMTYCompact Other Other
Annular

(Transverse Dimensoonj 1 D 1 D

GRID DIMENSION 0 1ID 20 0 20
2 0 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misal~gniments Single ine * Laminar Flow

FEATURES MODEL.ED Aberrations Multline 0 Turbulent Flow
Deformable Mirrors Line Broadening Boundary Layer

Far Field Performance Other Shrocks

Other Other



CODE SUMMARY SHEET CODE NAME:j fTFF-_ I
ORIGINATOR/KEY CONTACT:

Name: W_ 7ela~ny Phone: (716) 297-O0fl

Organization: RP11 Adiro-zpar Tiaxtron

Address: P.O. Box 1. Buffalo. New York 14240
PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ ____________

Samp as nTFF-2 except 3-Dl mixing. (See appendix Q_ table I).

AVAILABLE DOCUMENTATION:__________ ___________

__-_TAEOYOPTICS KINETICS GASOYNAMICS
ATTIBT

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simrple Flow~ Model

O etailed Resonator Detaied Kinetics * Deaie Mang

CW Pre -sed

TYEGeometrical Pulsed * Scheduled Mr.ng
* Physical HF. OF Other

Other

Standing wave Annular, Radially Flowi~ng Cylindrical. Radially Flowinrg

GEOMETRY Ring Transversely Flowing Rectangular L nearly Flowing
Compoact OtherOte

Annular

fTransverse Otensioni 1 0 1 0

GRID DIMENSION I 0 2D0 2 0

* 20 3D 0 3D

Cartesian Cartesian Caries-arn

COORDINATE SYSTEM C ylrndrical Cylindrical Cylindrincal

Other Other Other

M.sal.nntns Singe Linne 0 Lamnar Flowd

FEAtURES MODELED Aberratinon% Multline * Turbulent Flow
Deformable Mirrors Line Broadening Boundary Laver

Far Field Perforrnance Other Shocks

OtherOte



CODE SUMMARY SHEET CODE NAME:j ELNWQ2

ORIGINATOR/KEY CONTACT:

Name: John Ellinwood Phone: (213)~ 648-7391

Organization: The Aerospace Corporation

Address:_P.O. Box 92957, Los Angeles, California 90009
PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ ____________

Computer transverse eiaenmodes of bare annular resonators. Simplp~i

AVAILABLE DOCUMENTATION: None

CATEGORY

BUOPTICS KINETICS GASOYNAMICS
ATTIBUT

None ID None None
LEVEL Simple Fab,v Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

GoerclCWN Premlsed
TYPE 0 ehyscal Pulsed Scheduled Mixing

TYP * hyscalHFOF Other

Other

* Standing wave Annular, Radially Flowing Cvindical Radially Flowing

GE M T YRing Transvesely Flowing Rectangular, Lnearly Flowing
GEMERYCompact Other Other

Annular

(Transverse Dinmensionj 1 0 1 0

GRID DIMENSION 1 0 20 20

* 20 30 3D

Cartesian Cariesnan Cartesran

COORDINATE SYSTEM 0 Cylindrical Cylindrincal Cylindrncal

Other Other Other

Misalgnment% Sil Lin Laminar Flow

FEATURES MODELED Aberratinons Multnline Turbulent Flow

xFrr e irorsnc Linno Broadening Soundary Laver
FrFedPromneOther Shocks

OtherOte



CODE SUMMARY SHEET CODE NAME:j GASSER

ORIGINATOR/KEY CONTACT:

Name: Q. Haflinger/P. Lohn Phone: (213) 536-1624

Organization: TRW DSSG
Address: R1/1038. One Space Park. Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE:______________

Invisrid flow rndp usina thp Impthodi of rharartpriqtiri; and accniintc fnr
hPsAt r01pAqs- Tt J-, iisd fnr cavity flows with hPat rp1pai;. d4aijnjing.

shroud contours flow conditions at end of cavity, etc.

AVAILABLE DOCUMENTATION: tiofl

CATEGORY.TRBIEOPTICS KINETICS GASOYNAMICS

0 None * None None

LEVEL Simple Fabry Perot Sinmple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW * Prern..ed

TYEGeometrical Pulsed Scheduled Mixing
TYEPhyical HF. OF Other

Other

Standing Wave Annular. Radially Flowing Cylindrical, Radially Flowing

GEOMETRY Ring Transversely Flowing * Rectangular Linearly Flowing
Compact Other Other
Annulsr

(Transverse Dimensiov 1 0 1 0
GRID DIMENSION 10 20 0 20

20 3D 30

Cartesian Cartesian *1 Carteian

COORDINATE SYSTEM C ylindr~cal Cylindrrcal Cylindrical

Other Other Other

Misalignmnents Single Linte Lemina, Flow

FEATURES MODELED Aberration: Multiline Turbulent Flow
Deformable Mirrors Linne Broadening Boundary Layer
Far Field Perlormence Other Shocks

Other S Other

410A



CODE SUMMARY SHEET CODE NAME:~ GCAL

ORIGINATOR, KEY CONTACT:

Name: Kerry E. Patterson Phone (404) 955-2663
Organization. Science Applications, Inc.
Address: 6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICATION OF CODE: To provide extremely efficient
single-line gain algorithm which is anchored to available data base for
nozzle being studied. Used with SAIGO.

AVAILABLE DOCUMENTATION: HF Laser Subsystem Technology Assessment -(DARPA
Interim Report), Science Applications, Atlanta, Georgia, July 1979, Section 3.

CATEGORY
OPTICS KINETICS GASOYNAMICSATTR IBUTE

*None N.n.. on

LEVEL. Simple Fat)rV Perot Sinsote, Saturakfn Gar Smjpe Fl..s Modri

Detailed Resonator * Detailed K ntcs Dntied M,-io

* CW

TYPEGeometrical Pulsed Schedluieod M.
TYPEPh''Lal0 H OFOther

Other

Stand-ig W i 0 Annular Radially Ftowirry Cyndrcal Ra i-lv F'..,,us
Ring * Transvefe,, Flowing Reoctanoular LinerosJ Flo-qn

GEOMETRY Compact Other Orther
Annular

ITransverse 0rtrension, 1 0 1 0
GRID DIMENSION I 0 *4 2 D 2 0

ZD30 30D

Cartesian * Cartesias Cartesian

COORDINATE SYSTEM C ylindriocal C Clindrical Cyindrical
Other Other Other

Misalignments LamSnngl1 Li,,
FETUESMOELD Aberrations Sile ine TutbIert Fl-,
FEATURES MODELED Deformatrle Mirrors Ml~~eg~dl .

Par.Field Performance 0 oneth aer in Shocks
OhrOther Other



CODE SUMMARY SHEET CODE NAME _____________

ORIGINATOR KEY CONTACT.

Name: Carli M. Wiggins Phone (505) 848-5000
Organization: T..he 8DM Corporation

Address: 1801 Randol ph Road. S. E. . Albuquergue. New Mexico 87106
PRINCIPAL PURPOSE AND APPLICATION Of: CODE. Models ring resonators utilii ig
pairs of linear and nonlinear axicons (reflaxicons- waxicon-l tn prAllure An~

annular gain rpgionn Used in ring resonator randidatio trAdep-off ,ties~c

effects of spatial filtering on modep control- and to -tudy concept nf

(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 Corpinration- May 1- 1979

CATEGOY

T OPTICS KINETICS GASOYNAMICS

None None 16 None
LEVEL Simpie Fabry Perot * Simple Saturated Gain Simnple Flow Mod.,

* etaietu Resonator Detailed Kinletics Detailed Mirng

________cw Premised
TYEGeometrical Pulsed Schedued M-ng
TYE* Pvscal HF OF Other

Other

Standing Wave Annular, Radi~al ,Flowing Cylindrical Radially Flowing

GEOMETRY RigTransversely FIo-nng Rectangular Linearly Flow-q
* Compact Other Othe,
* Annular

Transverse Dimension, 1 0 1D0

GRID DIMENSION * ID0 20 20

20D 30 30D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindri-cal Cylindrical Cylindrical

Other Oths- Other

Mi sal~gnrnent s SnlLieLaminar Flow

FEATURES MODELED Aberraions Multilne, Turbulent Flo.

Ds. ai,.rosLine Broadenin Boundary Laver
0 a -dPi~omneOther Shocks

* Other Other



CODE SUMMARY SHEET CODE NAME.I G IMI

ORIGINATOR KEY CONTACT:

Name: D. W. Lankford Phone (505) 844-9836

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,

tim~e-dependent flows with the chemical kinetics capabilities of ALFA and
APACHE codes.

AVAILABLE DOCUMENTATION: To become available.

C ATEGORY OTC

ATTRIBU TEOPISKNTC 
AYAMS

Noen None

LEVEIL Simnple Fabry Perot Sirnple Saturated Gain S-l Flow Model

DetailedI ResonatorDealdKntc DtiedM ig

TYPE ~~GeometricalPusd0 ShuldMm
TYEPhysical FOOte

Standing Wave Annular. Radially Flowing *0 Cylinrdrical Radill Flowi~ng

GEOMETRY Ring Transversely Flowing *9 Rectangular Linearly Flowsing
CornpactOteOhr

Annu~lar

Transverse Dinmerss,onl1 0 0

GRID DIMENSION 1 0 20 0 20D

20 30 1111 3D

Cartesian Cartesian * Cartes'.an

COORDINATE SYSTEM Cylinndrical Cylinndrical C C, no ral

Other Other Other

Misalignments Single inne * Lami~na, Flows

FEATURES MODE'LD Aberrations Muttiline IS Turbulent Flows

Far Feld PerMorranc Linne Broadening * Boundary Layer
FrFedPromneOther * Shrockin

Other0 Other Recirculating



CODE SUMMARY SHEET CODE NAME: Gal AfV

ORIGINATOR/ KEY CONTACT:

Name: R- Hughes/fl Haflinger/H. W. BehrenciPhone (213)i 536-2757

Organization: TRW DSSG

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE: _____________

General laser analysis to calculate average flow proper'ties in nozzle
and in cavity,

AVAILABLE DOCUMENTATION: None

CATEGORY

ATIUEOPTICS KINETICS GASOYNAMICS

*None None None

LEVEL Sinmple Fabry Pero Siple Saturated 13- SimPle Fiocs Model
Detailed Resonator Detailed Kinetics Detailed Miling

CW Premixed

TYEGeometrical Pulsed Scheduled ii

TYEPhysical 0 HF OFOte

Standing Wae Annular Radially Flowing Cindrical Radially Flowing

RiMERYAng Transversely FlowingRetnua narvFo -

GRID DIMENSION 1 0 2 D 2D0

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

FEATURES MODELED Abla*. Mutl ulnt Fow

Defomab Miror Lin BradeingBoundary Laver
Far-Field Performnance * Other Shock$

Other Other



CODE SUMMARY SHEET CODE NAME] GOAD

ORIGINATOR/KEY CONTACT:

Name: S. W. Zelazny Phone: (716) 297-1000

Organization: BellI Aerospace Textron

Address: P.O. Box 1, Buffalo, New York 14240
PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ ____________

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

AVAILABLE DOCUMENTATION:__________ ___________

CATEGORY

AT.1 EOPTICS KINETICS GASOYNAMICS
A CRBT

Nome * None 0 None
LEVEL SimplIe Fabry Perot Simple Saturated Gain Simple Flow Model

Detailed Resonator Detailed Kinetics Detailed M-xng

CW Prernr.eed

TYP Geomretrical Pulse~d Scheduled Mnrmg
TYEPhyscal HF. OF Other

Other

Standing Wave Annular, Radially Flowi~ng Cylindrical Radially Flowing

GEOMETRY R~nq Transversely Flowing Rectanrgular LUneariy Flowing
Cornpacl Other Other

*Annular

Transverse D-nension, 1 D I 0
GRID DIMENSION 1 0 20D 20D

0 20D 3D0 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylinndrical C y4rrdr,cal
Other Other Other

Msal.9-ritnl Single L-ne Laminar Flow

FE ATURE S MODELED 0 Aberraton MuIt".-n Turbulent Flowv
Dielyrrable M-rror %Ln rodn Boundary Laser

Far FPald Performrance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME: QQPWR

ORIGINATOR/KEY CONTACT:

Name: Tien Tsai Yang/J. K. Hunting Phone: (213) 884-3346

Organization: Rockwell International/Rocketidyne 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
the Pprfnrmanro ni' (W Chiamical LasePrs- AFWL-TR-79-142.

CATEGOY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator * Detailed Kinetics * Detailed Minling

CW rnne

TYPE 0 Geometrical Pulsed 0 Scrreduled M-oge
Physical * HF DFyt

0 Other

" Standing Wave * Anua Radially Flowing 0 Cylindrical Radially Flowing

GE M T YRing Transversely Flowing 0 Rectanyiar Lnealy Fowin
GEMTR Compact Other Other

* Annular

Transverse Dimension, 0 1 D * 1 D

GRID DIMENSION 0 1 0 2 D 2 0

20 3 D 3 D

Cartesian * Cartesian Cartesian

COORDINATE SYSTEM cylindrical Cylindrical 0 Cylidrical
Other Other Other

Misalignments * Single Line Lamnoar Flo-

FEATURES MODELED AbtSn Mitiline -untFo
Deformable Mirors S Line Broadening 0 Bound.r, laue

Far-Field Performance Other Strocri,

* Other 0 re



CODE SUMMARY SHEET CODE NAME: GURDM

ORIGINATOR; KEY CONTACT; 
50

Name: T. R. Ferguson and G. T. Worth~ Phone (505) 848-50

Organization: The 8DM Corporation

Address-! 801 RandolIph Road. S. E. ,Al bug uerg ue. New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Originally designed to model

Pratt X. 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 (Program GURCM). T. R. Ferguson. et al. The 8DM Corporation,
BDM/TAC-79-193-TR, March 31, 1979.

CATEGORY

ATTRIBUTE OPTICS KINETICS GASOYNAMICS

None None * None
LEVEL Simple Fabry Perot * Senmple Saturated Gain Simple Flowr Model

0 Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premised

Geornetrical Pulsed Scheduled Misig
TYPE 0 Physical lIE OF Other

Other

0 Standing Wave Annular Radially Flowing Cylindrical Radially Flowi~ng

GEOMETRY Ring Transversely Flowing Rectangular Linearly Flowing
* Cormpact Other Other

Annular

Transverse Dirmension) D

GRID DIMENSION I D 20 20D

* 20 3D 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical C ylindri cal Cylindrical
Other Other Other

*Misaligonment, Single Oine Laminar Flow

FEATURES MODELED * Aberrations Multrlmne Turbulent Flow
* Deformable Mirr.ors Ln rae-9Boundary Layer
* Far Field Performance Other Shocks

*Other Other



CODE SUMMARY SHEET CODE NAME. 1  HFGOPWR

-ORIGINATOR /KEY CONTACT:

Name: J. K. Hunting/T. T. Yang 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-l-D aerokinetics to model HSURIA

resonator. Also see GOPWR.

AVAILABLE DOCUMENTATION: Rocketdvyne Internal Letter G-SL-77-509, October
5. 1977 (theory); Rocketdyne Internal Letter G-0-78-937, January 24,

1978 (user manual).

CATEGORY

ATIUEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple Fabry Perot Simrple Saturated Gain Simple Flo.n Model

" Detailed Resonator 0 Detailed Kinetics 0 Detailed Mixing

CW Pyrre

TYPE 0 Geom'etrical Pulsed 0 scheduled Mixing
PhyviCal * HF OF Other

* Other

" Standing Wave Annular, Radially Flowing * Cylindrical. Radially Flowing

GEOMETRY Ring Transversely Flowinrg * Rectangular Linearly Flowing
0 compact Other Other
0 Annular

Transverse Dimensionl * 1 D * 1 0

GRIDODIMENSION 0 10 20 20D

2 0 3 0 30D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylrrrdrrcal * Cylindrical 0 Cylrrdrrcal

Other Other Other

M~Aberrnns 0 Single Line Lan,,nar Flown

FEATURES MODELED Abrain* Multr1.ne Turbulent Flown
Defornmable Mirrors * Line Broadening * Bourndary Laver

Far Field Perfornmance Other Shocks

* Other 0 Other



CODE SUMMARY SHEET CODE NAME: HFOX

ORIGINATOR/' KEY CONTACT:

Name: James B. Moreno Phone: (505) 264-4259
Organization: 4212, Laser Projects Division, Sandia Laboratories

Address: Kirtland AFB. New Mexico 87117
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Predict oscillator and amplifier

performance for Sandia Laboratories hydrogen flouride fusion laser program.

AVAILABLE DOCUMENTATION: AIAA paper 75-36, presented at AIMA 13th
Aerospace Sciences Meeting, Pasadena, California, January 20, 1975.
J. R. Moreno. author,

ATIUEOPTICS KINETICS GASDYNAMICS

09 None None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple F~o Nodol

Detailed Resonator * Detailed Kinetics Detailed M4,nq

CVV Prer,,sed

TYPE Geometrical 0 Pul~sed Scheduled M.%ng
Physical * HF. OF Other

Other

Standing WVYe Annular Radially Flowing Cvlrnd,,Cal Radraltv Flow~vny

GEOMETRY Ringq Transversely Flowing Rectangular Linearty Flowing
Compact Other Other
Annular

Transverse Demension, 1 0 1

GRID DIMENSION 1 0 2 0 2 D

20 30 3D0

Cartesian Cartesian Carlesan

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignments SnlLieLarwnar Flo-.

FEATURES MODELED Abrain Multdinne Turbunlent Flon-
Oefortnable Mirrors 10 Line Broadening Budr a

Far Field Performeance *9 Ote Shocks
Other Other



CODE SUMMARY SHEET CODE NAME: IPAGOS

ORIGINATOR/KEY CONTACT:*

Name: D. N. Mansell Phone (505)848-5000

Organization: The 8DM Corporation

Address: 1801 Randol ph Road. S. E. Al buquerpue. New Mexi co 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Geometric ray trace analysis

-of general optical systems; can model nonlinear beam compactors of
reflaxicon, waxicon, and noneverting waxicon designs.

AVAILABLE DOCUMENTATION: POLYPAGOS, Aerospace Report TR-0059 (6311)-i.

Bea Compactor Design and Fabrication Program AFWL-TR-78-77. Geometric
Ray Analyses of HSURIA Prototypes. BDM/TAC-79-l51-TR; POLYPAGOS Users'
Manual, Aerospace TR-0172 (2311)-l.

CATGOY

AT OPTICS KINETICS GASDYNAMICS

None 41 None * None

LEVEL. SimpFle Fabry Perot Simple Satu~rated Gain Simple Flowv Model

* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premised

TYE* Geometrical Puilsed Scheduled Mixing
TYEPhysical HF OF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical Radially Flowing

GEOMETRY 0 Ring Transversely Flowing Rectangular Linearly Flowing
* Compact Other Other

Anua
Transverse Dimension) I D 1 D

GRID DIMENSION 1 0 20 2 D
0 20 3D 3D0

0 Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbu~lent Flow
Otormable Mirrors Line Broadening Boundary Layer
Far Field Performrance Other Shocks

*Other Other

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



CODE SUMMARY SHEET CODE NAME:1  KBL IMP

ORIGINATOR/KEY CONTACT:

Name: H. Tong/A. C. Buckinghai/H. L. MorsePhfl8. (415) 964-3200

Organization: Aerotherm Division of ACUREX
Address: Mountain View. California

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Boundary 1layer analysis.
Noneguilibrium 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

ATIUEOPTICS KINETICS GASOYNAMICS

* None None None

LEVEL. Sinmple Fabry Perot Simrple Saturated Gain Simple Flo- Model

Detailed Resonator 0 etadled Kinetics * Detailed M,.,ng

GoerclCW Premixed

TYPEmPhyscal Pulsed 0 scheduled Mixing
TYP Pys~alHF OF Other

* Other

Standing wave Annular Radially Flowi~ng * Cylindrical Radially Flowing

GEOMETRY Rn'transversely Flowing 0 Rectangular Linearly Flowing
Compact * Othser Other
Annular

ITransverse Dimons~oni 1 0 10D

GRIDODIMENSION 10 D* 20 * 20D
20 30 3D0

Cartesra n Carlessan * Cartesian

COORDINATE SYSTEM Cylindrical C findricai *1 Cylindrical

Other * Other *0 Other

Mosalignmhrtts Single Line 0 Laminar Flow

FEATURES MODELED Aberrat,on3 Mult~fine 0 Turbulent Flow

Deombl irosLne Broadening * Boundary Lover
Far Field Performnance Other Shocks
Other Other

AA.-.



CODE SUMMARY SHEET CODE NAME:1  LAPU-2 i
ORIGINATOR/KEY CONTACT:

Name: John C. Goldstein. D. 0. Dickman Phone: (SOS) 67-72?1

Organization: LOS Alamos Scientific Laboratory

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE:

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

amplifiers and absorbers including diffraction effects: cylindrical

symmetry assumed.

AVAILABLE DOCUMENTATION: LAPU2: A Laser Pulse Propagation Code with
Diffraction, LASL Report LA-6955.

OPTICS KINETICS GASOYNAMICS
ATTRIBUTE

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

D Detaled Resonator D Detailed Kinetics Detailed Mixing

CW Prem.ed
Geometrical * Pulsed Scheduled MixingTYPE • Ph scal HF. O)F Other

* Other

Standing Wave Annular Radially Flowing Cylindrcal. Radally Flowing

GEOMETRY Transversely Flowing Rectangular Lnearlv Flowing
Compact Other Other

• Annular

iTransverse Dimensionl 1 0 1 D

GRID DIMENSION • 10 2D 2 0

20 30 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Msalgnments Single Line Laminar Flow

FEATURES MODELED Aberrations MulWnne Turbulent Flow

Deforrrable Mirrors Boundary Layer
• Far Field Performance O ShocksFar~eldOther

• Other Other



CODE SUMMARY SHEET CODE NAME] LOADPL

ORIGINATOR/,KEY CONTACT:

Name: Alexander M. Simonoff Phone (213) 884-3346

Organization: RocKetdvne Division. Rockwell International

Address: 6633 Canoga Avenue, Canoga Park, California 91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: The purpose of thi s code i s to
model some of the 3-0 phenomenology associated with Half Symmetric Unstable
Resonator with Internal Axicon MHURIA) with a radially flowing gain

medium- pprformance predictions for power extraction and beam quality,
set/verify desian reguirements.

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

CAEORY
OPTICS KINETICS GASOYNAMICS

A I TE __T

None Nonie 0 None

LEVEL simple Fabry Perot * Simrple Saturatod Gain Sirrple FPow Mode,

,6 Detailed Resonator * Detailed Kinletics Detailed Mi.,nq

Prmie

TYEGeometrical Pulsed Scheduled Mi- ng
0 Physical lIP OF Other

Other

*0 Standing Wave Annular. Radiallyv Fl'owing Cylindrical Radially Flown 9

GEM TYRing Transversely Flowing Rectangular Linearly Flowing
GEMTR Compact Other Other

* Annular

Transverse Dimein 1 0 1 0

GRID DIMENSION 1 0 20 20

* 20D 30 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical Cylindrical
Other Other Olher

* Misaignments Single Line Laminer Plowi

FEATURES MODELED AbrainMuitiline Turbulent Flow

OFr Fiel irorsac Line Broadening Boundary Lacer
FrF. P iomneOther Shocks

Other Other



CODE SUMMARY SHEET CODE NAME: LS-14RGS*

ORIGINATOR/KEY CONTACT:

Name: Victor L. Gamiz Phone. (213) 884-3346

Organization: Rocketdvne. Laser Optics

Address: - 6633 Canoga Avenue. Canoga Park, California 91304
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Performs an exact ray trace

analysis in order to determine the geometric configuration of a HSURIA type
rpqnnatnr with a ray r~adi~tribhiting reflaxicon beam compactor assembly.
Provides geometry data to wave optics HSURIA codes.

AVAILABLE DOCUMENTATION: Resonator Geometry Synthesis Code Requi rement
NV. L. Gamiz); Incorporate General Resonator into Ray Trace Code (W. H.
Southwell); Surface Optimization Algorithms and Equations (W. H. Southwell);
Eauations for Wave Optics Code Parameters (V. L. Gamiz); User Manual;

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

CATEGRY

ATIUEOPTICS KINETICS GASOYNAM41CS

None * None *iNone
J.LEVEL Simrple Fabry Perot Simple SaturatedGt Simrple Flow Model

0 Detailed Resonator Detailed Kinttt ai Detailed Wiling

CWN Prem..ed

TYPE 0 Geometrical Pulsed Schedul.ed Mixing
Physical HF OFOte

S t a n d i g W aO 
t heh 

e

S~ad~n I~seAnnular Radially Flowing Cylindrical Radially flow.nq

GEOMETRY Ring Transversely Flowing Rectangular Linearly Flowing
0 Compract Other Other
0 AnnulIar

Transv'erse ODn'ensioni 1 0 1 D
GRID DIMENSION 102 D 2 D

2 20 3 0 3D0

Cartesian Cartesian Cartesian

COORDINATE SYSTEM S Cylindrical Cylindrical Cylindrical
Other Other Other

Misaisgrrrents Single Line Lami~nar Flow

FETUESMOELD Aberrations MIITurbulent Flow
Deforntable Mirrors Line Broadening Boundary Laver
Far Field Performtance Other Shock~s

* Other Other

*LS..14 Resonator Geometry Synthesizer



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: _____________

Direct simulation Monte Carlo laser analysis code. Models real aas
flow by tracking several thousand simulated molecules. Primarily used

for modeling nozzle flows with large base regions and low pressure regions
in byppr ,nnic wpdap wakes,

AVAILABLE DOCUMENTATION:_________ ___________

'Chemical Lazer Nozzle and Cavity Calculation by the Direct Simulation
Monte Carlo Method," T. Sugimura. et. al. presented at AIMA Conference on
High Power Lasers. October 31-November 2. 1978. Cambridge, Massachusetts.

CATEGRY

ATiUEOPTICS KINETICS GASOYNAM41CS

0None None None

LEVEL Sim~ple Fabry Perot Sinmple Saturated Gain Sm-pie Flow. Model
Detailed Resonator D etailed Kinetics * Detailed Minng

*CW Pren,,ed

TYEGeoonetincal Pulsed Scheduled Wiling
TYEPhysincal *0 HF OF * Other

O ther

Standing WNae Annular Radially Flowing * Cylindrical Radially Flowi~ng

GE M T YR.M Transuyersely Flowing 0 Rectangular Linearly Flowing
GEMERYcomp'act SOther Other

Annular

Transverse DOrrensioni 1 0 D

GRID DIMENSION 10 0 20D 0 2 0

2 0 3D 3D

Cartesian S Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misaignm~ent SnleLn Lamina, Flow.

FEATURES MODELED Aberraionh ,,~ Multilinre Turbulent Flow.
Defor,-able Mrrrradein 0 Boundary Layer

Far Field Performance Other * Shock,

Other 0 Other



CODE SUMMARY SHEET CODE NAME:1  MNQRQ

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman Phone. (217) 333-1834
Organization: University of Illinois, Dept. of Aeronautical & Astronautical Eng.

Address: Urbana. Illinois 61801
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Rotati onal nonequil ibrium

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

AVAILABLE DOCUMENTATION: "An Efficient Rotational Nonequilibrium Model_
of a CW Chemical Laser." L. H. Sentman and W. Brandkamp. TR AAE 79-5,
UILU Ena. Z9-0505. July 1979. "Users' Guide for Programs MNORO and
AFOPTMNORO." L. H. Sentman. AAE TR-79-7. UILU Ena. 79-0507, October 1979,

CATEGORY
OPTICS KINETICS GASOYNAMICSATTRIBUTE

None None None
LEVEL 0 Simple Fabry Perot Sirmple Saturated Gain 0 Sipl Flo- model

Detailed Resonator * Detailed Kine~tics Detailed Mixng

0 CW Premixed

TYPE Geometrical Pulsed Scheduled MixingPhysical 0 HF. OF * Other
Other

Standing Wave Annular. Radially Flowing Cylindrical Radially Flowing

GEOMETRY Ring * Transversely Flowing 0 Rectangular, Linearly FlowingCompact Other Other
Annular

Transverse DiniensonI 0 1 0 * 1 0
GRID DIMENSION 1 D 2 D 2 D

12 0 3D0 3 D

Cartesian * Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

Misalignments SnlLn*Laminar Flo.

FEATURES MODELED Aberrations 0 Ml'ieTruetFo
Dellorrrable Miro,, * MLiin raenig0 Budr ae
Far Field Performance * iBraengShBoncksLye

Other * Other * Other



CODE SUMMARY SHEET CODE NAME: MPCPAGOS

ORIGINATOR/KEY CONTACT:

Name: 0. N. Mansell and C. C. Barnard Phone: (505) 848-5000
Organization: The BQM Corporation
Address-.l 8Ol Randolph Road, S.E.. Albuquerque, New Mexico 87106

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ ____________

Ca1-ilataq (misalignment) sensitivity 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 effects through a integrated optics/structures approach.

AVAILABLE DOCUMENTATION:__________ ___________

MPCPAGOS Users' Manual, BOM/TAC-78-127-TR. Final Task Report for Sensi-

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

CATEGORY
TF OPTICS KINETICS GASOYNAMICS

None SNone 5 None
LEVEL Simple Fabry Perot Simple Saturated Gain Srnrple Flow Model

0 Detailed Resonator Detailed Kinetics Detaled M,-9r

TYE * Geonmetrical Pulsed Srenh.e M-rnq
TYPEPhysical HF OF w Othe

GEOMETRY e CompactOte

1Tases 0ieso 1 D

GRID DIMENSION 1 0 2 0 2 D

20D 30 3D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylinndrical Cylindrical
Other Other Other

* MisalignmentsSnleLn Lami~nar Flow

FEATURES MODELED Aberrations Multldine Turbulent Flow
DeombeMrosLine, Broadening Boundary Lavenr

Far-Field Performance Other Shocks

*other Other

-0



CODE SUMMARY SHEET CODE NAME] MRO

ORIGINATOR/KEY CONTACT:

Name: flnonald IL Rullnck Phone: (213) 3;-3484

Organization: TRW OSSG

Address: RI/1162. One Space Park. Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models the opti cal performance
of linear bands CW. HF. and DF chemical lasers. MRO 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).

RLA7FR II rPr- Manual (inculdp, um nf MRO). TRW- Nnvpmhr Ig78.

CATEGORY

ATTRIBUTE OPTICS KINETICS GASOYNAMICS

None None None

LEVEL * Srmple Fabry Perot Simple Saturated Gain Simple Flow Model

* Detailed Resonator 0 Detailed Kinetincs 0 Detailed Mixing

0 CW Prened

T Geometrical Pulsed 0 Scheduled Mixing

Y Phsca% * HF, F Other

Other

• Standing Wave Annular, Radially Flowing Cylindrical. Radally Flowing

GEOMETRY * R 0 Transversely Flowing 0 Rectangular Linearly Flownn
* Compact Other Other

Annular

Transverse Dimensioni 1 0 1 0

GRID DIMENSION * 1 D • 20 2 D

20 3D 30

* Cartesian • Cartesian 9 Cartesian

COORDINATE SYSTEM Cyndrical Cylindrical Cylindrical

Other Other Other

* Misaignmenrts Sigle Line Larrrnar Flow

FEATURES •DELED * Aberratons 1 Ml Turbulent FloW
Deformable Mirrors Line Broadening Boundary Laver

* FarField Performance * Other Shocks

Other • Other

I

L- 9



CODE SUMMARY SHEET CODE NAME: NCFTDPWE*

ORIGINATOR KEY CONTACT **

Name: F. D. Toppert/John C. Goldstein Phone: (505) 67-7281

Organization: Los Alamos Scientific Laboratory

Address: Group X-l. MS-531, Los Alamos. New Mexico 87545

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Study of wavefront distortions

during propagation through amplifying self-focusinq 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 Sirmple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixing

CW Premned

Geometrical Pulsed Scheduled Mxing
TYPE Physical HF OF Other

Other

Standing Wave Annular Radially Flowing Cylndrical, Radaily Flowing

R Transversely Flowing Rectangular Linearly Flowing
GEOMETRY * Compact Other Other

Annular

(Transverse Dimensionl 1 D 1 D

GRID DIMENSION 1 D 20 2 D

0 2D 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cyindrical Cvlindrcal

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Multne Turbulent Flo-
Deformable Mirrors 

Boundary Laver
Lne Broadening

Far Field Performance OtherShocks

• Other Other

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

k _a
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CODE SUMMARY SHEET CODE NAME] NORQ&4

ORIGINATOR KEY CONTACT:

Name. L. H. Sentman/S. W. Zelaznv* -Phone (217) 13V4-1.qla

Organization: University of Illinois, Dept. of Aeronautical & Astronautical Eng.

Address: Urbana, Illinois 61801
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Qual itative Rotational nonegui-

librium kinetics and fluid dynamics model cnuipliad with RP11 Apr-prp

strip optics code. See ROPTrics.

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). ___________________________

CATEGORY

ATTEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL 0 Simple Fabry Perot Simpble Saturated Gain 40 Simple Flow Model

Detailed Resonator 0 Detailed Kinetics Detailed Mixing

0 CW * Pre-ised

TYPE Georeterical Puilsed Scheduled Mixing
Ph'ysical * HF OF Other

Other

Standing Wave Annular Radially Flowing Cylindrical Radially Flowing

GEMTYRing * Transversely Flowing *1 Rectangular Linearly Flow.n9GEMTYCompact Other Other
AnnularI

Transverse Duiension) *6 1 10 1 0
GRID DIMENSION 1 D 20 20D

2 0 30 30

Cartesian 0 Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical
Other Other Other

Misalignmrents Single Line Laminar Flow

FETRSM DL0 Aberrations * Mvltiline Turbulent Flow

*eombeMrosI Line Broadening Boundary Layer
Far Field Performance Other Shocks

Other Other

*Bell Aerospace Textron



CODE SUMMARY SHEET CODE NAME: ___________I __I

ORIGINATOR/ KEY CONTACT:

Name: S. W. Zelazny Phone (716) 297-1000

Organization! Bell Aerospace Textron

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 1 -D mixing model coupled to
rotational nonequilibrium chemistry and Fabry-Perot models. Used for
optical cavity analysis. (See appendix C, table 1).

AVAILABLE DOCUMENTATION:___________ ___________

C ATEGOS Y
OPTICS KINETICS GAS DYNAM ICS

ATTRIBUTE

None None None

LEVEL * Sreple Fabtry Perot S-irepe Saturated Gain Slrrrpri F-n V~1r,,
Derailed Resonator Detailed Kinetics D etailed Minorg

TYEGeometrical P
t

ulsed * Srcheoviec 1- .q
TYEPhysical HIP Dr other

Standing WNave Annular Radilly Flowing Cylindricy acta 9io0-9~

GEOMETRY Ring Transversely Flowing Rectangla sryri Fnsn
Compact Other Other
Airnlar

,Transvnrse Dimnensiorr; 1 0 * 1 0
GRID DIMENSION 1 0 2 D 2 D

2 0 3 D 3 -D

Ca.r-san Cartesian Cartesian

COORDINATE SYSTEM Cvlindriai Cylindri cal Cylindrical

Oltre Other Other

MisagennntsSingle Line * aiarF0

FEATURES MODELED Ae l Multilin" Tiirtiiert Foss

0 -l M" ,Lin Broadening 13ovndarii Layer

F ,F jP t- 'Other Shocks
O)ther Other'



CODE SUMMARY SHEET CODE NAE OCELOT

ORIGINATOR, KEY CONTACT:

Name: David Fink Phone (213) 391-0711, X6925

Organization: Hughes Aircraft Company

Address: Culver City, California 90230

PRINCIPAL PURPOSE AND APPLICATION OF CODE:- Tool to assist with
resonator design and mode control. Primarily models optics, but modular
~onstructor allows incorporation of other detailed models.

AVAILABLE DOCUMENTATION: Not available

-TEG O 0 ' A1
TRC OOPTICS KINETICS GASOYNAMICS

None None 1.None
I EVEL Simple Fabry Perot * Simple saturated Can Simple Flow Model

* Detailed Resonator Detailed Kinelics Detailed Mixinrg

Geometrical i- ed

TYPE GoeralPulsed Sched~ev Milling
0 Physical HF DF Other

Othrer

0 Standing W~ave Anrnular Radially Flow'nq Cylindrical Radily Fiowinit

GEMER R~rng Transversely Flowing Rectangular Linearly Flowing
GEOMETRY 0 CompactOtrOte

0 AnnularOteOhr

'Transverse Dimension 101D

GRID DIMENSION 1 D 20 20D

0 2 0 3 D 3 D

* Cartesran Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cvlindrical

Other Drher Other

* MiSaligornenr Single L-Laminar Flow

FEATURES MODELED 0 Atnratrvrrs * Miultre -uetFo

Df-aeMIosLine roadening Boundar, Layer
* Far Field Perlormancel Other Shocks

* Oltre Other



CODE SUMMARY SHEET CODE NAME: POLRES

ORIGINATOR/KEY CONTACT:

Name: William P. Latham 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 axisytmetric 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 oublished).

ZBTIUTEGR - OPTICS KINETICS GASOYNAMICS

None * None 0 None
LEVEL Sinmple Fabry Perot Simple Saturated Gain Simple Flowv Model

*1 Detailed Resonator Detailed Kinetics Detailed Mixng

CW Prerrr.ed

TYEGeometrical Pulsed Scheduled Mixing
TYE Physical HF, DF Other

Other

* Standing Wave Annular, Radially Flowing Cylindrical Radially Flowing

GEMTYRing Transversely Flowing Re-tangular Linearly FlowingGEMTY * Comrpact Other Other
Annular

(Transverse Dinmension) 1 D 1 0
GRID DIMENSION 0 1 0 2 D 20D

20 3D 3 D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical C yindrical
Other Other Other

Msalignments Single Linne Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow

eFoarbie Merorsoc Linne Broadening Boundary Layer
FrFedPromneOther Shocks

OtherOte



CODE SUMMARY SHEET CODE NAME: POLRESH

ORIGINATOR/KEY CONTACT:

Name: William P. Latham Phone: (505) 844-o721

Organization: Air Force Weapons Laboratory
Address: AFWL/ALR. Kirtland AFB. New Mexico 87117

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Used for axi symmetric half-
sYmmetric unstable resonator with internal axicon analysis (HSURTA)*
contains two Fourier components for analysis Of Dolarization effpctq in

bare compact and annular beam resonators. Will eventually inclutdp rinags
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 GASOYNAMICS

ATTRIBUTE

None. None 411 None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flo-v Model
* Detainled Resonator Detainled Kinetics Detainled Mixring

CW Premixned
Geom~erical Pulsed Scheduled MixingTYPE * Physincal HF. OF Other

Other

0 Standing Wave Annular. Radinally Flowving Cylindrical Radinally Flowing
Ring Transversely Flowing Rectangular Linnearly Flowi~ngGEOMETRY * Compact Other Other

0 Annular

(Transverse Dinmensinon) 1 0 1 0
GRID DIMENSION * 1 0 2 0 2 0

2 0 3D 3D

Cartesian Cartesian Cartesian
COORDINATE SYSTEM * C vlindrical Cylindrical Cylinndrical

rOther Other Other

Misalignm~ents SnlLieLaminar Flowv

FEATURES MODELED Aberrations Multline Turbulent Flow
Detorrrable MirrorsLieBodng Boundary Layer
Far. Fineld Performance OhrSok

Other Other



CODE SUMMARY SHEET CODE NAME: POP__________

ORIGINATOR/KEY CONTACT:

Name: Peter B. Mumola Phone. (203) 762-4415

Organization: Pen Kin-Elmer Corporati on
Address: _ 50 Danbury Road. MS 241. Wilton, Connecticut 06897

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Physical optics analysis of
general HEL Optical System and atmospheric gropagation. Code can be

coupled to variety of detailed kinetics models including C02 EDL (pulsec
or CW), GOL, and Iodine.

AVAILABLE DOCUMENTATION: Available

CATEGORY

ATIUEOPTICS KINETICS GASOYNAMICS

None None Nn

LEVEL Simple Fabry Perot * Simple Saturated Gain Simple Flov, model

0 Detailed Resonator Detailed Kinetics Detailed M.-~g

TYEGeomretrical Pulsed Scheduled Mr-nic
TYE Physical 1fF OF Other

Other

0 Standing Wave Annular Radially Flowing Cylindrical Rad.lcy Flowwg

GE M TR Rin~g Transversely Flowirng Rectangular Linearly Flowing
GEMER * compact Other Other

transverse Dlmnensloni 1 0 1 0
GRID DIMENSION * 1 D 2 0 2 0

2 20 3 0 3D0

* Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrical Cylindical

Other Other Other

* Misalignrments Single Line Lamina, Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
" Deformable Mirrors Linne Braenn Boundcary Laver

0 Far Field Performanice Other Shocks
0 Other Other



o

CODE SUMMARY SHEET CODE NAME.I PRE-WATSON

ORIGINATOR KEY CONTACT:
Name: Philip 0. Briggs Poe (1)884-3851

Organization: Rockwell International, Rocketdyne Division

Address: 6633 Canoga Avenue, Canoga Park, California '91304

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Eval uate impact on resonator
solution of conical element Polarization.

AVAILABLE DOCUMENTATION: None. Some papers in open literature.

ATTRIBUTE OPTICS KINETICS GASOYNAMICS

None *9 None * None
LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow~ Model

* Detailed Resonator Detailed mineic Detailed Mining

CW Prernived

TYEGeometrical Pulsed Scheduled Mixing
TYE Physical HF OF Other

Other

* Standing Wave Annular Radially Flow~ing Cylindrical Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular Linearly Flowing
* compact Other Other

Annul ar

Transverse Dimension) 1 0 1
GRID DIMENSION 1 0 2 D 20D

2 2D 3 0 30D

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical Cylindrical CyIndrical

Other Other Other

Misalignments Single Line Laminar Flow

FEATURES MODELED Aberrations Multiline Turbulent Flow
Deformable Mirrors Line Broadening Boundary Laver

Far Field Performance Other Shocks

* other Other



CODE SUMMARY SHEET CODE NAME: Q FHT1

ORIGINATOR 'KEY CONTACT:

Name: Paul E. Fileger Phone (305) 840-6643
Organization:, United Technologies Research Center
Address: P.O. 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 mndpl
collimated Fresnel numbers in excess of 200).

AVAILABLE DOCUMENTATION: None. Listings available.

C ATE GOR Y
.TTI.EOPTICS KINETICS GASDYNAMICS

None * None * None
LEVEL Simple Fabrv Perot Simple saturated Gam Simple Flow Model

0 Detainled Resonator Detaied Kinetics Detainled Minring

CW Prer-neo

Geomnerical Pulsed Scheduled Mixing
TYPE * Phyincal HF OF Other

Other

* Standing Wave Annular. Radwily Flowing Cylindrincal Radiaelly Flowing

GEOMTRY Ring Transversely Flowinning Rectangular Linnearly FlowingyGEMTR * Compact Other Other
0 Annular

Transycinse Dim~ension) 1 D 1 0
GRID DIMENSION 1 D 2D0 20

0 2 C 30 3D

Cartesian Carlesnan Cartesian

COORDINATE SYSTEM 0 Clindrical Cylindrical Cylindrincal
Other Other Other

* Misalignnrents Sinngle Line L~aminar Flow

FEATURES MODELED * Aberratnons Multr,hne Turbulent Flow
* Detornabne M-rrors Line Broadening Boundary Laver

* Far Fineld Pertormance Other Shockrs
* Other Other

-" h "



CODE SUMMARY SHEET CODE NAME: 1  RASCAL

ORIGINATOR/'KEY CONTACT:

Name: Phil 0. Briggs Phone: (213) 884-3851
Organization: Rockwell International - Rockedyne Division

Address:- 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 require-

ments. This is a vector code. Kinetics and mixing models included-see
AEROKNS.

AVAILABLE DOCUMENTATION: None

CATEGORY

ATIUEOPTICS KINETICS GASDYNAMICS

None None Nonie

LEVEL Simsple Fabrv Perot Simple Saturated Gain Slmp:e FlowModel

le Detailed Resonator to Detailed Kinetics * Dataled Mix rig

* C Pe d
TYEGeometrical Pulsed 0 scheduled Mixing

IsE Physical 0 F'F OF Other

* Other

* Standing Wave 0 Annular. Radinally Flowing * Cylindrical Radinally Flowing
* Rinng Transv~ersely Flowing Rectangular Linnearly Flowing

GEOMETRY * Compact Other Other

* Annular

iTransverse Dinmensinon) 0 1 0D 1 D
GRID DIMENSION 1 0 2 D 20

* 2 0 30 30D

Cartesian Carlesnen Cartesian

COORDINATE SYSTEM 0 Cylindrical 0 Cylinndrical 0 Cyindrical

Other Other Other

* Misalignrrents Single Linne Laminar Flow

FEATURES MODELED * Abetratons 0 Multrhne Turbulent Flow
0 Oeforrnable Mirrors 0 Linne Broadening 5 Boundary Laver

* Far-Field Performance Other Shocks
0 Ohe Other



CODE SUMMARY SHEET CODE NAME ROPTICS

ORIGINATOR/KEY CONTACT:

Name: L. H. Sentman/"S. W. Zelazny (BAT)- Phone (217) 333-1834

Organization: Uni versi ty of Illinois, Dept. of Aeronautical & Astronautical Eriq.

Address: Urbana, Illinois 61801

PRINCIPAL PURPOSE AND APPLICATION OF CODE: Study interaction between rota-
tional nonequilibrium kinetics and optical resonator geometry. Bell Aerospace
strip optics code (BATOPT) coupled to qualitative kinetic - fluid dynamics

model (NORO-I). Combined model is called ROPTICS.

AVAILABLE DOCUMENTATION: Applied Optics 1-7,-P. 2244 (1978): J. Chem,
Phys. 62, 3523 (1975); Applied Optics 15, p. 744 (1976); J. Chem. Phys.

67, 966 (1977).

.T IUEOPTICS KINETICS GASDYNAPAICS

None None None

LEVEL. Simple Fabry Perot Siil StaaedGi Simpi V10 .tdel

* Detailed Resonator 0 Detailed Kinetics Det~e M-rnq

Geometrical * Pulsed ScH~red~ V-1

Other

* Standing Waiie Annular Radially Flowinq Cv,nltrca Radsl ,j~ .0 F -

Ring I* Transversely Flowing 41 Rectanyvilar Linearly 91--qy
GEOMETRY C omrpact Other other

Annular

Transverse Dimenlsion * 1 D 0 1

GRIDODIMENSION 1 10 2D2 D

20 3 D 30

* Cartesian 0 Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical cylindrical Cylindrical

Other Other Other

Misalignment, Single Lima Lami~nar Flowi

FEATURES MODELED Aberrationsi * Multiline Turbulent Flovv
Deforniable Mirrors 9 LnBraeigBoundary Laver

Far Field Performance Other Shocks

Other Other

L ~~ ~ .~ ..- ..
-



CODE SUMMARY SHEET CODE NAME. RQTKIN

ORIGINATOR/KEY CONTACT:

Name: R. J. Hall1 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/C.& chemical
laser performance based on coupled rate eouation analysis of chemical,
vibrational, rotational, and radiative transfer.

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

-Noneguilibriumn and Line-Selected Operation in CW DF Chemical Lasers."
IEEE JQE, Volume QE-12, p. 453 (1976).

CAEOYOPTICS KINETICS GASDYNAMICS
ATTRIBUTE

None None None

LEVL Si~pe Fbr PeotSimple Saturated Gain * Simple Flo-r Model
Detailed~ Resonator * Detailed Kinetics Detailed Mixing

0 CI~vPremised
Geometrical Pulsed * Sc e ue Miring

TYEPhysiCa( 0 HF OF Other

Other

0 Standing Wave Annualar Radially Floweing 0 Cylindrical Radiailv Fiovving

GEMTRping Transoersely Flowing *0 Rectangular Linearly FlowingGEMTY 0 Compact Other Other
0 AnnuAr,

Trarisverse DImensin 10 1 0
GRIDODIMENSION 0 10D 2 0 2 D

2 0 3 D 3 D

Cartesian Cartesian * Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical 0 Cylindrical
Other Other Other

MisaiqementS Single Line * Laminar Flow

FEATURES MODELED Aberrations 0 Multiline 0Turbulent Floss
Deformabi. Mirrors * Line Broadening Boundary Laver

Far Field Performance * Other Shocks
Other Other



CODE SUMMARY SHEET COENAME]: AC2

ORIGINATOR/KEY CONTACT:

Name: Jerry Long Phone:-(404) 955-2663

Organization: Science Applications, Inc.

Address: 6600 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 GASOYNAMiCS

ATTRIBUTE

None None S None

LEVEL Simple Fabry Perot * simple Satu.rated Gain Simple Flow Model
* Detailed Resonator *+ Detailed Kinnetics Detailed Mixng

CW Premnned

TYEGeomrietrincal Pulsed Srheduled Mixing
TYE 0 Pysical HF. OF Other

Othr

* Standing Wave Annular. Radinally Flowing Cylinndrical. R adially Flowng

GEOMETR Ring Transversely Flowing Rectangula r LneryFoii
GEMTR * Comipact Other Other Lnal lwn

* Annular

Transverse Dimniensinon) 1 0 1 0

GRID DIMENSION 1 D 2 D 2 D

2 20 3 D 3 D

5 Cartesian Cartesian Cartesian

COORDINATE SYSTEM 0 Cylindrical Cylindrincal Cylindrincal

Other Other Other

0 Misalingnmnents Sinngle Line Laminar Flow
FEATURES MODELED * Aberratinons Multiinne TruetFo

0 Deforrrrable Mirirors Linne Broadening Boundary Laver

0 far Field Performance OhrShocks

Other Other

with GCAL



CODE SUMMARY SHEET CODE NAME: SAIC2DV

ORIGINATOR/KEY CONTACT:

Name: Jerry Long Phone- (404) 955-2663

Organization: Science Applications, Inc.

Address: 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

GORY
OPTICS KINETICS GASOYNAMICS

ATTRTBUTE

None None * None

LEVEL Simple Fabry Perot • Simple Saturated Gain Simple Flow Model

* Detailed Resonator D- Detailed Kinetics Detailed Mixng

CW Premied

Geometrical Pulsed Scheduled Miring
TYPE * Ph sical HF. OF Other

Other

* Standing Wave Annular. Radially Flowing Cylindrical Radially Flowing
0 Ring Transversely Flowing Rectangular Linearly Flowing

GEOMETRY • Compact Other Other

• Annular

iTransverse Dimension) 1 D

GRID OIMENSION 1 0 20 2D

1 20 3D 3D

* Cartesian Cartesian Cartesian

COGRDINATE SYSTEM 0 Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalignments Laminar FlowSingle Line

FEATURES MODELED 0 Aberrations Multlne Turbulent Flow

0 Deformable Mrrors Line Broadening Boundary Layer

Far-Field Performance Other Shocks

Other Other

With GCAL

i



CODE SUMMARY SHEET CODE NAME. ~ AIFH T

ORIGINATOR,, KEY CONTACT;

Name: -Jerry Long Phone (4034) 955-2663

Organization: Science Applications, Inc.

Address: -6600 Powers Ferry Road, Atlanta, Georgia 30339

PRINCIPAL PURPOSE AND APPLICAI ION OF CODE. Provide accurate, costC effective
method of cylindrical/annular optical resonator parametric analysis including

power extraction for use in overall system optimization.

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

CATGORY
OPTICS KINETICS GASOYNAMICS

ATTRIBUTE

None None None

LEVEL Simple Fabry Perot * Simprle Salirated Gain% S.onre Flos Model

0 Detailed Resonator Deaie Klnetc Detaaled M,-in

CW Oe~ie
TYPE Geometrical P.IsedScrdeiMr'

physical HF OF Other

*0 Standing Wave Annula r Radially Flowing Colirritr cd R da ll Flo-oy

GEOMETRY 0 Rirrg Transversely Flowing Reclanogorr Linearly Flow *r
* compact other Other

S itrruar

Transverse Dimension, 1 0 1 0

GRID DIMENSION * 1 D 20 2 0

0 2 D 30 30

9 Cartesian Cartesian, CarlesAn

COORDINATE SY'STEM 0 Celind,iaI Cylindricalk Cylindrical

Other Other Other

9 M~Aerions Single Line Lorn-na Flo,

FEATURES MODELED 0 AertosMi~tline T-bimerrr Fys~

OnD rrr-able MirrorsieB ae n onr, ,1

* Fir Field Performnance Other Shoclks

Other Other

wilm OCAL



CODE SUMMARY SHEET CODE NAME SAIGD

ORIGINATOR KEY CONTACT;

Name Kerry E. Patterson Phone (404) 955-2663

Organization. Science Appl ications. , Inc.

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE.' (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

ATIUEOPTICS KINETICS GASDYNAMtCS

*fNone None None
LEE S-noin Fanry Perot Steple SarlraIed Gan Sropte Flo Model

Detaled Resonator 0 Detailed Knetcs * Otal' Mi-9

TY EGenrr- rtcm P sed 0 Sched rd M-ng

TYEPhosovel * HF OF Other

OtherI

Stanzrrrg WNave Annular RadaII# Flowng * CInd,ca; Radaai~v Flowed

GEO-9R * Transverseiy Fiowinq * Recrae1qoar n.eatly F, owng
GEM TYConrP.vt Other Oro0er

Anruar,

Transerse 1meo. 0 1 0

GRID DIMENSION 1 D * 20D 20D

2 D 30 013D0 pse'on

C atesan * Cartesian 0 carteva,

COORDINATE SYSTEM C, e-rvvl 0 Cyh~ndrcal * Celorca,

Other Other Other

Ms'alqvrents * Sige L~n LanO

FEATURES MODELED utln

Far Fe.d Perterrreanur' Lene Brodrdenenq0 vedrLrr

Other Shocks

O t e O t h e r



CODE SUMMARY SHEE I CODE NAME, SAIl D

ORIGINATOR KEY CONTACT:

Name: Jerry Long Phone (404) 955-2663

Organization: Science Applications, Inc.

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE: 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 0 None

LEVEL Simple Fabry Perot * Simple Saturated Gain S mple Flow Model

* Detaileu Resonator Detailed Kinetics Detailed Miing

-Pt eto.ed
TYPEGeometrical Psed Scheduled Miring

T PhPs.caE HF OF

Other

" Standing Wave Annular Radially Flowing CO'ndrcai Radially Flowing

GEOMETRY Ring Transversely Flowing Rectangular Linearly Flowing

G Compact Other Other
Annular

Transverse Dimenson-, I D I 0

GRID DIMENSION 0 1 D 2 D 2 D

20 3D 3D

* Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical Cylindrical Cylindrical

Other Other Other

* Misalgne nts Single Line Laminar Flow

FEATURES MODELED g Aberrations Multilne Turbulent Flow

Delormable Mirrors Line Broadening Boundary Laver

0 Far Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME. SA12D

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: Modeling of rectangular linear
resonators and optical trains.

AVAILABLE DOCUMENTATION: None

CATEGORY

ATIUEOPTICS KINETICS GASDYNAMICS

None None * None

LEVEL Simple Fabry Perot 0 SimpleS Saturated Gain Simple Flows Model
0 Detailed Resonator 0* Detailed Kinetics Detailed Minng

CW Peie

Geometical Pulsed Scheduled Mixing
TYPE * Physical HF OF otire

Other

0 Standintg Wane Annular Radially Flowing Cyltrionl Radia%%v Flo-nrg

GEOMETRY 0 Ping Transversely Flowsing Rectangular Linearly Floswing
0 compact Other Other

Annular

Trnsverse Dimension, 1 0 1 D
GRID DIMENSION 1 0 20D 20

*0 20 30 30

* Cartesi- CartesianCresa

COORDINATE SYSTEM CylndriCal Cylindrical Clnri

Other Other Other

S MisaiignimenIs Single Line Lanmra.

FEATURES MOOLED Multlihne - tF

Df mal M 0sLine Broadening Boiundtary Lass-
Far Fild PtrraneOther Shmocks

* Other Other



CODE SUMMARY SHEET CODE NAME] SOS

ORIGINATOR/KEY CONTACT:

Name: J. Hough/M. Epstein Phone: (213) 648-6861

Organization: Aerophysics Laboratory. The Aerospace Corporation

Address: P.O. Box 92957. Los Angeles. California 90009
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Calculation of pulsed HF and

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. SAMSO-TR-78-79,

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

CATEGORY
OPTICS KINETICS GASDYNAMICSATTRIBUTE

None 
None 

None

LEVEL 0 Simple Fabry Perot Simple Satuirated Gain Simple Fov Model

- ~~CW *Peie
TYPE w Geometrical * Pulsed SchecrLied M,--g

Phvsical * HFDF Othier

Other

Standing Wave Annular Radially F1 o"ing Cylindrical R~.diail, Flci- n
RigTransversely Flowing Reictanq,-iar inear1 ly -I

GEOMETRY Compact OtherOte

Airnul ar

Transverse Dimensi 1 D 1D

GRID DIMENSION 1 0 2 D 2 0

20D 3 D 3 D

* Cartesian 0 CartesianCrtia

COORDINATE SYSTEM Cyindrcai Cindrical CylIndrcI

Other Other Other

Misalignmen is Single Ine Laminar Flov,

FEATURES MODELED Aba0 Mo1tline uh -,Fo

DI o al Mirr* Line Biroadeninynd,,
I Far Fieltd Perlormance OhrSok

Other Other



-tl

CODE SUMMARY SHEET CODE NAME: TDLCLRC*

ORIGINATOR, KEY CONTACT:

Name: Victor L. Gamiz Phone: (213) 884-3346

Organization: Rockwell International, Rocketdyne Division

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 rectangular 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

ATIUEOPTICS KINETICS GASOYNAMICS

None None None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model

" Detailed Resonator 0 Detailed Kinetics Detile Mixing

0 CW Prernired

TYEGeometrical Pulsed * Scheduled Mixing
TYE Physical * HF OF Other

* Other

StandigWn 0 Annular Radially Flowit'g Cylindrical Radially Flowing

GEOMETRY * igTransversely Flowing * Rectangular Linearly Flowing
* Compact Other Other

Annular

Transverse Dimension) * 1 D * 1 0
GRID DIMENSION 1 0 2 D 2 D

* 2 0 30 3 D

*9 Cartesian Cartesian Cartesian

COORDINATE SYSTEM Cylindrical 0 CylindricCal 0 Cylindrical

Other Other Other

Misalignment s SnlLieLaminar Flow

FFATURES MODELED Ab0a~n M.liline TroetFo
Deformable Mirrors * Line Broadening * Boi-ndary La"er
Far Field Pertorrrance Other Shocks

Other 0 Other

*3-.D Loaded Cavity Linear Resonator Code.



CODE SUMMARY SHEET CODE NAME: TDWORRC*

ORIGINATOR, KEY CONTACT:

Name: Victor L. Gamiz Phone: (213) 884-3346

Organization: Rocketdyne, Laser Optics

Address: 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 3-0 base and loaded HSURIA codes.

CATEGORY
ATIUEOPTICS KINETICS GASOYNAMiCS

None None 0 None

LEVEL Simple Fabry Perot 0 Simple Saturated Gain Simple Flow Model
0 Detailed Resonator Detailed Kinetics Detailed Mixng

CW Premixed

TYPE Geometrical Pulsed Scheduled M-ng
* Physical HF OF Other

Other

Standing Wave Annular. Radially Flowing Cylindrical, Radially Flowing

GEOMETRY 0Ring Transversely Flowing Rectangular Linnearly Flowing
* Comrpact Other Other
* Annular

Transverse Drrmensionl 1 0 1 0
GRID DIMENSION 1 0 2 0 2 0

* 20D 30 3 D

0 Cartesian Cartetian Cartesian

COORDINATE SYSTEM C Cy~ndical Cylindrical Cylindrical
Other Other Other

0 Misalignments Sil Lin Larssnar Flow

FEATURES MODELED * Aberrations Multiline Turbulent Flow
* Delornsable Mirrors Line Broadening Boundary Laver

* Far-Field Performance Other Shocks

*Other Othe",

*3-D Wave Optics Ring Resonator Code.



CODE SUMMARY SHEET CODE NAME] TMRO

ORIGINATOR/KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-3484

Organization: TRW DSSG

Address: R1/1162, One Space Park, Redondo Beach, California 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
MRO code reports (June 1978) contain much information, See BLAZER User
Manual. November 1978.

CATEGORY
OPTICS KINETICS GASDYNAMICS

ATTRIBUTE

None None None

LEVEL Srmple Fabry Perot Simple Saturated Gain Simrple Flow Model

* Detailed Resonator * Detailed Kinetics * Detailed M-urng

* CVI Prem,,ed

TYEGeometrical Pulsed * Scheduled Mu-nq
TY E Phys cal 0 HF OFOt e

OOther

0 Stanrding Wiave * Annular. Radially Flowing * Cylinndrical. Radinally Flowving

GEOMETRY 0 Ring Transversely Flowing Rectangular Linearly Flowing
Compact Other Other

* Arnular

Transverse Dirmensioni 1 0 0 1 0
GRID DIMENSION 0 1 D 20 2 D

20D 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM * Cylindrical * Cylindrical 0 Cylindrincal

Other Other Other

Misalignmrents Single Linne Laminar Flow

FEATURES MODELED Aberrations * Multiline Turbulent Flow
Deformable Mirrors IS Ln raeigBoundary Laver

Far Field Performance Other Shocks
* Other 0 Other



CODE SUMMARY SHEET CODE NAME: TWODNOZ

ORIGINATOR/KEY CONTACT:

Name: D. Haflinger/P. Lohn Phone (1)5612

Organization: TRW DSSG

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

PRINCIPAL PURPOSE AND APPLICATION OF CODE:_ _____________

Calculate nozzle flow including boundary layer and inviscid core analysis.

AVAILABLE DOCUMENTATION: None

ATIUEOPTICS KINETICS GASOYNAMICS

*None * None None

LEVEL simple Fabry Perot Simrple Saturated Gain SMple Flow Model

Detailed Resonator Detailed Kinetics Detailed Mixnq

CIA Premised

TYEGeometrical Pul~sed Scheduled MixingTYEPhysical HIP OF Oiher
Other

Standing VWaye Annular Radially Flowing Cylindrical Radialiy Floingr

GE M T YRing tans~eseiv Floowing 0 Rectangular Lneaii Fomirg
GEMERYConmpact Other Other

Annular

(Transverse Dimensaio 1 01
GRID DIMENSION 1 D 20 0 20D

20 30 30

Cartesian Cartesian * Cartesian

COORDINATE SYSTEM Cyvlindrical Cylindrical Cylindrical

Other Other Other

Misalignments Single Line 0 Lamina, Flowr

FEATURES MODELED Aberrations Multiline Turbulent Floor
Oeomal irosLine Broadening 0 Boundary Layer

Far Field Performance Other Shockis

Other Other



CODE SUMMARY SHEET CODE NAME] URINLA2

ORIGINATOR/ KEY CONTACT:

Name: Donald L. Bullock Phone: (213) 535-4384

Organization: TRW DSSG

Address: R1/1162, One Space Park, Redondo Beach, California 90278
PRINCIPAL PURPOSE AND APPLICATION OF CODE: Models cylindrical laser with

arbitrary axicon (except noneverting waxicon). Bare resonator code which
determines mode control and beam qualityv.

AVAILABLE DOCUMENTATION: Annular Laser Mode Studies Final Report,
March 1980. Program URINLA2 User Manual. June 1978,

CATEGOY
OPTICS KINETICS GASDYNAMICS

ATTRIBU__

None 40 None * None

LEVEL Simple Fabry Perot Simple Saturated Gain Simple Flow Model
* Detailed Resonator Detailed Kinetics Detailed Mixing

CW Prenmixed

TYEGeometrical Pu.lsed Scheduled Minng
TYE * Physical HF O Other

Other

* Standing Wave Ann.Wa. Radaly Flowing Cylindrical Rallilly Flowmg

GEOMETRY Ring Transversely Flowing Recta,,gular Linearly Flowing
* Compact Other Other
* Annular

(Transverse Drmensionl I ID 1 0

GR.O DIMENSION 0 1 0 20 2 D

* 2D 3D 30

Cartesian Cartesian Cartesian

COORDINATE SYSTEM* Cylindrical Cylindrical Cylindrical

Other Other Other

MiAsraionmnt Single Line Laminar clow

FEATURES MODELED AertosMultdlire Turbulent Flow
Deformable Mirrors Line Broadening Boundary Laver

* Far Field Performance Other Shocks

Other Other



CODE SUMMARY SHEET CODE NAME] VIINT

ORIGINATOR KEY CONTACT:

Name. J. Ohrenberaer Phone. (213) 536-4024

Organization; TRW OSSG

Address: 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:, Ohrenberger, BMDATC, DASG6-76-C-0043, April
1977 (theory). Computer Program Description and Users Manual of a Near

an-d Far Wake Modeling Analysis for Reentry under Turbulent Boundary Layer

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

CATEGORY
ATIUEOPTICS KINETICS GASDYNAMICS

0None 6None None

LEVEL Simple Fabry Pero Simple Satu~rated Gain Simple Flow model

Detailed Resonator Detailed Kinetics * Detailed Mixing

CW 0 Premined

TYEGeomretrical Pulsed Scheduled Mining
TYEPhysical HF OF Other

Other

Standing W~ave Annular Radially Flowing * Cylindrical Radially Flowing
GEM TYRing Transversely Flowing 6 Rectangular Linearly Flowing
GEMERYCompact Other Other

A, nular

Transverse Dimension) 1 0 1 D

GRID DIMENSION 1 D 2 D0 2 0
2 0 3 0 3 D

Cartesian Cartesian 0 Cartesian

COORDINATE SYSTEM Cylindrical C Ylindrical * Cylindrical

Other Other Other

Misalignments Single Line 0 Laminar Flow

FETRSM DLD Aberrations Mohltlne 0 Turbulent Flow

Detormable Mirrors Line Broadening 0 Budr ae

Far Field Perfornmance Other 0 Shocks
Other Other



CODE SUMMARY SHEET CODE NAME] WAP*

ORIGINATOR, KEY CONTACT:

Name: J. Ohrenberger Phone (213) 536-4024
Organization: TRW DSSG

Address: 88/1012, One Space Dark, Redondo Beach, California 90278

PRINCIPAL PURPOSE AND APPLICATION OF CODE: To determine base flow between

laser nozzle. Detailed analysis of base flows, recirculation, and embed-
ded subsonic zone. boundary remnant lip 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

ATTRITE OPTICS KINETICS GASOY NAMI CS

*None None None

LEVEL Simrple Fabry Perot Simple saturated Gain Simpole Flow Model

Detailed Resonator Detailed Kinetics 0 Detailed Mixing

CW*1 Premised

TYPE Geornetrical Pulsed Schedu~led Mixing
Physical HF OF

Other
Other

Standing Wlane Annular Radially Flowing * Cylindrical Radially Flowing

GEOMETRY Ring Transversely Flowing 0 Rectangular Linearly Flowing
Compact Other Other
Arnia,

(Transverse Dimnension) 1 0 1 D

GRID DIMENSION 1 0 2 0 0 2 0

120 3 D 3 D

Cartesian Carsesian 0 Cartesian

COORDINATE SYSTEM Cyli ndrica Cylindrical Cylindrical

Other Other Other

Misalignmerits Single Le 0eLaminar Flow

FEATURES MODELED Aberrations Mi.11ilie * Turbuilent Flow

Deomal irosLine Broadening 0 Bou~ndary Layer
Far Field Performance Other 0 Shocks

j 01net * Other

*Wake Analysis Program



I

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 III-I

1
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CODE NAME _ ABL*

CODE TYPE* Optics, Kinetics, and Gasdynainics

PRINCIPAL PURPOSE1SI/APPLiCATION(S Of CODE Models cyl indrical lasers used with URINLA2. This is a URINLA2
mode l with gaiT.

ASSESSMENT OF CAPABILITIES. See LIINLA2.

ASSESSMENT OF LIMITATIONS See LIRINLA2.

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

ORIGINATOR/KEY CONTACT
Name.: Dc9nak L. Bullock _ pIhn.: (213) 535-3484
Organitaton: TRW DSSG
Address R1/1162, One Space Park, Redondo Beach, California 90278

AVAIL.ABLE DOCUMENTATION IT Th"oyl - ioP R*- oonIfoblio.Iin) (T) Annular Laser Mode Studies Final Report;
(U) Program ABL User Manual. June 1"978; ist ings, available.

STATUS

Op.oIiooI Corontly: Yes

Unde, Modificaion?. No

Purposels)

Ownarn.hip?' Government
Propiolary': No

MACHINE/OPERATING SYSTEM (on which installed) AFWL CYBER 176, NOS/BE.

TRANSPORTABLE:

Machin. Dependent Restnctions

SELF-CONTAINED? -See MRO/BLAZE R
Other, Codes Required (namne, vurpose),

ESTIMATE OF RESOURCES REQUIRED FOR RUNS
Core Site (W-11 Words) Esecol0o Time. (Sec . ;7600)

SmallI Job;

Typical Job

Large Job 2QOK (SCM) + 300K (LCM) 1800
Apo-omuit. Num,,o o1 FORTRAN Lins. 6000

*Annular BLAZER



iuiniuhuiuiiuiin
j

2 j 0

1 ~; 1~~
fZ 1 0  -~ 0 0 0 t

~ 50

U I

I~l
* *

5 ~00 5 ~ 5 5 5 ~ S 015

I

~ H
Ii

~ 14 C

~ - 0) 7

I

00 0 0,
0).J

I

0) X

I0~ .1 0'

E o~ ~~.i 1~i
0 Z 0

In I ~ S 5
I.)
-
0~ 4:

003

~' I ~ ;

z

~0~,
- 7 ~ 2 r 0

0 0 0~ I
a - U

I.1



CODE NAME ~

CODE TYPE 1 niet 1 (5 dnd tGasdynamici

PRINCIPAL PURPOS(S)/AIPPLI:CATION(IlS OF COOE C omputa t011 On f slila~ 011 o r I uailed i 3 r~o, a

sosto to seL 111 resonator CoocS. Pdckau inlude, jer)J0311- 'ru!"I

ASSESSMENT OF CAPAILITIS 1lw COMLll dtiOl (If 3111 O )clt throlii I 1'i' t '

tohe renrtio OSZone. Al lowed tr-anSjt iOns are v 13JP, >~. ____ ____

diallable.

ASSESSMEN4T OF LIMITATIONS node doe oti Io u&r otd I 10110 noonojrLri -r -I um .

OTHER UNIQUE FEATURES- ______ ----- -______

ORIGINATOR /KEY CONTACT __________________________

N.-. Aireceli PhonYe 213 884-',E I
Ora on ckwel 1 Interr.)t-lona I - 0) ,rh 'n 0 l 01 10)1

Addr.. 0/ .AnO~a n1lr. 3310: d'irk 1111 14

AVAILABLE DOCUMENTATION IT Theory U User RP Rpe-ant PuObc.IonI ,tmu I ar L a SOr Opt i CS 3tidy rIsle,

- ~ ~ ~ ~ ~ ~ -" 1 oe 4t___a-rj~aolty "Odtij-

STATUS

O"'.1-iten Cu.".""'

Under Mod,IcI-n'-____ - - - - -

MACHIN E/OPERA TING SYSTEM In ehh nsftli'.I a~- __d)________________

TRANSPORTABLE' 101 th dl ili fi a t Onl

Macb,'.. Depen'de.nt Resinclio'. E . LI

SELF CONTAINED' NO - 51ILt 1 1 0

Oher Code R'qu,'',(nameap~ose,1315C, ~ 1K,'/~ll,-t,1 ill

ESTIMATE Of RfSOURCfS REQUIRED FOR RUNS

TV-11 Job ~~____

App-m.'.a' No,)., nI fORTRAN I,' _____________



- - miiii 11111

j .1

j
JOI~ A I

ii
j C ~ I

I II 4

2 - ~ ~ X ~A0;I::;~~
54 02 ~ 5

- ~ ; .2: ~
~.. 4 4 4 -

.4,

0 - & 0 -
- S -

2 * S C S

- - 4~

II

EEE 2

I -

I t E ~
Ct I

I 4'

0 2~

- - - I ~ & 2

z
W 4 ~ 2 -
0
0 inum u I I



AD-A093 540B8DM CORP ALBUQUERQUE NM F/G 2O/5

CHEMICAL LASER COMPUTER CODE SURVEY,(U

DEC 80 C M WIGGINS, D N MANSELL ' P B ULRICH N001779-C1108



11111 '' ' I' ___ _

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF SIANDARDS 1 963 A

lii. I.i, __



CODE NMAe: AFOTMNR

CODE TYPE: 0o;~an ieics

PRINCIPAL PURPOll(W)ANUCATION(S) Of CON: Predict power spectral performance of CM chemical laser. Also see
I4NORO for more detailed kinetics description.

ASSESSMENT OFCAPAmNUTIEV. Predict powr spectral distribution for unstable and stable resonators. Strip
optics code was provided by Capt. T. Salvi, AFWL/ALR. W4ith rotational Nonequilibrium kinetics, code
will Predict which lines lase.

A=SSSENT OF UUITATIoNS: Need to include rotational non-epualibrium on 1-0 band.

OTHER UNIQUJEFEATURES: Besides power comparison technique to establish convergence, this code compares
INx) on all lines; it also calculates Po/Pc, where Pp = total optics power loss and Pc =power
available from chemistry.

ORO6NATOR/l(TVCOMrACT:

mom,. L. H. Sentman Phm (217) 333-1834
o,...w,, Aeronautical and Astronautical Engineering Dept.. University of Illinois
Ad~m. Urbana- Illinois 61801

AVA IABE DOCUMENTATION, : hm. Uij~ =~a Uu.,. UP = 3;I,
ofa CICecal Laser, L. 1, ' Sentoan rW'(. adap R EvsUL~gvuuw~~~

(U) "Users Guide for Program M9(ORO and AFOPTMNORO," L. H. Sentman, AAE TR 79-7, UILU Eng 79-0507
(October 1979).

STUS,
Oo.,a.,. crn. Yes
U d, Modl~cafmt

AFOSR

MACNINEOPERATINQ SYSTEM(*on N111 Ingel: CDC Cvber 175

TRANSPOTALIM. Yes

SEL.COTAIE~f Yes

Oon C"- a q, (-.m0.. 0ap- ):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core fini (Octal W**d) We~aul, Th1 (SO. CDC 7600)

Typital Jo: 10- BOO SE / iteration
Lw86.272K (Apndln on number of Pints:

APProolm Numbo, of FORTRAN U,,o: about 15 iterations to converge)
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COOE NAME: F -ACHr n

CODE TYPE: Optics, Kinetics. and Gpsdlynamics

PRINCIPAL PURPOSIE(S)/APftICATION(S) OfCODE: LS-14:, Resonator parameter selection- a,,ses mndp control-
performanrp predictin for flower extraction and beam quality. set/verify design reguirenMnts.

ASSESSMENT OF CAPABILIIES: capahle o~f pval,.ating an general HSLIRIA with reflaxicon.

ASSESSMENT OF IMITATIONS: Single gain sheet, axisyinetric model Precludes resonator azimuthal
perturbation analysis.

OTHER UNIQUE FEATURES: Resonator geometrics modeled; IISURIA with reflaxicon. AxisyImmetric mode
competition. Twelve fields (cotmbination of transitions and modesl.

ORIGINATOR/KEY CONTACT:
Nae Phil Briggs ph-* -(213) 884-3581

ognzto:Rockwell International -Rocketdyne Division
Acidness: 6033 Canoga Ave-. Canoga Park, California 91304

AVAILABLE DOCUMENTATION: IT = ThM u u. IN &A *.,n pdc#) (T) vaniouis.

STATUS:
Opwa~ons, Cunfowily?: Yes
Ufids, Modification?: No

OWe.WI1lP?: AFWL
Pheprilwy?. No

MACHINE/OPERATING SYSTEM (onx.ieoI iraaIIef CDC C vber 176

TRANSPORTABLE?: With mofification.
Mach"Doe.let~eidtina Uses CDC extended core.

SLONINd~qIED? npopc Resonator geometry systems code (for other than P-P reflaxicon).
axisyintric qfar-fieldcod.

ESTIMATE Of RESOURCES REQUIRED FOR RUNS:
Co.. Sin (Octid Banta) Exncution ime (Sec. CDC 7600)

Smai Job: 200K SCM-200K 1CM 1000 Octal sec
Typical Job: 20K SCM-250K LCM 21000 Octal sec
L*OW Job: 200K SCM-600K LCM 10000 Octal sec

Approolio.I. Num~ber 0f FORTRAN Unes: 3000

Axisynuntric Loaded Cavity HSURIA Resonator Code
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CODE NAME: ALC r n J

COOSIWE: Optics, Kinetics, and Gasdynamlcs.

PRINCIPAL PURPOS(S)/APPUCATION(5) OF CODE: Resonator parameter selection, assess mode control. performance
predictions for power and beam guality. setlverify degign regnirements.

ASESSMENT OF CAPAILITIES: Allows evaluation of general ring geometries with independently specified
reflaxicons.

ASSSSMENT OF LIMITATIONS: Axisymntric model Precludes resonator azimuthal perturbation analysis.

OTHER UNIQUE FEATURES: Resonator geometries modeled: ring resonator with efaio pstive/nealtive
branch. Axisylunetrlc mode competition, 5 gain sheets. Twelve fields (combnation of itansitions
and modes).

OSIOINATCA/KEY CONTACT:
pm~.. Phil D. Briggs P1.6W: (213) 884-3851
Ouanmuuftn: Rockwell International, Rocketdyne Division
Aduift 6633 Canoga Ave.. Canoga Park. California 91304

AVAILASLS DOCUMENTATION: IT = Them7. U = Umr RIP R biwag Puieon): (T) various.

STATUS:
Opwatala Cwmndyt.P N

IndNwedI ON,? Being developed.

o...,d..r AFI4L
No

MACHINE/OPERAT1NO SYSTEM (an, .a kW~ CDC Cvher 176

TRANSPORTAIM.EP With modification.
MdmDse,,du mdw : -Uses CDC extended core.

SLF-CONTAINEM.
O& e lom RS(Rm, pum) Axisygmetric far-field code.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.
c.. imn m"i War") f ft heemb t'm,. CDC 7US)

S5" AID. 200K SCM-200K LCM I1000 Octal sec
Tip~cuI Job: 20K SC-50 C 2000 Octal sec

umk.200K SCM-600K LCN 10000 Octal sec
Appxmal.t Numftw .1 FORTRAN Un: 30

*Axisymmetric Loaded Cavity Ring Resonator Code

IO!
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CODE HAM: r7 iiALIA
CODE TVpK, Kinetics

PUNIPAPUROS(S)AP9CAIONS)OCDE, Models any chemically Dumoed mixing laser system. even electronic
transtion ype. (See1 aso GIM

ASSESSMENT OF CAPALITIES: 2-D parabolic reactive, viscous flow code. TKE turbulence (2-equation).
(Similar to APACHE, except not time-dependent).

AS~eNOLIMTATIONS: Cannot model dP/dY in subsonic flows. Contains only Fabry-Perot (geometric)
opt ic s packages.

OTHER UNIQUE FEATURES; Besides hot and cold HF and OF kinetics, it also models 3 body recombination
H + F + M T HF (v) + M.

ORIOINATOR/eEy CONTACT.
Na..w: N . L. Rapagnani phone: (505) 844-9836

Ognzto:Air Force Weapons Laboratory
Address: -AFWL/ARAC. Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theory U =User, RP = Relevnt Puliaon): (T) (U) AFWL-TR-78-19

aTATU&

Under Modificathi?. No

Ownership?: U.S. Government
horay No

MACHINE/OPERATING SYEIEU (an d itlqrm",d CRAY. Cyber-l 76. CDC-7600. CDC-6600, T BM-370

TRANSFORTAULE?: Yes

UMin Depedent Restibicofl: None

SELF-CONTAINEW., No
OtherCodsReqedog(norn.porpose: DYNDIM for dynamic dimensioning. Not necessary on CRAY

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: CNSz OtlWo -cli ko(m D 60

Tyia Job 150K -5-min
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CODE NAME: APACHE_ __ __

CODE Twp: Kinetics

PUNCIPAL PU~rPO(S)/AWUCATION()COM Models any chemically Pumped mixing laser system, even electronic
transito tye. (ee also GIM).

ASStSEMENOF CAPAU1%S 2-0 elliptic. reactive. viscous flow code. TKE turbulence (2-equation).
Similar to ALFA, except it is time-dependent.

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

oTHmAumquE AUOMe Besides hot and cold HF and DF reactions, it also models 3-body recoinbination
-H + F + M4 -~ HF(v) + M.

ORIGINATOR/EV CONTACT:
No" N. L. Rapagnani ~m (505) 844 -9836
ovuanlallm: Air Force Weapons Laboratory.

Adnw AFWL/ARAC, Kirtland AFB, New Mexico 87117
AVAILARU DOCUMENTATION: (T Tm., U = w RP = Ih pu.jaggp) (T) (U) LASL- LA 7427

STATuS:

opindumo c.ffsn*,. Yes
unaw Maifia.SOtn No

o~n.p. U.S. Government
No-

MACNIEOPERATINS SYSTM (anhc nsald CRAY, Cyber-l 76, CDC-7600 * CDC-6600, IBM1-370

TmRANePORTBEPa Yes

uIdU, 1 pswh msdsimcam None

ELF-CONTAINED?. No
0CiC dmum.wIm. wmp.): DYNOIM for dynamic dimensioning. Not necessary on CRAY.

ESTIMATE OF RESOUCE REQUIRED FOR RUNE:

SImA Job:

L&V is&. 77K/400K ECS 2 or
APNo.mmW Numbe of FORTRAN Una: 2000-2500
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CODE NAME: ___________________

CODE TYPE: -OPtiCS

PRINCIPAL pURpOSE(S)/APPIjCAyIONIS) OF CODE: 3-0 Rare Cavity Resonator Code. The code was designed to model a
HalfS eti Unsabe Resonator with an Internal Axicon MHURIA). Performance prediction for bean
quality and mode loss difference, set/verify design requirements.

ASSESSMENT OF CAPABILITIES: General field modifiers. Mirror misalignment. misfigure. struts. deformable
mirrors.

ASSESSMENT OF LIMITATIONS: Half-plane smmetry restricted to HSURIA. axisyimnetric 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:
Name: Alexander M. Simonoff Phone: (213) 884-3346

Orlianizatlo,,: Rocketdyne, Laser Optics
Address: 6633 Canoga Ave.. Canoga Park, California

AVAILABLE DOCUMEtITATIOtI:(T =Theoryu U User.RP Relevant Publication): (T)l M3 3-D ba re cav ity resonator code.

STATUS:
Operaional currently?: Yes

Under Modlifaton?: No

Ownership?: AF'AL

Propristory?: No

MACHINE/OPERATING SYSTEM (on 0rch installed): CDC Cyber 176

TRANSPORTABLE?: Yes (with modification)

Maclrine DpendentiRestrlctions: Uses CDC extended core.

SELF-CONTAINED?: No, resonator geomnetry systems code (for other than P-P reflaxicon) 3-0 far-field code.

Other Codes Required (name, pu~rpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Care Size (Octal Words) Execution Time (Sec, C04; 7600)

Small Job: 4250K I300-600 )Octal sec.
Typical Job: <25K 150 Rev. N6

Urge Job; <25O 500 p 17
Approximate Numrber of FORTRAN Linns:___________________________________________

- ------- ---
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COOE NAME: _____________________

CODE TYPE: Optics and Kinetics.

PRI CIPAL PURPOSE(S)/AWPUCATION(S) OF CODE, Mode Iin 9 lasers with conventi onalI unstable resonators with round,
elliptical, or rectangular apertures.

ASSESSMENT OF CAPABILITIES:

ASSESSMENT OF LIMITATIONS:

OTIIErUNQEFEATURES: CO GDL kinetics and shock wave phase sheets. Models conventional unstable
rontors Contains irsplil'ier pass.

ORIGINATOR/KEY CONTACT:
Namne: Capt. Ted Salvi or Al Paxton (505) 844 -0721
oEsf.Ifl Air Force Weapons Laboratory
Adee: AFWL/ALR Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: (T = Theoq. U =Uem. ftp Relevant Pulicadwc): (T) (U) None; 1listing is commented.

STATUS:
op. enaa Cwveptl, Yes
Under ModWficWMw?: No

Government (AFWL)
ftpllq:No

MACINE/Off RATING SYSTEM (wn ehch isale): CDC Cyber 176

TRANSPORTABLE?,__________________________________________________

Macldeependene~s~te.f: Plot routines; some 110; ECS.

SELF.CONYAINEW:
O111r Cedes, Reiedl (namne, pmpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Small Job: _ _ __ _ __ _

Lige Job:

Aegreelmote Number of FORTRAN Ures. 2500

*Baumgardner Cylindrical Coordinate Laser Code
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COENM:BLAZERI

CODE TYPE: Optics. Kinetics, and Gasdynamics.

PRINCT0. PURPOSE(S)/APPLCAIOMSl Of CODE, Models the optical performance of linear bank CW iF and OF
chemical lasers. MRO is 2D model; BLAZER is 3D model. Used as design tools for 801, NACI, MIRACI.-

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.

=SESEN F LMTATOS: Lacks transverse pressure gradient modeling capability, lacks FF1 propagation
agithm, u S only single gain sheet, uses Only rotational equilibrium description.

OTHER UNIQUE FEATURES: Confocal unstable resonator modelead.

ORIGINATOR/Kin CONTACT:
Na: Donald L. Bullock Pho.ne (213) 535-3484
Ognzto: TRW DSSG

Adres P1/1162, One Space Park, Redondo Beach, California 90278
A VA I L 18EDOC U M*EN1TA TI0 Is aThw, msrR RIenP. bdu~o _ 1 t The BLAZER and MRO Codes, June 1978;
(U): BAZER USeMaul Jovm" 1978( Rrncue MO;Ltings avaiabe

STATUS:
OP,,tion Currently?: Yes
U,,de Modificatin. Planned

* Rotational nonequilibrium, FFT propagation algorithm, multiple gain skins,
transvrs 'pressure gradient description.

ownership?: Government
Prap.I..anyn: No

MACHINE/OPIRATING SYSTEM (on which installed): Cyber 174-TRW/TSS

TRANSPORTALE?: Needs mods for export
Machine Depndent Restrctions: CDC

SELF-CONTAINEDn:
OterCodes Reqired (name. prpoe): VIINT, GULMP, ALFA for nozzle exit condition.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
CON Sin. (Octal Words) jExecution Tim. (Sec. Cot; 7600)t

Small Job: liRO: ---- BLAZER: - -- -

Typical Job: 15K 165K 40 6500
Law Job: --- 245K -- 15000

Appratirnae Number ofFORTRAN Lines. MRO: 4500 BLAZER: 6000
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coDe miE. __BLIST_

cOnTym: - Gasdynamics

IMPCIPALPURPOSE(S)/APPbUCATIOMS)OFCO0: Calculates nonsimilar development of 2-0 or axisygmetric
compressible laminar boundary layers with wall heat transfer,
(BLIST: Boundary Layer Integral Solution Technique)

IS EOC~API( Yields reliable solutions of boundary layer properties including skin friction.

heat transfer rate, and velocity profiles up to separation.

ASSESSIEJOFLIMITAtIGIS Will analyze only nonreacting flow.

OT'aR UNPWE ILATURES;

OAINkAlTORIELY CONTACT.

,m: R. Hughes/O. Haflinger/H. Behrens fm (213) 536-2757
TRW DSSG

*iwrm: Rl,'1038. One Space Park. Redondo Beach, California 90278
TATT) Interal Report: 'A Description of the

LaminarC nteNraBoundaary tayer& "Me , R eporp August 197; (u) sam; listin proprietary.

STATUS:
GM umft Yes
UeawMiet-own No

Iurpmeol):

o TRW

pmwvpP Yes

1"oMNMEOPIR TINGs ITCM (w WM@s): CDC Cyber 174

T3AMISFOANIM NO

Now" D ATRW numerical subroutines are used in BLIST.

SELF-COITAINEI: No

ow- Cods gqmdw (m,,s. ms): TRW subroutines.

STH*TI OF eSOJSS NEQIWREUO VON RuS

53K I0
tOM JW 53 K , so

UWoe: 53K 100

AepradmasNu .4w OUTA R "un. 1000
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COOS NAME 7 Q

CODETYPE: Optics. Kinetics~dnd Gasdynamlcs

PRINCIPAL puRpOSE(S)/ApLICATOES) OF Cool The CLOQ code was developed to analyze linear chemica) lasers
systems using rotational nonequilibrium kinetics.

ASSSSUNT CAPASILITIES The code will mdel linear resonators with collimated Fresnel numbers of ~.100.
(Cnmdeloptics Phenomena describable in terms of one transverse dimension. This independent

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

ApparSENTFL) AIOS Normal limitations of a 2-0 analysis. For detailed analysis of specific

nozzle types, requires scheduled flow paramters from a code (such as ALFA) having sophisticated
gas dynamic calculations.

THER uNIuE FEATURES: Models beam/mode rotation. Code employs a schedule mixing model with different
mixing lengths for primary and secondary mixing zones. Allows use of linear, exponential, or tabular
mixing rates.

ORIGIATOREY CONTACT:
me~ Paul E. Fileger ftc,,. (305)840-6643
Om uin United Technologies Research Center, OATL
Addma P. 0. Box 2691, MS-lR48, West Palm Beach, Florida 33402

AAAILAULB UENTATIOF IT ToqU- wmCp "au "k., (RP) R, J. Hall. Rttoa Noneouilibrium
ndLne-Sctd Oprtion in CW FCeia Lasers," IEEE JOE. OEM1. 453 (1976)

STATUS:

Op.moa CnMy?: Yes
Unds. Mod iofi? No

PMpo.(n)

O,.mW~ QTRC
pmp~w"? Yes

MACHINE/OPERATING SYSTEM I-o.. ich ,netid) CDC 176, IBM 370

TRANSPORTABLE?: Yes

SELUCONTAI4EO? Yes

Otw,. Cod.. Raqoired (n1m. purpdb)

ESTIMATE OF RESOURCES REQUIRED FOR RUNS
CWO. S-cw (Oct11 Wond,) Emuction Tin, (Sec. CDC 7000)

30"40 joe 60
Tyval Jo,-A* sm,14 1200
Lar Job: 1800

Appoxiste . of.. FORTRAN U.to
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CODE NAME: CL03D

COmTY Optics, Kinetics, and Gasdynamics

PNaPAf tJp'M *M4),aUCATI(dS)oIcooA CL0030 is an input scheduled code for analyzing HEL chemical lasers
usin 9 wave optics coupled to rotational nonequllibrium kinetics or to equilibrium kinetics -- HF or DF.

Gasdynamics capabilities include: 1-D. scheduled area, scheduled pressure, all aerodynamics scheduled,
and radial flow.

ASSISSmNTOFCAPA aLITIES The 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 line aperture, and inter-focal point
aperture.

SSSSINTOM TIo Limited to resonators with Fresnel numbers less than 250. Gasdynamics are

"generally" provided by ALFA analysis although I-D, 3 stream scheduled mixing G/D are included in
tnis code,

OTWiaUNmqU(FEATUES 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.

oeSINATOe/KIY CONTACT
.: Paul E. Fileger : (305) 840-6643

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

A AI O OcuENTATION (y TmU .u wL * W m N 4 ) User's manual publication date is February 1980.
(RPa S0a user s manual.

STATUS,

Opwati W c'* . Yes

U..wu kodftft Yes -_________________________

wpg(s): Incorporate vector (oolarization) field, incorporate more soohisticated (geometric

maooino) axicon model.

o...W USAF/UTRC

MACNINE/OftATtmvaTIEM(m ~ Wwaaat) CDC-176; kinetics also available on I-370.

TRANI OTANL? Yes
UM".D . a The FFT routine (CPFT) is CDC system dependent.

SLF-WCETAIOAP Yes
OpCe"fh ( . .wS) None for optics; ALFA code is used for gasdynamics inputs.

ISTIMATt OF SESOIUCES SSqUIU Ft OR RjUfS
C- Ik (OctM Wank) EIC Twnm (Sc. CDL ?600)

Sm Jo 15 sec/literation

Ii-J Same for all 2146K 410 sec/iteratlon

LOW ._ 740 sec/iteraton

APP.&MO NI."W f ORTRAN L 4300
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CODENAME: CLSLGM*I

CODE TYK Qptics

"RIRCIPALPRP EI/APPLICATION(3) OF CODE: Assess optical performance of MIRACL device before, during, and
after cepace testing without "breaking the bank."

ASUMSSENOFAPAIIITIES: Very flexible because of modular prograiming itproach. faster run time due to
eirical gain modeling approach. Gain is modeled via empirical "fit" to BLAZER predictions.

ASSSSMElT OF LIWiATIONS: Not suitable for cylindrical Problemis; gain medium device specific (i.e.. not
a design code). Detailed kinetic/gas dynamics are not calculated fron first principals, but instead

ar emprially 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.

ORnIINATOR/KEY CONTACT.
Nlameat Peter R_ Carlson/Robert E. foddgr phone; J305) 283-3380
orlun.jahe -Science Applications. Inc.
Address; 201 S.W. Monterey Rd.,* Suite 30, Stuart, Florida 33494

AVAILABLE DOCUMENTATION: IT = Thw..0 u =Use.R4 (T) (Essentiafll sam fOrmalism as developed by
Sziklps and Siegman at Pratt and Whitney for their SOO codes); (RP) P. Carlson and R. Hlodder.
"Chemical-Laser Scaling-Law Gain Model Analysis," SAI technical memorandum to 0. Finkleman and
,J. Stregack dated September 25, 1979.

STATUS:
opeaInoaIcu only?: Yes - but limited.
Under Modfcation?: Yes

P" oo(), Under development. The intent is to model the entire optical path to the calorimeter
at CTS (including aerowindow, and beam path conditioning ducts).

Oanmitp?: Government
Pmrsy:No

MACNINE/OPERATING SYSTEM (ft.. e~t alled): CDC 1 75/NOS

TRANSPORTABLE?, Probablyv
MohineWD rienR~r~icOfl: Line Printer. disc storage.

SELF-COPITAINEW: Yes
Other, Cad". Requird ("am. purpme):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

$.&KI Job

Lp Job;
Apresiloi N...*.,r of FORTRAN Line": '1l 400

*Chemical Laser Scaling-Law Gain Modal
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CODE NAME ___________________

CODE TYPE: Otics. Kinetics, and Gasdynanics

PRINCIFA PURFS(S)/AFPUATION(S)1OOE Models HSURIA and Ring Resonator with mode rotation. s itne
to be, a rsntrdesigncd for maximizing focusability and power of output beam as a function of
Sain generator and resonator parameters.

ASSSEiIAPABILITIES, Constant or variable magnification non-everting waxicon with arbitrary offset
ange. Full OPO matrix calculation. Tip flux unloading capability. Spherically diverging, converg-
ing, or collimated compact leg beam with capability to adjust ID/D 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 LIMITATIONS: Planned 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 leg propagation, two or more gain sheets, polarization
(vector) code.

OTHER UNIQUE FEATURES: User manuals olanned. well coMnented listings (proprietary), available from TRW
or AFWL; resonator geometrics modeled - HSURIA and ring resonator with mode rotation and axicon tip

flux unloading-. exp. gain. CL11. or lIWN modeling.

ORIGINATOR/CEY COTACTi
Namew: onald L. Bullock Phone: (213) 535-3484
lrll TRW DSSG

Adrs: RI/1162, One Space Park Redondo Beach, California 90278

AVAILABL DOCUMINTATIONT Thoy, - 711~ ftp RIonsbitan), AT: Annuard Laser Modes Studies Final Report
(axicn theory, aigned and misaligned) other documentation planed

STATUS:
oprathio0Cou.ely?: Rare cavity version.
U,,dw ModicIi,n: Yes

c uoded. s) Add SLIM gain model (currently being implemented at AFAL). Thermal aberrations being_

Ownership?: Government
PropdtaSP? Yes for ALPHA competition.

MACHINE/OPERATING SYSTEM (aon hioh Int~d:Cyber 176 (CDC)

TRANSPORTABLE?: CDC OnlY

MaceD .dnR.srceorn: CDC only (may have to recode permanent disk file management and core size
aismncompass routines for installation other than AFWL.)

SL-OTI NEdWRqfrd: aeprp) NMSLIB routines for eigenvalue calculation; DISSPLA for 20, 3D, and/or
contourlos VIINT. K ,MP ALFA for nozzle exit conditions.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
con, site (Octal words) LEsecaire, Tim* (See. CDC 7600)

SmsallJob: 70K without I10 ___ ____________

Tyq" .Job: DISPLA, 140K 210-
LarWeJob: with DISPLA 2000

Appooln,.te Number of FORTRAN Lines: 10500 (11213 cards)

*Cylindrical Resonator Optical Quality
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CODE NAME: _____________________

CODE TYPE: Optics, Kinetics, and Gastlynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Laser kinetics calculations with strip unstable resonator.

ASSESSMENT OFCAPABILITIES: Kinetics which can be selected are CO.,. HF/DF, and KRF.

ASSESSMENT OF LIMITATIONS: One transverse dinens ion.

OTHER UNIQUE FEATURES.

ORIGINATOR/KEY CONTACT:

Nin .Capt. Ted Sali Phone: (505) 844 -0721
Oraato AFWL/AL R

Address: -Kirtland AFB, New Mexico 87115
AAILABLE DOCUMENTATION: (T Theory U -User. RP Relonornt Publicaion): T,* U, RP: none

STATUS:

operational currently? Yes

Unaer Motlifiatlon?:

Puoss(s):

Owinsrhip: Goveriment (AFWL)
Propnistary: NO

L MACHINE/OPERATING SYSTEM (o n hich instlled): CDC

TRANSPORTABLE':

Machine Depndent Restictions FFT is machine language.

SELF-CONTAINED?

0Other Codes Required (nofl., p01104.)

ESTIMATE OF RESOURCES REQUIRED FOR RUNS
Core Size (Octal Words) JEmoeOrTime (Sec. CDC 7600)

Tyincal Job

Larer Job ______________ --

Approximarte Num~ber of FORTRAN Lines____________________________________________
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CODE NAME: -5_______________

CODE TYPE: -Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE()/AWUCATION(S) OFCODE Calculation of CW and Pulsed Chemical Laser Performance.

ASSESSMENT OFCAPAILITIES: 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 treatmnt of base relief and nozzle boundary layer effects.

ASSESSMENT OF LIMITATIONS: Restricted to Fabr'-Pe2t 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
local flow properties). Restricted to rotational equilibrium.

OT"ERUN= E EATURES: Individual vibration levels treated as separate species; models effect of
bloCke ( base relief).

ORIOINAJORREY CONTACT!
Nam:. M. Epstein Phne (213) 648-6861
om~ain Aerophysics Laboratory, The Aerospace Corporation
Addess: P.O. Box 92957, Los Angeles, California 90009

AVAILABLE DOCUMENTATION: (T- Theory. U - UWRP =RaIoant Publicwo,:I)"eae5 A Co eensive Scheduled
MiigMdlfor CW Chemical Lasers. Aeopc Coporato Rpt. SAM50T-7-1 My 1, 1979.

M. Epstein. (U) "The Resale Chemical Laser Computer Program.". Aerospace Corporation Rpt. SAMSO-TR--
75-60, W.D. Adams, EtB. Turner, J.F. Holt. 0.G. Sutton, and H. Mirels, February 20, 1975.

STATUS:
Operational Curratly?. Yes
uncler llda t? No

Ownenhip?: Aerospace Corporation
No

MACHINE/OPERATING SYSTEM (on whbich installed): CDC 7600

TRANSPORTABLE?: Yes
Mochi,,. Dependient R..htiom: None

SElL CONTAINED?: Yes
Othe Cod..s Required (nam. purpos):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
CoreSin Octl Wotk) Execution Tim (Sec. CDC 7400)

Small JWb 146K I 20
TypicaliJob: 146K 40
LageJob, 146K 60

Approxim~ate Number of FORTRAN Lines,: Overl ay
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CODE MARKs. IELNWO2

COD T : optics

m "M IPALUROS(SAUCATION(S) OFCODE: Compute transverse eigenimides of bare annular resonators and
later a'dd* si"p1l 9ain..

ASSSET OF CAPA4LITIE& Mode los, freqlenry- mde shape- and optical Quality versus equivalent Fres el
nuber, magnification, and fractional length that is compacted.

ASSESSMENyolli.m)1AylONS. Linear mirrors; low azimuthal modes; geometry. Extensions are difficl ? I
due to as ymptotic Fresnel approximation.

OTHERUNIQUE FATRE&s Can model HSURIA and compact unstable confocal resonator.

OIGINATOR/EE1Y CONTACT: -________________________________________

R., John Ellinwood rho": (213) 648-7391

SAerospace Corporation

Address Box 92957, Los Angeles, California 90009

AVALAULEOOCMENTATION( (hyU U6 T) To be submitted to JOSA; (U) none;
(lstns)cutm vilbl;IRI e ltra-ture on asymptotic mrethods.

STATUS:

Unwmdfctop Under development

O..~p?: Aerospace Corporation
vi~am. Distribution controlled by USAF.

MACHINE/OERATIIG. SYSTEM (on amth intm) CDC Cyber 76/172

TRANSPORTABLE?: No guarantee
macin DeenweeRetrboms: Plot routine

SELF.COMJNED? N
o~ oaRlae nsa up) Special functions, IMSL

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.:
Cm ize. (Ocwa WaldO) Eaxwuw. Tim. (S". CDC 7600)

SilJo.40K 5

Tyical Job;40 5
LWJb40K 5

AePMo~imW Number of FORTRAN Lnes: 400
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CODE NAME GASSER__________

coca rYPE: -Gasdynamics

!PRINCIPAL PURIPOSA(SAPPICAVIONS) OfCODE, Inviscid flow code using the method of characteristics andT
accounts for heat release. It is used for Cavity flows with heat release defining shroud contours
flow conditions at end of cavity. etc.

ASSESSMENT OFCAPAUILITIES: It can calculate mean flow parameters in the laser cavity and the variations
normal to the optical axis. resulting in optical path difference fields.

ASSESSMENT OF LMITATIONS: It does not do the laser mixing problem and the heat release is an input.

OTHER UNIQUE FEATURES:

ORIGINATOR/REY CONTACT:
Nanne. 0. Haflinger and P. Lohr ,. (213) 536-1624
Ornh~ TRW DSSG
Addrs: R111038. One Space Park. Redondo Beach, California 90278

AvAtULAL OCUMECNTAflON 51 - na U Use. RP Rewardn Publication):

A

STATUS:
op..anj,uIc,-., Yes
Under Madmt~calon:

Ownersip?: TRW

MACHINE/OPI RATING SYSTEM (on which installed): CDC 6600

TRANSPORTABLE?: Yes
Machine Dependent Restrictions: None

SELF.CO01TAINE?: N
OUW.O~mPWO.), Combustor (GLAD) generates inputs to GASSER at the cavity entrance.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Smo Jb:Con. Sire (Octal Words) jEoctfikn nm, (sac Cct 74140)

Typical Job: 5K25
Large Job:

Apwasimlu Numbeof F ORTRAN Lin": 1000
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CODE NAME [CA J
CODE mist Kinetics

PRINCIPAL PIPMS(Sb/APIPLCATIONKS) OFCODE To provide extreffilv efficient single-line gain algorithm
which is anchored to available data base for nozzle being studled. Used with SAIGD.

ASSIESSMWIOF CAPAIkITiEs Principally dsimgned to analyze source flo nozzles but can also tie apolmed

to conventional 2-D slit nozzles. _______________________

ASSESSMET OF LIMIATIO#IS

OTHER UNIQU ETUuRES The gain algorithei is a simplification of a full gasdvnamniclkinetics code,
A series of gasdynariic and kinetic parameter profiles are passed from the full code to the gain
algorithm in the form of a data file. The gain algorithmn then solves the lasing specie equations

for that gasdynamic/kinetic field with an imposed intensity Profie seSAG.

OfORIfATOR/11EY CONTACT
N"Kerry E. Patterson (494) 955-2663

Orm~u Science Applications. Inc.

had... 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 3G339
ASAI SLEDOCUMENAT7 iNR( mIm.Ue wf u...mp m~b (T) HF Laser Subsystem Technoloovy Assessaient

DARPA Interi rtr~~ Scne I2cti~s nc., Atlanta, Georgia, July, 1979, Sectior. 3..

STATUS

op.w-t,oi cu-innYf Yes
LMS. matitm' Yes

fte-) Etend to multi-line capability. - _____________________

0 [Jh, .S. Government

ftow ,No-

MACHINE/OFSRATING SYSTEM (-n .mi wald ______175

TRANSPOETASIE? Yes________________________None_______________________

SELFCONTAINED' No

OIIw c~d..t.., M n SAIGQ - SAI aasdvnamics code generates -gaudynamic field
va riables as input to this code.

ESTIMATE OF RESOURCES ISQUIRED Foil RUNS

Col. W.. (OW. f,o E1-ftw.. no.u~COL 76001

7V0.81 io. Negiligible I______ ______

Ao.oooNu.b. 0f FORTRAN bn- 75_____________________

I' .. jI
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CODE N4AME GENRINGI

CODE TYPE Optics

PR'NC"PALPURPO"e(S),AftCIN(S)OF CODE: To model chemical laser ring resonators utilizing linear and non-
linear reflec tin acnst 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.

"TISMNO CPBUIS: Models bare and loaded unstable ring resonators of aligned circulary-shaped
optis whi'Ch 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 LMiTATIONS. 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)
comptinations. Easily modified to model ring resonators without axicons.

ORIGINATOR/KEY CONTACT.
No-,. Carl M. Wiggins Pho-:, (505) 848-5000SThe BOM Corporation

Aa~. 1801 Randolph Road S.E., Albuquerque, New Mexico 87106

A A.B ouSTATION(fT ThWr RP -It~w~ . T) and (U) "GENRING: A Computer Code for
Modeling Cyllindrical Ustable Ring Resonators With Itra Reflecting Axicons'_ BDM/1A-/Y79-1T,

The 8DM Corporation, May 1, 1979; listings available from AFWL/ALR.

STATUS:
Op...hon.l C.rn.nn? Yes

uian, M~k ? No

S Government (AFWL/ALR)
No

MACI4INE/OPERATING SYSTEM (w" whicoh instsIIed): CDC 6600/7600

TRAXSPORTABLE? Yes, except for plot routines

Nachin.DWpeftnl fts~rtwow.: Uses AFWL plot library METALIB.

SELFCONTAINESO: No

OthoCodn Rwqai.6d(nsn.&paupa): Uses AFWL plot library METALIB.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.

Srniff Job 20

TpcfJob20K1

A9ooinM. N-n,. *I FORTRAN Uno. 1700

OR
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CODE NAME: F______________

CODE yypE Gasdynamics Code

PRINCIPALPUROSES)/APPLICATION(S) OF coDE. General Interolation Method (GIM) is used for laser cavity and
nIozzle aasis. Used for external and internal flows.

ASSESSMENITOF CAPABILITIES Multidimensional 2-D, 3-D viscous, diffusing flows; time-dependent. Will

eventuall y combine this capability with the chemnical kinetics of ALFA and APACHE.

ASSESSMENT OF LiM,TATIONS Simol ifi ed diffusion.

OTHER UNIQUE FEATURES. ________

ORIGINATOR/E CONTACT:

Nae 0. W. Lankford Phonne: (505) 844 -9836
Organization: Air Force Weapons Laboratory
Address, AFWL/ARAC, Kirtland AFB, New Mexico 87117

AVAILABLE DOCUMENTATION: IT Theory. U - User. RP Relevant Pubicaion): (T) (U) To become available after modifi-
cations are completed.

STATUS:

Operational Currntlyl: Yes
Under Modiication?: Yes, from December 1979 until January 1981.

Add all chemistry and laser physics capabilities of ALFA.

Dwn.ship?: Lockheed Space and Missiles; USAF after nodificatirns complete.

_npitr' Yes, while under development by Lockheed.

MACHINE/OPERATING SYSTEM (on which installed): CDC 176. Star, Cray.

TRANSPORTABLE: Vpq

Machine Dependent Restrictions: None

SELF-CONTAINED': No_________________________________________________

Other Cod" Reqied (nam.prpose), Three modules: geometry mesh, code assembly, operational assembly.

ESTIMATE Or RESOURCES REQUIRED FOR RUNS CoeSz(OtlWrs ExcinTmeSc.D;760

Smrall Job:

Large Job: 150K CM11000K ECS 2 or
Approimrate Numbher of FORTRAN Lines
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CODE NAME: __________________

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE General laser analysis to cal cul ate average flow properties in
nozzl es and in cavity.

ASSESETFAAITES With general input quantities such as bulk heat loss and flow conditions.
aeaeflow conditions are calculated accurately. Two nozzle flow options are included, for high

and noderate Reynold's numbers.

ASSESSMENVF LIMITATIONSU Detailed flow conditions cannot be predicted. Cavity chemistry is also
done by bulk procedures.

OTHER UNIQUE FEATURES

ORIGINATOR/EY CONTACT:

.. ; R. Hughes!/D. Haflinger/H. Behrens phone: (213) 536-2757
Organuizaion: TRW DSSG
Address: Rl/1038, One Space Park, Redondo Beach, California 90278

AVAILABLE DOCUMENRTATION:(IT - Theory. U User. RP --Relevant Pbicaion): (T) None; listings proprietary.

STATUS:

Operaional Currentlly?; Yes

Unaer Modificaion?: No

Purposels)

Ownership?: 1l ..
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on whichS installed): CDC 174

TRANSPORTABLE? Yes

Machine Dependentl Restrictoo None

SELF-CONTAINED': Yes

Other Codes RequiredI (name. purpose),

ESTIMATE OF RESOURCES REQUIRED FOR RUNS

Core SIR& (Octal Woras) Excutiolon Tin,. (Sec CDC 7600)

Si obe~j 44K 15
ypical Job 44K 15

LreJb44K 15

Apprnmare Numnber of FORTRAN Lines 5000
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CODE NAME ___________________

CODE TYPE: Optics. Kinetics and Gasidynamics ________________

PRINCIPAL PURPOSE(S)/APPLICATION(S) OFCDE: Calculational tool to study the gerformance of CW chemical lasers_
and the interaction with the gain medium.

ASSESSMENT OFCAPABILITIES: Uses geometric optics and quasi-one-dimensional aerokinetics. Useful for
p arame te r studies to indicate the importance of design parameters on laser performtance.

ASSESSMEdI OF LIMITATIONS: Limited to HSURIA geometry only unless modified

OTHER UNIQUE FEATURES: Resonator geometries modeled: iISURIA, raflaxicon beam compactors.

ORIGINATOR/KEY CONTACT.

Nae J. K. Hunting/T. T. Yang -Phone:. (213)884-2370
Oranization: Rocketilyne
Address: 6633 Canoga Avenue, Canoga Park, California

AVALABE DCUM NTAIN IT T Ifry U ' P Relevant Pbicatiwe): (T) Rocketdyne Internal Letter G-SL-77-509,
Octob'e 5. EN77 -U R '6dn Inernal Letter G-0-78-937, January 24, 1978.

STATUS:

Operaional Corrently?: Yes
Under Modiiction?:

Perpone(s).

oworswp?. Rocketdyne
Poreay. No

MACHINE/OPERATING SYSTEM (on ii,ch installed): CDC 1 76 NOS BE

TRANSPORTABLE: No
Machine, Dependent Restrictions, Uses CDC Fortran extended features, uses CDC LCM.

SELF-CONTAINED,

Other Codes Required (nanme, Punrse) - DISSPLA Pl ot l ibrary.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.

Small Job,.6/5 C ' ea,,g

Lepica Job1K1KLMFR: I i

Approximate Numrber of FORTRAN Lines. 3200

3.ZA
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CODE NAME _________________

CODE TYPE: OWtiS

PRINIAL PURPOSE(S)/APPLICATION(S) OF CODE. Original ly designed to model Pratt's Intracavi tv Adagtive Optics
exeiments. 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.

ASSESSMENTO0FCAPABILITIES Full 3-Dl tilt and dprpntrationn of all mir'rnrs ArhitrarY dpfnrmnatinns On
all mirrors; arb itrary turning angles at internal deformiable mirrors. 2-D and 3-D plots.

ASSESSMENT OF LIMITATIONS: Usual paraxial reguirements; restrictions on Peak deformations of turning
mirrors, machine and cost limitations for large problems.

OTH4ERUNIQUE 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/EEY CONTACT:
Nae Thomas R. Ferguson or Guy T. Worth Phne (505) 848-5000

Organizaion: The BDM Corporation
Address 1801 Randolph Road S.E., Albuquerque, New Mexico 87106

AVAILABLE DYCUMI NTATION - Th~oy , ft),P rfemiPblication)- T () General Unstable Resonator with
efrble Mirrors Program ~6

RT. R. erguson et aThe 8D oporation, BDM/TAC7-F-TR,
March 31, 1979.

STATUS.

operational Currently?: Yes

Une Moiiata~ No

Purpose(s):

Ovinverhip: Government (AFWLALR).
Prpitr? No

MACMINE/OPERATING SYSTEM (-. ehId installed); CDC 6000, 7000, 176.

TRANSPORTABLE' Yes

Machine Deedn Resicons CDC 1/0, size restrictions.

SELF-CONTAINED?

Othe Codes Required (name. purpose) None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS

Smoall Job_________

Typical job ________

Lare Job,

Approwmate Num~ber of FORTRAN Lam.____________________________________________
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CODE NAME: ____________________

CODETYPE: OpCtics. Kinetics, And Gasdynamics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OFCODE Calculational tool to study the performance of CW chemical lasers
and the interaction with the gain medium.

ASSESSMENT OFCAPABILITIES: Uses geometric optics and guasi-pne-dimensional aerokinetics. Useful for
Parameter studies to indicate the importance of design parameters on laser performance.

ASSESSMENT OFLIMITATIONS: Limited to HSVRIA geometry only unless modified

OTHER UNIQUE FEATURES, Resonato- geometries modeled: HSURIA. reflaxicon beam compactors.

ORIGINATOR/KEY CONTACT:
Nm: J. K. Hunting/T. T. Yang Phoe: (213)884-2370

Oraizlm Rocketdyne
Addrss: 6633 Canoga Ave., Canoga Park. California

AVAILABL.E 0OCUMENTA;TI114( "'a', U -UsoA R.IerdnI'uIkio (T) Rocketdyne Internal Letter G-SL-77-509.
Octobe r 51977; (Uf Ro cketdyneu'Internal Letter G- -78-937, January 24, 1978.

STATUS:

oerational Csmmty?: Yes

Under Modliiation?:

Purpose(s).

oohli,? Rorkptdyne
Poreay: No

MAcHINE/OPERATING SYSTEM (on wh~ich installed): CDC 1 76 NOS BE.

TRANSPORTABLE': No
Machine Dependent Resricion: Uses CDC Fortran extended features, uses CDC LCM'.

SELF-CONTAINEW:

Oher Codes ARqiu.d (.am. purpose): DISSPLA Plot library.

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Core Size (Octal Words) Se.Mution Times (Sec. CDC; 7600)

Small Job: jU K 10 sec/iteration
Typical Job 16KKLLMI 10 sec/iteration
LargeJob 16K/15K LCM I10 sec/iteration

Appsirrive N-nbe- 1 FORTRAN Lms 3200
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CODE NAME ___________________

coot TYE Ki net Ics

"'"PCI9A' Pu POSE(S)/APPLICATION(S) OfCODE Pred ct oscil1lator and amlif er performnrie for Sandia Labs
hvdrooen flouride fusion laser progiram. _________________

ASSE SSMENT OFCAPAILITIES Canl do HEF Pulsed oscillatnr and amlifier rases with longitudinal

nonu ni forinities. plus volume-averaged oscillator Calulations. Rotational noneguilibrium, hot-
atoem enhancement of hot and cold-reaction rates, chain-term -inatn 9 1 kinetics, amplified spon-

taneous emission. dnd transverse parasitic oscillations are allowed.

ASSESSMENTOF LIMITATIONIS -Initiation rate must be suecified. Calculations wich alow lonitudinal
nonuni fo rmity require increasing amounts of computer time as pulse length Increases.- No optic,. in

this code. Rotational relaxation limited to R-T. Difficult to add reactions to exis tingq scheme.

OTHER UNIQUE FEATURES Hot-atol hot and cold rate enhancemento amplified spontaneous emission along
Optical axi s included in amplifier calculations; amplifier input pulse detailed-spectral-time-history
description allowed; transverse parasitic oscillations allowed in botn oscillator and amplifier
calculations. ___ _______________________________

ORIGIFNATOREEY CONTACT
ft" James B. Moreno ,,,,,. (505) 264-4259

oranx Sandia Laborati .ies __________________________________

Add,".. 4212, Laser Projects Division, Kirtland Al'a, New Mexico 87117

A1&c~LoocuuiMN~hT1O% IT T~-. ltee*flfpIO5OO) M)P AlAA Pper 75-36 presented at AlAA 13th
Aerospac Sciences Meeting,_Pasadena. CaliforniaffJanuary 20, 1975, J. B. Moreno.

STATUS
O..-I c-.,.Yt' Yes

Ud d ~ Not at present ____ ________________________

r Sandia Laboratories/D.O.E.

No
MACI4INE/OPEWAING SYSTEM (mn whf. onlollodi CDC 7600

TRANSPORTABLE' Not very, since not documented.
afth, DOP.,antR#Itm o

SELF CONTAINED' Yes
Otf.. Cod..w Roreord (nb-, putp-,)

ESTIMA7E OF RESOURCES REQUIRED FOR RUNS
C.r. S-o (Octfw Woasi Eoet~o T-, (Sec CD.. 7600)

Sn,.e jo ___ __ ___ 180 ______________

TypocalJob- l jbs sam 150K60 ___ __________

L.Ipnb _ ___1200

Ap,.m. Nnnb..,ofFORTRAN Lo _________________________________________
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CODE NAME IPACO 0I

CODE TYPE OptiCS

PRINCIPAL 1URPOSE(SI1ApftIcATIONIS) OF CODE interactive vers ion of POLYPAGOS; conduct geomletri c ray trace

analysis of 'Ina optical sy stems; .code subroutines can design nonlinear beam compactors of
reflaxicon. waxicon. and noneverting waxicon designs.

ASSESSMENT OF CAPABILITIES Code can produce OPO and spot diagrams through systems containing spheres,
conics. torics., diffraction gratings, axicons, and corner cubes. Code can takse Fuurier transforms of

field at output plane -and generate far-field energy distributioiis. Can handle up to two deforroable

mirrors. Will map mnovemnt of a ray via multiple passes.

ASSESSMENT OF LIMITATIONS Has no Physical optics capability internal to optical train; does not
Model reSonat ors by iterative solution techniques.

OT"ER UNIQUE FEATURES Resonator geomtries modeled: HSURlA. compact unstable confocal. unstable P-P
waxi conli near waxicon negative branch ring witn spatial filter.

ORIGINATOR/KEY CONTACT
N.m,, D. Mansell/C. Barnard/Kemp* Phn (505) 848- 5000
Orp.tambon The BDM Corporation __________________________________

A4541411. 1801 Randolph Road, S.E., Albuq.erque, 'Aex Mexico 87106

AVAILA!LE DOCUMENTATION IT T.o.U Ue ft R.ip oa~b~~~ (T) "POLYPAGOS' Aerospace Report TR-0059(631 1 (-1
TI BemCmpactor esnand Fabrication Program," AFWL-TR-78-77; (T) "Geometry Ray Analyses of

HSURIA Prototypes," BDM/TAC-79-151-TR; (U) POLYPAGOS Users Manual, Aerospace TR-0l72(?311)-1; (U)
AFWL-TR-78-77.

Under Modaio,o No __________________________
Purposes)I

Oeesh0 AF WL

MACIIINE/OPERAIING SYSTEM (on whihtl O.led) CDC 6600/7600

TRANSPORTABLE' Yes

Mu.cI.. Dpod.nt Resticions Requ ires overlayi q

SELF CONTAINED' Yes__________________________________________
Other Codes R.o0d (n..,. pumrpose)

ESTIMATE Of RESOURCES REQUIRED FOR RUNS
Core Size (Ocfal Wor, I Et.oIto T-.. (S.c CO. 7600)

S-11m Job -- se

Typtcol Job 120r, e

L.,8. Job io----- ___ ___

Approinmate Number oFORTRAN Lines -____________8300___________________

TRWIDSSG, 1 Space Park, Redondo Beach, California
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CODE NAME KBLIMP

CODETYPE. Gasdynarnics

PRINIAL PUROEIIAPPCAINS ODEoo Boundary layer analysis. Nonequil ii wIurn Chemistry (KI NET IC)
B0ounda ry Layer In tegral Matrix Program (KBLIMP).

ASSESSMENT OF CAPAILITIES Treats lamsinar and turbulent flows. Multicomponent and chemically reacting

flows (including wall recombination) are analyzed.

ASSESSMENT OF LIMIYATIONi Must predeterine pressure gradient.I

OTHER UNIQUE FEATURES

ORIGINATORKEn CONTACT
Name. H. Tong/ A.C. Buckingham/H.L. Morse phn (415) 964-3200
OrganiIon Aerotherm Division of ACUREX

Address Mounitain iiew. California _____________________________________________

AVAILABLE DOCUMENTATION IT TheorYA Use, RP Rte(-a ,ci~on) tT) Nonequilibrium Chemistry Boundary Layer
Integral Matrix Proced ure, Aerotherm Report, UM7367. July 1973.

STATUS Crny? Ye

Under Modification?

Purpose(s) I

Ovinership? Industry-wide code.__________________________________________I

MACHINE/OPERATING SYSTEM (on %hich n,.ed): CDC 6600/7600

TRANSPORTABLE' Yes

Machine Dependent Restrictions:

SELF-CONTAINED'. NO__________________________________________________i
Other od"sftuored (name. prpoe) Codes required to generate pressure distribution.

ESTIMATE Of RESOURCES REQUIRED FOR RUNS

~ 120K Core Size (Octa Words) Excuionr T... (Sec. CD(; 1600)

TypicalIJob: 120K 10

LreJb120K 2000

APproeinre Numrber of FORTRAN Le,14000
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CODE NAME ____________________

CODE TYPE. Optics code

PRINCIPAL PURPOSE()A PPUCA TION'S) OF cO' Calculation of the Propagation of a short pulse down a chain of

lsrapifier and absorbers including diffraction effects; cylindrical syninetry assumed.

ASSESSMENTO0FCAPABILITIES Calculates the temporal and spatial evolution of a short pulse due to nonlinear

amnplificat ion and diffraction from circular apertures and lenses; includes laser kinetics appropriate

for modeling of CO, and Nd: glass laser systems.

ASSESSMENT OF LIMITATIONS: Cylindrical geomnetry assumd: is not designed for oscillator calculations.

OTHIERUNIQUE FEATURES: Models unstable and hole-coupled stable confocal resonators.

ORIGINATOR/EEY CONTACT:
Name John C. Coldstein and D.O. Dicknan Phtone: (505) 667-7281

Organization: Los Alamos Scietific Laboratory, Group X-1, MS-S31

Address: Los Alamos, New Mexico 87545

AVAILABLE DOCUMENTATION: (T Theory. U(sr PRlsntPbkio) T) MU LAPIJ-2: A Laser Pulse Propagation Code
With Diffraction, Lo Alms report LA-6955.

STATUS '
Operational Currently?: Yes

Unider Moajtjouiont No

Purpose(s):

O-nrship? Las Alamos Scienti fic Laboratory
Proprietary? No

MA1CHINE/OPlERATING SYSTEM (ont which ins~talled) CDC 7600/LTSS

TRANSPORTABLE, No~~~_____________________________________________

Machine Dependent Restrictions Uses storage scheme of 7600 and relies on som aspects of LTSS operating

system. ____________________________
SELF-CONTAINED' Yes __________________________________

Other Codes Required (flamre, purpose)

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

Small Job.,___________________________

Typical Job 5K diecimalT1 minutes

Approximrate Numnber FORTRAN Lin- 206________________________________________
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CODE NAME. _________________

CODE TYPE: Optics

PRINCIPAL PURPOSE(s),APPLiCATiON(S)OfrCODE (3-DI Loaded Cavity Code with Anal ytical Gain) The purpose is to
model some of the 3-D phenomienology associated with half syvmmetric unstable resonator with internal
axicon (11SURIA) with a radially flowing gain mdium; performance predictions for power extraction
and beam quality; set/verify design requiremnts.

ASSESSMENT OF CAPABILITIES Capable of evaluating any general FISURIA w/reflaxicon. Analytical gain model.
General field modifier, mirror misalignimnt, misfigure, thermal distortion, struts.

ASSESSMENTnOF LIMITATIONS Half plane syvmmetry, restricted to HSIJRIA axisynxnetric or 3-dimensional
calc Ulations.

OTHER UNIQUE FEATURES General field modifier with deformtable mirrors to correct for any aberration.

ORIGINATOR/KEY CONTACT

Nae Alexander M. Simnoff Phone: (213) 884-3346

o'union,t. Rocketdyne. Laser Optics

Add,.,.: 6633 Canoga Ave., Canoga Park. California
AVAILALE CUMFKNTATION T - u Ioy I 5).P - RelevantPblcaio) MT MLI Simlified 3-D loaded cavity resonator
Code-Nvme 1978. G-_78 11231 se also bare cavity code.

STATUS

Operaional Currently? Yes

Under Modoifi-tum No

Ov.rswp' AFWL
S No

MACHINE/OPERATING SYSTEM (on, whioR instlled). CDC Cyber 176

TRANSPORTABLE' Yes (with modification)
MaOhmeDpendentI R.lIw.11-1 Uses, CDC extended core.

SELF CONTAINED' NO- resonnator Geometry systems code (for other than PP reflaxicon) 3-D fairfield code.
Otheor Codes Required (nameo. purpose),

ESTIMATE OF RESOURCES REQUIRED FOR RUNS
tol. Sue, (octal Words) Elocution Tm. (Sec, Cot; 7600)

50.11 oe250K 300-600
Typ.f olb 250K 1500 Octal SEC ________

L.,&. Job ~250K 5000 CDC 176
A0Fp-nnatI Nonmbeof 0 FORTRAN ho _______________________________________________
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CODE NAME: f"LS-l4RGS*

CODE TYPE: Optics

PRINCIPAL PURPOSE(SWAPPLICATION(S, OF CODE: Performsa exact ray trace analysis in order to determine the
gemtri confilUration of a HSURIA tyie laser optical resonator with a ray distributing reflasicon

beam compactor assembly. Provides geometry data to wave optics HSURIA codes.

ASSESSMENT OfCAPAILITIES: Capable of synthesizing HSURIA resonators with* (1) parabolic-parabolic.
(2) Uniform-Gaussian: (3) Uniform-Lorenzian: (4) P-P TANII redistributing reflaxicon beam compactors.
Computes OPOs introduced by the beam compactor.. Determines optimum feedback mirror configuration.

ASSESSMENT OF LMITATIONS: Restricted to HSURIA with nongowered rear element and to reflaxicon beam
compactors.

OTHER UNIQUE FEATURES: Resonator Geometries Model ed: HSURIA, refl axi con beam compactors.
Determines aberration due to beam compactor and transfers data to wave optics codes.

ORIGINATOR/E CONTACT:

Namre Victor L, Gamiz Phone: (213) 884-3346
Ongimurmlcri: Rocketdlyne. Laser Optics
Address: 6633 Canoga Ave., Canoga Park, California (91304)

AVAIL.ALE D CMENTATION:(T -=Ter.UUefP- eeotPblica io) (T) Resonator Geometry Synthesis Co2de Require-
ment (V L. ami l ncor~orate General Resonatorn into Ray Trace Code (W. H. Southwel) Srace

Optimization Algorithms and Equations (W. H. Southwell); Equations for Wave Optics Code Parameters

NV. L. Gamizl:i (U) Resonator Geometry Synthesis Code Developmnt (L. R. Stidham).

STATUS:

Oprational Currenly?: Yes

Under Modific.Ihn7 No

Purposely).

Owenership?: AFWL

Proprietary' No

MACHINE/OPERATING SYSTEM (on whicht 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

SmallI Job 7K2

Typical Job

Large Job

App-mo.nl Numnber .1 FORTRAN Lime. 1500

*LS-14 Resonator Geometry Synthesizer
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CODE NAME ___________________

CODE TYPE Gasdvndmics

PRINCIPAL PURP'OSIIS)/APPUICAT=OSOF COE~ Modeling of a real gas flow by tracking several thousand simulated
IPvlecles P imaiyue for modeling nozzle flows with large base regions, and low pressure

regions in hypersonic wedge wakes.

ASSESSMENT OF CAPAILITIES Use of this method on a wide variety of oroblems has Shown no sign of
Instability in operation.

ASSESSMENT OF LIMITATIONS Large array sizes for flowfield cell network and molecular information
iioSeS liitsI on size Of flowfield which can be analyzed in one run. Cavity radiation inter-

action not included.

OTHERUNIQUE FEATURES Developed cavity initial conditions for a large number of cavity injector
SysteMs. I ncludes noneguilibrium chemical reactions, models shock waves, recirculating flows, and
transverse pressure graeient.

ORIGIF4ATOR/.EY CONTACT
He" R. Hughes and HI. W. Behrens Pon.; (213) 536-1624

,,ntbnTRW DSSG
Ad," R111038. One Space Park, Redondo Beach, California 90278

AYAIABI.OOCMEFTTION(T ho~yU Us, R RMs.Pi. (RP): "Chemical Laser Nozzle and Cavity
Calculations by theD0iret' Siuato Mot Croheod,' T. Sugimura, G,. A. gird, andT II . ehren s,

presented at AIAA Conference on Hi-gh Power Lasers, Oct. 31-Nov. 2, 1978, Cambridge, Massachusetts.

STATUS:
Operational Currently?: Ye

Under Modification?: No

Ownership?: TRW
Poreay: Yes

MACIIINE/OPERATING SYSTEM (on wich metalled): CDC 7600

TRANSPORTABLE?: ypq

Machine D~oandent Restrictions: None

SELF-CONdTAINED? Y

Other Cod", Required (name.. purpe):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.
_______________________ Cor. Size (Octa Words) ExoToo Ta, (S. CDOC 7600)

Salo 250K 400
TpcaobI 500K 2000

La Nob 0. 1FRRN~ 1000K 5004000
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CODE NAME 7 M__________________

CODE TYPE Kinetics

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE Predict power and power spectral distribution of NU chemi cal
lasers. Also see AFOPTMNORO.

ASSESSMENT OFCAPABILITIES. Can predict Power and Power spectral distribution on 2-1 band for CU
chemical lasers, typical case takes 100-200 seconds on Cyber 17S. Contains Fabry-Perot resonator.
With the rotational noneguilibrium kinetics, code will predict which lines lase.

ASSESSMENT OF LIMITATIONS. Need to include rotational noneguilibrium on 1-0 band.

OTI4ERUif EPEATURES The following quantities are input as polynomials: T(x), Poo), Us. ts
(flowrate remaining in Primary), It Ix (flw rate remaining in secondary), primary nozzle P'Fyatom
boundary layer profile, and La Lg x thicknies s of mixed flow). Coefficients of the polynomials

are obtained by fits to these profiles (profiles Comle from BLAZE 11, LAMP, etc.)

ORIGINATOR/KEY CONTACT:

Name: L. HI. Sentman Proms: (217) 333-1834
Or~jum Aeronautical and Astronautical Engineering Dept., University of Illinois

Address: Urbana, Illinois 61801
A ABIEOCUMENTATIN:T = .u - Use.R ,,. ReI.onpublln.It 7): (T) "An Efficient Rotational Noneguilibrium

Modl f CW Chemica Laer. L. H. Sentmnan and W.Brandkamp, AAE 1( 79-5. UILU Eng 79-0505
(July 1979). MU "Users Guide for Programs MNORO and AFOPTMORO." L. H. Sentman, AAE TR 79-7, UILU
Eng 79-0507 (October 1979).

STATUS:

Operations] Currenly?: Yes
Under Modification?:

Purpose(s):

Ownerhip?: AFOSR
Proprietary?: - No

MACHINIE/OPERATING SYSTEM (on which installed): CDC Cs'ber 175

TRANSPORTABLE?: .Yes

Machine Dependent Restrictions:

SELP-CONTAIHED?: YeS

Other Codes Required (nam~e. purpose)

ESTIMATE Of RESOURCES REQUIRED FOR RUNS:

Smell ~L:Core Si. (octal Word.) jlE~ftijo To,,. (Sec. CDt; 7600)

TyMp.1 Job Al ossm ize 50-100 sec
Lmre lob

Appro,,fls. Nunmber of FORTRAN Lines
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CODE NAME __________________

CODE TYPE: OPtiCS

POINCIIIALPURPOSEISAI/FCATION(S)O.FCODE~ (Derivative of' IPAGOS and POLYPAGOSIa calculates sensitivity
Coefiients for gLeeral 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 CAPAILITIES: Can handle all elements of IPAGOS. but also includes an unstable resonator
mtodeling Capability.

ASSESSMENT OF LIITATIONS. Meant to be used to generate multipoint constraint (MPC( cards for
NASTRAN; ou tput format is rough and difficult for novice to interpret.

OTHER UNIQUE FEATURES: Resonator Geometries Modeled: Unstable. Linear, with up to 4 folding flats.

ORIGINATOR/11EY CONTACT.
Me. D. Mansell/C. Barnard Phone: (505) 848- 5000

0.h,, The 8DM Corporation
Addr~sc 1801 Randolph Road. S.E. . Albuquerque. New Mexico 87106

AVAILABLE DOCUMENTATION.(T Theory. UUrRP-RInntolcio) )Final Task Report for Sensiiv i ty
Anayss f heAl OtialTrain,'p BDM/TAC78-795-TR; _U 'PCPAGOS Users Manu, 8MAC7-2LR.

STATUS;

OperationalI Currenly?: Yes

Under Modiaion?:o No
POrpooe(s.

Ow,,siop?: AFWL/LRO. RPM
Poreay: No

MACI4IN(/OPERATIP4G SYSTEM ( thmh Installed CDC 6600/7600

TRANSPORTABLE? Yes

Machrine Depende. n tikio.

SELF-CONTAINED: Yes
Other Codes Required (namre. purpose). NASTRAN uses MCPAGOS output

ESTIMATE OF RESOURCES REQUIRED FOR RUNS
Corn Si"e (OctalI Words) JExecution Time, (Sec. C~tc 7600)

Smaoll Job______

Typia Job: 120K se1
LjrK. Job ____________________________________ _________________

ApproximatIe Numrber of FORTRAN Linn 6K

IL.-
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CODE TYPE Ovti cs Ki net ics, and Gadvynaiis

PRINCIPAL PURPOSE (SWAPPLICA TION(S) OF CODE Model s the oUtical oprformance of linear bank CW HF and DF

Chemical lasers. MkO is 2D model& BLAZEPi is 3 D modelI. Used as design tools for BOL. NAL MIRACL.

ASSESSMENT OF CAPABILITIES Resonator: Posi tive or negative branch confocal unstable; arbitrary optical axis
position; cyl indrical., toric, or spherical mirrors. Gain medium: CW flowing HF' or DF*, strut waie,
mirror aberration, thermial distortion, and nonresonant index 020 5

MROD does stable Fabry Perot with geometrical optics.

ASSESSMENTOF LIMITATIONS Lacks transverse pressure gradient modeling capability, lacks FFT propagation
algor~tnmiII, uses on]1 single gain sheet, uses only rotational equilibrium description.

OTH4ER UNIQUE FEATURES Confocal unstable resonator modeled.

ORIGINATOR/E CONTACT

Nameo Donald L. Bullock Phone (213) 535-3484
Dog~fl,...O TRW DSSG
Address RI/1162. One Space Park, Redondo Beach. California 90278

AVAILABLE DOCUMENnAnION In - neory. U Use, RP Relevant Publication) IT T Te BL AZER and MRO Codes. June 1978;.
t.JIL8LA ZE.R UieClniNvm r 1978 l (includes MRO); Listings available.

Operational Currently? yp

Under Modfction, Planned

Purposews) Rotational noneguilibrium, FFT propagation algorithm, multiple gain skins,
transverse iPressure gradient descripin

Ownershirp, Gonernmint

MACHINE/OPERAnING SCSTEM Ion which instaed~) Cybcr 1 74-TRW/TSS

TRANSPORTABLE? Needs nods for export
Machine Dependent Restrictions CDL

SELF- CONTCAIN ED' _______________ _________________________________________

Other CodesRRequired (namerpose VIINT, KBLIMP. ALFA for nozzle exit condition.

ESTIMATE OP RESOURCES REQUIRED FOR RUNS

Core Size (Octral Words) FE.oIuon nrrr InoSc. Col. 7600I

Smrall Job pgf(j--- . BLAZER:- - -- ---

Typical Job 15K165K -400 60

Large Job 245K - 15000
Appr,rrrrIp Numrber of FORTRAN L-ns Ji8Q: 4500 BLAZER: 6000
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CODE NAME NCFTDPWE'

CODE TYPE Optics

PRINCIPAL PURPOSEIS)/APPLICATiON(S) OfCODE Study of wavefront diitortions during vropagation through
amplifying self-focusing media.

ASSESSMENT OF CAPAILITIES This code propagates a two ftransvese dimensional wavefront through
a inedi with constant small signal gain and with a nonlinear index Cf refraction which induces

self-focusing. The code was written by F.D. Tgppert~ncowat the University of Miami in Miami,

Florida. A description is in Los Alamos reoort LA-6833-MS by John C. Goldstein.

ASSESSMENTnOF 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 emoloyed and that
ocher details can he found in the report cited, no other data for this code will be given.

OTHER UNIQUE FEATURES _______________________________________________

ORIGINATOR/KEn CONTACT:
Name F.D. Tappert/John C. Goldstein - hn (505) 667-7281

Oftniin, Los Alamos Scientific Laboratory. Group X-1. MS-531

Address. Los Alamos. New Mexico 87545
AVAILABLE DOCUMENTATION IT Theory. U User, RP RCieoanI Pubicion)eI (T) A Numerical Code for the Three Dimensional

Parabolic Wave Equation. John C. Goldstein. Los Alamos report number LA-6833-MS.

STAT US

4' Operational Currently'
Upne Modhtecalion'

Pu'poia(.)

Ownership'

Proprietary'

MACHINE/OPERAnING SYSTEM Ion iihich,tiilledl

TRANSPORTABLE'

Machine SoPondiot Reit-tint

SELF CONTAINED'.

Ollher Cood" Requirred (nanme purpose)

ERTIMATE OF RESOURCES REQUIRED FOR RUNS
Core nize (Octl Words) Execution Time 15ee. COL; 76001

Typical Job

Largei-----___-_______________

App-riat. Nurrber of FORTRAN Lines ___________________________________________

"Numerical Code for the Three Dimensional Parabolic Wave Equation
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CODENAmE NORO-1

CODE TYPE:- ., inetic s

PRINCIPAL PURPOSEISIAPP1jCATION(S)OF1CODE Models rotational nonequl ibriun effects in CW chemical lasers.
(Comb i t'nd with )ter ,ti cs models, e.g., see ROPTICS).

ASSESSMENT OF CAPABILITIES. Predicts power spectral distri bution. effect of rotational noneguilibrium
on laser Performance.

ASSESSMENT OF LIMITATIONS. Qualitative model. 2 vibrational levels. 21 P-branch and 21 R-branch
lines. Fab ry-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:
Nam. L. HI. Sentman Phone. (217) 333-1834
OrtaniaIin: Aeronautical and Astronautical Engineering Dept.. University of Illinois
Addess: Urbana. Illinois 61801

AVAILABLEDOCUMENTATION IT Theoy. U) u,4.pt Re h- ReeafI1)jII0, (T . ChemicalP)hf ysc' 62. 3523 (1975); (iP)
Applied Cotics 15. 4 176; P T3 Ceia. Phsics 67, 966 17);(P Applied Optics 17,
2244 (1978).

STATUS.
Opeaional Currently?: Yes
Under Modification?:

lrurpoe(.)i

Ownrshil.p, Bell Aerospace TEXTRON
Proprietary?: Yes

MACHINE/OPERATING SYSTEM (on which, installed): IBM. CDC

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?: -Yes

Other Codes Required (nramre, purpose):

ESTIMATE OF RESOURCES REQUIRED FOR RUNS.

small Job____________________

Typical Job AlJbsame size 1 e

Laerge Job._______________

Approximate Numrber of FORTRAN ins
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CODE NAME, OCELOT____________

PRINCIPA URPOSE(S/APPICATON(S) OfCODE Tool to assist with resonator design and mode control.

ASSESSMENT OfCAPABILITIES Very flexible code that can model almost any resonator we have been
interested in - annular or covmpact. BohCreinadclnrclcodinate systemns are used,
but there are more elements availal iCatsncornteatpesent. Simultaneous multiple
spectral lines with coupled transitions used in simple gain model.

ASSESSMENTO0FLIMITATIONS Limited almost exclusively by lack of models for those elemnts we
havYe not had time to write models for.

OTHER UNIQUE FEATURES Modeled HSURIA. unstable P-P axicon negative branch rino: many compact, folded
re sonator/a mplifiers, 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
Nam:. David Fink 6/C 129 Phb- (213) 391-0711, txt. 6925

o.noeoHughes Aircraft Company
Aadr,.: Culver City, California 90230

AVAILABLE DOCUMENTATION: IT Theory, U -Usi, RP Neloco pubicaio) Not a vai I ahl

STATUS

Operational Currently? Yes
Under Modificaionl: Yes

Ponoosss): Increase number of models in cylindrical coordinates.

Oisninthip: Hughes Aircraft Company
Propri.Iarn!: Yes

MACIIINE/OPERtATING SYSTEM (o- whi.1i iontled), CDC 7600 CDC 176

TRANSPORTABLE? Almost, previous versions have been converted to IBMI.

MbachineDependenRestr.icionso Control Data large core and external file usage.

SELF-CONTAINED?: Yes
Ot her Codes Required (nae. purpose)l

ESTIMATE OF RESOURCES REQUIRED FOR NUNS:

Core Size (0ctal Words) Exctonl. Time. (Sec. CDC: 76001

S.rdlJob l00K 5
Typical Job 140K 100
Large Job 200K 5,000

Approxima~te Num~ber of FORTRAN ines
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COO, NAME ~S PO/CLkE ~

CODE TYPE: Otc

PRINCIPAL PURPOSE(SI/APPLICATION(S) OF CODE Axi synistric. Hal f-symmsetri c Unstable Resonator Analyvsis with
two Fourier componenits for analysis of polarizatiOn Pffect- PM RFSI4-KSiR1A morifirationn

ASSESSMENT OF CAPAILITIES: Bare resonator analysis for palarizptjnn effects

ASSESSMENT OF LIMITATIONS: No-gai n effects, resonator speci fi c HSUR and HSIJRIA.

OTHER UNIQUE FEATURES: Models HSUR, HSLIRIA--linear-linear, PP wax or reflax. Analysis of
Polarization effects.

ORIGINATOR/EY CONTAC:
Nm: William P. Latham Ph~one: (505) 844 -0721

Orainin AFWL/ALR
Atcas Kirtland Air Force Base, New Mexico 87117

AVAILABLEDO0CUMENTATION:( Th .U - UtR ooon~ iote (RP) G. C. Dente. Apolied Optics 18. 2911
(1979); W. P. Latham, 'Po

7
. sr P=Rlvn ulcarization Effects in allf-Symiletric Unstable Resonator with a Coated

Rear Cone," Applied Optics, to be published.

STATUS:

Op.etonal Currently?: Yes

UnderMificatitw?: H version for HSURIA, simple saturable gain, ring analysis of Chodzke and
Purposs(s): Huguley's experiments.

Ownership: Government-AFWL ______________________

ftpssy No

MACIIINE/OPERATINyG SYSTEM (on wichl installed): CDC 176 (AFWL)

TRANSPORTABLE?: No

MachinDependent Resrition: Machine language FFT.

SELF-CONTAINED?:

Other Coda Requird (ram. purpoeaI: IMSLLIB-LEQ2C linear equation solution

ASPLIB-ZRPCC p olynomial root solution

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
CONe Size (Octal Words) Execution Tinm (See. CDC 7600)

small Job:

Typical Job: 175 60

Large Job:

Approximae Number of FORTRAN Line._________________________________________
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CODE NAME. POP

CODE TYPE Opticsj

PRINCIPAL 1U8POS1(S1)/AP7tCATION1S)OFCODE POP (Physical Optics Progagation) Codep Physical optics analysis
of Ieneral HEL optic;al yt em and atmusoheric r opagiatati not limi ted to HIF[ resonators- Can
mlel CW or Pulsed CO. EDL. GDL and iodine lasers.

ASSESSMENT OF CAPABILITIES. General purpose, versatile code which is easily applied to HELt problem
including resonators. beam transfer optics, atmospherics, and adaptive optics.

ASSESSMENT OF LIMITATIONS Normal limits due to samoling and '1' igrqurnn nts Tranqvprrp gr...........
dimensignality: (1) Compact Region: (a) 2-0 Cartesian. 2". 2" N+M = 16o (h) 2-Dl cylindrical
2048 radial moints x s azimuthal modes (1' 300); (2) Annular region: l-D cylindrical, 2048
radial points x 1 azimuthal modes (1- 300).

OTHER UNIQUE FEATURES: Irinciple Resonator Geometries Modeled: HSURIA. Compact Unstable Confocal or
[,on-Confocal, Compact Unstable Astigmatic (or loric. 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

Oa1NN~k CLjCm~gkinetic coolTing.
D r. Peter B. Mumla Ph,. (203) 762-4415

Perkin-Elronr Corporation
Adrm 50 Danbury Rd./Ms 241, Wilton, Connecticut 06897

AVAILABLE DOCUMENTATION: (T - Th.q, U -Uw.AP=R4WwantP,b~ctio.) (T) Available: (Uj) Available

STATUS

Op~s-e-,. C.-..MI,? Yes
U--Mdk- As required

pow, Yes
MACHINE/OPERATINGOSYSTEM (m.whwnhinst.IIld) CDC 7600, CYBER 176, 1BM 3032. CRAY. CRAY-I (In Progress).

TRANSPORTABLE1 Yes

ULF CONITAINED? NO _______________

Ce,.. Cod" Reqomd (-t.. p.,p")

ESTIMATE OF RESOURCES RE QUIRED FOR RUNS

$0.0 Job _ __ _

-v~w~ iZOOK TSCI.240K (LCM) 56 sec. (CYBER 176)1ieaimlae ai
_______ Job__ Plsed EDt (tO,)

Approxinato Nwob.. of FORTRAN Une, _il .000
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CODE NAME: PRE-ATSN

COOETYPE: Optics

PRINdCIPAL PURFOSE(S)/APPLICATIONi(S) OF cOE: Evaluate impact on resonator solution of conical elegient
polariZation.

ASSSSMENTF1CAPABIITIES: Models polarization of conical mirror. Allows arbitrary selection of
rflectiVity and Phase delay.

ASSESSMENT OF LIMITATIONS: Low resolution. only models Rolarization.

07NIR UNIQUE FEATURES: Resonator Geometries Modeled: half synntric unstable resonator with rear cone.
Rear cone polar ization.

0RIGIHATOR/KEY CONTACT:

Name: Phill ip D. Briggs Phorts: (213) 884-3851
0,uiain Rockwell International, Rocketdyne Division

Addrss: 6633 Canoga Ave., Canoga Park, California (91304)
AVAILABLE DOCUMENTATION(I = Thisct. U =Uw,A RV Relevant Pbicanorn): (RP) Various papers in open l iteratuire.

STATUS:

OPeationai Currntly?: Yes

Under Modfaktion?:

Owesi? Developed under contract to AFWL.
Fnaprlwllwy: No

MACwINE/OPERATING SYSTEM (on tich installed): CDC Cyber 176

TRANSPORTABLE?: Yes, with mod.

Machine Dpendent R.anstioons Us CDC-extended core.

SELF-CONTAINEW: Yes

Other Codon Required (..@. purpose):

ESTIMATE OF RESOURCES REQUIRE0 FOR RUNS:

Core Size (Octal Winds) IExcuion Tim. (Sc CDC 7600)

TypilJob 70 m 0K 6 cm I min
Large Job:

Approximate. Number of FORTRAN Lines: 600

7..-.....l.
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CODE NAME JH7

CODE TYPE: otics

PRINCIIPALPURPOSE(SIAP1LICATION*IS)OF CODE The QFHT (uasi fast lankel trassfor7) code was developed as a

toolI for modeln jog nih Fresnel number annular resoradtors.

ASSESS MENT OF CAPABILITIES, The QFHT code w i Im TodelI az imu tha I I s ymmetr ic re sorato rs wi th col Ii ma ted

Fres nelI numbers in excess of 200. Code will model large Variety of unstable resonator,. positive

or-negative branch, annular or ring. Modular code construction is used with rescn~for goer
detcrmnined by input.

ASSESSMNNTOFLIMITATIONs Because of storage requirements. resonators with severe azimuthal variatios?-
(i.e'. 1 6 modes) and large (.25) Fresnel nuimbers cannot be adequately sampled.

OTHER UNIQUE FEATURES. Models vositive and negative compact unstable confocul resonators. rings, rins
wi th IEPA (inter focal point aperture), misaligned and offset axicon cones, and extra cavity psase
correction.

ORIGINATOR/KEn CONTACT

N.M,. Paul E. Fileger Phone* (305) 8140-h643

Organieotlon: United Technologies Research 
Center, OATL

Addres: P.O. Box 2691, MS-P-48 West Palm Beach, Florida 33402

AVAILABLE DOCUMENTATION, IT -Theory. U -Use. RP Relevant Publicaion). None - --

STATUS

Operational CuntIy?: Yes

Under Modification?: Yes

Porpnne(.: To incorporate multiline loaded capabilities by coupling to CLOQ3D kinetic_' a e.

Owr.rnhip?: UTRC

Proprietary? Yes

MACHINE/OPERATING SYSTEM (on which installed): CDC-l 76, IBM- 370

TRANSPORTABLE?: Yes

Machine Dependent Restrictions None

SELF-CONTAINED? Yes

Other Codes Required (name,. purpoe) None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS

Cote Size (Octal Words) Execution Time. 1Sec. CD(; 76001

Typical Job

Approximate NumbIer of FORTRAN Lines____________________________________________
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CODE NAME [ RASCAL

CODE TYPE. Optics, Kinetics, anid Gasdynaisics

PRIN7cIPAL PURPOSE(SI/APPLICATION(SOF DCODE Resonator parameter selection, us ses m ode control , pe rfornmance
prdicin fo oe and heas quality, resonator perturbation analysis, beam quality budgeting,
set/verify desigIn requirements.

ASSESSMENT OF CAPABILITIES 3-D optics calculation with general field imodifier models coupled to AEROKNS
code for kinetics und gasdynamics calculations. Code uses modular construction (see AEROKNS for mre
details).__________________ ______

ASSESSME4T OF LIMITATIONS Kinetics model does not include rotational nonequilibrium. Code is presently
being devel oped.

OTHER UNIQUE FEATURES Resonator geometries modeled: HSURIA w/waxicon or reflanicon (general surface).
ring w/waxi con or reflasicon (general surface). Bea. rotators, axisyninetric node competition,
3D1 basis set Comipetition.

ORIGINATOR/XEn CONTACT
Nae, Phil Briggis Phone (213) 884-3351
Organueetin: Rockwell International -Rocketdyne Division
Addess 6633 Canocia Ave.. Canoga Park, California 91304

AVAILABLE DOCUMENnATION IT nhe,ory. U User. RP Relevant Publicaion): MT Annular Laser Optics Study Final Reoort
(AFWLTR-77_ 1W7 (U) nua ae ptc td sr Manual: Loaded Cavity Codes.

STATUS

Opertionl Currenly?, No

Under Modifnicatn' Un develosnent _________________________

Pu~rpose(s)

Ow,,ellh,p' ROCkwell Internaitional ________________________________

MACH INIE/OPE RATING SYSnEM (on ,h eisaled) bCl Cybr 7 6

TRANSPORIABLE1 With modification.___________________________________

Mach,ne Depenant Restricions Uses CDC yvtended core. ________________________

SELF-CONTAINED'- ___________________________________

Other tmin, R.Q.-'d I,,one Enrpose) Noi 0 _______________________

ESTIMATE OF RESOURCES REQUIRED FO, RUNS
Core Size (Octal Woras) E-cut.n nTn (S,- CDL 760e)

S,c.IJob _ _200K SCM 200K tn.M
Typ-1~ Job 20()K 0CM -5010K LCM

In, _oS 20K SCM -1000K, LCM
APP- ,o No,,,nA FORTRAN I.o- - - - - -__________________________
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CODE NAME ROPTICSI

CODE TYPE: Outical and Kinetics

PRINCIPAL PURPOSE(SI/APPLICATION(S) OFCODE Study interaction between rotational nonequilibrium kinetics and
optical resonator geometry. Also see NORO-I.

ASSESSMENT OF CAPABILITIES Since kinetic-fluid dynamic model is qualitative. code provides qualitative

understanding of nonlinear interactions between kinetics, fluid dvnasiics. and optical resonator.

ASSESSMENT OF 1IMIT"nONs: Dual itative kinetics and fluid dynamics-, strip minor resonator model
(deVelOoed by Bell Aerospace Textron) models two mirror stable and unstable resonators,

OTHER UNIQUE FEATURES. Can take LID to 30 lines, because of rotational nonequilibrium kinetics.

p'redicts which lines will lase.

ORIGINATOR/KEn CONTACT:
Nane: L.H. Sentean Ph~one: (217) 333-1834
Organivition: Department of Aeronautical and Astronautical Engineering, University of Illinois
Addres: 101 Transportation Building, Urbana, Illinois 61801

AVAILABLE DOCUMENTATION: (T - Theory. U - User,. Rp Relevant public,,ion)i (RP) Aopp i ed Op t ics 17. 2244 (19781.

STATUS:
Operational Currently?: Yes

Under Modilkfi.6-:

SOrmnthip?: Bell Aerospace TEXTRON
Prpitr? Yes

MACNINE/OPERATING SnSTEM on, wh~ich installed):

TRANSPORTABLE?: Yes

Machine Dependent Restrictions:

SELF-CONTAINED?. Yes

Other Cod", Required (name. purpose)-

ESTIMATE Of RESOURCES REQUIRED FOR RUNS,

Small. Job

Typica Job 150 sec ___________________________

Approximate. Num~ber olFORTRAN Lines typically takes 15 iterations to converge.
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CODE NAME: _________________

CODE TYPE: Optics, Kinetics, and Gasdynamics

PRINCIPAL PURPOSE(SI/APpLICATION(S)OF CODE Prediction of HR/OF chemical laser performance based on Couple=
rate eution analysis Of chemical, vibrational, rotational, and radiative transfer.

ASSESSMENT OF APABILITIES. Accurate prediction of laser spectra results from rotational nonequilibriumn
feature of kinetic analysis. Can vary mixing rate and schedules of flow variables to approximnate

certain Physical effects (e.g. boundary layers, shock, etc.) Geometrical optics is used.

ASSESSMENT OF LIMITATIONS: Fabry-Perot resonator analysis is one-dimrensional; 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 zo ne S. Allows use of linear, exponential, or tabular rates.

ORIGINATOR/KEY CONTACT:
N.. R. J. Hall Phone: (203) 727-7349
Orsanization: United Technologies Research Center
Adress: Silver Lane, E. Hartford, Connecticut 06108

AVAILABLEOO ETTO:T mo1 U - U... RP ' I RlntPobli..io): (RP) R. J1. Hall. Roaioa onepuilibrium
S Ld i e-Slc ted Qocrat"n in CW OF=ChemicalbiLasers", IEEE JQE, QE-12, 5 7)

STATUS:

Opratnal C.ontly?: Yes

Under Modification: No

Porposewo:

Ownonoitip?: UTRC
Prprietuyt: Yes

MACHINE/OPERATINC SYSTEM (on wih installed): Univac 1110

TRANSPORTABLE?: Yes

Machine Dependent Restrictions: None

SELF-CONTAINED?: Yes

DOther Codes Required (nam, purpooe): -None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS

SanllCots Size (Octal Words) Execuon inm. ($qt. CDt; 7600)

TYPical Job Same for all: 110K j 60-J
Large Job

Apprtzimm. Non.ber of FORTRAN L.Ae. 2000
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CODE NAME SA_______C20 _____

CODE TYPE Opti cs

PRINCIPAL PURPOSEJS)/APPLICAfIONIs) of CODE Provide capabilityC of modeling hi nh-ordpr vndps in ryl indiri cAl
annulJar optical resonators.

ASSESSME" TOf CPBITIES Provides beam intensity and phase distribution throughout any cylindrical/
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
FremSnel numbers -10.

OTI4EfkUNIQUE FEATURES Models -ISURIA and traveling wave annular ring resonator

ORIGINATOR/KEY CONTACT
Name Jerry Long Pho (404) 955-2663

Ognzto:Science Applications, Inc.

Add,-. 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVILBED ""ETATIO _T _,,onLu _, III.,R Ao.nam oubie,o,,) (RP) E. A. Sziklas andA. E._Siegm,
Applied Optics 14, 18495.

STATUS

Operational CurreonII.' Yes
Undor Modificaon? Yes __________________ --- ___-______--

Incorporate generalized axumconreflaiconi modelI.

0-ti" U.S. Governiment
Prpitr? No

MACHINE/OPERATING SYSTEM in w. d n.5nd Ct~r -1 ' 1 1176

TRANSPORTABLE?- Yes

Me hmnnDependerntRaistlon. Requimes 370r. or virtual memory comiputer. Some COC FORTRAN dependent

YELFCONTAINED? Yes , tcxret as noted below.

GEIScndaRe"""rdln'n"' oorPns) kequires input from kinetics calculations on a subroutine to do
gain caculations for power extraction option. __feeGCA'L.

ESTIMATE Of RESOURCES REQUIRED FOR RUNS
Cor S,. 0,.1 n'.I E-xIt.,Ti,,. iSe. COC76ESG

S_,II job: 37Q0K 250-300

Typical Job, 370K 300-500
lag o,370K I500-2000

ApproximateI Number of FORTRAN Unn ___________________________________________
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CODE NAME 'A] C2v J

CODE TYPE. Optics

PRINCIPAL PURPOSE(SI/APPLICATION(S Of CODE Provide accurate, cost-effective evthod of cyl indricaljannular
rptical resonator inode and power extraction analys,,eand determne thc effet Of 0Vdriu,

__ sign perturbations on these parameters (This cod is a vectorized version of AJUD.)

RSSSSE N O CAABLITES Provides bam intensity and phase distribution, throughout any cylindrical/
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 FEATUEES Models -SURIA and traveling wave annular resonator.

ORIGINATOR/KEY CONTACT:

hlm Jerry Long Phone: (404) 955-2663
OnEarnzafion; Science Applications, Inc.
Ad,- 6600 Powers Ferry Road. Suite 220. Atlanta, Georgia 30339

AVAILABLE DOCUMENTATION:( Thrj-n. u U..RP R.I..nltPublicaion): (RP) E. A. Sziklas and A. E. Siegman.
Applied Optics 14, 1874( 975)'

STATUS

Operaional C.rity': Yes

Under Modification? Yes _________________________________
PO'ennn(s) To complete optimization of vectorized routines

Oe.tl U.S. Government
No

MACHINE/OPERATING SYSTEM Ion which iflal.IId): CYBER 203

TRANSPORTABLE?: No

Machine Dependent Resticions; Usus CYBER 203 vector algorithms

SELF-CONTAINED': Yes, except as noted below.
0Oh"'Code R10 led 'n*a..rpos.I Reqiuires imput froi kinetics calculations or a subroutine to do

gancliation, fo.r power extraction option (See GCAL).

ESTIMATE Of RESOURCES REQUIRED FOR RUNS
Core Size (Octal Word$) Execution Tinme (Sec. CDC 7600)

Small Joby 1000K 20 CYBER 203
TypicalJob 7001< 10 CYB R 203
Lang )ob 1000K 500-1000 CYBER 203

APP1o.1im1 N.nmbe, ot FORTRAN in.. 3
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CODE NAME ___________________

CODE TYPE Optics

PRINCIPAL PURPOSEIS)/APPLICATION(S) OfCODE Provide accurate, cost-effective mthod of cylindrical/annular
optical reSOnudtor parameter analysis including power extraction for use in overall system
Optimization.

ASSESSMENT OF CAPAILITIES Prov -i des beam intensity and phase distributions throughout any cylindrical/
a nnular resonator system.

ASSESSMENT OFLIMITATIONS M'odels only circular beamis which can be described with I - 8 azimuthal modes.

OTHER UNIQUE FEATURES Models standing wave and annular ring resonators. compact unstable confocal
resonators, confocal and non-confocal HSURIA.

ORIGINAnOR/KEY CONTACT
N...~e Jerry Long Phone0 (404) 955-2663

O'antion Science Applications, Inc.

Addra.s 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339
AVAMRLEOjU TtENTATIWQN. IT tTheooU , rP ROIOIP~cto~ (T) HF Laser Subsystem Technology Assessment

(APInerie Report) I l Atanta. Georgia Jul Tl7-9C CN FI DE NT IA L.

(RP) E. A. Sziklas and A. E. Siegman, Applied Optics 14, 1874 (1975).

f STATUS-
Orss.ICl VOOy'Yes

Und., Mcd,fic thon' Yes

Purpos.(.) To provide generalized axicon/reflasicon mdel.

Own.onhip' U.S. Government
Proprelay' No

MACHINE/OPERATING SYSTEM Ion which notoasal Cyber 175, 176

T RANSPORTABLE' Yes

Machne D~pndet Restrictions Requires miachine with minimum of 370K or virtual remory; some l ine. in
code a re C DC FORTRAN dependent.

SELF-CONTAINED' Yes, except as noted below.

Oth"rCod@.R* rdn1,pro Requires input fromi kinetics calculations or a subiroutine to do
gaincalclatons for power extraction (See GCAL).

ESTIMAnE OP RESOURCES REQUIRED FOR RUNS
Col. S.o, (Oct.) 'Ao,a,) E-i.c, Inn, (Sec. COIL 7600)1

Sn,.I Jsh _____370-K--- 10 -50

Typical Job 370K 50O 100 ________________

Lv~le Job No~o '370K -~- _______100 -300

Appro.inm.te Nubo ORTRAN ~Lnes 2500
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CODE NAME _______________

CODE TYPE (a~dynamcl and Kineti cs

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE (l) To cOrrelaite and anoyecoe aiydt.()T
optimize operating conditions and geolnitric configuratiOnI.()T lnrt ar loirm o
wave optics analysis. Lasing and chemical kinetic, mode]igaeicue.Geeae adnrc
kinetic profiles for gain algorithm (GCAL).

ASSESSMENT OF CAPABILITIES Model has heeli app]lied to a wide varit fsic lwnzl, ndh~
correlated the available closed cavity data bdse well. 0jtl 1 i zr 1 -. a d vncls ic rode]I t rL 3-
flowfield of source flow nozzles. Includes effects of buse jiresjg .'r l~rtaOsuc lr
geoeetry. Treats expansion plane of source flow a, two distinct _ r d tls ,& Se ''lr5r region
and a inure source flow region._____________

ASSESSMENT OF LIMITATIONS

OTHER UNIQUE FEATURES. Models H-F or DF laying. Single lime ]lecinj IS iodclej _'tLjt L-jI2L2C-o
rections are mlade to account for ptioten production at Wl level .~ Ii I 1( 1 eIr dCC 'a rt 2515i
approximation or laser rate eluation._________

ORIGiNATOR/KEY CONTACT__________________

N.-r Kerry E. Patterson Phone (404) 55- f63

Dvnuri,.. Science Applications. Inc.
Add- 66030 Powers, Ferry R'mad, Suite 220, Atlanta, Georgia 30339-

AVAILABLE DOCUMENTATION IT Theory, LI Use,. FR Relevant Publication) (T) HEF Laser Ses te, Terclncloi,'5~ oC
(DARPA Interin Rpt ScjjenceAepIjcations. Inc. *Atlanta, Georgia. Jul, . _____

STATUS

Operal.on I C.rrenlyr

Under ModificaonO ____________ __ - _____-- _____ .-- ______

PupsW To exstend kn csiodel to full ,J '~tj i ne ca: ____________.

Onrh~p' j.S. Governmeent
Proproieary' A

MACHINE/OPERATING SYSTEM Ion whih, ned)~l 1nc 7

TRANSPORTABLE' Yes

Machine Dependent ResII,Ions None_________________

SEC- CONTAINED' *ie s

Other Codes Reqored In--, purpose)

ESTIMATE OF RESOURCES REQUIRES FOR RUNS

Cor Sr. lOcll Word,)l E-nclo Tnrre (Ie CDI. 7600)

SnrIl Job - -

leca 15 ____________________10 -0 adn-i Is-15 iet's __,

Approeo,atNornb., 0FORTRAN L,, 10 gidxrcs 10]klll
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CODE NAM . SA_ ID__

coo TYPE: Optics

PRINCIPAL FURPOSE(S)/APPUCATION(S) OF CODE: Provide accurate, cost-effectlve method of linear ontical
resonator mode and power extraction analysis and the affect of various desian perturbations on
these parameters.

ASSESSMENTOFCAPAIUTS: Provides beam intensity and phase distribution throughout one transverse
dimension in a linear resonator.

ASSESSUENTOF 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 ph"e: (404) 955-2663
O, t,ron: Science Applications, Inc.
Awkhou: 6600 Powers Ferry Road, Suite 220, Atlanta, Georgia 30339

AVAILABLEDOCUMENTATION:(T-Th.UU RP=R aIevtPu bkaj"): (RP) E. A. Sziklas and A. F. Siees n.
Applied Optics 14. 1874 1975).

STATUS:

waou, wry? Yes
U.d. Mocfficuic?: No

Purpmef):

OwnmMp?: U.S. GovernmentPme, w : ,, No

MACHINE/OPERATI N SYSTEM (on Mee l ); Cyber 1751176

TRANSPORTABLE?: Yes
MeAn.-o,. d.wkjm .l.: Has some lines that are CDC FORTRAN dependent.

SEIF.CONTAINEW: Yes, except as noted below.
ow cdu %"weIn.m..p po): Requires input from a kinetic calculation or a subroutine to do
galn calculations for Power extraction (See GCAL).

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
CO2 Sin (Octu Words) Ejecuti Time (Sew. Cot; 7600)

Sma : 200K 5 - 10
TpIc Job: 2n0K 25 - 75
IAWJob. 200K 100 - 200

Ap mi mW Numb., of P ORTRAN d.re.: 2000
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CODE NAME: SA12D__________

CODETvff Optics

pUNCIpA pUUPowS)/APUucATIw8) OFCool: Modeling of rectangular linear resonatarr. and optical trains.

ASESMNTOFCFAIUTIESt Provides beam intensity and phase distrihticim' throughout a linear
rectangular resonator system.

ASSSSMENTFfLIMITATON: Limited to a combined 2-dimansional sArnling rpnlhi'inn of AIQ? points (64 It 1 8).

OTWXUNIUE FATUES, Models compact unstdble confocal (ABLE, MIRACL. MADS. HELWSI resonators,

OAIWNATOt'KIV CONTACT:

mo: Jerry Long Phmw: AN)4 955-2661'
Onpmsiw: Science Applications. Inc.
Adu..m 6600 Powers Ferry Road, Suite 220. Atlanta, Georgia 30339

aAllAllll CU NTAyIoftr (T i8P U U_. SIN, e*~cNQ (RP) F. A. Sziklas And A- F- Siagman _

STATUS:
opw~~w .mj,,.Yes

U No.Md4Ia~m?: No

6.S. Governmnt

MACINS/ORATINO SYSTEM (wn wa 4id NWtaWe): Cyber 175/176

TIAN KS? Yes
M.o .odn fte.IIN : Contains some CDC FORTRAN dependent Code.

SELF.COFITAINEM. Yes, except as noted below.

Offiftd. c"" a~ (namepurpow): - Requires input from kinetics calculation or a subroutine to do
-gain calulations for Power extraction options (See GCAL).

ESTIMATE OF RESOURCES REQUIRED0 FOR RUNS:

con . (gOcl Wowd4. Tuc*~ ime (Sec. CDC 76M~
ftope Job: 30 0 0

awo 370K 500 - 1000
Apemuimd. Numb.. of FORTRAN LAwO 2500
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COOE NAME: _ _ SS

coDE TYE Optics and Kinetics

MPICIPAL MUPOSE(S)/AUCATION(S)OF CODE: (Son-of-Snike): calculation of nulsed HF and DF chemical laser
performance.

n goCApmfmK&- Calculates solutions to couoled thermodynamic, chemical kinetic. and radiation
transport equations for pulsed HF and DF lasers. Utilizes comprehensive model of chemical kinetics
and includes rotational nonequillibrium. Treatment of rotational nonequilibrium allows very short
computing time.

ASSMENTOFLMUTATIONS: Restricted to Fabry-Perot cavity.

OTHERUNIQUEFEATURS: The existina code is strictly a oulse 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.
ORINHATKEY CONTACT:

NMI. Orig: J. Hough;Contact: M. Epstein .(213) 648-6861
omodd: Agrophysics Laboratory. The Aerospace Corooration

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

AV ALAMUOCUMN ATN:(T-T1hw.U=Usw.RP=bi0sWM~s.): (T) "Efficient Model for HF Lasers with
Rotational Noneouilibrium." J.J.T. Houoh. Aerospace Corporation. Rot. SAMSO-TR-78-79. August 15. 1978;
(U) "SPIKE: A Computer Model for the H2(02 ) + F2 Pulsed Chemical Laser", J.J.T. Hough, Aerospace

nrnoratlon- Rot SAJ4S-TR-7uR AnVi1 141 1979 (TI "A Rpvpiw of RatM PCoffirients in the H_ F
Chemical Laser Sstem Supplement 1977," Aerospace Corporation Rpt. SAMSO-TR-78-41, N. Cohen
June 8, 1978.

STATUS:
U d Yes

' ux Ib~m..~m Yes

Pftm.(): Extension to CW case.

a Aerosoace Corpnration
w No

,ACHINJ 9RATIN SYStM (m , hu*~ I : CDC 7600

TRANSPORTAUW Yes

KLIF-CONTANIO Yes
ON. Cde NWmd (new my)

BTMATE OF RSOURCU EQUIRED FOR RUNS:

CW n c Wo b E"Mmwm (Urn CDC 7KM)

Sll Job: 3
Lo i& 300

Apmeawual Numb. of FORTMN un: 3200
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cool Me, TDLCLRC*

CO4e r"41. Optics, Kinetics, and Gasdynamlcs

namCLp"um s)/rASCATWOWOS)OF COE: Performs 3-0 wave optics resonator analysis of a positive branch
confocal unstable resonator with rectangular spherical mirrors.

aahasmmTocAINSuyse 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 AEROKNS for additional details).

ASaMNENToFuM[TATosO: No misalignment model. No Farfield model.

OTNERuNIuemru s: Resonator geometries modeled: positive branch unstable confocal linear
resonator with rectanoular spherical mirrors. Off-axis geometry capability.

OaIGiNATOR/IY CONTACT:

0 : Victor L. Gamiz ( (213) 884-3346

omft.fa,: Rocketdvne, Laser Optics
A : 6633 Canoga Ave., Canoga Park. California (91304)

AVAILAKEDOCUNIUNTATIO(:(T = Thm.,U = U.= 5 kdl ) (T) Htah Power Testing of Optical Components
(HIPTOCI Technical Prooosal. Pert 111. Appendix B ('. 1. 9amiz).

STATUS:
owwCum~ Yes

UW, adiaY? No

'.d Rocketdyne

PfW65100 Yes

UACHWO/OPERATOQSYSTE (mo w eWmud): CDC Cyber 176

TRANFORTAS. Yes

1aw - OepsM l m:

5110t410TAIfDP.
OClm odn % rmd (nom. ppo;) None

ESTIMATE OF RESOUWAS REQUIRED FOR RUNS:
CWe On (OCl wowds) I Emuftn Th. (Ow- CDL; MWO

SMON e . <250K 100

TPOCOi Job: <250K , 00-1000

LIW Job, <250K 2000
Appml.a Numbw e urnM Usn: 8000

* 3-D Loaded Cavity Linear Resonator Code
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COON NAME: TWRC

CODE TYPE: optics

PRINCIPAL PURPOSE(W)AP9UICATION(S) OFCODE: Performs 3-D wave optics resonator analysis of a cyl indrical
annular rina l aser resonator in either two reflaxicon or two waxicon beam compactor assembly.

=SESENT OFCAABILTIES: General geometry specification; i.e.,* positive or negative branch, arbitrary
srer Ilocation, analytical gain model. Mirror misalignmnt, mirror mist igure, mirror thermal

distortion models, struts. Ray distribution beam compactors.

ASSESSMENT OF LMITATIONS: Half-plane symmetry. No cross-slit filter model. One V-I transition operation.

OTHER UNIQUE FEATUJRES. Resonator qeometries,, meLe: unstable ring resonator with: PPTANH reflaxicon-
or waxicon beam cgmactor, negative (saI filt er) or positive branch, self-imaging scraper
geometry . l8O ba rtation at scraper.

ORIGINATOIL/KEY CONACTi
Nm Victor L. Gamlz PhD":, (213) 884-3346
oraid. Rocketdyne. Laser Optics
Adres 6633 Canoga Ave., Canoga Park, California

AVAILAfBLEDOCUMENTATION:T = (T Sio uf Ie3-fLloaded cavity resonator
code - Nov 1978. G-O7-13 ItCU 3-0 baecviyrsonatoricode.

STATUS:

Op,6" Cununeg?. Yes

UnfdwMisodt*ion?: Yes
Furpose(s): Detailed checkout.

Ow, *,p?. Rocketdyne
Prw". Yes

MACHINE/OPERATING SYSTEM (an ~ ntdf CDC Cyber 176

TRANSPORTABLE?- NO
Machkw Dope We.Reftsriction: Uses extended core.

SELF-CONTAINEDF:

OR,. Cod". P".red (nm.. Purpose): None

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:
Cam Sine (Octal Wank,) Executlon Tim. (Sec. CDC 7600)

Small Job: <250K I 100 )
Typical Job: <250K u ;m1/

Lav o:<250K 2000
Appnd.ww Numbe, of FORTRAN jime: 8000

*3-.D Wave Optics Ring Resonator Code
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CODE NAME: ______________

CODEcTYPE: Optics. Kinetics. and Gasdynamics

PRINCIPAL PUAPOSE(S/APPUICATION(SI OF CODE: Version of MRO for toric resonators (TWOR).

ASSESSMENT OF CAPABILITIES: Models L=O mode for half sy~metric or confocal toric rina or standinol
wave resonators. Provides economical screen code for CR00.

ASSESSMENT OF LIMITTIN: No azimuthal variations modeled, No axicon. Provides only a mode which
has the saegoeric optics properties in the gain region as CROQ.

OTH4ER UN"QEFEATURES: Toric resonator modeled.

OIOINATOR/KEY CONTACT:
Name,: Donald L. Bullock pg.na. (213) 535-3484
Or,,.,r TRW 0556
Addres: RI 1162, One Space Park, Redondo Beach, California 90278

AVAILABLE LOCMENTTION: IT = Then Lk U Urn RP A IanenI PubicaI~oe,,): (T): none; howjeer *the BLAZER and ?IRO codes.
Jue7 TRW) * contain MUc information; U:nebtealsmesMR ueBAZER user mnanual.

November 78). Listings available.

STATUS:
OperlaoalI Cu,,anep?: Yes
UndAw MadNWfidon?: Yes

Pwaaa: For ACLOS Program. TMRO being modified for rotational noneguilibrium and anomalous
d ispersio d escription.

Ownership? Government
Prwpatay?: No

MACNINE/OPERATING SYSTEM (on which Installad): CYBER 174 TRW/TSS
AFWL CYBER 176, NOS/BE

TRANSPORTABLE?: Yes
MachIne Dopandont Restlions: CDC

SELF-CONTAINED?: No

OtherCodstquired (name~p, prp): -VIINT, KBLIMP, Monte Carlo, ALFA

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Typ~Core Sin: (octal Mards) Execution ime, (Sec. Cou 760)1

APProxinmale Number of FORTRAN Linn,: 4500
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COOE NAME: ___________________

CODE TYPE: Gasdynamics

PRINCIPAL PURPOSIE(S)/APPUCATION(S) OfCODEj Calculate nozzle flow including boundary layer and inviscid

core analysis.

ASSESSMENT OFCAPAILITIES: Can calculate two dimensional or axisvmeietric nozzle flow. Uses local
similarity boundary layer solution coupled with inviscid core solution,

ASSESSMENT OF LIMITATIONS: Does not calculate boundary layer pro iles as presently formul-ated.

OTHER UNIQUE FEATURES: _______________________________________________

ORIGINATOR/REV CONTACT:
,..,. D. Haflinger/P. Lohn Pw* (213) 536-1624

O,,mWualh: TRW DSSG

Address: -RI/1038, One Space Park. Redondo Beach, California 90278
AVAILABLE DOCUMENTATION4: IT - Themy U =User. RP. Relevant Publicatio): (T): None.

STATUS;
Operational curntlIy?: Yes
Under Modification?':

Purpose(,):

Ownerhip?; TRW

MACHINIE/OPERATING SYSTEM (oW which installed): CDC 6600

TRANSPORTABLE': Yes
Machine. Dependent Restrictons:

SELF-CONTAINED?: Yes
Other Cod". Reqoired (nanm. Ppose):

ESTIMATE Of RESOURCES REQUIRED FOR RUNS:

S.~ICo. Size (Octal Words) jExecuion Time (Smc. CDc; 760)

TypicaI joie 40K
Larg. Job,

Approximatle Numbee of FORTRAN LI.,., 1000
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COOE NAME: ___________I _________

cOOSTYPE -optics

=1IN101ALPURPOSE(SV/APPICATION(S) OF CODE: Models cylindrical lasers with arbitrary axicon (except noneverting
axcn. Bare resonator code which determines mode control and beam quality.

Unstable Resonator with Internal Non-Linear Axicon (URINLA2).

ASSESSMENT OFCAPAIUTIES: Coemputationally accurate, uses full OPD matrix treatment of axicon. very
flexible for design.

AISSSMN7 OF L.IMITATIONS: Computationally slow, number of Gaussian points and Fourier components
limited by large core storage capability on CYBER 176. Half plane sysmmetry 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.

ORIOINATOR/11EV CONTACT:
Nm: Donald L. Bullock Phnone: (213) 535-4384

Or"Wanll TRW DSSG
Adres R1/1162, One Space Park, Redondo Beach, California 90278

AVAILABLE ~at DOUITAIN CT 9q Lio UT+ va, ! ooE 1 Anlr Lase, Mode Studies Final Reports
(U): Prora URINA se r4nuJesaaabe

STATUS:
Operational CunrMylI?: Yes
Uflwho Modlicallo.?: No

Ownewohip?: Government
P"rl?. No

MACHINE/OPERATING SYSTEM Con which Installed): AFWL CYBER 176, NOS/BE

TRANSPORTABLE?: With modification
MachinDepndent Restrictions: -CDC only

SELF-CONTAINED?:
Other Cads Required (name. nppose): Yes

ESTIMATE OF RESOURCES REQUIRED FOR RUNS:

Smhlljob:Coro llio (Octal Word I Execton Tim (Sec. CDC 76W)

Typical Jobi 136K (SCM) lOOK 180
Large Job:

hiptoimal. Number of FORTRAN Lineso: 2000
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CODE NAM VIINT

ccD ryp: GasdvnamicS

PINCIPALPUOPOE(S)/APWKUTTONS)Of CODE Calculates flow between wedges for hypersonic wedge modeling.

(Viscid Inviscid Interaction Program (VIINT))

=USSUETO CAPUUTMS: 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:

OaGINATOR/KEY CONTACT

J, J. Ohrenber er ptw: (213) 536-4024
g . TRW DSSG

A,,u* 88/1012, One Space Park, Redondo Beach, California 90278

AVAIUL. E OOCUUETr a T .u R c. )d C T): "Turbulent Near Wake Modeling Analysis
for Reentry Application I.T. Ohrenberge, repare for Bllistic 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. OhrenberQer. Prep. for Ballistic Missile Defense Systems Comnand, DASG60-76-C-O043, March 1979.
Ohrenberger, J.T. and Baum, E., "A Theoretical Model of the Near Wake of a Slender Body in Supersonic
Flow .I AIAA Journal Vol. 10 , No. 9 September 1972, pp. 1165-1172. AIAA Paper No., 70-792 June

AIAA Paper No.,* 72-116 Jan., 192)
opwooww c-m,,m Yes

gpmws):

Oormmip TRW

14p .l On file at ARC Facility, BMDATC, Huntsville

MACN/OMRATWIN SYSTEM (a N W ): CDC 6600/7600

TRANSORTAaW0: Yes

M Oelndwm Resvrkbco,

uELI-CONTAINR,: Yes

Od- Cedu*ns mid (mmpe. -wos

S IUATSI OF RISOURCES RIQUIRO FOR RUNS

65.C Sif (Octal Word) iExu.m mm. (Sec. CC 7 0)

SWANm Job

Amo..mm Nsnb.of FORTRAN ijm 3500

. .
- -
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COOE NAME: ______________

coos TypE: Gasdynamics

PRINCIPAL PRFOE(SI/APtCATIN(S) OFcooE: To determine base flow between laser nozzle. Detailed analysis
of ba se floWs, recirculation and embedded subsonic zone, boundary remant lip and wake shock
formation are included,

ASSEISENY 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.

ASSESSUENT OF LMITATIONS: Does not handle chemistry directly. Two dimensional (but can handle
source flOWSl.

OTHER UNIQUE FEATURES: Can handle base injection.

ORIGINATORIK'( CONTACT
Nip-i J. 0hrenberger MOM:* (213) 536-4024
o"111,112an. TRW OSSG
eAddr... 88/1012. One Space Park. Redondo Beach, California 90278

AVAILABLEDOCUMENTATION (T~T...~S.PR4WU6. , uT) "Turbulent Near Waket MLoein, Analyifor Reentry Alcain" .. iebrePe oBaisic Missile Defens A.Teh Cnter.
DASG60-76-C-0043, April 1977; (U): "Computer Program Description and Users Manual of a Near and
Far Wake Modeling Analysis for Retr, udr Laminar or Turbulent Boundary Lae Coditions."J.T. Ohrenberger, Prep for BlitcMsle Defense Systems Command, DASG6O-76-C-004,%Marc 1979.
Ohrenberger. J.T, and Baum. E.. "A Theoretical Model of the Near-Wake of a Slender Body in Ser-
sonic Flow," AIMA Journal, Vo.1, No. 9I, September 1972, pp. 1165-1172. AIMA paper No. 70-792

.;ue 1970]j. AMA paper 72,l Ja

Opwgamna Cuiv,.e: Yes
Ufldw Modfficw?:

pwtos~):

PVophgayp: On file at ARC Facility, BMDATC, Huntsville
MACHINE/OFSRATING SYSTEM fm ~ WM ) CDC 7600

TRANISPORTALET- Yes

SEU-CONTA)INO Yes
Ose. Cod.. 111wrd (nwm.. purpo.)

E1tIMATE OF RESOURCES REQUIRED FOR RUNS
Cwi. S,. (octal WOW) EMU""l. TIm. (Sec. CDC~ 760)

Ttpcl .Job: 107K 30
L~n. Job:_ _ _ _ _ _ _ _ _

App..ulmaq N,,mbw of FORTRAN Linn 7000

Wake Analysis Program
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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 trausfer, 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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WIGGINS, MANSELL, ULRICH, AND WALSH

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 -n n 2

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

n 2 k 2 E,

where k 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.

IV-2



NRL REPORT 8450

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.)

COMPACT
BEAMS:

CIRCULAR COMPACT BEAM
PIHERICALLY EXPANDING)

\l ItRECTANGULAR COMPACT SAM) ICYLINDRICALLY EXPANDING)

ICOLLIMATED)

Fig. IV- - 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 amplitudedifferences 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 210_211 100-500
2-D problem 28 X 28 20 -40

The implications of machine restrictions on array sizes ca ')e 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 1 0 storage
locations even before we have loaded the computer program.

We can easily get a ro,_'gh 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

XR
d=-.

2a

This distance can also be written in terms of the Fresnel number of the source as seen from
the observation plane; we obtain

a
d =-2N F

*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 2a, we find that the total number of
points required in one transverse dimension is given by

2a
m = - = 1

6 NF
d/4 F

Thus for a Fresnel num1% F 50, we may require as many as 800 points in the transverse di-
mension. Of course this rement may be eased if the amplitude at the source aperture
falls to zero as one approL s 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.
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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) reprebenting 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 torun.
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.

Propagation 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

Ex(x,y,z,t) = 'l(x,y,z) exp (ikz - iwt),

where *I satisfies the paraxial wave equation

V2q+2ik- +k 2  _1 [1I=0. (1)
dz [ 2

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 = no 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

ik f *(Sl) exp(ikR)~2tr

where the integral extends over the area of the source aperture s 1 , R is the distance from
each element in s I to the observation point P, and 41(s I ) 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 NF, defined by

NF = a 2 /(RX), (3)

where a is the radius of the source aperture, X 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 NF = 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 If(sI ) 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 NF, 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 *(sl) 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 0, 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 algorithn.s, 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 valies 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 [51 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 -N 2 to -N log 2 N, which is a substantial saving when
N is > 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 mO 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 -Y 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 (u - 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
NF = (3 X 10 - 4 ) 400 33.

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 [91

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 bidirectionat 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 Eigenualue Problem.

Oxford University Press, Cambridge, 1965, p. 578.
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Branch

The branch of a resonator relates to the stability diagram [1 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 f, = R 1 /2, f2 

= R2 /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 fl, followed by another space d, and finally the second lens of focal length f2.
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,

11

1- d/f 2  2d - d2/fl

1 1 d d 2d d 2

fl f2 fl f2 fI f2 fi f2

[- - -d
Fig. IV-2 - General open optical resonator
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d d

ff f2

Fig. IV-3 - Equivalent lens sequence
for open optical resonator

Stability requires that- 1 < 1/2(trace) < 1, or,

F 2d 2d d2 1
-1<1/2 fl f2 flf2

Thus,

0 < (1 g) (i~ < 1 for stable resonators

where we have substituted f, = R 1 /2 and f2 = R 2 /2. Letgl = 1 - dIR 1 andg 2 = 1 - dIR 2.

Then the unstable resonators split into two categories

positive branch gg 2 > 1

and

negative branch gg 2 < 0.

The stability diagram is a plane representing all combinations of g g 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

fl + f2 = d

which leads to contours of confocality

g1 =g 2 /(29 2 - 1)

on the stability diagram.
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NEGATIVE POSITIVE
BRANCHIR

d ... N~

IPIRALLEL
PLANE
(RI_.R2 200)

CONCECTRIC

(RI zRR :d/2)

POSITIVE NGTV
BRANCH BRANCH

Fig. IV-4 - Stability diagram. Unstable resonator systems lie
in shaded regions.

The positive-branch con focal resonator has g, and 9 2 positive, but the curvatures of

the mirrors are of opposite sign. The negative-branch con focal resonator has both curvatures
positive, but g, and 9 2 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.

(a) Positive branch (b) Negstive branch

Fig. I'V-5 - Two clsasses 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 WHERICALCYIDCA

PARALLEL IN PARALLEL IN *: PARALLEL IN &0UT
PARALLEL OUT FOCUSED/OE FOCUSED OUT v: PARALLEL IN -

FOCUSEO/OE FOCUSED OUT
WSINILY REDIEmCTS W POINT FOCUS

THE BEAM 0- LINE FOCUS

NO PH4ASE SH4IFT ~.y PHASE SHO1FT K1.
2 

- y
2  

P04ASE SHIFT Ky22f,
N0OPHASE SHIFTx

Telescopes, intra- or extracavity, are used to enlarge or reduce beam sizes.

ye BEAM EXPANDER
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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.)

CONVEX

Axicor, is the generic term for an axisymmetric, cone-shaped optical element.

OR

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.

IV-16
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Reflaxicon refers to a compound axicon that compacts an annular beam without re-
versing the beam direction.

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.

18 mI OFPUT

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 in-to 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 purposes 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). A

The gain coefficient a is calculated at a discrete plane along the propagation direction
(z) and is used in the radiative transfer equation to calculate the local intensity I;

dl
- Ior.

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, 0) 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 2 _* 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 2- 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 2 -+ HF* + H

has

-AH + E, = 34 kcal,

whereas

H+ F 2 )HF* +F

has

-AH +Ea = 102 kcal.

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 2 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 2 and F 2 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 2
with the excited HF above a minimum vibrational level to create a surplus of F atoms via
the branch

HF*(v t> Vmin) + F 2 - 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 2 and
H/F 2 reactions. In Fig. IV-ti the energies shown are for one mole of reactants. The k' and ki
are the rate constants for activation and recombination, respectively.

F + H2 -HF + + H H + F2  HF+ + F

H HF 9v )

Ea 4. kcal 7l ts H + HF (v )

H HF (v = 51

z k
w4

A H -98.0 kcal k H+HF(v 4

0-

F + Hk 3 +kF; 3 
F v =

0 - H +HF (v 3)0 . H + HF 1v 3 1

REACTION COORDINATE--
Fig. IV-6 - Reaction coordinate diagrams for F/H2 and H/F 2 reactions [I2a]

Modeling of Energy Transfer Modes
Deactivation of the inverted population occurs via stimulated emission together withcompeting radiative and collisional processes. Relaxation rate coefficients are used in thecomputer calculations to account for the self-deactivation of the hydrogen halides and fortheir 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-

exemplified by
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HX(v) + M -Z HX(v - Av) + M + AE(u,Av)

where k,, _ au is the rate coefficient, v is the initial vibrational level of HX, and Av 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
quanta for stimulated emission at vibrational level v. In the vibrational-vibrational (v, v')
reaction

kU'

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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K(x,y) = y -  ej 2 dt
-~I .o y2 + (X- t) 2 "

The line profile at wavenumber w is then

'DOW;V,J,m)= Q 1 1 K(x,y)

rDP(V,J,m)

where

S+®4(P) dw = 1

WC--

[w- 'oc (v,J,m) I

x = (Rn 2)1/2 (VJm)

y=(~n)1 1 2 aLR(v,J)
y = (Rn 2) 1 / 2 o

aDP(v,J,m)

Also, ajDp and aLR 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

K(O,y)= [1- erf(y)] exp(y 2 ).

Then in the limit of pure Doppler broadening (y = 0 and K(0,0) = 1), the line profile be-
comes

(Qn 21w) 1 /2
DP~wc) DP

whereas in the (Lorentz) limit of pure collisional broadening (y - and K(0,y) 1yV"
it becomes

LR(wC) IV-2LR
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For operation at other than line center (w * Wc ), approximate algebraic expressions for the
Voight function exist [131.

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 overall 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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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 (H 2 of D 2 ) 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 2 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 of 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 [121. Such approaches are referred to as scheduled
mixing.

There are many approaches to modeling chemical lasers 112,14). Generally they can
be divided into two overall categories-those that are basically numerical ,rnd those that are
analytical. Some of these are loosely grouped by category below in terms of (generally
speaking) decreasing rigor, scope, and complexity:
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Detailed Numerical Approaches

There are three main detailed numerical approaches, which are given here, with appro-
priate references.

0 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 DAAH01-70-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-i' 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:

J. E. Broadwell, "Effect of Mixing Rate on HF Chemical Laser Performance,"
Appl. Opt. 13, 962 (1974).

0 Flame-sheet mixing scheme utilizing premixed solutions;

R. Hofland and H. Mirels, "Flame-Sheet Analysis of CW Diffusion-Type Chemical
Lasers, 1. 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, 11. 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).

J. M. Herbelin, "Continuous-Wave (F + H2 ) 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 + H2 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 2 , SF 6 , or NF 3 . 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 H2 or D2 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 trifluc-ide 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 (c/(n and mass flux rhI/A), and hence the power
production.

F-Atom Dissociation From:

Specifies the compound (F 2 , SF 6 , NF 3 , 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 2 , 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 capabiiLy 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 lmedia interactions.
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Chapter 5 by P. V. Avizonis reviews CO 2 electrical, CO 2 gasdynamic, and HF

chemical lasers.
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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:__________________ _______
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User Manuals:__________________________

Listings:_____________________________

Other Relevant Publications:__________________

STATUS:

Operational Currently?:_______

Under Modification?:_________

Purpose(s):_________________________

Ownership?: _____________________________

Pro pri eta ry?:___________________________

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 (V):
Physical Optics:_________

Geometrical:______ _____

FIELD (POLARIZATION) REPRESENTATION ()
Scalar: ___________

Vector:___________

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region:_______

Annular Region:_______

TRANSVERSE GRID DIMENSIONALITY (''I -D 2-D

Compact Region:

Annular Region: _________

FIELD SYMMETRY RESTRICTIONS?:____________________

MIRROR SHAPE(S) ALLOWED

Square:_________ ___

Rectangul ar: ___________

Circular:________ ____

Elliptical: __________

Strip: ___________

Arbitrary:_______ ____

CONFIGURATION FLEXIBILITY V)
Fixed, Single Resonator Geometry:___________

Fixed, Multiple Resonator Geometries:___________

Modular, Multiple Resonator Geometries: __________

Other (describe): _______________________
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PROPAGATION TECHNIQUE (Vall 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 kVN:

Technique:

Power Comparison:

Field Comparison:

Other (specify):

Acceleration Algorithms Used?:

Technique:

MULTIPLE EIGENVALUE/EIGENVECTOR EXTRACTOR ALGORITHMS

Prony:

Other (specify):

1.3 RESONATOR MODELING FEATURES

GENERAL CAPABILITIES:

Stability ():
Stable Resonators:

Unstable Resonators:
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Type MV
Standing Wave: _______

Traveling Wave (Ring): _______

Reverse Traveling Wave: _______

Branch ()

Positive:___ ____

Negativye:_______

Optical Element Models Included ($
Flat Mirrors:_______

Spherical Mirrors: _______

Cylindrical Mirrors:_______

Telescopes: _______

Scraper Mirrors:_______

Axicons Waxicons Reflaxicons

Arbitrary:______

Linear: _____ _____

Parabola-Parabola: _____ _____

With Offset Cones: __________

Other (specify): __________

Deformable Mirrors:______

Spatial Filters:______

Gratings (specify type):______

Other Elements (specify): _________________

PRINCIPAL RESONATOR GEOMETRIES MOOELED(e.g. HSURIA, Compact Unstable
Confocal, Unstable P-P Waxicon/Linear Waxicon Negative Branch
Ring With Spatial Filter, etc; Please List): _____________
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GAIN MODELS ('):
Bare Cavity Only:

Simple Saturated Gain:

Detailed Model (see 2.0 below):

BARE CAVITY FIELD MODIFIER MODELS

Mirror Tilt:

Mirror Decentration:

Aberrations/Thermal Distortion

Arbitrary:

Selected (specify):

Reflectivity Loss:

Output Coupler Edges

Rolled:

Serrated:

Other:

LOADED CAVITY FIELD MODIFIER MODELs (V:
Refractive Index Variation:

Gas Absorption:

Overlapped Beams (for flux updating):

Number of overlaps Allowed:

Other (see 2.0, 3.0):

FAR FIELD MODELS (V:

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:

A-8
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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: _________________

2.2 CODE STRUCTURE/FEATURES

GAIN REGION (V4:
Compact Region:__________

Annular Region:__________

COORDINATE SYSTEM (Cartesian, cylindrical, etc.)

Compact Region:__________

Annular Region: __________

KINETICS GRID DIMENSIONALITY (y -D 2-D 3-D

Compact Region:

Annular Region:

GAIN REGION SYMMETRY RESTRICTIONS:

Gain Vary Along

Optic Axis?:__________

Flow Direction?: _________

KINETICS TYPE MODELED

Pul sed:_________

CW:__________

CHEMICAL PUMPING REACTIONS MODELED

X=F X=D

Cold Reaction (X+H 2):
Hot Reaction (H+X 2):
Chain Reaction (X+H 2 and _______ 2):_____

Other (including non-chemical, specify):____________

A-10
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ENERGY TRANSFER MODES MODELED (M6: Follows (reference)
V-T:

V-R:

V-V:

Other (Specify): _

Single Line Model (V):

Multi-Line Model (10:

Assumed Rotational Population Distribution State (V:
Equilibrium:

Non-Equilibrium:

Number of Laser Lines Modeled:

Source of Rate Coefficients Used in Code:

LINE PROFILE MODELS (%/):

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
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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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3.2 CODE STRUCTURE/FEATURES

COORDINATE SYSTEM (Cartesian, cylindrical, etc.):__________

NOZZLE GEOMETRY MODELED (Vj) (and nozzle type(s) if known):

Cylindrical-radially flowing: _________________

Rectangular-linearly flowing:__________________

Other (specify): _______________________

FLUID GRID DIMENSIONALITY (No:

2-D: ________

3-D: ________ _

FLOW FIELD MODELED

Laminar: _____________

Turbulent.:____________

Other: ____________________________

BASIC MODELING APPROACH

Premi xed: ______________________________

Mixing:__________________________________

Other (specify):_______________________

References for Approach used:___________________

THERMAL DRIVER MODELED

Arc Heater: _________

Comnbustor: _________

Shock Tube: ________

Resistance Heater: _______

Other (specify): ________________ ________
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F-ATOM DISSOCIATION FROM

SF
6:

Other (specify): ______________________

IS F-ATOM CONCENTRATION DETERMINED BY MODEL?:_________

DILUENT(S) MODELED (list):_____________________

MODEL EFFECTS ON MIXING RATE DUE TO(1)

Nozzle Boundary Layers?: __________

Shock Waves?: __________

Pre-Reaction (thermal blockage, etc.)?: __________

Turbulence?: __________

Other (specify): _______________________

MODEL EFFECTS ON OPTICAL MODES DUE TO

Index of refraction variation?:____________

Other (specify)?:_________________________

3.3 OTHER UNIQUE FEATURES:_______________________
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POTENTIAL MAILING LIST FOR CODE SURVEY

Novel Resonator Program Contractors

TR W

*li. L. Bullock (1), (2), (4) ( ALL HEL' Gain modelI IMOPA, BLAZER,

codes !ring resona-' MRO, CROQ,

mode1 tor, optical (BRIA, URINLA2

K. T. Yano (1), (2), (4) IMOPA, ring resonator, optical rotator, BRIA

J. 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)

J. Miller (4)

0. 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) CLOQ3D studies using ALFA code of mixing
H. R. Garcia (2), (3), (4) regions; rotational nonequilibrium; wave

optics. Garcia only: Injection-locked annular
resonator.

P. Slaymaker (2) Tilt misalignment sensitivity studies on
R. Tansey (2) unstable negative-branch ring resonators
K. E. Oughstun (2), (3) (IFLA). Forward/reverse mode sensitivity

studies.

A. W. Angelbeck (P) Analysis and computer modeling of injection-
G. E. Palma locked annular resonator. Also compact rings.

Geometrics and wave optics.

J. J. Hinchen (2) Rotational relaxation and linewidths for DF
R. H. Hobbs (2) compared to HF. Pressure broadening mea-

surement.

J. M. Spinhirne (3)

R. Freiberg (3)

Perkin-Elmer

*P. B. Mumola (1), (2), (4) Mode selectivity in annular resonators, radial

D. Stoler (1), (2)5 strut effects on mode control. HSURIA
comparison.

P. W. Milonni (2) Anomalous dispersion in HF/DF. Broadening.

F. Way (4)

Non-NOVEL Resonator Program Contractors

Bell Aerospace

W. Brandkamp (1), (4)

T. F. Buddenhagen (1), (3)

*S. W. Zelanzy (2) Extended BLAZE to STARE, a rotational

W. A. Chambers (2), (3) equilibrium code modeling upstream-down-
M. Subbiah (2) stream coupling across optical axis. Compares
L. Lang (2) with CL-XI nozzle data.

Survey recipient
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W. Solomon (4)

W. L. Rushmore (2) Efficient nonrotational equilibrium model

Aerospace Corporation

*R. A. Chodzko (1), (2), (4) Experimental HSURIA with linear waxicon
H. Mirels (1), (4) and rear flat. Tip and outer cone obscuration
E. B. Turner (2) studies, strut obscuration studies, polarization
S. B. Mason (2) studies. HSURIA w/rear cone comparisons.

R. L. Varwig (2) Phase detectors based on optical heterodyning
P. L. Smith (2) with acousto-optic modulator for control of
C. P. Wang (2), (4) adaptive optics. Anomalous dispersion studies.

C. G. Coffer (2) ( Multiline HF tuning and phase control. Anom-
R. W. F. Gross (2)5 alous dispersion in HF.

J. F. Bott (2) Upper vibrational level deactivation in HF/DF.
R. F. Heidner (2)f Absolute rate coefficient for F + H2 and

F + D2 . Oxygen-iodine laser; upper vi bra-
tional level deactivation in a HF/DF.

R. L. Wilkins (2) Temperature dependence of vibrational relax-
M. A. Kwok ation from upper vibrational levels of HF and
G. I. Segal (2) DF. V-R and V-V studies.
E. F. Cross (2) Experimental study of significance of R-T
R. H. Ueunten (2) equilibrium in presence of V-R collisional

transfer.

*N. Cohen Temperature dependence and rate coefficients
for F + H 2 , F + D2 , H + F 2 , and D + F 2
pumping reactions.

*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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Science Applications, Inc.

*F. Horrigan (Boston) (1), (4)

J. Long (Atlanta) (1)

*R. Wade (Atlanta) (1), (3), (4)
S. S. Howie (Atlanta) (2) Modeled gasdynamics of high area relief

K. E. Patterson (Atlanta) (2)4 nozzles.

H. Ford (Atlanta) (4)

*R. Hodder (Stuart) (4)

MIT Lincoln Laboratory

*A. J. Morency (1), (2) Modeled propagation of arbitrarily polar-
R. Osgood (1), (2) ized electric fields via physical optics code.

*C. A. Primmerman (1), (2)

R. Rediker (4)
L. Marquet (4)

*J. Herrman

Air Force Weapons Laboratory

A. Paxton (1), (2), (3), (4) HSURIA, rings, three-level cascading HF/DF
media.

*W. Plummer (1), (3), (5) All resonators and codes.

G. C. Dente (2) Polarization effects in HSURIA with real cone.

R. Butts (3), (4), (5) Atmospheric effects; thermal blooming.

T. Salvi (2), (4) Physical optics codes, kinetics, and fluid
dynamics.

L. D. Buelow (3)

*B. Deuto (3)

P. Latham (3) Modular physical optics codes (MOC3).

R. F. Shea (2), (3) Oxygen-iodine kinetics.

R. Bower (4)
*Survey recipient
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W. H. Lowrey (2) Interferometric testing of waxicons and re-
H. D. Mclntire (2) flaxicons and aberration balancing using two
W. H. Swantner (2) geometric ray-tracing codes.

*N. L. Rapagnani

The BDM Corporation

*T. R. Ferguson (2), (3) Physical optics codes UR.INLA2, GURDM,
MOC3, PROPAGATORS.

G. T. Worth (2) Physical optics codes GURDM, MOC3, intra/
extra cavity adaptive optics.

*D. N. Mansell (2), (3), (4) Geometric codes POLYPAGOS: IPAGOS,
MCPPAGOS, IMOPA.

C. M. Wiggins (2), (5) Physical optics codes HSURIA with rear flat,
positive- and negative-branch ring resonator,
spatial filtering, self-imaging (GENRING,
SARAD).

Hughes Aircraft Company

M. Greenfeld (3) -

*D. Fink (3), (4) Optics.

*B. J. Skehan (4) LPTS code.

J. Fitts (4)

W. B. King Beam Control Systems (LPTS code).

R. Cubaichini Beam Control Systems (BREUX code).

*I. Abrahniowitz

Ford Aerospace

*V. F. Pizzurra (3), (5)

P. Vallianes (4)

*R. Buchheim (5)

GE Company/RESD

*J. B. Gilstein (4)

*Surve~y recipientB-
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C. S. Draper Lab

J. Valge (4)

*C. Whitney (4)

A VCO 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. Drumrneter (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 Secretary of the Navy

T. A. Jacobs (4)

Office of Naval Research

W. Condell (4)

Naval Sea Systems Command

D. Finklernan (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) Circular mirror resonators with axicons
L. B. Felsen (2) fmodeled using ray optics; cone tip and edgediffraction studied.

University of Illinois

*L. H. Sentman (2) Efficient rotational nonequilibrium model.

P. Bradbury (2)f V-R and V-V relaxation in HF and DF.

Sandia Laboratories

*J. B. Moreno (2) HF chemical laser models for laser fusion.

Michigan State University

*R. L. Kerber (2) ) Evaluation of rotational nonequilibrium
R. C. Brown (2) models for R-R, and V-R transitions. Com-
K. Emery (2) puter simulation.

D. H. Stone (2) Developed statistical model to correlate
relative rate coefficients in HF/DF pumping.

R&D Associates

J. M. Green (2) Gas breakdown in CL resonators (HSURIA)
*R. D. Melville3 with rear cone. Gas breakdown on line focus
T. K. Tio (2) of axicons in presence of dirty helium.

*Survey recipient
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FINAL MAILING LIST CODE SURVEY

No.
Name and Phone Cys. Address

Dr. Don L. Bullock 5 TRW DSSG
213-535-3484 One Space Park
Dr. H. W. Behrens 3 Redondo Beach, CA 90278

Dr. R. A. Brandewie 5 Rocketdyne Division
213-884-3844 Rockwell International
Dr. Dale A. Holmes 3 6633 Canoga Avenue
213-884-3367 Canoga Park, CA 91304

Mr. Robert D. Quinnell 5 Pratt & Whitney Aircraft
305-840-4949 Government Products Division
Dr. Joseph L. Campbell 3 P.O. Box 2691
305-840-4173 West Palm Beach, FL 33402

Dr. H. Robert Garcia 5 United Technologies Research Center
305-840-1327 Optics & Applied Technology Lab
Dr. A. W. Angelbeck 3 P.O. Box 2691

West Palm Beach, FL 33402

Dr. P. B. Mumola 5 The Perkin-Elmer Corporation
203-762-4415 Electro-Optical Division

50 Danbury Road
Wilton, CT 06897

Mr. S. W. Zelazny 3 Bell Aerospace Textron
716-297-1000 Division of Textron

Buffalo, NY 14240

Dr. R. A. Chodzko 2 Aerospace Corporation
213-648-7390 2350 El Segundo Blvd.
Dr. N. Cohen 2 El Segundo, CA 90045
Dr. Walter R. Warren 2

Dr. William Evers 2 W. J. Schafer Assoc.
703-525-6435 1901 N. Fort Myer Dr.

Suite 803
Arlington, VA 22209

Dr. Frank Horrigan 1 Science Applications, Inc.
617-275-2200 3 Preston Court

Bedford, MA 01730
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Dr. Richard Wade 1 Science Applications, Inc.
404-955-2663 6600 Powers Ferry Rd.

Suite 220
Atlanta, GA 30339

Dr. R. Hodder 1 Science Applications, Inc.
201 Southwest Monterey
Suite 30
Stuart, FL 33494

Mr. A. J. Morency 2 Massachusetts Institute of Technology,
617-862-5500 Lincoln Laboratory
Dr. C. A. Primmerman 1 P.O. Box 73
Dr. Jan Herrman 1 Lexington, MA 02173

Major William Plummer 5 Air Force Weapons Laboratory
505-264-0721 AFWL, ALR

Kirtland AFB, NM 87117

Mr. B. Deuto 2 Air Force Weapons Laboratory
505-264-1704 AFWL/LRE

Kirtland AFB. NM S7117

Mr. N. L. Rapagnani 2 Air Force Wepons Laboratory
AFWL/ALC
Kirtland AFB, NM 87117

Dr. Thomas R. Ferguson 5 The BDM Corporation
505-264-8568 1801 Randolph Rd., S.E.
Mr. Dennis N. Mansell 3 Albuquerque, NM 87106
505-843-7870

Dr. David Fink 3 Hughes Aircraft Company
213-391-0711 Centinela and Teale Streets
Dr. B. J. Skehan 2 Culver City, CA 90230
Dr. I. Abrahmowitz 2

Mr. Vito F. Pizzurro 2 Ford Aerospace/FACC
714-759-6679 Ford Road
Mr. Robert Buchheim 2 Newport Beach, CA 92663

Dr. Jack B. Gilstein 2 GE Company/RESD
Advanced Laser Program Dept.
3198 Chestnut St.

Philadelphia, PA 19101

Ms. C. Whitney 1 Charles Stark Draper Laboratory
555 Technology Square
Cambridge, MA 02839
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Dr. J. Daugherty 1 AVCO Everett Research Labs
2385 Revere Beach Parkway

Everett, MA 02149

Dr. R. Gorozdos 1 Applied Physics Laboratory
Johns Hopkins University
Johns Hopkins Road
Laurel, MD 20810

Dr. A. Shapiro 1 Pacific Sierra Research
1456 Cloverfield Blvd.
Santa Monica, CA 90404

Mr. J. R. Vyce 1 ITEK Corporation
Optical Systems Division
10 Maguire Road
Lexington, VA 02173

Dr. J. Emmett 1 Lawrence Livermore Laboratory
P.O. Box 808
Livermore, CA 94551

Mr. R. Stewart 4 Lockheed Missile & Space Co.
Research & Development Division
Sunnyvale, CA 94086

Dr. C. Fenstermacher 2 Los Alamos Scientific Laboratory
L Division
P.O. Box 1663
Los Alamos, NM 87554

Mr. William Gaubatz 1 McDonnell Douglas Astronautics
Dept. 226, Mail Stop 14-1
5301 Bolsa Avenue
Huntington Beach, CA 92647

*Dr. Peter B. Ulrich 1 Naval Research Laboratory

Code 6504, 202-767-3069 4555 Overlook Avenue, S.W.
*Dr. Sam C. Lin 1 Washington, DC 20375
Code 6530, 202-767-3068

*Dr. Alan Pike 1 Defense Advanced Research Projects Agency
*Dr. R. C. Sepucha 1 1400 Wilson Blvd.

Arlington, VA 22209

*Information copy only
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*Dr. J. Stregack I Naval Sea Systems Command

PMS/405-PM-22
Washington, DC 20362

*Mr. R. Ogrodnik 1 Rome Air Development Center

Griffiss AFB, NY

Dr. L. B. Felsen 2 Polytechnic Institute of New York
516-694-5500 Farmingdale, NY 11735

Dr. L. H. Sentman 2 University of Illinois
Aeronautical & Astronautical

Engineering Department
Urbana, IL 61801

Dr. J. B. Moreno 3 Sandia Laboratories
Laser Physics Research
Division 4212
Kirtland AFB, NM 87117

Dr. R. L. Kerber 2 Michigan State University

East Lansing, MI 48824

Dr. R. D. S. Melville, Jr. 2 R & D Associates

P.O. Box 9695
Marina del Rey, CA 90291

Subtotal: 115
Extra: 20

Total 135

*Information copy only
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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-
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Table C-1 - Laser Design Related Computer Analysis Capabilities at Bell

CODE
0z

KEY > .

FEATURES, N 2 N 2 0

METHODOLOY 0 0 0 0 0 0 U 2 0 Z4 .

3 ANALYZE OPTICAL CAVITY 60 Ol I* 1 0 0 f0 1

19 LPEAINAMXN 0 0 *1 1 0 1* 0 0

20 TURBULENT MIX ING 360 00 0

21 THREE MNINEACTO0 0

230 -0DIUINDA AEEL -- 0

126 FRE SEAI LYD ANALYSIS 1 1 1 , 4-

26 MERUTODL OFCAACTESISTICS

27, CTHROAL VOALUMYAALSIS

28 FSNIEDELEDMN 0 0

29 FAINE DIRNCE 
0011 *

30 EXRBLIT IGIN _ 110 1OeI

21 IMPLICT INTERATION 06 0 0 1Ol

34 PRATBONL NON EQUI

36 SMPLID FI CHEMISTRSIC

36 SIMPR~LE FOLUIDMECHALS

37 FABIT PELEOT AIT to

38 UINSTAE IFRESNATOIlei

38 EXCOPUTE ZERAON OE GAIN 00 1 0L

41 CMPUCTE SPTECRAO 01

32 EXLICI IMPICITI(l2
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Table C-2 - Bell Aerospace Codes

RESONATOR ANALYSIS CAPABILITY

CODES GOAD ARM-D ARM-G
FEATURES (1) (2) (3)

(1) OPERATIONAL ON IBM 370 x X

(2) OPERATIONAL ON CYBER 176 [1

(3) GEOMETRIC ANALYSIS X X

(4) DIFFRACTIVE ANALYSIS X

(5) r-X MODELED X

(6) r- O-Z MODELED X X

17) 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 [

(c) VTT 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- o -Z IN COMPACTED LEG ONLY, SRM-D
IS 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) D DENOTES FEATURE CURRENTLY BEING INCORPORATED,
* DENOTES FEATURE NOT YET EXERCISED BUT WITH THE CAPABILITY
FOR ANALYSIS CURRENTLY EXISTING.
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