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1. INTRODUCTION

A chemical laser weapons system is a complex device that requires3
an amalgamation of various scientific disciplines. These include chemical
kinetics, optic., fluid dynamics, quantum mechanics, etc. The interaction
of these various discipline. are, at best, complicated. However, It remains
that if a high energy chemical laser weapons system is to be built success-
fully, it is necessary that this Interaction be understood.

A considerable effort has been made to analyze an entire chemical
laser system from an engineering point of view, to describe such as sys-
tem by a set of governing equations, and finally, to simulate a chemical
laser system through solution of the governing equations utilizing the
Chemical Laser Analysis Program (CLAP).t The CLAP program was developed primarily from a fluid dynamics
viewpoint which essentially means that specific laser power is purposely
not calculated, but io obtained from experimental data. This probably
enhances the credibility of the results obtained by the use of the
program niece the calculation of specific power would be closely tied
to all the fluid dynamical and reaction kinetics calculation techniques
and subject to those uncertainties plus the uncertainties inherent in
the specific powe~r calculation itself. CLAP does, however, consider all
other aspects of a chemical laser system, Including the combustion
chetmistry, gas dynamics, and mass/volume estimates.

CLAP was designed specifically as a tool for the rapid parametric
evaluation of proposed chemical laser systems. Pursuant to this goal,
the program was writt~en:

a) By using simple methods of analysis, in particular, the
one-dimensional methods of gas dynamics wherever possible.

b) For minimum user input requirements with over 22 user controlled
options for maximum flexibility.

c) For use in an interactive mode for minimum turn-around time and
maximum user convenience.

d) In a stacked or series configuration to maximize calculational
efficiency and minimize user costs.

Although written to reflect the state-of-the-art in chemical laser
technology, the authors realize that most users will wish to modify the
code with minimum effort for their own unique studies. To this end the
program was written:

a) With a consistent notation scheme throughout and a single system
of units, the SI (metric) system.
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b) With a considerable amount ot internal documentation such that
most any user with a basic knowledge of chemical laser systems can com-
prehend the background theory a,,d logic.

The CLAP program listed in Append'ces A through E was written in
FORTRAN EXTENDED for use on Control Data Corporation computers having
an INTERCOM Version 4 interactive capability, but is readily adapted to
run on other machines in either an interactive or batch mode.

i1. PROGRAM ORGANIZATION

A. General

CLAP as listed in Appendices A through E is written in five
overlays consisting of the root overlay, MAIN, and four primary overlays,
COMBUSTION CHEMISTRY SECTION (CCS), LASER DEVICE SECTION (LDS), PRESSURE
RECOVERY SECTION (PPS), and SYSTEM CALCULATION SECTION (SCS). Calcula-
tions are performed sequentially through the primary overlays in the
following order: (1) CCS, (2) LDS, (3) PRS, and (4) SCS. However, it
should be noted that the pressure recovery and system calculation sec-
tions are optional. Calculations in a given primary overlay are executed
only if the input data are changed for that or a previous overlay.

Block common statements are used to store the output from each pri-
mary overlay in the root overlay. In addition, these block common state-

ments serve to pass information between primary overlays through the
root overlay. Variables are brought irnto a given program or subroutire
through COMMONI or CALL statements only if actually required. A block
eommon-program/subroutine cross reference io included In Table 1.

Each primary overlay has its own input and output subroutines,
INCCS, DUTCCS, etc. All input is either by NAMELIST or alphanumeric
symbols (e. g., "YES" and "NO"). Furthermore, each input subroutine
contains default values for the Input variables and the logic to store
the latest input data on a separate file, TAPE1, TAPE2, etc., for easy
restarts. A list of these and other TAPE/unit definitions are given in
Table 2.

All calculations, with the exception of one subroutine, DUTENG, are
performed in either dimensionless or the SI system of units following
Mechtly [1].

A nomenclature list for each program and subroutine is given in
Appendix F. The nomenclature for each primary overlay follows a general
scheme whenever possible with the exceptions defined separately.

As an aid to the user, the CLAP code is liberally interspersed with
cormment statements to identify the purpose of the program or subroutine,

4



Pro gram/ l - - - f - - -

Subroutine CCS1 CCS2 CCS3 CCS4 CCS5 CCS6 CCS7 CCS8 CCS9 CCSILO CCS11 CCS12 ccs4
MAIN x x x X]
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TABLE 2. TAPE/UNIT DEFINITIONS

TAPE or Unit No. Purpose

1 Binary input/output file either read or written
from subroutine INCCS to store the latest input
data for CCS.

Binary input/output file either read or written

from subroutine INLDS to store the latest input
data for LDS.

3 Binary input/output file either read or written
from subroutine INPRS to store the latest input
data for PRS.

4 Binary input/output file either read or written
from subroutine INSCS to store the latest input
data for SCS.

5 Connected file for the interactive output of
information to the CLAP program from terminal
keyboard.

6 Connected file for the interactive input of
information from the CLAP program to a CRT dis-
play.

20 Formatted output file written from subroutines
DUTCCS, DUTLDS, DUTPRS, and DUTSCS to print the
results of the CLAP program in SI units on 132
character line printers.

30 Formatted output file written from subroutine
DUTENG to print the results of the CLAP program
in mixed engineering units on 132 character line
printers.

to define the i...?ut/output variables, and to describe each step of the
calculations. Furthermore, a system of failure flags and error messages
have been set up to assist in the location of failures.

B. MAIN

The root overlay, MAIN, calls the primary overlays in sequence
and stores the output of the primary overlays.
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Subroutine DUTENG contained in the MAIN overlay converts the output
of the CLAP program to a mixed system of engineering units and is the
only subroutine which does not use the SI system. The converted vari-
ables are stored in separate core locations to eliminate the need of
converting back to SI units, thus avoiding any mixed unit errors.

C. COMBUSTION CHEMISTRY SECTION (CCS)

The primary overlay CCS performs all the combustion chemistry
calculations for the laser primary combustor and laser cavity for either

DF or HF laser chemistry. Any primary combustor fuel of the form
CN1HN 2 or CNlDN2 and any primary combustor oxidizer of the form NN3 FN4

may be used. Both helium and nitrogen are allowed as diluents; however,
the cavity mirror purge gas is assumed to be nitrogen.

Because of differences in definitions existant in the laser commu-
nity, some of the variables listed in the nomenclature for CCS require
further definition. These are:

ALPHA * Fluorine dissociation fraction

moles F
- moles F + 2 moles F

2

PSIC Molar combustor diluent ratio

moles diluent + moles other
ýC 7-- moles F + 1/2 mole F

2

PSIL - Molar cavity diluent ratio

ýL =moles diluent + moles other
moles F2 + 1/2 mole F

PSILTRW = Molar cavity diluent ratio (TRW definition)

SIL-TRW - moles diluent
moles F2 + 1/2 mole F

OMEGA T Total laser molar diluent ratio

- C + VL

OMEGTRW = Total laser molar diluent ratio (TRW definition)

8
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RC - Molar combustor mixture ratio

moles oxidizer
moles of fuel required to react
stoichiometrically with all the
oxidizer

RL Molar cavity mixture ratio

moles of cavity fuel

RL moles F2 + 1/2 mole F

RLF - Total laser cavity mixture ratio

- moles of cavity. fuel + moles of cavity diluent
"LF moles F + 1/2 mole F

2

D. LASER DEVICE SECTION (LDS)

The primary overlay LDS performs the gas dynamic calculations
for the laser device including the primary and secondary nozzles and the
laser cavity. All calculations are based on 1 kmole/s of laser primary

nozzle flow; hence, the units on flow area, for example, are (s-m2 )/kmole.

No attempt was made to predict heat loss in the laser nozzles, nor
was any rigorous boundary layer analysis applied to a given nozzle pro-
file. Instead, the nozzle stagnation temperature is either estimated or
taken from experimental data and the nozzle boundary layer thickness is
computed using a simple correlation equation from the throat to
exit plane. All the nozzle flow is assumed to pass through the core or
"effective" flow area so shown in Figure 1. Finally, a simple correction
is applied, namely adjusting the number of nozzles for 1 kmole/s of pri-
mary flow, to correct for the change in specific heat ratio due to I
temperature change from the nozzle throat to exit.

Totally viscous, subsonic nozzle flow, i.e. all boundary layer
flow in converging-diverging nozzles, is not allowed and has been the
most common failure encountered with the CLAP program in subroutines
LPNCS and LSNCSI. Constant-area, sonic secondary laser nozzles are I
treated separately as Fanno flow devices in subroutine LSNCS2.

Two nozzle calculational procedures are followed. ?or the primary
nozzles, either the nozzle stagnation temperature is specified and the
stagnation pressure is computed or vice versa. For the laser secondary
nozzles, however, the stagnation pressure is always computed for a givenu

9
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Figure 1. Laser nozzle boundary layer.

sta6tiation temperature. When both the primary nozzle stagnation temper-
ature and pressure are known, as when scaling up from an experimental
device, the usual procedure is to match both experimental values by
adjusting the primary nozzle throat diameter, DlS, which will ordinarily

' vary ftom the design value due to thermal expansion or throat errosion.

The complex mixing and reacting cavity flcw is broken down into
three simple processes separated by station numbers as designated in the
nomenclature of Appendix F and illustrated in Figure 2. First, the
eftective primary and secondary nozzle flows are nssvw.-d to mix at
constant-area to a uniform stream and then expand isentropica]ly to the
full cavity flow area at the nozzle face. Next, the mass addition,
chemical reaction, and accompanying heat release calculations are carried
out step-wise to the cavity exit similar to the cavity analysis given
by Addy and Mikkelsen [2] and outlined in Shapiro [3]. Included ir the
cavity analysis is an empirical flow depararion test after Zukoski [4]
which has proven to be an inportant criterion in laser scale-up design
operations, especially for devices with low bank relief nozzles [51.

The specific heat at constant pressure and absolute viscosity data
included in subroutines CPCALC and VISC were taken largely from two
sources, the JANAF [6) and NASA [7] tables, respectively. Subroutine
VISC computes the viscosity of gas mixtures using the semi-empirical
formula of Wilke [81.

E. PRESSURE RECOVERY SECTION (PRS)

The primary overlay PRS performs the gas dynamic calculations
for the laser pressure recovery subsystem. Again, as in LDS, all cal-
culations are baged on 1 kmole/s of laser primary nozzle flow. Most of
this section is described in and taken from Mikkelsen, Sandberg, and
Addy [2, 9, 10].
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The PRS overlay calculations are optional; however, the user may
select from three pressure recovery subsystems including (1) a
supersonic-subsonic diffuser; (2) a supersonic-subsonic diffuser and
constant-area, subsonic-supersonic ejector; and (3) a constant-area,
supersonic-supersonic ejector. The constant-area, supersonic-superRonic
ejector analysis differs only slightly from that of Mikkelsen, et al.,
in that a Zukoski [41 type of separation criteria has been added to the
options for limiting Pjector operation. A flow schematic for the pres-
sure recovery options with station numbers corresponding to the nomen-
clature of Appendix F is given in Figure 3.

To give the best ejector system possible as well as minimize user
inputs, each of the ejector systems are optimized to give the minimum
driver-to-driven stream mass flow ratio for a specified driver stagnation
pressure. Care, however, is required since impossible pressure recovery

requirements, either too high or too low, have been the most common cause
of failures in the optimization routines. Since the ejector optimization
routines are somewhat more time consuming,usual practice with proposed
chemical laser designs is to select the.supers.fic-subsonic diffuser
option and to vary the laser device flow conditions until a desired pres-
sure recovery at the subsonic diffuser exit is achieved.

F. SYSTEM CALCULATION SECTION (SCS)

The primary overla> SCS, using output from the other primary
overlays and system scale-up information, estimates the mass and volume
of a chemical laser system including reactants, storage tanks, lines,
supports, regulators, optics, etc. Unfortunately, the systems analysis
leading to the computer algorithms is too extensive to include in this
volume but will be published later. 7,jis is particularly unfortunate
since the analysis is not readily apparent from the computer code, espe-
cially for the tank factor subroutines. The majority of the work is
original with much of the data complied from Department of Defense tech-
nology programs.

Since specific power calculations have been avoided in CLAP, the

hypothetical laser system is scaled to size by specifying the mass floq
rate of free fluorine and the laser run time. The principal dimensions

are then readily determined since the mole fraction and mole flux of
free fluorine are known from the CCS and the flow area in LDS and PRS
were based on 1 kmole/s of laser primary flow.

An example of a single-ejector, a single-bank chemical laser config-
uration is shown in Figure 4, with the prinicpal dimensions of the tran-
sition piece and subsonic-supersonic ejector given in Figures 5 and 6.
The subsonic-supersonic ejector is of the variable-area type which should
just meet the theoretical constant-area ejector performance calculated
in PRS. A supersonic-supersonic ejector option (Figure 7) is included
in SCS; however, this particular configuration is an untested design

12
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Figure 5. Subsonic-supersonlc ejector transition piece.

and strictly proposed for comparison with subsonic-supersonic ejector
systems. More than one laser bank and more than one ejector per bank
may be specified, but the total number of ejectors per bank is limited
such that the height-to-width ratio at the transition section entrance
is no greater than unity.

Storage tank volume/mass subroutines are included in SCS for laser

fuels C 2 H4 , H2 , and D2; for laser oxidizers F 2 and NF 3 ; and for laser

diluents He and H2 . Helium is stored as a mixture with the fluorine

oxidizer when used only as a primary diluent. N2H4 is included as a

monopropellant ejector driver fluid and IRFNA/4MH for a biopropellant

system. Similar volume/mass subroutines were written for the laser
cooling system and nitrogen-driven aero-window.

The laser reactants may be stored in a number of ways given in the

listing for each volume/mass subroutine and summarized in the reactant
storage mode nomenclature of Appendix F. Cryogenic storage options
utilizing a triple vacuum jacket and liquid nitrogen boil-off for ther-
mal protection are included for most of the reactants. Gases are always

delivered with a blow-down system whereas liquids are delivered via
pressurized gas, pump feed, or heater pressurization 3ystems as illus-
trated in Figures 8, 9, and 10. Water is delivered to the cooling
system by the same schmme used for other liquid reactants with

the addition of a radiator-fan-pump recirculation system shown sche-
matically in Figure 11.
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PR•SSURIZATION
GAS MULY

REGULATOR

REACTANT
LIQUID SOAGE

TANK

TO LASER DEVICE REGULATOR

Figure 8. Pressurized gas system.

RE ACTANT
LIQUIDSTORAGE

To LASER DEVICE
REGULATOR

FUEL
SUPPLY

Figure 9. Pump feed system.
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III. PROGRAM INPUT DATA

Inputs to CLAP are either by namelist or by alphanumeric symbols,
usually "YES" or "NO" unless otherwise specified. Two example cases
are given in Appendix G, one using only the built-in default values and
the second demonstrating most of the input options.

A. COMBUSTION CHEMISTRY SECTION (CCS)

Inputs Lo CCS are fairly straightforward. The reactant mass
flow rates must correspond with the area of the experimental device,
AEXP, but need not be scaled for any particular laser system since only
the mole fluxes are important. The area of the experimental device,
AEXP, refers only to the nozzle bank area as defined in the input section
for the LDS overlay.

The input variables for CCS are:

AEXP Nozzle bank area of the experimental device [m 2.

ALPHA - Fluorine dissociation fraction.
DFORHF - Control variable such that:

"= "DF" for a DF chemical laser.
"W "HF" for a HF chemical laser.

N1 -Number of carbon atoms in primary combustor fuel WPRl.
N2 - Number of hydrogen (deuterium)* atoms in primary com-

bustor fuel WPR1.
N3 - Number of nitrogen atoms in primary combustor oxidizer

WPR4.
N4 - Number of fluorine atoms in primary combustor oxidizer

WPR4.
WPG - Mass flow rate of mirror purge N2 (kg/s).

WPRl - Mass flow rate of primary combustor fuel CIH2
(CNI D N2) (kg/s).

WPR2 - Mass flow rate of primary combustor diluent He (kg/s).
WPR3 Mass flow rate of primary combustor diluent N2 (kg/s).

WPR4 - Mass flow rate of primary combustor oxidizer N N33FN4 (kg/s).

WSRl - Mass flow rate of secondary reactant D2 (H2) (kg/s).

WSR2 - Mass flow rate of secondary diluent He (kg/s).
WSR3 - Mass flow rate of secondary diluent N2 (kg/s).

B. LASER DEVICE SECTION (LDS)

The inputs to LDS consist primarily of the prirncipal device
dimensions illustrated in Figures 12, 13, and Vi for the laser nozzles,
nozzle bank/base, and laser cavity.

*Compounds in parenthesis refer to HF laser chemistry.

20
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Figure 12. Laser nozzle detail.

The greatest confusion involves the difference between nozzle bank
and nozzle base, and packing fraction versus bank relief fraction. Early
laser demonvtration devices had a nozzle array built as a single unit
and termed a nozzle bank with individual nozzles separated at the face
by no-flow areas termed base relief. With the advent of modular devices,
several of these nozzle banks were inserted into a larger unit and sep-
arated by no-flow areas termed bank relief to form a nozzle "base."
Therefore, nozzle bank area refers to the nozzle array inserts while the
nozzle base area includes both nozzle banks and surrounding bank relief
areas. Considering only a nozzle bank, the packing fraction is defined
as :

PKFRAC - total flow (void) area - nozzle bank area - base relief area
total area nozzle band area

Considering the entire nozzle base, the bank relief fraction is defined
as:

total area - bank relief area nozzle bank areaBRFRAC
total area total area

21
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where the nozzle bank area as also used in CCS inputs includes both voids
and base relief.

The input variables for the LDS overlay are:

BRFRAC - Bank relief fraction.
CANGLE - Laser cavity half-angle (rad).

D1 - Primary nozzle exit diameter (m).
DlS - Primary nozzle throat diameter (m).

D3 - Secondary nozzle exit diameter (m).
D3S - Secondary nozzle throat diameter (m)*.

GEOMPN Primary nozzle control variable such that:
"W "AX" for axisymmetric nozzles.

"a "2D" for slit nozzles.

GEOMSN - Primary nozzle control variable such that:
"AX" for axisymmetric nozzles.

"= "2D" for slit nozzles.
HBASE - Height of nozzle base (m).

HNB - Height of nozzle bank (m).
LCAV - Laser cavity centerline length (m).

LDSS2 - Control variable such that:
"W "PlO" to specify PIO and solve for TIO.
S"TIO" to specify T1O and solve for PIO.

LPNOZ - Centerline length of a primary nozzle from throat to
exit plane (m).

LSNOZ - Centerline length of a secondary nozzle from throat to
exit plane (m).

NSPNOZ Number of secondary-to-primary nozzles.
PKFRAC - Nozzle packing fraction.

PlO - Primary combustor or nozzle stagnation pressure (Pa).
T10 Primary combustor or nozzle stagnation temperature (*K).
T30 - Secondary nozzle stagnation temperature (°K).
T70 - Mirror purge stagnation temperature (°K).

C. PRESSURE RECOVERY SECTION (PRS)

The number of inputs to PRS depends on the particular pressure
recovery system chosen but are fairly obvious from the station numbers
of Figures 3, 15, 16, and 17. A full discussion of the variables ETA12
and LIMIT is given in References 2 and 9.

The input variables for the PRS overlay are:

A3A2 - Subsonic diffuser exit-to-entrance area ratio.
A7A6 - Subsonic diffuser exit-to-entrance area ratio.

EJECT - Control variable such that:
- "NO" for no pressure recovery subsystem.

*NOTE: D3 W D3S for constant-area, sonic nozzles.
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Figure 15. Supersonic-subsonic diffuser detail.
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Figure 16. Constant-area, subsonic-supersonic ejector detail.

SUBSONIC DIFFUSER

EJECTOR

Figure 17. Constant-area, supersonic-supersonic ejector detail.
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"* "DIF" for a supersonic-subsonic diffuser subsystem.
"- "CAE" for a constant-area, suboonic-supersonic ejector

subsystem.
"-"SSE" for a constant-area, supersonic-supersonic ejector
-subSystem.

ETAI2 - Normal shock diffuser coefficient.
G5 a Specific heat ratio for the ejovctor primary or driver

st ream.
LIMIT - Control variable to set the limiting con iition on

constant-area, supersonic-supersonic z.jector operation
such that :

- "MPP" for the matched pressure point.
= "ZSP" for the Zukoski separation point,
"W "ULP" for the upper limit point.

MW5 - Molecular weight of the ejector primary or driver stream
(kg/kmole).

P50 - Ejector primary or driver stagnation pressure (Pa).
P7 - Ambient pressure (Pa).

D. SYSTEM CALCULATION SECTION (SCS)

Inputs to SCS provide scaling and configuration information,
select an ejector driver fluid if required, and determine the storage
mode for each laser reactant.

The various storage mode inputs are too numerous to list but consist
entirely of simple integer inputs as illustrated in Appendix G. The
storage mode selection display for each reactant is output by the computer
code and requires no user action.

The input variables for the SCS overlay are:

EREACT Alphanumberic symbol for the ejector primary or driver
reactant.
"N2H4" for a monopropellant driver.
"IRFNA/MM" for a bipropellant driver.

NBANK - Number of laser banks.
NEJECT - Number of ejectors per laser bank.

- 0, for the maximum allowable.
RTIME - Laser run time (s).

WPP3 Free fluorine mass flow rate (kg/s).

IV. CONCLUSIONS AND RECOMMENDATIONS

Due to the complexity of high energy, chemical laser systems, a
thorough understanding of the component interactions is required before
a practical weapons system can be designed and fielded. Attempts to
optimize any given component without regard to the total laser system

25



are likely fruitless. CIAP provides a quick, convenient, and effective
means for conducting parametric studies of a total, Integrated chemical
laser aystem, thus allowing for innovation from a component standpoint
while measuring total system implications.

CLAP was not meant to be an ultimate means of chemical laser system
design, nor will the one-dimensional methods and empirical volume/mass
relations allow it to be. Nonetheless, experience has shown that if
properly uaed, the program will give surprisingly good quantitative as
well as qualitative results; furthermore, if used with ingenuity, the
program can simulate most laser device configurations including axisym-
metric and slit nozzles, plane and cylindrical laser cavities, and high
or low bank relief geometries.

To further develop and expand the usefulness of this computer c,>de,
a detailed description of the individual programs and subroutines will
be published together with the backgrounId analysis.
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Appendix A. CHEMICAL LASER ANALYSIS PROGRAM (CLAP)-OVERLAY MAIN
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APPENIM ACHEWCAL LASER ANALYSIS PDOORAM (Ct AP1

PPOORAM MAIN OVERLAY MAIN PAGE A- I

C. CHEMICAL LASFP ANALYSIS PROGRAM tCLAP) 04AIN 0)2o
CO 61A IN 0130

Ce WRITTEN RYS C.L. ADA04S *MAsk 0240
C' A.L. ADDY *"AIN 0is0
Co 0,0. MASSEY *MAIN 0140
C* C.0. MIMMELSEN *"AIN 0I70
co G.F. wORM **AIN Disko
CO ReL. OSLUKIAN *MAIN 0140
C' 11,J. WALKER *MAIN *?00e
C0 *"AIN 0210

CoI JANUARY 77 I JANUARY TO *MAIN 0220
C' 00MAIN OPSO
C' AERODYNAMICS GROUP (DROMI-TORI 'MAIN 02e
C# SYSTEM SIMULATION DIRECTORATE *MAIN 0pse
C0 U.S. ARMY MISSILE RESEARCH4 L DEVELOPMENT COMMAND *MAIN opLOe
co REDSTONE ARSENAL* ALASAMA 35POO *"AIN @270
co *MAIN 0ps0

H AIN 6300

C* *MAIN 63r0
C0 PROGRAM CLAP REQUIRES THE FOLLOWING OVERLAYS, 'M4AIN 0330
C0 *MAIN 0340
C' MAIN CCS LOS ORS SCS '"AIN 03S0
co *MAIN 0300
C' OVERLAY MAIN REQUIRES TH4E FOLLOWING 9UNROUTINES: *MAIN 0370
C* *MAIN 0360
C' OUTENG 'MAIN 0Me
C0 *MAIM 0400
C' OVERLAY CCS REQUIRES THE FOLLOWING SUNROUTINFSS *MAIN 0410
C' 'M4AIN 0420
C* ImCCS OUTCCS #MAIN 0430
co *MAIN 0440
C* 'W4ARN 0446
C' OVERLAY LOS REQUIRES THE FOLLOWING SURROUTINES: *MAIN 0460

C' CAMS CPCALC EXPAN IN4LOS ITER *MAIN 0460

CO LPLAYP LCAS LCFS LPNCS LSNCSI 'M4AIN 0490
C' LSNCS2 M4AAS OUTLOS visC 'MA4IN 05600
C' #MAIN 05l0
C* OVERLAY PRS REQUIRES THE FOLLOWING SUIROUTINESS *MAIN 0520

Co'MAIN 0530
C' CAEFC CAEOCV CAEOR INPRS ITLER *MAIN 0140
C* MAAS MI1N NIDS OUTPPS SOS 'M4AIN 0150
C' ISFOS SSES 'MAIN 0540
C0 *MAIN 0570
co OVERLAY SCS REQUIRES THE FOLLOWINO IIJRROUTINFSO *MAIN 91608
C' *MAIN 0190
C* INSCI OUTSCS VM4AW VMCS, VMC2144 'WARN 06000
C' VMD2 VMF? VM4HE VMH? VMIRFNA 'M4AIN 0010
co VmMMH VMNF3 V1MN? VMN2H4 #MAIN 0420
co 'MAIN 0430

30



APPENIX ACmfmICAL LAVPS A4ALYSIS P0600AV ICLAP)
PROGRMa~ "At% OVFLAT "&I" PAIN A- V

C "Alm 0060
C "AIN 0000

OVIRLAY eWARWO001 MAIN 6600

TAPSO.AP!S)MAIN 0090
M AIN ey00

RWPLRCIT REALIL.N) "ARN 07l0
INT9U10S Id MAIN Mo~

C "AIN 07)0
COWWON/CCS I #Cc$ I WAIM 0?4#
COW9.ONcCCI9ACSw "4 At" 07so
C0WNONICCS1OtCCS1o (41 "AIN 07O
COMMONICCSR3/CC913 44I "ARN 0770
COWPONtCCSW4CCSI4 "ARN #?NO
COMPOWtCeCstg.CCSIS V41" 0i90
COMP@NtCCsRO/cCCSIO ) WARN se00

COMMONtLOSMOLSI W4ARN 0all

C WARN 0030
C@WPWON/ARNIPAL MAIN 0840
COMPOW/WARN1P0LOW WARN W61
COMMOWNARN3,S9TCCS WARN 0660
COMMQOfMAWARN*S97LOS MARN @070
COMPONWA RNs"ETPPS WARN 0000

COMWON/WARNASETSCS WAIN Os00

COWWON/P03SPRAI WARN 0Ml

COMPONISCIA1SCSA (0) 4ARN 0930

DATA CSt3yCCSWISDSF13LDS/ytS/,gEORS/3w'VS,,MStCSCS/y MARN 0900
DAT WARN 0960
DALITA H~/NLCCS/AEXPALNAN) ,N?.N3,N4,WPS.VPR1 ,wPIIWPR3WP* WARN 0470

-WIRI .WSPP*WS*3 WARN le00s
ANAELRST/N4.LDS3RPRACCAN0LE,01,O1SO3,D3SoNN0.LCAVLPNOZLINOZ, WARN 1010

NAWELRST/#NLSCS/NRANWNEJECY*TR ~tIWWPP3 WAIN 1040
C WARN l0s0
C WARN 1000

C* *WARN l060o
C* COMBUSTION CHEMISTRY SECTION 01WARN log0
C0 *"AIN 1100

C WAIN live

C WARN 1130
CALL CONNEC(S) WARN 1140

- CALL CONNFC(6) WARN Ils0
101 FARL,10O WARN 1140

CALL OVERLAY (CCS1*0,RECALL) W4ARN 1170
C WARN 1100
C WARN 1190
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APPENDIX A CNEMICAL LASER ANALYSIS PRORPAM (CLAP)
PROGRA1 MAIM OVERLAY MAIN PAGE A- 3

Ceo*e~.oooo*oeoe*O@oo**oo ooeoe*O@O**O*OO***ooooo o**eoeoeeoeoeooe.OoeooooMAIN 1200

Co *MAIN 110
Co LASFR DEVICE SECTION OMAIN 22po
Co omAIN 1230
Ceooe*eee...e*oooo*ooooooeo.Oeoo*oooooeO**oooeooeeooo***eeooooe**oeO*ooooNAIN I 240
C MAIN 120O
c MAIN 1260

CALL OVERLAY(LDS,9290.ECALL) MAIN IpO
IFfFAIL.FO.YES) 40 TO 103 MAIN 114O
IEf(LOW.E1.CNOKE) 00 TO lot MAIN IPgo

C MAIN 1300
C MAIN 1310

Co *MAIN 1330
Co PRFSSURE RECOVERY SECTION oMAIN 1340

,eo**o@o*oeoo***o~ooo*OO*O*oeO****ooo*oo*S****O*6oeeeo*oebo***.koso oO*OONMAIN 1300
C* OMAIN 1350
C MAIN 1370

CALL OVERLAY(PRS,3,09RECALL) MAIN 1390
IE(EAIL.To.YES) 0O TO 103 MAIN 1400

C MAIN 1410
C MAIN 14po
**oeoo*oo*ee*eeoooo*O****oooeo*eOo~o*****eOOCooooeeoO*eooo.*ee*oee**, @*eeAIN 1430

Co *MAIN 1440
Co SYSTEM CALCULATTON SECTION 'MAIN 14S0
Co *MAIN 1460
C*°*ooo****O*O.OO *o*o~oo*,*O*O**oOOOOOooeO*~*oo***e*O*O..* OO***e*O.O**M*oAIN 1470

C MAIN 1480
C MAIN 1490

CALL OVERLAYISCS94oOR!CALL) MAIN 1900
IE(FAIL,EO.YESI 00 TO 103 MAIN Is0

C MAIN 1520
C MAIN 1530€Co**.ooe*OeeOe.O* Oe****** *@e*eO**oeoeo*eO*OO***oeo*o*e*eOee..e.*.@*S**OMAIN 1040 '4

Co *MAIN 1ss9
C

4  OUTPUT RESULTS IN MIXED EN!NV.FRPINS UNITS *MAIN 1600
Co 'MAIN 1970
CO*eeO**o*O*.*ee*ee***°*°°°ee*e**O****°*eO*°o***e*o.*O*e*e**o eee**ooe~d.oMAIN 1960

C MAIN S990
SMAIN 1600
102 CALL OUTENO MAIN 1610
C MAIN 1620
Ce*'**OOOOo**o OOSO**O**'eoo***oOO**oo***oooooo****o******'O*OO~.eO..***ooAN** 1030

C0 *MAIN 1640
Ce CONTROL SECTION *MAIN 1650
C0 *MAIN 1660

C MAIN 1680
C MAIN 1690
103 WRITE(6t104) MAIN 1700

READ(S105)RUN MAIN 1?10
IF(RUNEO.YES) 60 TO 101 MAIN 1720

104 FORMAT%1*IoTZ.*TO RESTART PROGRAM ENTER "YFS"*v/,T2#,TO STOP PROORNAIN 1730
-AM ENTER "NO"') MAIN 1740
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APPVN.1U A CMtMRCAL LASCR ANALVSIS 008RAM ICLAPI
PROGRAM "AIN OVFALAY MAIN PAU Am 4

10% FOOMAT I A ) "At" ITS$

S"MAIN Ilse
c "AIN Ills
CSOO~teO* eO~eOO*O*eeOeOOOO*QOO@OOOQOQOOeOIeOOOOOOOOW AIN T#

CO OWAIN 1T90

Co OUbOv PFAOWRITF STATtqfITS *MAIN 1000
Co **AINO sale
Ce.eeOoO*eeoee.oeeeeeeee *eeeeeeeeeeeeeeO eeeeoOOOoeeeeoeeeoeeNAlN 1800

C MAIN 1830
C MAIN 3406

STOP MAIN lose
i1O, PlI0111 MAIN JoseO

WRIIITt1 MAIN 104

DIOESINLCCS) MAIRN 10o

EAD 10 % eLLOS) MAIN 10O4
RtAOiSNLPRS) MAIN lose

fWA0(SvNLSCS) MAIN 1910
two WARN it**
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APPENIM *CHEMICAL LAMEP ANALYSIS PROGRAM 1CLAP)
SUROQUTIW: OUTENG OVERLAY MAIN PANE A- S

SUppouTINE OUTENG OUTING alo0
C OUTING $110

C O~tING0130

C0 0OJTING 0140
ca OUTPUT SUBROUTINE (OUTENO) *OUjTENG e3se
C* OuTIPNO 0160

C OUTING els0

Ct *OUTING al00
Co SUROUTINI OUTENG POINTS THE RESULTS OFP ROORAM CIJAp IN "IncD *OUTING 0230
co ENGINEIRPIN UNITS ON TERMINALS WIT" A MINIMUM OF 13P C$IAOACT9OS 0OUTING 0220s
Ce PER LINE, *OUTING 0230

co0ODUTENG @240

c OUTING 02O
C OUJTING 02,0

IMPLICIT ftFAL1LvM#N3 OUTING 0ls0
C OUTING @290

INTEGER NSANK#NEJfCT9Nl9N2vN39N4 OUTING 0300
C OUTING 0330

COMMON/CCS2iCCS1 .ALPA9CCSf i. OUTING 0320
C OUTING 0330

COMvON1CCS3,#OUORNP OUTING8 0340
C OUTENG 03S0

COMN0MjCCS4.#CCS3 OUTING 0340
C OUTING 0370

COMNON,*CCS5VN1 9N2.N3.N OUTING @340
C OUTING 0390

CO"MON/CCS4/OMEGA.OMEATRWPSICPSIL.PSILTRW.RCRtLP.WFCPI ,WFCP2. OUTING 0490
-WPcP3qWUCP4 ,WPCPS WPCP6 OUJTING 0410

C OUTtNG 0420
COMMON,#CCST*CCS4 OUTING 0430

C OUTING 0440
COUMONICCSSIOL OUTING 0450

C OUTING 0460
COIMONICCS1 3/WTW2 OUTING 0470

COMMON/CCS12flFCPI (2) ,NCPI?) .NPCP3(2I.XPCP4(23 ,MPCPS(2).NPCP64t)OUTENG 6490
C OUTING 015600

C0MPON/LD52E'LOS1(4) ,GEONPN.GEONSNL0552.LOSP(2) ,NSPWOZ.PEPRACq OUTING 03l0
-L033 (4) OUTING 0520

C OUTENG 0530
COOMON/LOS31LOS4.A1AIEAjAISG.LDSS(2),A3A3SEA3A3SG.LOS4(35),REI.OUTENG 0S40
.PE3,REg.LDST(23).WSW2,W6W2,w8w2.LOS3,X4X2,zgR2.E4E~.X?X2.X8Xz OUTING 0356

C OUTING 8S608'
COMION/LDS4/LOS9 (10) OUTING 0570

C -OUTING 0300
CONNON/LDSS/URFRACeLDSIO (4) OUTING 0590

C OUTING 0400

CO9SMON/0LOS6/LDS1 312) W4W? OUTING 0410

COMNONýMAINZ/PLOW OUTING 0630
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APPIWII ACHEMICAL LASER ANALYSIS P06RoMa (CLAP)
SUPPOUTINC Outiwo OVERLAY MAIN PAGE A- 6

C OUTING 0010oICOWMOW&PS3MA3A1.A1A0,ETA11.LIWIT.POS9(3, OUTING 0000
C OUTING 6070

C OUTING 0Me
COMWOW*55PSVJECT OUTING IM1C OUINGm 0130
COMMNtpos"PaSePSf) OUJTDO 0140

C OUTDO 01n0
COMPOWN/sC3ISCSS? OUTDO 0100

C OUTDWO 01T0
COwWOWtSCS1fRA~fCT 00ANK AEJECT AT lot SCSI) OU~TDO 01eC OUJTDO 0T90COWWONAMAC3SCSW) OUTDWO 06000

C OUTDOS Golf
C0WMMORIC39 4,STMODE14610,10 OUTING 0$Mc OUTING osa.
DATA CAg#/3NCAE ',CwOKFS"CWOEE,DVt/IWDF/oW.p*P .W*4vPf3Hwp,. OUTDOS 1040

C OUTING 60410

C. OUTING 0W9

Co COMBUSTION CHEMISTRY SECTION *OUTfW 6060C* *OUTING 09e

C OUTDWO 0930
C OUTDOS 0940

AtNPuCCSIfG/.4S,1SE-04 OUTING 0996
FDAA.CCS3*G04S140f-g 1 OUTING 8960
OSCC94010394000E04 OUTING 19T0
WPwCCS11I)*).e@I*@ OUTING 0900
WP*i8CCIUIE,1*.OE*o3 OUTOi~ 0990
WOROCCSI43O101*41o OUTING 1000
WN30CC924b019011*43 OUTING I010
WPQ4eCCSffS)1*I90F03 OUINGg 1010

WSQIuCCSlq1I.OF*1013 OUTDOS 1030
wSpfuCCSf1T)41.0E*03 OUTING 1040

CALL DATE IROATE) OUTING 1000
wRITE30.101 )ROATE OUTING JoeliroprpOR4FeloDPI WRITEI3O9l0l)AEXPALPNAOFORP.W1.NIWt3,w4,W90, OUTING 1160

*WPI.N.W1WPRWP3.WR4.3.N.WSI.WRI.SR)OUTING 1110IF(9PRW~.Co.wFn WRITE(t30.03)AEEPeALPNADPORIW.N.1Nl S.tN394,WPO OUTING 1110
-VPP*Wi~toV~toP039P~toN~o49W~ltW~toSM3OUTING 1130WRITE I30.E04)UOAAOWE0A.W0"tTRW.PSIC.PSIl..PSILTRW.0.RC.RI.RL7 OUTEWO 1140

IP(1DVORW~f.EDF) WRT 3911OCl Cli)oC,9FP WC3OTk 1150
*NFCP3IE),wPCP4,xPCP4(2).wpcpsxFCPI(2,,wpCPSIPCP0,?) OUTENG 1140
IFgSF0PwP.e@.*WF WftITE(30qf§SIWFCP1,X PCP1(l),WCPEpXCP!(gi,)wPCR3.OUTEWO 1110

-NPCP3I) ,WFCP4,XpCP4~t3 ,wPCP5,XFCPSgIV .WPCP6.XFP0I1)I OUTING 11s0C OUTING 1190
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APPENDIX A CHEMICAL LASER ANALYSIS PROGRAM (CL.AP)
SUBROUTINE OUTING OVERLAY MAIN PAGE A- 7

C OUTING 1200

co *OUTaNO 1210
Co LASER DEVICE SECTION *OUTENG 1230
C. *OUTEN6 1240

C OUTI*.* * O e* * @~ O T NG 1250
C OUTING 1260

Al NLDS4*7.03066E#O2 OUTING 1280
A~xLDS5 £12 *0.306E*I0? OUTING 1290
A3wLOS%.Q).7.03066E*02 OUTING 3300
A4uLDS6 (2 )*.03066E*02 OUTING 1310
ASuLDS6(22 0?. 03o66eE0? OUTING 1320
A6wLOS6(W) .. 0306E#102 OUTING 1330
ASELOS9(1 2.7.03.0661.02 OUTING 1340
CANGLEELPS1O (12/1.74S329?519943E-02 OUTING 1350
OlELOSi I) /2.54E-02 OUTING 1360
Dl~uLDS) (22.S4E-02OUIG10
031051 (3)/P.W4-0? OUTING 13n0
D3SuLOSi (4)/2.54E-02 OUTING 1390
61 uLDS6 542 OUTING 1400
*luLOS6 (52 OUTING 1410
G3uLDS6 (62 OUTING 1420
64=1056572) OUTING 1430
f~wLOS6;62 OUTING 1440
G6=LOSS (9) OUTING 1460
G~sLOS61 10) OUTING 1460
66.0L9(21 OUTING 1470
H8ASIEwLSlO(2)/2.S4E-02 OUTINO 1480
HNNuL0SI 9(3) /2.S4F-02 OUTING 1490
LCAVwLVS1O(42/2.541-02 OUTING 3500
LPNO~wLOS2f(12/Z*54E-02 OUTING 3510
LSNOZwLDS21I) /2.54E-02 OUTING 1520
LSEPoLOS6.jl112/2.S4E-02 OUTING 1530
"WMiuLOS36im OUTING 1540
MWP*LDS6(133 OUTING 3550
NW3wLDS6 (342 OUTINS 3560o
#W~wLOSG(ZE,2 OUTING 3560
MNSOLOS64162 OUTING 1570
MW6uLDSG (172 ýOUTING 1590
MWT*LDS6 (16) OuTnGe jeoc
NWGuLOS9 13) OUTING 3610
NlwLDS6q '192 OUTING 1620
M~wLDS6.I20) OUTING 3430
"N3LDSG2' f2i OUTING 1640
M4sLOS6 (222 OUTING 1650
NSuLOS6 232 OUTING 1660

MOOLOS0 4) OUTING 1670
NIUDS9(4)OUTING 3660

NPNOZoLOSG (25) *0,4S3S9 OUTING 1690
NSNOZmLPS6 (26) '0.*45359 OUTING 3700
PjuLDS6(fl)/1 .3332241.02 OUTENO 3710
P10.1053(12 /6.69475721.03 OUTING 1720
P2.LDS61?82 IL.3332241.02 OUTING 1730
PomLDS~l (fi/6.I'475721.03 OUTING 1740
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APPENDIX A CHEMICAL LASFP ANALYSIS PROSRAM (CLAP)
SUeftOUTlI~r OUrr"S 0vFrLAY "AIN PAGE A. 0

P~sDSA191R *3331410lOUTING 11,60

P30L031)ePS09.~fl03OUTING lie,

OUTING it$0

P6SmLOSej3%) 1.*333114f*OP OUTING 1790
PIORLOSSISI 3) 1 *33114f.0? OUTING loeo
PSORL0341 /l.1333PP040fO OUTING 2164
P60uLM03fti39103331f OUTING, $A$

Pl.OS?33/ .0.03OUTING lay*
ftlomt.O3?fAjul 01.03 OUTING los0
R3wLDTlS) 1.*01.03 OUTING 369
R34wLD3Ti61/1 .01.03 OUTING 1100
R46LOS?()/1.01.03 OUTING 1sl0
W4§wOSLOI7RM96F0I.3 OUTING lop$

*S.DST9) .oE03OUTING 100
R50LOU(IO1.g.03OUTING 1040
R~mOS~I1)1.O.03OUTING 1990
PGOLOSI 1J~'.0F03OUTING Isle

R~sLDS9T) ul.01.03 OUTING 19T0
OtSIOULSOS f I,01.03 outING lves
TU.LOI?(13l OUTING it$0

* T0.O$~R3OUTING fooo
TIRLM1?14) OUTING t010
T168LOST (IS) OUTING p0p0
T3e1061()4i OUTING 1030
T30*L$13)m OUTING 1040
T4*LO$TIT() OUTING kois

T4eDIlOUTING 1060
TSGLDIfl93 OUTING We7

TSomLOS?tto) OUTING IOU*
T4.Ios?(11 OUTING 1090

Tmump~ 4w OUTING ills
TO&L039 q9 OUTING pipe
TOOuLOS.9(j0) OUTING Ris0
w3WjwLDSIt&(2) OUTING *140

C OUTING flo0

C OUTING 2110
WRITE 1309301) OUTING. Pile

IPL31.E.3NIO WITE(30,30?)U0pRACCANGLFDI.OjS,03,033. 4UTING pl90
(KOVNPWEO,'SNN3ASEH,'SLCAYLP,'OZLSNOl.,'3P,'ORP3(IRACP10.T3@.T?00uTtNG #Pat

I~t~iIJO.HTI) W1T7~0,O3)RPRCCNGLO1O19O3.3S~ OUTING Pei"

WRITt(309304)AI*AiA)EAAS,,WIM tublPPO.IR,1O OUTINI 2130
-T) .Tio OUTING 2240

WRIT! (30.304)A3,A3A3St.A3A3SG,03,NW3,M3NSNSOlP3,P30,RI).3,R330. OUTING 2260
WRTE 130,OTA.6,N434,P,40R.RO,4T4.WWAM OUTING 1*60

.T3.30.WW1 ,3M1OUTING Mo7

37



APPENDIX *C14EOICAL LAWE ANALYSIS POOOeA#. ICLAPI
SUGOUTSNU OUT11Ns MvsAL AY w 04% PAW Am

w~gTI~o309Aes.Ne.N.PPsosRt0.4,7OWwp~em1OUTING 130(1
w~rE.3,a1s0TMWTT~w~1.xx1OUTINO P310

I~tFLOW ,EO.5EP) 00 TO 101 OuTweN Me?
ZFtPcoWF'cORC0E) S0 TO 10p OUltNO 1330

W3IT()0311AS.S.WSN.PSRS03EARS.R(.S,10.VE1,SX1 OUTRNO P340
so TO 103 OUTEND 1310

101 wPITE(36431f3 OUTING 1360

00 TO 103 OUTEMO 13(00
lot VITIM314)OUTINS P390

REUR OUTING 1400
c ~OUT9EN v4?0

co *OUTrNG 1440

c OUTING 34s0

i03 17(rJECTOEG.NOI @0 TO to9 OUTING 2100
AImRRS9(l *7.030fi4*0 OTIG sl

3005SIf *bT.0306f016E.OG S3

Av*3PS? tl)*,36fo OUllNS 1400

*4'RS?(3)OUTING We~
GlwLOSSf 3 OUTING P669
*eup~lp il) OUTING Me3
03mPRII (r) OUTING 1640N6luLRl9(3) OUTWNG P610
ase.MSl IS) OUTCNG pop0
WW4:PR5I(1 OUTING #3

NWTmpU3s(93 OUTING 1400
"WWPUPRS1t0) OUTENG 171
"NomPASI16~) OUTING P730

O(38PROPS OU13)10
mv~spsr(A)OUTING 7640
N4.P~p~34)OUTING #7700

P1'LOSIM)/ D331E0 UTCH* 1720
"PaOUos9 ().I 311E0 OUTING 1500
"3Pl.PSfli()/ 3341? OUTING 2740
MWO.PRl1317/ 3flE0 OUTENO also
"SP3URIS3g11.31401 OUTENS, a?**

PgPRwL p 193/1.33391P410F OUTING 1900
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APPINOZI A CWE1MICAL LAWE ANALYSIS POW~PAM tCLAP)
SUSR0OJTZW1 OUTENS OVtRLAY MAIN PASC A-14

P~uPS~~g) / .33fl4.02OUTING 961

PIRP2(fI 13339414?OUTING Wo7

P~woftPms~ 2 31.t*333P241 * OUTING too0

OUTING pope

*iePRf12, .0E03OUTING 119460
R3.RS~2I~ .0.63OUTING Rol0
P3OP*5(2) /.0143OUTING log0

ft3sP%%P~f*)I*i0W*03 OUTING, logo

R~aR523.,.0E03OUTING 3030
RSOMP3S1.0.03OUTING 3010
R~mR123eI.0E03OUTrNS 3090

A7O.PPsr353) /1.01.03 OUTINs 3040
mAULOSft*1 oE0 OUTING 3070

TI~aDS,10;OUTING 3010
TI'.*Si3,,OUTtWG 3090

7?ON0181 139) OUTING 3100
OUTtIC 3110

T3OU0pRSIA1 OUYINS 3120
-~0 I?)OUTING 3130

T40,s ilf(43) (JYINt) 3140
Ts, -ispt44 OUTING Ms~l
TSOOPPS$0(3 OUTING 3160
TGOPRS9 q*!) OJTE#4O 3170
T60vPRS9 (4&) OUTING 31@0

W3VI PR53OUTING 31401
TT.!PPPN594* OUTING 3100
TOa*PRPfAG OUTING 3MO
xX3RIMPOS0 OMTNI$ 3230

C OUTING 3230
ZP1E7I.AC OT 0 OUTING 3140

W11110.41)OUTING 3210
fUIIJ9CT.0f.CAC) 00 TO 105 OUTING 3270
WP?11130v401) A3AR,1.D1CT,1TAlf OUTING 2600
WRITE (ý0.405? OUTING 3P90

so4 WRTO(043)32AA6Elot7~,5.W.IU,7T OUTING 33100
"WRITCI164405) OUTING 3310
so to 106 OUTINO 3330

i RI~.b4 OUTING 33404

I~i~fC.10SSE SO70 07OUTENS 3310

i RT060)2IA?*2N2M,2P0R~R?,2ToWW.9! OUTING 3360

WRITE (300409) OUTING 3390
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APPFNDIX A CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SURROUTINF OUTI NG OVERLAY PAIN PAGE A-11

IPIIJ(CTOEQ.CAE1 WRITF43004101 OUTING 34600

IrIFJECTtdI.CAE) RETURN OUTING 3410
OUiTING 3410

WRTE )o.413) OUTING 3440
GOR TO 106 OUTING 34S0

ley IFLINMIT.EO.ULPJ WRITE(30,41A) OUTING 2440
IFfLtMITJO.,ZSPl WRITE13094151 OUTING 3410
IFqLIM!T*[O.NPPI WRITF(3094161 OUTING 3460
WRITE (30.41?) OUTING 3400

ICR RITq3O41GAS,9,WS.M.P9PSOR9,9O~STO~wwj,9XlOUTING 3900
IF(tJtCV.EO.CAE) WRITF(30,419) OUTING 3910
IP(EJECT.IOoSSE) WRITI'(00420) OUTING 3140

WRI~fo.41)4.6.~o.NP.P~,R.Rey.Te.wWjIX4%1 OUTING 3510
WRIT (3,42) AETGYTM?,N.P7PTORT.?0,1.TO.WWI,?XI OUTING 3140

c OUTING 3990
C OUTING 3%40

C* *OUTING 3960
CoSYSTEM CALCULATION SECTION #OUTIN4 3990

C* OOUTFNG 36400

c OUTING 3610
OUTING 3630

109 I~tSCSS2.IQ,NOI RETURN OUTING 3640
'4SXDVUSCS2011).2.541-02 OUTING 3490
L8XWtV.SCSZ(2) /2.94f-02 OUTING 3440
LIO~SmCS? (3)/2.S4f-a? OUTING 3400
LPRSwSCS? (4) it*54t-0? OUTING 36400
MAW.SCSr(5) /0.4S3S993? OUTING 3490
M6ASt*SCS2 (0)/0.4%3%923? OUTING 3100
MCAVftSCS2 (7)/0.4S3S993? OUTtNG 3110
NC : iO:f1 :g43S9?3? OUTING 3730
"CI.SCS26)o.S%93 OUTtNG 3120

M/WC~q01.4%35993? OUTING 3740
MfJvCTwCSp4( 1 )/.453S9t37 OUTING 3150
"W!LINfwSCS2 12) /0.4935923? OUTING 3140
MfRPEIGwC9~tf1311'0.4%359?3? OUTeNG 3110
"WIRTmSCS2 (I4) /0.4%39?399T OUTING 3160
MINJ*SCI? (S19)0.453S9937 OUTING 3190
WLD0WOwSCS (14) /0.4S359?31 OUTING 3o00
mLDSmSCS24171) 0.4539923? OUTING 3610
MLLINIuSCS2(IS) #0.4%35923? OUTING 3200
"~LRRIGmSCS2 I19)/0q4535923? OUTING 3630
MLRTu9C3P(?0)/0*4%359V3T OUTING 3640
mWISCeSCSt2(1) #0.4935923? OUTING 3690
"WOPTOSCSM21? 1 0.45359231 OUTING 3460
NPRHOWwSC52 (23) 0.4939923? OUTING 3610
%PRS*SC92?4) /0.493%9237 OUTING 36s0
%SU@uOSCS2 29) /0.4%399237 OUTING 3690
MSUP~wSC2 24) #0 *49399231 OUTING 3900
OTOTALoSCSI22T)/0.49399237 OUTING 3910
VAWmSCsf(fWZ*$2.31646S49ff-1- OUTING 3920
V6XDtY.SCS2 (29) /2.G314646592I.02 OUTING 39N0

VCAuSC2(3) /.G3664992-02OUTING 3940
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APPENDIX A CM4CMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE OUTENG OVERLAY MAIN PAGE A-12

YCONS.SCS2(31) /R.G3l6A46992N-0? OUTING 3910
Y7JC~uSC R(32)4Q.G316ft46S9fE-0? OUTINGO 3960
VTJCS.SCSt (32) /l. 3160461921-O? OUTwES 3960

VLDS4DW.5C52(331,'2.316S46S9921-o OUTING 39
VLOSuSCSf436)12.6316S46%9?f-ot OUTING, 4000
VLRT.5C52(3?)1fs$3l664G192E-Q2 OUTING 4010

VOP~SC~f3&1*2oGI68GS~f-02OUTENG 4020
VPRMONUSCS2(39) /2.6316S46592E-02 OUTING 4030
VPRSuSCSv(40) /2e6316846S92E-02 OUTING 4040
VSU11OuSCSf(41)W2.G316fi46S9fE-02 OUTINGs 4010
VSUPOmSCS2 (42) /2oS3l6646192E-02 OUTING 4060
VSYSTMuSCSP (43) /2.3316146192E-02 OUTING 4O00
VTOTALUSCS2 (44) r.S316646192I-02 04TENG 4060
WUASENSCS2 (41) /2.14e-0 OUTEK 4090
W6XDEVmSCSjl46) /2.541-02 OUTING 4100
WPP3USCSIe1 .01.03 OUTING 4110
XLPuSCS2(47 /1.0E#03 OUTIENG 4120

C OUTING 4130
C OUTING 4140

WRITE43O.101) OUTING 41%0
IF(EJECT.NE.CAE.AND.IJECT.NE.SSEI WRITE(30*502)NSANKORTIMEOWPP3 OUTING 4160
IF (EJICT.EO.CAE.OR.EJECT.EQ.SSE) WRITE (3p.o%3)EREACTNGANK.NEJECT.OUTENG 4170

-RTIMIWPP3 OUITING 4130
WRtITE'3p,104)((STMODE(IJ.tJ.1,eIm1.10).(STNOOI 11.1). OUTING 4190

-(STMOOE(IqJ)qjm7,10) ,IuI,10) O"TcNG 4200
WRITE43Q.0*5)XP OUTING 4210
WRITE (309506)MINJ.MCSMSASEVCOMSMCAVVCAV.M4AWVAWoi'CSVCSMOPT. OUTING 4220
-VOPT.M4OS.,4LRREGMLLINE.MLDN0WVLOHDWMLRT.VLRTMLOS.VLZS OUTING 4230
IF(IJECT.IO.NO) 6O TO 113 OUTING 4p40
IF(iJECT.EO.CAE) SO TO 110 OUTING 4210
IFIEJECToEQ.SSE) GO TO III OUTING 4260
WRITE(3QoSO7)"SUPDOVSUP09MSUBDgVSUBO.MPRS,VpRs OUTING 4270
0O TO lit OUTING 4260

i110 WRITE (30,10S)MSUP~OVSUODMSUGO.VSUSD.MEJECT.VEJECTMERREGMELINE9 OUTING 4290

-MPRHDWtYPRWDW.MERT ,VERT.MPRSVPRS OUTENG 4300
GO TO 112 OUTING 4310

-VPpS OW~ E NG 4330
H2i WRITE (30,110)NLDS.VLDS.MPRSVPRSP4MISCNTOTAL.VTOTALVSYSTM.WSAse.oUTEN0 4340

-LLDS .LPRS ,LSEEV, WSXOIV .WSXOIV *VIDEV OUTING 4350
RETURN OUTING 4360

113 WRITE(30,5111MLOSVLDSMWISCMTOTAL*.VTOTAL,VSYSTM.WRAIE.LLDS, OUTING 4370
-LBXDEV .WSEOEV ,NSXDEV .VUXOIV OUTING 4310

C OUTING 4390
C OUTING 4400

Co *OUTING 4420
Co FORMAT STATEMENTS *OUTING 4430

C OUTING 4460
C OUTING 4470
201 FORMAT ('1',//fl//.T47,'C(4IMICAL LASER ANALYSIS PROGRAM (CLAP)',,VOUTIENG 4480

,TIS.'*WPITTEN OlY CeL. ADAMS091,T61,'AsL$ ADDY',,9TA1,'R.0, MASSEYOUTENG 4490
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APPENDIX A CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE OtTENG OVERLAY M4AIN PAGE A-13

-',,Teeco. IKILSF.,.,TG..OF.MORR../qT6S.0P.*L* OOLUKIAN*91OUTENG 4ROO

:96*PJ WALKER*9/19T6fl*eI JANUARY Tl.//.~TSIqOAFpODYNAmICS *ROUOUTENG 4SIO-P (ODITK0/TI.YTMSIMULATION DIRfCTOftATPo.,,T419OU.S. ACUTINf *%30
*ftMY MISSILE RESEARCH & DEVELOPMENT COMMANDO9/,TS19WPOSTONE ANSINAOUTING 4S30
-Ls ALAPAMA 3S609*9/iTSTeORUN DATE O*,A10 OUTING 4%40

to2 FORMAT(.0.,,//qT52,.COMSU9TtON CHEMISTRY SECTIONO9//.T6Os OUTING 4950
-*INITIAL DATA:*9//e OUTING 4S60
-T3I,OAExP m*9E13*69* TNP09TG?,OALPMA 80911366,/. OUTINO 4510
-T31*00FORNE m*9Al3,T6?o*Nl 60.11390 ATOMS COO/* OUTING 4560
-T31,*Np w**.1I390 ATOMS H',TG?**N3 E9.113po ATOMS Nte/s OUtING' 4%90
-T31..N4 8091130e ATOMS 7..T61,eWPG E*E,13*6* GM/IS N109/,OUTENG 4600
-T3l9*wPml m*vF13*6*O GM/S C*9.IIOH*.l. OUTING 4410
-T6?,*WPRP 8*4.13*690 GM/S HE**/9T3I,*WPP3 **,U13069 OUTING 4610
:0 OM/5 NPO.T6T,*WPR4 **.E13.690 SM/S N..I1..FO0.i).,T3Iv OUTING, 46~30-*wSR1 w**113e6** PM/S DP*vT47.eOWSRP SO$E1306,. $M/S HEtetv OUTING 4440-T3isOWSP3 =09E13.69* SM/S NP*) OUTING 4690

P03 FORMAT .O0e1//I///TS?9OCOMPUSTION CHEMISTRY SECTIONO%//,T6O9 OUTING 4660
-*INITIAL DATA1091// OUTING 4670
-T3Is*AFXP w*'.13969* IN2*9T4?9*ALPMA SOOE13.4... OUTING 44600
-T3R.ODFORHF u*tA13*TfiTs*Nl **,tl3o* ATOMS Cos/s OUTING 4490
:T31,PONP U**113.* ATOMS D..TeT.'N3 .0.113,. ATOMS N*,/v OUTING 4100
-T319ON4 849I139t ATOMS F09TGTIOWPG 004E13.600 GM/S N20,/90UTENG 4710
-T3I9*WPRl o**.13.690 GM/S C*9Il.'De.II. OUTIN 4AM
*T4T~oWPpp u',E13.690 GM/S HEOv/.T3l9OWPP3 SOOC13060 OUTING 4730
:0 GM/S NPO9T67v*WPR4 2**E13.G,' GM/S Ne.I1.OF0*119,/,T31s OUTING 4140
-*WSRI O*,113*6#* GM/S MP**TG?**WSR? 8*'.13*6%* GM/S HEOsts OUTING 4150
-T319OWS03 809E139690 GM/S NP*1 OUTING 4140

?04 FORMATI.O.,T599*RESULTANT DATA10,/to OUTENG 4110
-T319OFDAA w*'.E3d.6 GMOLf/S-1NPO9T6Tv00MEGA ue.EI3060ts OUTING 4?&0
-T31**OMEGTPW w*vE13#6vT6T9*PSIC m',E13efistv OUTING 4190
-T31**PSIL *',E13e6,T6?*.PSILTRW *'.1139fist* OUTING 4500

-T1,0 OE13@69* CAL/GMOLE'.Tfi?9ORC 804F13069/0 OUTING 4610
-T3l..RI. m'#eE13*fi*T6T9ONLF .0,E 1, OUTING 46M

205 FORMATIOCO, OUTING 4630
-T3)9*WFCPI 1109E13*690 CF4*oT41,'txfcp1 SOO1136G.' CF40910 OUTING 4840 :
-T3199WFCPP ft*#Fý39690 HF*9T6T.'XECPP 8*9.13*6#O HF'./, OUTING 4450
-T3)**WfUCP3 8*47,E3.69 DFO*7679*EECP3 8*'.13*690 DF',/.* OUTING 4660
-T31**wFCP4 in'.E13.f',O HE',TG1.*XFCP4 8*4.13669% "Costs OUTING 4801
-TSI**wFCPS SOOE1366,' N?',T679oxPCPS w*sF13*69% NP0,/, OUTING 4860
-T319OWFCPG 8*4.13*690 D*sT6?9*XFCPG *'.E1394.' 00) OUTING 4990

P0O VORMATfOO', OUTINS 4900
-T3i**MECP1 =**E139690 CFe,41,6?OXECPI 80*E13.6*0 CU4*90/, OUTING 4910
-T3190WFCPP 8*4.13*690 HF~oT6?,OJECPP 8*'E1S.G.* .4P*,/ 9  OUTING 4920
-T31.'WFCP3 =**.El33.e DP,9T6?9*XFCP3 0*,E13*69* Df*,/v OUTING 4930
-T31.OwFCP4 u*9E13*69* HE',T41,**ECP4 NoVE13069' ME*9/9 OUTING 4940
-T31,.WFCPS a'.E13*690 NP*9T6?9*XFCPS O*',E13eSv N20,,s OUTING 4950
-T31**WpCP6 80.113.4.' H*oT4?,'XFCPG w*,f13.69* NO) OUTING 4960

301 FORMATfI*9.T56,.LASER DEVICE SECTION**//,T6oOsINITIAL DATA101 OUTING 49T0
30? FORMAT('oO*T3Iv#NPPRAC m'.El3.eqT67OCAN6LfEO*OEI3*4.. DEG*9/9 OUTING 4900

4731,001 809113.4,' IN**TG?9*DIS moE.13.4,' IN**/* OUTING 4990
-131,003 8*9113.4,' INO9T41,'D3S stSE13.64. IN',/. OUTING S000
-T3199GEOMPN w*vA139T6Tq*8tOMSN u*',A13,/ OUTING s010
-T3]9*NRASF w*'E13*69O INO9T6Ts*HNI 8*'.EI33.4 1"0919 OUTING S020
-T31POLCAV w*.113.4,' IN',TG1e'LPNOZ 809E13*69* IN*9/, OUTING 5030
-T319OLSMOZ "09E13*690 ING*Tb?**NSPNOZ m*'.13*S./. OUTING '3040
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Ae3OWNIXN OA IN OVERLAY "A" A A1

-TS,'T0 uE1d,*K..h1.T1O uo~I).~ ~*~OUTING 504,4

Se3 FOP &T(,o.oT3l9*PFPFAC 
8*4).fT7CNSF.,13.S.' OEG',/. OUTING 1010

N*OE13.6#* soffiso.'DI t~o/ OUTING Me6

9*4,13*60 jw#40119D3 
OUTING .09

.T3.OWAS .*I).S, IWTh,$4 *,El4.IN*%/* OUT(I4 sit0

.T3.'LAV 0,13.6* I*,TTOPNO .eE13G.*110,/q OUT94G160Me

.T33OPKRACs.,13..TG,*TO u.I).4. t~,/.OUITING '3140

-TSOTO .,E1.S, K.TO1'17 .. f13S.'~.1OUTMN 51150

30 4 FORMA(0.S.RSLA¶rT,,/TZOON 
PRIMARY NOZZLE EOITINGS 1)0

-KIT - CONDITIONS PASFO ON THE NOZZLE 
,TAG4*1 o44,oN.,,TSi..(CONSusTOROUTENG 

9170
I Tt~fNAU~f~h~qOUTING 

6160

: N N3) OAI# LE EKIT .,,3 1* TENP RA' UUU 'I 
OUTING 1370

1TSIAV)Z u'.113.,69 S.N?,LDOLE0,Tht.'9l 4:;,IiS.G./e OUTING sale

.T31teNW1O w'.E13%4,' LSWLOLE49704PI~ m,13.64*/ TOf~jOUTING Sale0

.',Ele UO13.6*0 PSNR'.TS?,P01 U*413.4.PSI*,I OUTING 52300

: T31"01 8613.60' *N/CN3O,6067*40 
mo,113.,6* 6M/CtA3*viUT9N6 '330

.T3l9*1i *',113.60* K49rE7evvt? w~f36 * * OUTING '3310

36S eON~0T2,ON PRIMONARY NOZZLtEXI~T - CONDITIONS AstD OoulTIN '3330

O. THE NOZZLE EXIT**/NA 9TVO4OITUlCOSUO tIWE of*// OuTCNG '2340

43110 43 OA13.6*0 S-IN2/A.GNOL1*9T4?,A3A3 
afs.E13../t OUTING Sa3fe

-TA1A0Sf2 664E13.600T63 u.134/ OUTENG '3340

.1711,0NW3 89A13.4.T~Rq6?*a LSW/LSWOLIThlt't') /l OUTENG 5300

.T3,~NNO3 .,13.G* /CL3*976,79002 *69113.1,0 6f/13oRR,/OUTENG 5310

-T1*3 00413.6.* PSIAOTb T,'R13 m*6413660,/. OUTING 5310

M 43 w.o13.4,'f SMCHt.,TS,91OEhA3oAAS .0,113.4, 0 GCW'IOUTING 5600

-7T#3),'13A -'.113*696,' 4 2441e'.6T30 OUTING S360

301 V3%9#W&Tt0 *,T1tPOI 4 SIONO130' 13.9 OUTING 4370

-T~lo*%SOZ3 9E139ZL* SANOKIT000 uo CONOI*TKONS PSEIOUTFW6 5380

-ON1* T3E NOZZLE fis PS,/,31 09T64PIRA'1URI)/ 
OUTING 5440

:7103 913.6o GNICt/LSNOET4T0 
am113.4/' OUTtNG 5400

-T31."*74 u'.113.6%* LSM/SWOLO.T4S'
14 ft% .. II34,I ol UTCNG 5410

-,l0EW t13.6sT6TK4E21 uottlumS OUTENG 5500

36 4A~ ~c*ON SECONDTNARYOZEA WIXING RGCONDITIONS~/ PSODUTCN$ 
5430

-TS4& 0I1664S-INf/LSWOLf*9T6h7,'5 
,,IC13.6:/9 OUTING 5450

-131*00AW .0.113..*0 LIW/LSIOLE OT4T.0' u*%f13.4./ OUTING '3530

*T3)ooR5 u011309,0*,C3T9RS U9,11306 .'oP10/ uk#S7

:T1*4 so E130690 
60AM30T900.E1.'* S.OUTENG 5140

" "'102IZ qE)36*4T47**RSXr u0,!3.61 OUTING 5510

306 So3A~* ON COISTANT-REAI "IXPNSIO PEISON EKIT',/.o OU!EWS 5560

131,0144j 800M.61% SL0049 WOLtevyTsomG .',13.60/v OUTIENG 1S30

-11 0s 80E199%TOR9ToPC Ot34116TOWV/, UIN434



APPENOZA A CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUIROuTiNt OUTENG OVERLAY MAIN PAGE A-19

*Talso"WA a*13AeLWLML.T7OA *.1... OUTING ~460
-T3190ps 6**,113tE. TORR09TGTv0PfAO 4*41306#0 TOOR0000 OUTING 5610

-T519076 mottl3.600 POIT6700T40 ",F)3.*69 we,', OUTING %630
-T3,'Ww? *,13.6T67*M6? mE1.A)OUTING 6640

310 POPPATj*00O.Tk~*POINT ? MIRROR PURSE CONDtITONS09,4.* OUTING 9690
-T310067 .OE13*60T6700MWT wo*.13.69* LIMILRMOL*9,, OUTL4G 5660
-731.0?V0 8169[13.690 %0#Tbs0.W7WP BOOF13669,, OUTING qA70
-T3jqsxxp O o 1'I300) OUTING 9680

311 PORMATI00..T~fl*POINT 4 LASER CAVITY EXIT*91*. OUTENG S690
-T3100AP 801*.E36*0 S-INfLSHOLEOT6?.e68 0*01ERI.A./. OUTING Me0
.T3100MWo .*9I13o6o% LRm/L§MOLE*sT67**MA *9%[)3.eo,0 OUTING 9710
.T3jOPA 86,1130640 TOR00,00OP0pe 0**.13*600 TOO***/$ OUTING q~to
-T3),*prE vO.E13.61767.0R6 NOOE11060 0,' CM30010 OUTENG 5730
*T3).ORROt 0*9113*69* GNCM3*9TG7,OTS 009C13*690 Kes.#. OUTING %?40

.T3).*Tsft uf#E)3.69* KO.T6790owk 806P13.6./6 OUTING %7g0

.T3190maxt w*.E13.6') OUTING RSO I
3)~FOHAI...U.WANISTHE CAVITY FLOW 14A% SEPARATED. ALL FURT1hOUTteN 9770

-ER RESULTS SHOULD RE USfO*90,,T3I,.WTN CAUTION.') OUTING 9760
13 FORMATto~o.T~fl.POI4T A LASER CAVITY EXIT**.*I OUTING 9790

-T310040 809M).6tO S-IN?'LSMOL109T6?9*44 8*9113060*10 OUTING 9000
-T31.*LSEP **OC130600 INOOTA60"*Wo wesf13o6** LGMA@/LUHOvE',OUTEN4 9610
-731*41HA u*',13.69T709*P8 aftE11.6so TORRo,,, OUTING %#to
-T3)9*Pgo 60EM # T(ORRl.,Te7REG 009E13o6od's OUTING 5630
-T31,940 **OE13.60 .. 4OCM30.Te760RSO N**.13.690 ON/CM3#e/sOUTffNG 9640

**.9rp 04E13*s.' K.oT67,'Teo ueEl3.69' k*.i.9 OUTING Soso
V-T60wowpwl a,1.,6.NM 806E11,tw OUTING 4660

314 FORMAT(*00*,T2?9*WARNItiG1 THE CAVITY FLOW H4AS HO. *ALL FURTHER OUTING 9670
-CALCULATIONS HAE. 71'ENOISCONTIMUED' * OUTING see0

401 FORMATi.1*9TS490PRFSSURE RECOVERY SECTION* //,T,4oINITIAL DATAM.OUTENG S440
40? FORHATC0*0,31*0AWA .. E13060T67..EJE(/ wo.Aj. .1 OuTING 9008

-7319017h)I? "A1I306) OUTING Sol0
403 FORMATt*0@,T3190AWA 809C13.4.9TA*AA6 8**,133.f., OUTING S9?,

:T31*09JECT w'.Al3vT6?,eFTA1? 6*9113o~.4. OUTIN6 8930I
-T3190G5 *'E1tot7'Hs **Ei.t6.' LSH/LOMOL10ols OUTENG 9940
-T3194PSO 8*'.E13*69 PSIA**T67,.*P? v*'.13..*0 TORRO.,o OUTING 9GOR
-13.**75o m*'eEI3ofis Kei OUTING 5960

404 F0RHATfIoOT319*AA6 80,E13*e.T67T.'EJCT wo.Ai3si, OUTING 9970
-3*6 **,133.fi9T67.O*LIIT w09A13#v,0 OUTING S900

-731,0MW; 80413.60' LIMVLSMOLfeT67,.PS0 *06E13.6,' PSIA00OUTENG 9990
-#103106p? w'.113o6q* TORR..T674oT90 u0.E13.690 K91 OUTING 4000

409 FORPATt.o0,TS99,ORESULTANT DATA1*91,,T2?90PDINT I LASER CAVITY EXIOUTFNG 6010
-T AND NORMAL SHOCK DIFFUSER ENTRANCE41 OUTING 60p0

406 FORMAT(0005.90,RESULTANT OAVAI..,//Tf2#*POINT I LASER CAVITY ENIOUTING 6030
-T AND CONSTANT-AREA, SUPERSONIC-SUPERSONIC EJECTOR*9,*T31 .OSECONDAOUTEN6 6040

407 FO TRMAT CE*$ OUTING GSOs
40 OMT31.A ,1.6 -NILML*T6,S '.1. OUTING 6oso

:T3j,**MW nott13s690 SPM4#LSHOL109T679osi 009F13*691* OUTING 6070
-T31.*Pi m**E13%&o* TORR@T67,*PIO w*%f13sfi90 TORROses OUTING 4090
-73100p) a**E13s69* 6M/CM3%9T67..R1o 84,E13*4,. 6M/CH3O,9#,OUTENG 6100
.T33,.Tl ".11l3.6.' K09T67,@T1O ua'F13o6v* K01 OUTING 6110

406 _FORMATfoeT??,*POINT P NORMAL SH4OCK DIFFUSER EXIT AND SUBSONIC POUTENG *ipe
-IFFUSER ENTRANCE*,.h,, OUTING 4130
-T3o*APos13*69* S-INfL3MOLE*9T67..F7AI2 sto1136.6,', OUTING 6140
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APPENDIX A CHEMICAL LASffR ANALYSIS **DORAN 1CLAP)
SUBROUTINF OUTENG OVERLAY MAIN4 PASI A-16

-T3,*p *,E3,ITA.OM 64',13*6*0 LPfMLP1MOL.I*., OuTtNG &ISO
.T3,O~ **E)3t 3,4?,P 644,13661% TO"oPRst @uTtme 6140

T31s4PI' 000CI304404 TOPPO,74?,eP? u',I13*696 GW/CM30sts OUTING 41,6
-TS),*PiO m00E33.6,0 4M/CM30067961,t 0941.600, West* OUTINGs 3100
-T31eoTpo *ofo?33,#. K*9T67,*Wwp1 'e,13664,V, OUTING 4)90
-T31*01rix at,113061 OUTING 61gg

*,9 PRAI0,T?*O 3 SUBSONIC DIPFUSVP EXI? 0) OUTIING 6110

F 10 FORMAT £eoTSS,'ANO SUDDEN ENLARGEMENT ENTPaNCE.) OUTING1 4110
411 PORNATt.060 OUTING 4030I

-T3i,%A3 unsf13o.o4 S.IN?1fL9OLE*,T6T,@ETAf3 o*4i3*69to OUTING 6404
4T319661 ::E00:*9:WI ::13:A:' LOMILONOLE4st Ou:~ :M
.T3),*P3l0 wo*E)3s~o* TORROOT6?0003 8*9,13.6%0 *MtCM309/, OUTING 8170

:'31*4430 m*'~vfI3*6 GwC"3*9T6?s6T3 004113.609 Noel$ OUTING 610e
-T31*OT36o 8*4.E3%6* K',T41,.W3Wl eE34V OUTING $439
mT31sX)1l eo.e)3oo) OUItING 3600

41P OMT.tT1'ON 4 CONSTANT-ARfAs RUPSONIC-SUPIRSONIC EACTOOUTCHO 4310
-0 SECONDARY NOZZLE EXITootts OUTING 4310

4319A6 *4,13e6*4 S-INtL0MOLF0,T4T,.G4 BOC361 OMTING 4330
-T319%MW4 *'FI)3.69* L6".#LUNOLE.,T6T,.m4 6*.113*6.4S OUTING 4340

-T31"fP' o*f.E3s4%, TOPPOOT4?0*40 *',E130600 ToRR',#', OUTING 63so
V319604 644130606 SM/CM3',T4T,0R40 u*9E13.1.' *MCM30stsOMTNS 4340
-T31s4T* 803 6606.A, K**T&79*TAO 0*4.1366st Post$ OUTING 4310

-TS.'.Wi S'M3.4,ST00*99..13*61 OUTtNG 4300
413 FORMAT19009TIP90OINT S CONSTANT-haREA IRUPSONIC.SUPt"SONIC EJICTOOUTche As**

-0 PRIMARY NOZZLE EXITO) OUTMBG 4400
414 PCNT*'TlNT, THE UPPER LIMIT POINT WAS USED AS THE LIMOUTENG 6410

-lYINS CONDITION FOR.*sT31 *TNE CONSTANT-AREA* SUPfRSONIC-SUPtPSONOUTEN4 4410
-Ic IACTORO) OUTING 6430

41S FORNAT190'.T1l,'NOT11 THE ZUKOSKI SIRARATION POINT WAS USED AS OUTING 4440
-TM! LIMITING CONDITION FOPos,,,T3IsoTNf CONSTANT-ARFA. SUPERSONIC-SOUTING 64S0

*-UpERSO#41C EJECTDRow OUTING 4440
4i6 PONMATeo~o,T2ps*NOTF1 THE MATCHED PRESSMR POINT WAS USED as TNOUTENG 4410

-t LIMITING CONDITION FOR#*1,T3Is*TME CONTANTmAEAt, SUPtPSONIC-SUPOUTING 4400
-EPSON!r F JECTOR. I OUTING 4490

41? FORMAT too*$Tape %POINT S CONSTANT-AREA, SUPEPSO4ICýSUPIPSONIC lijCOUTtNo, 6SCo
-TOP PRIMARY NOZZLE EXIT%) OUTIN6 4510

415 FORMAT14009 OUTING 0110
:T31e*A% *"E13*4'S-690ML.T4,s of,113o4,/. OUTING 4130
-T31*60WA 06113.4.' L6MtLbMOLC',T6?s*MS 604913669to OUTING 4940
-T31**PS m*%F13s4s0 TORR,46*009SO 4*6913.f.t P514'S.s OUTING 4Me
-T310*05 0*6E13%6*0 *MtCM3*%T4TvoR90 644113.60% OM/C1M3004sOUTENG &Soll

.*"ET u~ 13a4s0 K6*T6T9%TSO 04%F13*696 9009. OUTING 4110
Al -310'wIWI *'11,,T1'XX * 13.4) OUTING 611800
40 FORMAT4'0.*TIP66POINT A CONSTANT-AREfA, SUPSO4NIC-SUPERSONIC EJECTOOUTcNG 4,90
-P EXIT AND SUISONIC49/T*3190DIPPUSIN ENTRANCE.) OUTING 4400

4*6 FORMAT10000'TPROPOINT 6 CONSTANT-AREA, SUPfRSONICýSUPERSONiIC IJECOUTING 4410
-TOP EXIT AND SU§SONIC',.,T3I,.DIPPUSER ENTRANCE*) OUTING 4410I

01l FOR4ATtof0'. OUTING 4430
-T31osAA u*tt13,6s0 S-INE#LSMOLtOoT4T.4 .,13.,/ OUTING 4440
:T31,'MW6 80%13,6*0 L§M/L@MOLE*sTGT9*M4 0*.,I13.60ps OUTING 4450
-T31ooP& *'.113*6*0 TO00P',ToOP60 afo113s6,* TOPR"Ost OUTING 4440
-T31*606 0*1.13.6%'*M#MOTT.4 099913.64. *Mt"C3oqtOUTINS 6400
-T31ooT6 N*4.13,6*0 w'T?'4 0,1'13.4,'N'S OUTINGe 44404
-TS1,'W4W1 *',E13.4,T4?,'X4XI woE13,4) MUENG 4490
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AppFNDIx A CHEMICAL LASER ANALYSIS PROGRAM 4CLAP) AtAI

SUSROUTINE 041TVNG OVERLAY MAINPAE-1

4p? FOMATg*0.Tl.POII? SUGSONIC DIFFUSER fxIT0,,~q OU~TING 6100

-T31.OAT *'.EI3.E*o %-1N3/LRMOLI*9T6?*9FTA6? 89691I394,/ OUTING 6SBO

-T33,067 .0F..,T70W 0,13,4.0 LIMLROW.E',/0 OUTENG 4130
.T3190"? u093,IlvAT6?900T 1094ls6649 TOR0.,/. OUT[N$ 4130

-T3190PTO 640,13.6.' TOQRRTG?.*"T 604I13.69,0 ON/CM3**/* DOTING 6140
.T31.0R119 849F13660: 6GM.*CM309TGTOOT? 806113*609 Noot, OUTIN6 6,90

*N1N10m no1)3.E) OUTING 67lo
401 FORMAT101410,T93,SYSTE" CALCULATION SECTION**,f//TG@OpINITIAL DAIA10OuTENG 46?0

-)OUTING 000e

set FORINATte@0,T3,04NNANI( *09I139TO?,ORTIOF 60413,49* 5*S/0 OUTRNG 6600
-T31t*WPfo3 8*0,E13060 KRA&) OUTING 6010

S03 FORMATI.060T3194FREACT m.,A13*TGT.0NSANK 010913sto OUTING 6*fl0
-T31 *OWEDECT .00. 1 30,T?00"TtHE 6961130609 S*Ot/ OUT9064 4630

.T3100oWpP **,E13*690 GM/SO) OUTING 6§40

S04 fO*NATt.0..9TS%41RfACTANT STORAGE ETO./1T3SAI) OUTtINGas@5

-letIOT311RA11I) OUTING 6306

505 FORMAT (00 TS99.*RESUL.TANT DATA 1**//.TSS..YSTEM SCALE-UP FACTOR09 OUTMN 460?
-.JfT.3I..ELP 901,E13*690 0MOLE/S*) OUJTING A0S0

406 FOPMAT(*OQ9TSIs0LASfft DEVICE SYSTC1M VOLUM#,WASS*9t/,, DUTMPG 660
.T3)e*"INJ 600113.4.0 LSM9./,T31*00CS 1141913.A90 L00MO,/ OUTING 9600

-T1194b3ast a00913.6e: L9M0.T6?o*VCOMI 01099136690 FT3*9/9 OUTING 6910

: T'.%I*MCAV 0199F3.6*0 LBMoT&ToVCAV .0.1*13.4.. FT3**/* DOTING WeP

~T31e*MAW **.E13.6** LPMfofTVo*VAW w0*F13*6** PT3091s OUTING 4930
-T33.0WCI 0*1013.690 LRM.,TG1,0VCS .0.113.4.. FT31bot. OUTfNG 4940

-T3lo0MOPT .0,1).A.0 L6M~oT61,OVOPT 800113,69o FT309/o OUTING 60%0

-T31.o0kNF.~N 40*413.4.* L§0MO./.T1430 ------------0, OUTING 4910
-Tie,' ------------.,/,T31*40MLDHOW U4*.13*4.* LBO**, OUTIG 4960

.161.OVLONDW 4*.113.4.* FT30ofoT31,OMLRT 0*1.13.s.*1 LGO*e DOTING Gle0

-Tb1.0Vk!T 410413*.4.0 FT3*o##oT4P9*------------0e OUTIN 1060

-A0-- ------- T31941MLDS 80*913*6*0 LBO** OUTING V0l0

-TG1.'V~DS wo*sF13*.4`* FT30 DOTING Tape

W.O1 FOR..ATt*I*9T48v*0PRSSUJRE RECOVERY SYSTEM VOLUKI/MASSO.//, DOTING 7030

-TS).OMSUPD 4109113*6.* LSMO4,T479VSUPO NOE.1304194 FT340/0 OUTING 7040

-T31*6MSYPD .O.E13o#.* LSMOqT4,Tv*VSU9O 80113.4,e MOO,/ DOUING ?*SO
-Tf4------ 0IT7O.'----------- *$to OUTING 0646

.T3IOWpRs 6*9113*690 L6N09TG7,*VPRS .10.13.4.. FT30) OUTING 1010

sSO FORMAT(91*0T469tPRESSURF RECOVERY SYSTEM VOLUME/MASS40*0/, OUTING Too0

-T31.o9WUPD uo`9F13*69% LSMO*TG?**VSUPO 0141913o.4.e FT30*19 OUING 1090

-T3).`oM9UN0 009113*690 L8N**TG1.0VS0B0 84*1.E304,0 FT399#0 DOUING 1100

:T31,oMfJ1CT w*0.F13%4* LSM.1T41.0*VIJCCT 014o.113e4. MOO*.9 OUTING 11)0

-T4po* ----------- 0.TISO------------.o/. OUTING 1130

-731#00MPPHOW 10*E13obot LSM0f9T6?,VPRWDW soot.13o4,. FT~os,/ OUTING 1140
-T3),.N0MW WOOE13.4.* I.PMtoT$99,VERT 809913o4.. FT3*olo OUTING 1150

-74?oo ----------- **T1,o*----------- 09/o OUTING 1140
-731000WRS 009E13oG,90 LSM0,T61,.VPRS .o.113.*4. FT341 OUTING 71170

So* FORMAT f.1.,T46.PPISSURF 0ECOVERY SYSTEM VOLUME/MAS~o//* OUTING 11e0
.T31,OMEJECT 80.E)3*690 LBM**T67**VEJECT me.E113*6*0 FT3**/* OUTING 1190
-T31o#M("FG .0,1013.64.0 LSOP1/.T31 *"[LINZ 8**E13.690 LbSM*,/s OUTING 1200

-- ------ 'sT3190"pRMOw ..,113*64. LbSM0,/, OUTMN Me1
-T3I9*0W~ **.E13*696 0swo.TsOVENT 0*C.13*690 FT3**/* DOUING 1ap0

-T10------ OTO30 ----------- 004P9 OUTING ?230

-T31*0MPPS 869M*694,0 L9M09T6GI,0VPRS .0,113.64. FY34) OUTING 1340

46



SUBROUiTINE OUIEW. OV90LAY "AIN PAK A-1S

* ~ P~ay.g.T93.1ST V YLUNIIWAS% SUNNAPY944fts OUTING Test

:T31*04LOS 0*9.13*690 LlM**T?*41..LOZ 80,113.*69 FT3Od, OUTING6 1?"I
.T 3,.*MN$ 0*.,13e&** LDM**T&1.OVPPU itot,13.oo 713@,' OUTING6 ?#10

.1314- ..e~j *..... 6. 0/ eoNOA LSW#. 43,.,......., L9090W 13TNG .0

-t6?.*VTOTAL 8*9.13*090 PT3*9,#,TGT,*VSYITM 60*.13*69* M13..II OUTEM 1300
-T3I.OWSASF 6**113.4. IO*1St&?*OLLOS 8*.,136600 twooto OUTING6 1310
-T31,oLPOS 0**E13*6*4 IN**ttT3I**LUROtV 00*93o).** IN** OUTING T113
.TT**V,'xotV 801E3306s . h* #f*.,,31,.44110V m*,11366,* 140s OUTING6 1330

:T31,'WLOS *'.E13*S,' Ll**9',T?s*VLPS *. T913*690 P1309/, OUTING 1360
-131 **MISC 8*9.13.6og LlMo*4*-a... .* OUTING M31
-TTls,'-----------0 ,#1933,ONTOTAL 809113.4*0 LOW', OUTING6 13416
.t4?.'VTOTAL a'.11..'t3O,.11.VSST *.,g13.S,' P?309.h OUTING. 1390
-T310*WSASt 8*'113*690 IN',Th1,'LLDS most3e3.3. OUTING T41W 400

END OUTING 7430
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Appedix B. CHEMICAL LASER ANALYSIS PROGRAM (CLAP)-OVERLAY CCS
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aPPE.Ci' ~CHE4E1CAL LAST" ANALYSIt PROGRAM (CLAP)
FPROGRAM. CCS OVrALA' CCI PA*1 0. 1

OVCNLAYICCS91901 cc% atfl*
PROGRAM CC& cc$ Mel

C MC $Ml

co COUSUSTION CHEMISTRY OVNA fCCS) OCCI 0160
C. OCCI *IT$

C cc& 0le6

ce OVERLAY CCS PERFORtMS TNE COMRUUTION C4114ISYPY CALCULATION1 FRe *cci #pro
C* PROGRAM CLAP, *cc$ 61320

CO INPUT VARIABLESI *Cc$ 4P%4
Ce sees $PAIG
Co AFXP a NOZL BANK ARTA Of THE EXPERIMENTAL DEVICE (U91 *CC$ We,
CO ALPWA a FLUnftlkE DISSO~CIATION FRACTION4 41M *Poe
CO CCSSI a CONTROL VARIANLE 'Ccl 0190
CO OFOftF a CONTROL. V4RIAPLE SUCm T"Alt *cc% 6146
C* 0 "Wf" FO A OF CHEMICAL LASER *cc% 0315
C* * aFm FOR A .4F CHEMICAL LASER *cc% 511
Ce 141 a Uwooff Of CARPON ATOMS INi PoflAOV &FACTANiT eccI 6110
CO %P a tqu~fiE OF NwYOSOWfN 4TOMS Iw PRIMAR, REACTANT I OCCS 01140
Cs W3 a b..Pin6! OF NITRWf AtONS lid PRIfl&RV VEACTA'.? 4 *CC% 0144
C'b k4 a %UNGiER Of FLUOOIWE ATOS IN' P91MAOY VACYAW? 6 *CC% 0144
Cb bps a %ASS FLOV MATT OF 0100 PU( %I I10$/Si *CC0 Wue
CIO W" I a mxASS FLOWM ATE Of C-fti "-UP (96/111 *CC1 0400
C- WPOP MASS PLO% MATE Of K1 (aO/Sl *cc$ '4)1*
Co VP3 a MASS FLO* RATE OF UP (1Xf/S1 *cc$I 6
C* W064 a MASS FLO% MATE Of %-%3 F-44a (461) *cc11 sos
c' Kul1 a MASS VLO% MATT Of D? [%f/5)'CI 04co 015
C- NSA? 4 MASS FLOV VATE Of f WE tK/SI W4x 04$.
C-% WS3 a %ASS frLg OfMATT OF Id? (ES,) *tcC 0664

CO 'CCIs 0410
" b& wf" FuORIV FW 7tKs M19LffS,-w?) I e9400#"

C'0 Me&h Te* A 4 L0 CW8 gk%&*h "Re4?V *&'?I rX6 ::
C- OPMEIT~ft * tft~ L&WS WftL* rDILUVWT 06710 IT06 OWvII'lg.) accs ".400
C'* SIlL Oft&* CAVI)¶W IMLTLWf' RaTIT' 0CIM *410

C- a a 417T SLE&AWv Pro rau 'zw P&TVA&V FLO(of Tog FeE a(lSC*L, *((5 4p41
V% 40EWT1O& TW rLLM916 f 1'r§9 L&VEM C-&y? 1 " tJPWN(J) 0-ru .W
co 4 a Oftai* coDt'ST11 usiRef *&'Ti '.c's 9%40

C' L. a ~ V A W!04" vAv17"R ongvu? RA~t oer?
C' ft a WtAM FWAW"" SW COSA 'VcC 9104

M' dVM a wSS WMSC'V'Ivb OF IW 4"'.1i "it
t'% UR44 a OW35 abC¶~ Ofw 4w 00rI

Z- aw-at *Ar, '"s7~ arr e IF4VI 9*
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APPENOIX P CHEMICAL LASFR ANALYSIS PROOMAM ICLAPI
PROGRAM CCM OVERLAY CCS PAGES 1- 1

Ce WFPP3 0 MASS FRACTION O7 F f*CS 0410
CS WFPR| 0 MASS FRACTION OF C-N|I -NP (C-NI O-N?1 OCCS 0660
Ce WfPP2 * MASS FRACTION OF WE OCCS SGTO
Ce WFPR3 0 MASS FRACTION Of NP oCC$ 0680
Co WFPRA e MASS FRACTION Of N-Nj F-N4 *CCC 06410
Co WFSRI a MASS FRACTION Of 0o (HPI *CCS OTO0
Co WFSRI a MASS FRACTION Of HE *Cc$ 0710
C# WFSRN a MASS FRACTION OF NP #CCS o07o
C# WP10P6 1 MIRROR PURGE-TO.PRIMARY COMIUSTOR PRODUCT MASS FLOW RATIO *CC$ 0730
Co XFCP1 0 M4OLE FRACTION OF CeF *CCS 0740
Co XFCP1 v MOLE FRACTION Of HF COCCI 0750
C# XFCi3" • MOLE FRACTION Of OF *CC$ 0?60
Co RFCP4 9 MOLE FRACTION OF WE eCCt O?7o
C9 XFCPS a MOLE FRACTION Of NP OCCI OtO
Co XFCP6 o MOLE FRACTION OF 0 IN) CC*c 0190
Ce XFPP| a MOLE FRACTION OF CF7 OCCC 0460
C1 XNPPR o MOLE FRACTION OF F? OCes Oslo
Ce XFPP3 a MOLE FRACTION OF F *CC$ 6611
C€ XEPP4 * MOLE FRACTION OF HF (OF) ieCs 0410

C# XFPPS v MOLE FRACTION OF ME *cc$ 0640
Co XFPP6 a MOLE FRACTION OF NP *cc$ 6410
co XFSP| w MOLE FRACTION Of OF IMP) 0CCS 040
C9 XFSr a MOLE FRACTION OF ME 0cc$ 070
Ce XFSR3 a MOLE FRACTION OF N? *CCS 0360
Co OCCS O0o
Co NOTEI ALL CALCULATIONS ARE PERFORMED IN SI UNITS. *CCS 0900
C€ *CCS 0910

C cc$ 0930

Cc CCCS O9o
Ce NOTATION SCHEME #ccs 090
co occs 00T
Co VARIABLES ARP OEFINFO AS FOLLOWS t €CCs 0900Ce fCCS 9O90

Co PREFIXI *CCS 1000
Co CCCS 0lei
Co W w PASS FLOW RATF *CCC 10oe
C9 wF * MASS FRACTION *CCC 1030
Co X a KOLAR FLOW RATE oCCS 1040
Co XF a MOLE FRACTION oCCS 1010
Co *CCS 1060Ce0 SUFFIZI oCCI 1S07

C# *CCC 1000
Ce CI r CAVITY PRODUCT OCCS l090
Co PG a MIRROR PURS1 oCC$ 1100
Co PP a PRIMARY COMBUSTOR PRODUCT OCCS 1110
Co PR a PRIMARY COMBUSTOR RkACTANT &CCS 11i0
CO SR a %FCONDARY REACTANT *Cc$ 1130
Co oCCt 1140
Co EXAMPLFI XFPP| 8 MOLF FRACTION OF PRIMARY COMBUSTOR PRODUCT I *CCS 11%0
Co CCCS 1100
Co LASER PRIMARY COMBUSTOR REACTANTSI oCCs 1170
Co *erg IIP0

Co PRI * C-NI H-Nt IC-NI O-.N) *CCC li9
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APPENDIX A CNIMICAL LASIN ANALYSIh PROGRAM (CLAP$ AE0
PIROGRAM cc% OVCRLAY M AGCI

CCPO pasF m fCC$ 1110

C. fCes 1130

FCO LASER SECONpARv REACYANT~t *cc$ 1140

cc Ri *CCCI 11IP0

Co 643 mI *eel CCI 3

CO LAIN PRMR.71 UVRPRDCS *cc% 1330
Cell) CFcCC 1340

cc: M *wEaCF *CCI 1340
Co pop aNf? *cc$ 1330

CS PP F 4F CC$I 1330

Co *CC$ 1400

Co CIIF CAIT CPROA OCCCI 1410
C*CI uHFCCCI 1400

cc: CPI a0 CF CCC 1430

CO CPF aH 4FCCIe 1440

CSCCII aNOF *CC$ 1490

CtCI4 .0 m ) ocCC 1440

C* CS aN*CC$I 1470

C* CCI 100

C CCI 14400

CO94HONICCS 1/CCSII cc CC S130
CC cc 9I40
eCC 11110

C MC 1960

COMPONICC84/fOAA cc$ 1990

C MC 1600
COMMON/CCIS/N1 .NF*N39N4 MC 1610

-WFCP3*WPCP49,WFCP9, WFCPG cc$ 1640
C ee CCI 143

C MC 1040

COWMON1CCIR/RNL eCC 1430
C MC loot

C cc& 1490

C cc& 1730
COWO~iCC~I. WPOPICCI 1740



APPViNDIE 6 CHEMICAL LASER ANALYSIS PROGRAM 4CLAP)
PROGRAM CCS OVERLAY CCS PAGE 8- 4

C MC 1750
COMMON/CCS12/XFCPj(?).KFCPP~(2)XFCP3(2IXFCP4(?).XFCPS(Z),XFCP6(t)CCI 1760

C MC 1770

COMMON/CCSI6,XFSPl .XFSR2.xfpSR3 P6cc, 1s

C CCI 3906
C OMNCS1/FP CCI I910

C. cc$ 1930

DAT REDIPTDT cc$ 1940
C. F/.So2~s 'CCI 1950

C CCS 1900

C* CCI 1390

CAý.L INgCS CCI 1990
IFlCCISSi.EQ*NO) GO TO 103 CCS, 1000

C CCI p010
C CCI P0p0

C*~*O**OO9O**t *OO*****O*O**O~*****OOe******.t**O~O*O*O*CCS 2030
C' OCC, C%040
C' COMPUTE PRIMARY COMBUSTOR REACTANT MOLAR FLOW RATES (KNOLE/SI *CCI r0s0
C* *cCC 1060

C*Oe~*Oo**e**e~e*e**e~e~ee**ee~e~*O~~e~.*eee~oe~e~o*eeeCS R070
C CCI r060
C CCI 2090

IF IFORHF*EQo~f) XPR~uWPR1l'INlie2.o111.N2*e1.o07yT) eCC 2100
IFDOFORHF,EQ.Hv) XPR~uWPRI/O(Ni02oltoll.Np.?.01410) CCI E110
XPR2wWPR2/4 .00260 CCS 21p0
XPQ3wWP*3/iS *0134 ecC 2130
XPR4UWPR4/ (N3'14.006?.N4'16.9984) CCs 2140

c CCS P150
C CCI 2160

C* 'CCI Vis0
C* COMPUTE MOLE FRACTIONS OF THE PRIMARY COMBUSTOR REACTANTS *CCI 2190

C* CCI 2200
C*C*@*OOOO*****O**O*040***OO*O*****O..ee*.e~e*@*OO*O*OOCCS 2210

C CCI 2220
C CCS R230

XPPTOTaXPRI .KPRZXPR3*XPRA CCI 2240
XFPR1UXPR1/XPRTOT CCI Me5
KFPR2wxPRrVxPRTOT eCC 2260
XFPR3=XPR3/XPRTOT CCI 2270
XFPR4wXPA4/XPRT0T CCI 2200

C CCS, 2290
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APPENDIX P CHEMICAL LASEN ANALYSIS PROORAN 4CLAP,
PROGRAM CCS OVERLAY MC PAGE oft 1

C CC% P306

C. *CC% Mel
Co COMPUTE MASS FRACTIONS Of THE PRIMARY COMAUITOR *arCTANTS *CC$ F3130

C0 CCS 2340

* CCC$ 2360
C CC$ P31u

WPftTOT~wp*WPR I# 2FPWPR3sWPRA MC pse0
WFPRIwWPmRIWPfTOT CC$ 3390
WiFPRfwWPF1/WPRTOT C0I ?400
WFPR3oVPR3iWPRTOT CC$ P410
WFP*4uWP*4.WPRTOT eCC 2420

C MC 1436
C MC 2440

co COMPUTE PRIMARY COMPUSTOR PRODUCT MOLAR FLOW RATES ImMOLL'S) *CC 2470

C CC% 2900
C CCI 2910

XPPIuxpRl*N1 CCI Me2
Mpp4uNppl 'Np CC$ 2538
EPPS*XPRP CC$ 0%40
XPPfiuXPP3*.S0 'XPR40N3 CC$ 1190
xPp3TMwxPR~fN..APP%-4 *0*0PP1 CC$ PS60
XPP3*ALPMA*XPP3TM MC 3110
XPPPm0 .9' (1 0-ALPHA) 'XPP3TN CC$ 2160

C MC I190

C' *CC$ 1620
C' COMPUTE PRIMARY COMBUSTOR PRODUCT MASS FLOW RATES IKOIS *CC% 2630
C# *CC& 2640

C CCI P660
C CC$ 1600

WPPfmXPP2'3T *9946 CC0 24900
WPP3.WPP3' 16.9984 eCC 270
IF(DFORMPF.EO.DF) WPP4*XPP4*(i.00?7#716.O994) MC 2710
IFIDPOmrM.9a.HFr) WPUPe10.IA9R CC$ Me2
WPP~wNPP1'4 .00260 CCS V736
WPPfm)XPPA'26*8*0l34 C0I 2740

C MC 3710
C CC0 M76

Co *CC$ 2400
C* COMPUTE MOLE FRACIIONS OF THE PRIMARY COMBSUTOR PRODUCTS *CC$ Me9
C0 *CC$ 2600

C ecC fl10ps
C MC 20S39

XPPTOT"MPP1 ,EPP3.Kpp3.KPP4,XPPS.MPPO CCI 2040
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APPENDIX * CHEMICAL LASER ANALYSIS PROfiRAP ICLAPI
PROGRAM CCI OVERLAY CCS PAGE 8- 3

XFPPL.XPP1 IXPPTOT CCI E6s0
XFPPP*XPPt,4XPPTOT CCI 2660
XFPP3nXPP3/XPPTOT CCI 2870
XFPP40XPP4,,fPPTOT ccs ease
XFPP~aXPPS/XPPTOT cc$ 2690
XFPP68XPPG/XPPTOT CC 2900

C eCC 2910
C CCI 2920

Ce *CCC$ 2940
Co COMPUTE MASS FRACTIONS OF THE PRIMARY COMBUSTOR PRODUCTS *cc$ 29s0
Co. *CC$ 2960

C CCI 2900
C CeS 2990

WPPTOTUWPP).WPP2.WPP3.WPP4,WPPS54WPPG CCI 3000
WFPPI*WPPi /WPPTOT CCI 3010
WFPP2uWPPIIVPPTOT CCI 3020
VFPP38WPP3/WPPTOT CCl 3030
WFPP4&WPP4/WPPTOT cc$ 3040
WFPPSeWPPS/WPPTOT CCI 30S0
WFPP6oWPPG/WPPTOT CCS 3060
WPSWPPaWPSIWPPTOT CCI 30T0

C CC 3060
C CCI 3090

C* *cc$ 3110
C* COMPUTE SECONDARY REACTANT MOLAR FLOW RATES FKMOLESI3 #cc$ 3120
C* *CCS 3.130

C cc$ 3150
c C CC 3100

IF(OFORNrf.QDF) XSRjuWSRi/4.0?202 CCI 3170
IF(OFORH7,(Q.Mfl XSR1UWSRI/2001594 CCI 3190
XSR1.W5R214.00260 CCS 3190
XSR30WSR3/2 * 0134 CCI 3200

C CCS 32,10
C CCV# 3220

C* *'CC 3240
C* COMPUTE POLE FRACTIONS OF THE SECONDARY REACTANT .S OCCI Me5

C**cc$ 3260

C CCS 3260
C cc$ 3290

XSRTOT.XSRi .XSRZ#X5R3 CC 3300
XFSRtUXSR 1/XSRTOT CCS 3310
XFSR2=XgR~iXSRTOT CCS 3320
XFS039XSR3/XSRTOT CCS 3330

C M 3340

C CCS 354
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APPENDIX R CHEMICAL LASER ANALYSIS PROARAM ICLAP)UPROGRAM eCS OVERLAY CC$ PAGE A- 7

c Mc 3410
WSC ~ WP.S2WR CCI 3430
WSPIl.wsRIlfwsprToT MC 3430

CC$ 3440

WFSm3uWSR3AWSRTOT CCI 3460
C CC$ 3470
C CC% 34.0

C* *CCS 31100
.pCOMPUTE CAVITY PROnllCT MOLAR FLOW RATES tKM0LFESj oCCI 3510

Co *CCI 35?0

C CCS 3s40
C ccs 3150

ECRIvXPRI CCS 3560
liFDPOP"P.Eo.HF) 60 TO 101 CCI 3570
XCPpwMPP4 eCC 3550
XCP382. O'XRP24XPP3 CCS 3590
XCP6U?, neRS I -NCR3 CCS 3600
60 TO 102 CCI 3610

101 XCP~u2.OOXPP?.XPP3 CCI 3620
XCP3*XPP4 eCC 3630
XCP6U2. 0'NSRI-XCP? CCI 3640

10? xcp4axppsxspr CCI 3650
XCPS*XPP6*XSR3 eCC 3660

Co oCCI 3660
C' COMPUTE CAVITY PRODUCT MASS FLOW RATES EKS/SI *CCS 3690
co oCCS 3700

C CCI 3720
C CC$ 3730

WCPiWXCPI*80.004? CCS 3740
WCPPNXCPP*?0 .0064 CCI 37S0
WCP3aXCP3'u1 .0125 CCI 3760
WCP4uXCP404. 00260 CC$ 3770I
WCPSeXCPS'25 .0134 CC 3750
tf(OPORNW.EC9OP) WCP60XCP6*2.Oi4la CCI 3790
iffDorHp.FEQ.HF1 WCp6SNCp6*1.0o797 CCS, 3800

C CMI 3510
C eCC 3620

Co *CCS, 3540
Co COMPUTE MOLE FRACTIONS Of THE CAVITY PRODUCTS *'CC 3650
C' (1) WITHOUT MIRROR PURSE oCCI 3560
co (2) WITH MIRPROR PURGE 'CCI 3670
C' 'CCI 3880

~ 3690
C CCI 3900
C CCI 3910

XCPTOTUXCPI.XCP2CXCP3.XCP4.ECPI.SXCP6 CCI 3920
KECRi ijI .cp1/xcpTOT CCI 3930
XPCPR1I)NKCPI/XCPTOT CCI 3940

55

A .



APPENDIX p CHEMICAL LASER ANALYSIS PROGRAM ICLAP)
PROGRAM CCS OVERLAY CC$ PAGE S. a

kFCP3 Ci) uXCP3/XCPTOT CC$ 3950
XFCP4 (3 uNCP4j'XCPTOT CC$ 3960
XPFCPS (3) UCPS/XCPTOT eCC 39T0
XFCP641ioXCPG/XCPTOT CCI 3990
XCPTOTuxCPTOT*WPS/28. 013' C 39
XFCP1 (Z uNCPI/XCPTOT CC$ 4000
XFCP2PI) uXCPI/XCPTOT CC$ 4010
XFCP3 (2) uNCP31XCPTOT CC$ 4020
XFCP4(t) uXCP41'XCPTOT CCS 4030

CO SPitCOPUEMS S FRACT134IONS OFTE CAIYPOUT CC$ 4100

C' CCI 4206

C CCI 4107

Co CCS 4190
WCPOT.COPUT MS FWRAWC3.CTIONCS OFTHCPI. ROUCS OCCI 4110

co C WIT MIRRO PUG *PTTCC$ 4170
Co PuWP/W O *CC$ 4120

WFCPT3UWCt+WCP2*WTOT CP#CP*CP*P CCI 4190
WFCP4UWCP4/WCPTOT CCI 4?00
WFCPfw WCP2.P)/WCPTOT CCI 4160

WFCP40WCP4/WCPTOT CCI 42200

C CC$ 4230
C CCI 4240

co *CcI 4260
co COMPUTE THE DILUENT AND MIXTURE RATIOS 'CCI 4270
C* *CCI 4280
C* NOTE a TRW ASSUMES EXCESS 0? IS NOT USED IN THF PSIL CALCULATIONS OCCI 4290

Co HENCE, OMEGA IS DIFFERENT. *CCI 4300

C' 'CCI 4310 '
cCCI 4330

C CCI 4340
PSICC(XPPi.#XPP4.XPPS.XPPe)/IXPP2,o.9'XPP3) CCI 4350
PSILu(XSRl.XSR2.XSR3)/(XPP2.o.SOXPP3) CCI 4360
PSILTRWu (XSR?.XSR3) /(XPPP.0.5'XPP3) CCI 4370I
RCw(XPR4*N?)/(XPR1O(4.0*N1.N2)) CCI 4380
RLwXSRI(X*PP2#.0.IXPP3) CCS 4390
RLFm(XSRI.XSR2.XSR3) /(XPP?.0.S'XPP3) CCS 4400
OMESAuPSIC#PSIL CCI 4410 -
OMEBTRWaPSIC#PSILTRW CCS 4420

C CCI 4430
C CCI 4440

C* *CCI 4460
C' COMPUTE THE AVALIABLE FLUORINE FLUX *CCI 4470
Co 'CCI 4480
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APPENDIX S CHEMICAL LASER ANALYSIS PPORPAM (CLA01 ~
PROGRAM CCS OVERLAY CCS A 0-I

CCCI 4%00

7DAASRP03/AEXP cc$ 4spe

C cc$ 4530

O*ccC$ 4160
CeCOMPUTE THE NEAT RELEASE WHFPFI *cc$ 4AM

CC CCC 4060

C* 017 MEAT Of COMBUSTION tJ/K$MOL[3 POP THE REACTION *cc$ 4190
or0? F a.of s0 *CCC 4400

Ce*cc$ 4610
nefprp *MEAT OF CONR1ISTION gJKWOLEI POP THE PFACTtON eCC 46120

Ce Of 2 4 20afo *CCS 4430
C* ocCI 4440

Co MpF MEAT OF COMPUSTION (JIVM0LEI FOP THE REACTION *CCS 4610

C**C 4670

C* " PHFOCCS 4600

C* *CCI 4100

C CCI 4630

C MC 4640

103 CALLU RESULCS CCI 4100

ND *CCI 4610

41111
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APPENDIX A CHEMICAL LASER ANALYSIS PROGRAM (CLAP$
SUBROUTINE INCCS OVERLAY CCS PAGE 3.10

SUBROUTINE INCCS INCCS 0100

C INCCS 0110
C INCCS 0120
C¢eeoeeeoeeeooeoeoooeeoooeo~eooeeeooeeeooeeeeeoeeoeeeeeeeoeoeoooeoee~e~eeINCC$ @130
C9 *INCCS 0140

Co INPUT SUBROUTINE (INCCS) OINCCS 01s0
C* OINCCS 0160

0170C INCCS also

C* OlNCC$ ores

CO SUBROUTINE INCCS CONTROLS THE INPUT OF INITIAL DATA FOR THE *INCCS 0210
C* COMBUSTION CHEMISTRY SECTIONk, *NCCS oleo
Co *INCCS 030
Co INPUT/OUTPUT VARIABLES$ *INCCS 0240
C* OINCCS O2SO
Co AEXP a NOZZLE BANK AREA OF THE EXPERIMENTAL OEVICE tNil *INCCS 0260
Co ALPHA a FLUORINE DISSOCIATION FRACTION *INCCS 0270
Co CCSSI a CONTROL VARIARLE OINCCS 02l0
Co CCSSI w CONTROL VARIABLE *INCCS 0290
Co OFORMF a CONTROL VARIABLE SUCH THATI OINCCS 0300
Co u "OF" FOR A OF CHEMICAL LASER *INCCS 0310
Ce a "HF" FOR A HF CHEMICAL LASER, *INCCS 0320
CO NI a NUMBER OF CARRON ATOMS IN REACTANT WPRI OINCCS 0330
CO NP a NUMBER OF HYDROGEN ATOMS IN RELCTANT WPRI *INCCS 0340
C* N3 a NUMBER OF NITROGEN ATOMS IN REACTANT WPR4 *INCCS 0350
CO N4 a NUMBER OF FLUORINE ATOMS IN REACTANT WPR4 *INCCS 0360
C* SETCCS a CONTROL VARIABLE *INCCS 0370
CC WPO a MASS FLOW RATE OF MIRROR PURSE N2 (KR/SI OINCCS 0330
CO WPRI a MASS FLOW RATE OF C-Ni H-NP (C-NI 0-NP1 (KS/|S *INCCS 0390
C* WPR? a MASS FLOW RATE OF HE (KO/SI *INCCS 0400
C* WPR3 u MASS FLOW RATE OF N2 EKG/Sl OINCCS 0410
C* WPR4 a MASS FLOW RATE OF N-N3 F-N4 (KS/S) *INCCS 0420
Co WSRI a MASS FLOW RATE OF D2 (HP) (KS/S) OINCCS 0430
Co WSR2 a MASS FLOW RATE OF HE tKG/SI *INCCS 0440
Co WSR3 a MASS FLOW RATE OF N? EKG/S) *INCCS 0450
C* *INCCS 0460
C* NOTEt ALL INPUT IS IN SI UNITS, *INCCS 04TO
co OINCCS 0460
Coeeeee~eeeeoeeoeeeeeeooCooeeeoeeeeo*eeeoeoooeeeeeoeeeoeeseeoCooeOCo**COO|CNCCS 0490

C INCCS 0500
C INCCS 0510

REAL NO INCCS Oso
C INCCS 0530

COMMON/CCSi/CCSSl INCCS 0540
c INCCS 0550

COMMON/CCS?/AEXPoALPHAWPJoWPRijWPRPWPR3.WPR4,WSRi.WSRPWSR3 INCCS 0S60
C INCCS OSTO

COMMON/CCS3/DFORNF INCCS 0560
C INCCS 0590

COMNONICCSS/NI ,N29,,? .'. INCCS 0600
C INCCS 0610

COMMON/MAIN3/SETCCS INCCS 0620
C INCCS 0630

DATA NO/2HNO/tYES/3HYES/ INCCS 0640

58

i

• ',



APPENDIX N CHEMICAL LASER ANALYSIS PROGRAM ICLAP)
SUNROUTINE INCCS OVERLAY CCS PAGE 3-11

C INCCS 0690
NAMELIST/NLCCS/AEXP.ALPHA.Nl.N2,N3,N4,WP6.WPRI.WPRP.WPR3.WPR4, INCCS 01.40

-WPIOi ,SRPOWSR3 INCCS 0470
C INCCs 01.30

INCCI 0690
*OO**..O*OOOO .. *~~I CCS 0700

Co *INCCS 0710
C* SET DEFAULT VALUES *INCC S M02
C* OINCCS 0730

C*.e **O *** *OO *O*O *OO *** O~I CCS 0740
C.INCCS 0750

C INICCS 0740
WRIE 6.21)INCCS 0770

REPO(S920R)CCSSI INCCS 0790
IFfSETCCSEQ*NO) SO To l01 INCCS 0790
AEXPw3,0193SE-03 I*Cc5 0sn0
ALP14ADD.802700 INCCS Oslo
DFORM~u2I4uF INCCS 0320
NINE INCCS, 0330

N284 INcci @340
N301 INCCS 0350

N~m3INCCS 0340
WP~O~oINCCS 0370

WPRje3.6216OE-03 INCOS 00s0
WPRfm1T,f414iE-O3 INCCS 0390

wpRsweO, INCCS 0900
WPR4uS7. 1 93E-03 INCCs 0910I
WSRjw4'.jTSOE-O3 INCCS 0920
WSR~w3 ,3,851SE-03 INCCS 0930
wsR3uo.o MNCC$ 0940
SETCCSmt4O INCCS Oise
IFiCCSSI.EO.YES) SO TO 10? INCCs 0960
CCSSIWYES INCCS 0970
REtURN INCCS 09300

C INCCS 09900
C INCCS 1 000

C..e~e......e..ee~~ee..eeeee~ee**ee~e*.~e~o~e~e*~~ICCs 1010
c* *INCCS 1020
Ct CONTROL STATEMENTS *INCCS 1030
C* .INCCS 1040

C INCCS 1040
C INCCS 1070
101 JF(CCSSI.EQ.NO) RETURN INCCS 1030
102 WRITE(69?03) INCCS 1090

READ (Sqt02) CCSS2 INCCS 1100
IF(CC~S?.EQ.NO) 60 TO 1-03 INCCS 1110
REWIND.I INCCS 1120
READI1,AFXPALPHADFORNFNIN2,N3.N4.WPGWPPI.WPR2,WPR3,WPR4.WSRIINCCS 1130
_WSRp9WSR3 INCCS 1140
RETURN INCCS IlSO

i03 WRITE(4,204) INCCS 1140
READ (5205) OFORNV INCCS 1170
WRITE 14.206) INCCS 1150
WRITE16.207)AEXP.ALPMA~ttilN2.N3.N4,WPS.WPR1.WPR2kWPR3,WPR14.WSRl9 INCCS 1190
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APPENDIX a CHEMICAL LASER ANALYSIS PROSRAa 1CLAP)
SUNROUTIve INCCS OVERLAY CC$ PAGE .1

RIADIS.LCCS INCCs 1I1

REW N~tINCCS 1130
-WSRIWSRI.WSR IC IF140

C twecs 1250
C ImCCS 1160

C9 FORNAT STATEMENTS *INCCs M4S
C* 0IWCts 1900

C tWCC2 1330
PO1 PORHAt1*10T?,*ARE NEW COMSUSTION4 CHEMI4STRY INPUTS REQUIRI[OOe,0 INICCS 1340
P0P OPON1AT IA31 110CC, 1356
203 PORNAT4*0*020.SHOULD INPUT DATA RE WIAD FROM TAPtj?*./1 INCCS 1360
?04 PORMAT*I.*0T2.*SfLECT THE LASER CHEMISTRY FROM THE FOLLOWING LISTtIMCC8 1310

-*,/.T.*UF"FOR A OF CHE0M1CAL LASfR*0*4T2,ewWP. FOR A WF CHCMICAIMCCS 1300
-L LASER*9.fl INCCS 1390

tog FORMAT (Ap tNCC8 1400
06POO OOAT4*1O.T29INPUT DATA FOR THE COMBUSTION CHEMISTRY SIECTION BY INCCS 1410
POT LS~ *se*T&9*NCCS.,fTVALUESAZPft**.I.,S.OLH INCCS 1436

-113s19T2v*N4 qIvfq*6 qr svSq*P 60 NC 15
-E13.66.,TpeowpRR 891*9P9WP 00I*qsqICS16
-OWPA 61.EIS.6,,9T2OWSRI tt1b~~ose 0139 Ies17

.TAOS3 *09C13*69* 209t) Ic 1400
ENo INCCs 1490
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;PPFNO ::::p S CHEMICAL LASER ANALYSIS PROARAM ICLAPI oI:

OUTPUTNTOUCC SROUTRLAY OCCSI PAGEC 0.30

C.SUAROUTIwF OuTcCS PRWSTECWUTO NMSR ETO EUT OUTCCS 02100
e. OFP~AA LPI IUISO EMNL IhAMNMMO 3 OUTCCS o??0
C* CAATRPELI. OUTCCS 0ll0

e *OUTCCS 0140
Co OUTS?'AXPAPUTA.SUBWROUIN IWPR?.WPI.P4SjWS.R *OU1TCCS 0l60

C* *OUTCCS 0320

C OUITCCS 0330

C OUTCCS 0350
C*OSUBOUTNE PUCSEVOEPRINTS ,PSICOMBSTIONCHEISTPWRY SLWCIO RESULTS *OUTCCS Otto
CO FCP3,PORMCLP I .CSI UNITSO OTEMNLWIHAIIUMF13 OUTCCS 0310

co *OITCCS 0340

C OiNCT OUTCCS 0390
C OuTCCS 0400

CO~mwON/ccsRRLx$LNsW~W~*PP*P3W**S~.SPW OUTCCS 0430
C OuTCCS 0290

CO"~C3OOw OUCSoo

C OUTCCS 0410

C OMNCS.FA OUTCCS 0320

C. OUTCCS 0390
C OO mOUTPUTINITIAL OATA *OUTCCS 0400

C *OUTCCS 0OMO

C OUTCCS 05300
C OM~CTO UCS09

C OUTCCS 60400
CALL tCCOATERAE OUTCCS 0550

C RTtO21)~T OUTCCS 0540
IPOFMONw.EQ.DP/FCPWIT! 20.2o2P()AEXPP3A.OFORFC.N1I.NPCINSN4.P6S. OUTCCS 0530
*WR N N.PIWRPR,3N.SI.S2WR OUTCCS 0440
IF(DPOPtNOF./9HFIT(/20HHXLPADPF1.N.t,3N4WS OUTCCS 0590

C WR.INPtWRP4N,.WRS2WR OUTCCS 0400
C OtJTCCS 0410

C OUTCCS 0420 i
Ce**OeOUTPUT*0040000 INITIAL00000000eDATA eeoOOOOOUTCCS 0300
C* *OUTCCS 0sl0

Oslo

C OUTCS O61



aPPFN1~ mCHEMICAL LASER ANALVSIS PROOMAM ICLAP)
SIARPUT1IaE UTyces OVERLAY CCS PAGE 3-14

C. OUTPUT RESULTANT DATA fOUTCCS 0450
co OOUTCCZ 0440

C e~e~eeeeeee~*e~~e~eeeee~eeee*eoe~S OUTCCS 0700

C OuTedS see0
WRITE(P0,204)FDAAOMFSAOMESTRWPS!C.PSILPSILTRW,0.RCRL.RLF OUTCCS 0700
I7(DFOolrMJ.ro.) WRITEgPgOtoSIWPC1CPIXclPli2WPCP?,XPC~P(2I.WVCP3,OUTCCS 6110

.XKCP3II),WFCP49XFCPAE?,,WFCPS.XVCPS(t3.WFCPSKPCP4(P) OUTCCS 0720
IPIDPOpR,4P.EQ.H WRITEIPt*O,2oVFCP,17XCPiq2).WPCPl.IFCP2II2)WPCP3,OUTCCS 0130

*XPCP3(?I .WFCP4.EVCP4(?) ,WFCPSEFCPS 2 .W7CP4,RFCP4IP) GUTCCI @740
C OUTCCS Me5
c OIJTCcz 0740
C0009e0eeo0e0e0ee*..oeeoeeoeeeeeeeeeeoeooeeeoeeeeeeeee0e0geeeeeeeeeeeo000UTCC5 0770

co *OUTCCS 0760
C* FORMAT STATEMENTS oOuTCCS 0790

co *O4JTCCS 0600

c .s1 *,1.. SSOeTeOS? .,1.. SSMO/ OUTCCS 8300

po3 FORMAT(*19.O.,///,TS?,oCONEUSTIN CASEMSR AAYSI PRCTOGRAM/,40 OCAl UTCCZ 0OP0

0siT65.v0AEK *',tfLE3..' /sT65s0.'AsM l4R*9'.EIS9.4, OGLXA0IUTCCS 1060

:0T690.J.RH W*ALKR,13T46091 JANUARY ' A79/TSIOM FOYAS C*A.OUuTCCS 1?
P ~ ~~'.1, ADDIT~olTi*YTOM-SIMULATIO.N3 m',113,e ATOMSvpeus N' OUTCCS 10480

At ALAPAP AS009lTOS?0k DATEe'G 09A10)A. KSSN OUTCCS 1000
POP ,'WPRI a',E13.4,' K*OCOIS/SO CHEMISTR &CT',IIo60 OUTCCS 0106

:*NTIALWR DAT$**It.~ SSM'.3,wR 'U3S OUITCCS 10920
-. *OEX KS/S369 N?'TCSTWP690.E1.4, KS N'.Il,'',I1./9 T2 OUTCCS 8100

-T3P#*eUOPM m*'.E139T6sN KS/S ~ t ATMSC0.4 OUTCCS 0940
704 PORMA ne'TOo'RESUt ANTO OATAI',//, ~ g AOM Ns~ OUTCCS 1130

-T32o04DA 80,11390. ATOP$ /S-M?',T44, OOMESA 69 *e.13S, NolOUTCCS 1140
-T31,OMsTWRW 8*'E13.eT44.'PS C *',E13*4,/, OUTCCS 69T0
-T&3o.'PSI *'.E13.4.T44,'PSILTR*9 ,E13P9.4./, ;136 OUTCCS 1140

:O1S2I 0 *1.13*690X.' JMOLEOT6 44,.RC 0136091 " I OUTCCS 1100
-T32,'RL0 *',13460*9644,RL ?*..1. OUTCCS 10160

p05 FORAT~0'.OuTCCS 1103

T3PfAXP aoEI*60 20660APH Usfses ~ OTC5204

-T3&*OO~rORNF -0A369N 0130ATM 0/ UCS1%



£P~pNJJ~ aCHEMSICAL LASER ANALYSIS PROGRAM ICLAPIsullmouTjE O4JCcs OVERL4Y CC$ PAGE6( 15

-T3P#OVPCPI 1103.l CP4*,?A...npFP **OE13660 Mood,'s OUTCCS uPSamY319*wpcpp MOOF13,e,. 4Fo.TAA..nrPep wosc1e.. M0 9 / woCC I2D-eTAA*expcp *if%.4. OUTCCSIf12e
8*0 j3060 DF*T&&OPCP3 ROOC30c5 Vool
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APPENDIX C CHFMICAL LASER ANALYSIS PROGRAM (CLAP)
PROGRAM LOS OVERLAY LOS PAGE C,, 1

OVfRLAYfLDSe2v0) LOS 0100
PROSRAM LOS LOS 0110

€ LDS 0110
C LOS 0130
C*e~e6.eooe..eeeoeeeeeeeeeeeeeeee..eee~ee~eOeeeeeeeee~oee~e9.*eeeeOle e*eLOS 0140
C* 6LOS 0150
CO LASER DEVICE OVERLAY (LOS) OLDS 0160
C# 'LOS 0110
Cetoee**Oo~eveeoeeeeeeteeeeO*eo~t* eee eeee~eeeeeee*oeeeee.O* ee****oee*oeooOLos 01S0

C LOS 0190

C* 'LOS 010
C' OVERLAY LOS CONTROLS THF LASER DEVICE CALCULATIONS FOR PROGRAM OLOS epee
C' CLAP. *LOS 0P30
C# *LOS 0140
C' GFNERAL NOTATION SCHEME 'LOS 0158
CO 'LOS 0160
C' VARIABLES ARE DEFINED AS FOLLOWSS 'LOS 01T0
C' 'LDS 0180
Co A i AREA PER KMOLE/S OF PRIMARY FLOW (S-M2/KMOLE) 'LDS 0290
C' 0 DIAMETER (MI) LOS 0300
C* 0 a (GAMMA) SPECIFIC HEAT RATIO 'LDS 0310
CO M I MACH NUMBER OLOS 0320
CO MRs MOLECULAR WEIGHT (KG/KMOLEJ 'LOS 0330
C* P PRESSURE tPAl *LOS 0340
C' R I DENSITY (K$/M3) OLDS 0I0
CO REt REYNOLDS NUMBER OLOS 0360
Co Y 3 TEMPERATURE (K) MLOI 03Tc
C' W MASS FLOW RATE (KG/S) OLOS 0380
C* X I MOLAR FLOW RATE (KNOLE/Sl *LOS 0390
co 'LOS 0400
C' REPEATED LETTERS INDICATE RATIOS. OLDS 0410
C# EXAMPLEI W6W?uoW61W *LOS 0420
CO 'LOS 0430
CO VARIABLES ARE DESIGNATED AS TO LOCATION BY THF FOLLOWINA3 'LOS 0440
C1 'LOS 04sO
C' POINT Is PRIMARY NOZZLE FXIT - CONDITIONS BASrD ON THF NOZZLE 'LOS 0460
CO STAGNATION (CnMRUSTOR) TEMPERATURE 'LOS 04T0
Co POINT P1 PRIMARY NOZZLE EXIT - CONDITIONS BASED ON T4i1 NOZZLE OLOS 04R0
CO EXIT TEMPERATURE OLDS 0490
Co POINT 31 SECONDARY NOZZLE TXIT - CONDITIONS PASfn ON THE NOZZLE OLOS OS00
CO STAGNATION (COMBUSTOR) TEMPERATURE OLOS Os0
C' POINT 41 SECONDARY NOZZLE CXIT - CONDITIONS RASEO ON THE NOZZLE OLOS 020
C* EXIT TEMPERATURE OLOS 0530
Co POINT S1 EXIT OF THE CONSTANT-AREA MIXING REGION 'LDS 0O40
C' POINT 61 EXIT OF THE ISENTROPIC EXPANSION REGION OLDS OSO
Cf POINT 79 MIRROR PURSE CONDITIONS OLDS 0600
C' POINT as EASER CAVITY EXIT OLOS OSTO
C' EXAMPL1 MWR u MOLECULAR WEIGHT AT THE CAVITY EXIT 'LOS oSoj
C' 'LOS 0590
C' E INDICATES "EFFECTIVEO' CONDITIONS 'LOS 0400
C1 61 INDICATES OGEOMETRIC" CONDITIONS 'LOS Otto
C' St INDICATES "*" CONDITIONS OLOS 0460
Ct Ot INOICATfS STAGNATION CONDITIONS 'LOS 0430
C* EXAMPLE$ AIAISG a AIA' AT THE PRIMARY NOZZLF FXIT RASWD ON THE OLODS 040
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APPfO1X C CNEMICAL LASFR ANALYSIS PROORAM (CLAP)
PROGRAM LOS OVERLAY LOS PAGE C- p

CO NOMZE GEOMETRY OD 64
C#OLDS 0660

C* VARIABLES NOT FOLLOWING THIS SCHEME ARE nEFINED AS REQUIRlED. OLDS 0670
COOLDS 0680

C LOS 0700
C LOS 0710

IMPLICIT REAL(LtMN) LOS 0720
C LOS 6710

DIMENSION EFIII) LOS 0760
C LOS 0Me

CONMON,'CCS I/CCSS I LOS 0740O
C LOS 0770

COMMONýCCS3 ,OFORHF LOS 0760
c LOS 0710

COMMON/CCS?,Q L~t 0600
C LOS 0010

COMMON/CCS 11/,Ww? LOS 0@.10
C LOS 0030

COPMON/CCS12j'XFCP1 (2).KFCP2(?),XFCP3(2),XFeP4(2),XFCPg(2),NFCPe(RILOS 0640
C LOS ORRO

COP'MONALVSILDSS1 LOS 0660
C LOS 0670

COMMONLOS2/O1 ,OIS,03.03SSEOMPNOEOMSNLOSS?.LPNO7.LSNOZ.NSPNOZ9 LOS 0680
-PKFRAC#P10.TlO9T30,T70 LOS 06900

C LOS 0900
COMMON/LOS3,1,A1A1ASE.A1AISG.A?,A31.A3A3SE.A3A3SS.A4,A9,AG,9I,*2. LOS 0916o

-NPNO2,NgNOZ.PlP2.P3,P3OP4,P5.P90.P&,P6E'flRE1C3,PE6.~lRR10P?, LOS 0930
-R2fitRS.R30.R4,R4O.RS9.Ro.R6,R60,T1 ,T2,TtnT3,TA.74o.TSTo90T6,TE'0.LOS 0940

c LOS 0990
CLOS 0900

C LOS 0960
COMHONILOS99URFRACCANGLEHSA5EHN3.LCAV LOS 0990

C LOS 1000
CONMON/LDS61P20 ,P*O W4WP LOS 1010

c LOS I R
COMMON1/MAtNI1/FAIL LOS 1030

COMMONMA IN2PFLOW LOS 1090
C LOS 1OE'S

DATA ORAN/8,31434f#ON/ LOS 1070
DATA CNOKRE/SHCWOEE/.HF/?HHFINU/?B9NO/,SUP/3)4SUPIYf5.-3bYESI LOS l06t

VLOS 1o90
C LOS 1190

CO *LOS 1120
CO AS OYNAi4IC FUNCTIONS OLDS 1130

CO *L.OS 1140

cLOS 1160
C LOS 1170

TCTM(6.M)ul.O.O*S0(d-R .fl)M*M LOS l1e0
POPM,,Mu!OM(BM)O(0/0~1O),LOS 1190
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APN X CHMCLLASER ANALYSIS PROGRAM (CLAP) 11

R0RS.M.T0~6.)C~.0iG1 o ~LOS Ir00

WNIW)W*SRI(G'0T~S,~ ILOS 1220
CLOS 13)0

C.

Ce INITIALIZE VAR!AALFS FOR 14ULTIPLE RUNS A04D READ INPUT DATA *LOS 127

PLO 
*uULOS 13s0

C 
LOS 1)00

C 
LOS 1310

C' LSIEQN)6 LAOE P105AR NOZECLUAINLOS 13400

C' ~ wV 
'LOS 2130

cLOS 1360

C 
LOS 1440

C: C*LmuemP0ZSNZPFA 
LOS 1430

c LA..1A SER PPI5SAPY NOZZLE ALCL AT:6,ION$1~0914E 1 *LOS 14600

1P(~fl.EGYES GOTO 06LOS$ 1470

IiuM 
LOS 1*36

NW~aW ~LOS 1440

-P23210* 
LOS 1420

TFIAIýgo~es 00TO 06LOS 1330

22*R0f;210 .~ 
LOS 1340

T~uT1LOS 1490

MR23R1~ 
LOS Isl0

R2OuR1 
LOS 157

ppmpoLOS 1560

LOS 1590o

LO 1600

CO'LOS 1620

CO LASEP SECONDARY NOZZLE CALCULATIONS *LOS 1260

C 
LOS 1650

C 
LOS 1660

17(O3*NE.D3S1 CALL LSN4CS1 cO39O3S,,EONSNMNS.LSN9iZNPNOZ*NSPNO)Z 
LOS 1670

-T3O.A3A 3 SEA3A3S6,A3,A4ufALS3,64,M3.WW3.NSNOZ*,P3OP)tE)'Ts 
LOS 1600

-93E1) 
LOS 1690

1FIPA1l.EO.YES1 GO TO to? LOS 1700

IFMAG,50D3S) CALL LSNCSt(03,O3SBEONSNHNSLsNozNPNOZ9NSPNOZ* 
LOS 1710

-ToAASt~3~A94Flv36t3M3NN~Pt~oEo3 
LOS 1720

-X3Xl) 
LOS 1730

KPr(F~iL.f0.YE3) 00 TO 106 LOS 1740
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APPENDIX C CM(MICAL LASER ANALYSIS PROPMAM (CLAP)
PROORAM LOS OVFRLAY LOS "A., C- 4

RI.N013,3.N31LOS 1190
~ 3.ROP30130 ~LOS I fte
w~wmN~I ew3.N~1LOS 11M

NWmNWM LOS 1190

P~oR~LOS 16101
T~mP3 LOS 1620o
T40OmT1 LOS 1630
RT403 LOS 1640
TaouP3a LOS 1830
04W2UW3 LOS 1660
MN4uN"If LOS lose

c LOS 1660
LOS lgo9

C* OLD$ 1910
C* CONSTANT-AREA MTNTCS CALCULATIONS *LOS 19p0

co LOS 1930

A4A2AAAPLOS 1910
Wb~4W2NWAMW2LOS 1960

LOS I000

CALLOS Polo
-~WN~lP92, 5010)LOS ?0ro

IF(FAIL.EO.YES, 60 TO 10 LOS 1030
A9.A2*AA LOS 2040

NV~M~q~p.W2LOS 2090o
P5wPPi#*Pk LOS 2060
PS)POPN(69,M95 'PC LOS P0T0I:wS9 OP LO ?,see

79.9047W S5,g PLOS -fees
RS.g4OqO9tS.~S'LOS alo0

C LOS P140
C LOS Rs

C* *!q'.9 2?70

IPVILE.YS ISO TROP 110 NIO SLUA N*LOS #IS0

64C Los Me7
C W.W LOS P260

P4UP4P5*P LOS els0

P~wPP3#P LOS 229
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APPENDIX C CHEMICAL LASER ANALYSIS PROORAW (CLAP)PAEC
PROGRAM LOS OVERLAY LOSPSEC

Peo.P600%0*PS0 LOS 2300
TfmTeT5*Y4R LOS 2310

TeoT~o~o.soLOS 2320
RG.RE) P4 T4,W4 ~LOS 2330

Re0wRNO jP6GT0. TO wWO LOS 2340
X4X.XX2LOS 2310

4w~wwwqwr LnS 2340
C LOS 1370
C LOS AGO6

C* *LOS 2400
C*e LASER CAVITY CALCULATIONS OLD$ 2410
C9 *LOS 2420

C LOS 2440
C LOS 2410

ASM6.A' .)O.i!.OOLCAV.TAN(CANOLE)/NIASEI LOS 2440
XF (j) 0(FCPi(I I LOS 2400

XF 2) 0.0LOS 2480
~FI)'.OLOS 2490

xF(41uxFc.pz(1) LOS 2500
XFIS).mPCP3(l) LOS Isle
EF1%1wXFCP4(1) LOS 2120
)(F(?)wXFCP5(1) LOS 2530
XF(e)wQ.O LOS 2%40
XFf9)uO.0 LOS 2110
IF1VFORNF*EQ*MF) 6O TO 101 LOS 2940

EF(HI)S6.0 LS pso
002 TaO bj6? ,~.eR~~2)T LDS 12%0

CALLCPCLCI11.P.X.SPMWPLOS 2300
XP(F1 .0~c~1 LOS 2440

CALL CPCALCf7.7,TPnXP,07,Mw7 LOS 2630
ARASioAR/A LOS 2440
CALWPt4WALCW *?T /XFGW4 LOS 2470
NWTMWaNV/MW6 LOS 2660

TwPnTBSTTO,'TO LOS 2700
IW7MW60mW7?.W6W LOS 2710

IP(PLOW$6-.EOCNK)/ 60 TO 1(156X? LOS 2740
NWft6uwINWOON6 LOS 7500

PA.SP6P4LOS 1710

-FSOW0.PSOP600P46P0P0*ST*SU6*XX6LLC LOS 2770
TTITCLO.FQ*7K66 T n LOS 2740
TSO.TOOT4O*Tw6 LOS 2790
R~PHO (PO.T0 ,WS LOS 2?600
RI6R0O0P0#6 TS00 MW)LOS 2610
X6XOEAOf*X6X LOS R760

RWbvftHXfP0*T90*MWGP LOS 2610

LSEPOLSLCAVOLCAV LOS 2640
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PPOGRAP LOS OVERLAY LOS PAGE C.-

XF (ItUNPCP1(2)LOS 2os0
NF I3UKFCP2(2) LOS ?AG0
NF(q1)KFCP3(2) LOS a"TO
XF(G)EXFCP4(2) LOS 2eso
XpfTlUxFCPSI2) LOS la90
IF(FOP"FOfEO1HF) G0 TO 103 LOS 8900
XFI10)1,FCP£f2) LOS P910
so TO 04o LOS P9o0

103 AF1II1UXFCP4(2) LOS 2930
104 CALL VISC(IqII9XFAqP) LOS P940

PESo.oRsemSORT(OG*RRAReTG/MWS)*IMBASE.2.OSLCAV*TANCANGLE))/ LOS p9o0
-EXP(AOALOG(T?) 61) LOS 2940

C LOS P970
C LOS pol9o

C0 *LOS 3000
Co OUTPUT RESULTS *LOS 3010
C* LOS 3020

S 3030
C LOS 3040
C LOS 3010

WRITF(e,2063 (T10,tP~flK=.103 LOS 3040
60 O OTLOS 306010S CALL OUTLOS LOS 30W060 TO FO? LOS 308O

C LOS 3090
C LOS 3100

CO 'LOS. 3120
Co FAILURE INDICATORS *LOS 3130
Co *LOS 3140
C .*LO5 31;0
C LOS 3170

10o WRITE(6t,01) LOS 3160
60 TO 2to LOS 3190

1O0 WRITE(6,pOp) LOS 3200
106 WRTTE(6,?83) LOS 3210

O0 TO 207 LOS 3220
l09 WRITE(64,04) LOS 3230

FAILuYES LOS 3240
60 To 207 LOS 32S0

110 WRITE(6.20%) LOS 3260
C LOS 3270
C LOS 3280

CO LOS 3300
C* FORMAT STATEMFWTS *LOS 3310
C* LOS 3310
* 3330
C LOS 3340
C LOS 33S0
201 FORMAT£(o09TO*SUSROUTINE LPNCS WAS CALLED FROM SUBROUTINE LOS*) LOS 3340
?02 FORMATfe0**T9T*SU@ROUTINF LSNCSI WAS CALLED FROM SUBROUTINE LOS*) LOS 3370
203 FORMAT(*0OOT29OSUSRO'JTINE LSNCS2 WAS CALLED FROM SURROUTIME LOS*) LOS 3360
P64 FORMAT(O09,T29'FAILURE IN SUBROUTINE CANS AS CALLED FROM SURROUTINLOS 3390
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APPENDIX C CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
PROGRAM LOS OVERLAY LOS PAGE c- 7

.E LOS*) LOS 3400
JOs FO"MAT.*O.,T2,*SUROLOUTINE EXPAN WAS CALLED PROM SUBmOUTINE LDS*b LOS 3410
104 PORWAT(.1.,IOITEoNOTE: TiO *e.F13oe,. K PIO U*OF130G.o PAOI/)) LOS 3420
POT END LOS 3430
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APPFNOIX C CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE CANS OVERLAY LOS PAGE C- 4

SURROUTINE CAMS(ASIAP1.FLOWGP,0SMPIMSIMWSMWPPSiPPlTSOTPO, CANS 0100
-FATLGMNH3,MWM•PoPM3PPItTMOTPO) CAMS 0110

C CANS 0120
C CAMS 0130

Co OCAMS 0150
Co CONSTANT-AREA MIXING SUBROUTINE (CAMN• 'CAMS 0160
C* *CAMS 0170
Ceoe~eoe**o.e..**eo **e.oesoe**eeooO**O O*O.**Seeeeoeseoooo o*ooo .OO***ooo oCAMS 0100

C CAMS 0190
Ce(.*e~eo~,•oe.oeoeeeeeeoe*oeee~ee~ee**eo***o@eo~eooeeoooeeeeee.,e**oeooeeCANS 0200

C* SCAMS OP1O
C* SUBROUTINE CANS PERFORMS THE CONSTANT-AREA. AOIARATIC9 MIXING *CAMS a0p0
CO CALCULATIONS BY ONE-FIMENSIONAL ANALYSIS FOR TWO UNIFORM STREAMS AT *CAMS O830
Co INLET STATION (1) MIXING TO A UNIFORM STREAM AT MIXED STATION (3). *CAMS 0240
Co *CAMS els0
C' INPUT VARIABLESI *CAMS 0260
C* 'CANS cry0
C9 ASIAPI a SECONDARY-TO-PRIMARY STREAM AREA RATIO *CAMS o0eo
C9 FLOW m CONTROL VARIAPLE SUCH THATI *CANS 0290
Co a "SUB" FOR THE SUBSONIC SOLUTION *CAMS 0300
C# a "SUP* FOR THE SUPERSONIC SOLUTION *CAMS 0310
C9 OP a PRIMARY STREAM GAMMA *CAMS 03PO
Co es a SECONDARY STREAM GAMMA *CAMS 0330
C' MPI a PRIMARY STREAM MACH NO. 'CAMS 0340
C* MSI a SECONDA2Y STREAM MACH NO. *CAMS 03S0
Co MWSMNWP a SECONDARY-TO-PRIMARY STREAM MOLECULAR WEIGHT RATIO 'CAMS 03A0
Co PSIPPI m SFCONDARY-TO-PRIMARY STREAM STATIC PRESSURE RATIO 'CAMS 0370
C* TSOTPO a SECONDARY-TO-PRIMARY STREAM STAGNATION TEMPERATURE RATIO 'CAMS 0360
C' *CAMS 0340
Co OUTPUT VARIABLESi *CAMS 0400
C* 'CAMS 0410
C* FAIL a ERROR FLAG 'CAMS 0420
C' eM a MIXED STREAM GAMMA *CAMS 0430
Ca MR3 a MIXED STREAM MACH NO* *CAMS 0440
C# MWMMWP a MIXED-TO-PRIMARY STREAM MOLECULAR WEIGHT RATIO *CAMS 04S0
C' PM3PPI a MIXED-TO-PRIMARY STREAM STATIC PRESSURE RATIO *CAMS 0460
Co TWOTPO a MIXED-TO-PRIMARY STPEAM STAGNATION TCMPERATURF RATIO *CAMS 0470
Co 'CANS 0400

~ 0490
C CANS 0M00
C CAMS Oslo

IMPLICTT PEAL0M) CANS Oso
DATA SUP/3HSUP/.YES/3"YES/ CAMS 030

C CAMS 0S40
C CAMS OSSO

Ceeaoee*eee.eee..ee*...eeee.eoee*e*.e•*•** *e*e*eoeeee* * .e**e*eeeoe*e***eCAMS 0•600
Co *CAMS O*TO
C9 SPECIAL FUNCTIONS *CAMS 0s00
C* *CAMS Oslo

C CAMS 0610
C CAMS 0620

F(S6,M l .06e*oM CAMS 0630
0(5.M)AMSORT(1.O*0.5'(6-1 .0)*Moe) CAMS 0640

72



APPENDIX C CHEIfCAL LASER ANALYSIS PROPRAM fCLAP)
SURROUTINE CAMS OVERLAY LOS PAGE C- 9

14(M.T.66.SPT M~e#~'T ~CAMS 0S4S
C CAMS SEAS
C CANS O00S

C* CALCULATE CONSTANTS *CANS ey0s
Co *CAMS OTIS

C CAMS 3730
C CAMS 0740

SS3068i(GS-1*O) CAMS 071
*p3sop/top-1.OI CANS OTAS
d~sop $stop CAMS 0770

MWPWS. .0MWSWPCARS 5740
C CANS 07900
C CANS 08Q0

C0 *CANS 06le
C* OVERALL CONTROL VOLUME CALCULATIONS OCAM4S 0630
Co *CANS 0040

C CAMS SSS0
C CAMS 0670

WSWPaPS1PP1OASIAP1OM(MWSM4WPTSOTPO,9SSOP).86(SSMSI)/iS(P.MPI) CAMS 0660
Cl .WSvP*"WPMWS46S3#GP3 CAMS 0390
C?.WSWP.MWPNWS'g653-).0).(SP3-1.0) CAMS 0900
Mmuc1/Cr CAMS 0910

amSP36MeaP -CAMS 0920
MWPMMWmWPafsPl. 1 0/IWSWP.MMPMWSi. *) CAMS 0930
Cl mTSOTPOOWSWP*NWPMWS*GS3*GP3 CAMS 0940
CPNWSWP*"WPMWSOG53.5P3 CANS 0950
THoYPOuCi #C? CAMS 0960

FFam1(MWMMWPTMOTPO96MOP) *(PSI PP1OAS IAP *ISS.(63MS1.I) flp*MP1)V CAMS 0970
-f (1,@.WSwP)*SIOPf"P1I) CAMS @008

CI..S'SM- .0 OVX'FR~9eSMCANS 0990
CzauPPxeF-2. SOSM CAMS 1000

C~u~CS0RfCC~o.0*j ))/(.0'1)CAMS 1010
C4u(-CP;SQRTICZ'C?4*4.0eC1II/l,0'*C1) CAMS 1020

C CAMS 1030
C CAMS 1040

C* *CAMS 1060
C* IDENTIFY THE SUBSONIC AND SUPERSONIC SOLUTIONS *CAMS 1070I
C* *CAMS 1060
C CAMS 1100
C CAMS 1110

IFIPLOW-,EO.SUP) 8O T!O 101 M13SRI"N(34)CAMS 1110

IPIC39LTO.0.0OR.C4.LT.0.O) MM3uSQPTfAMAXltC3oC4)) CAMS 1130
IP(C3.QF~ft.0.AND.C4.8E.0.0) MUOYANNI3C) CAMS 1140
so TO 102 CAMS Ilse

io) IFICS.LT.60.0.R.C4.L7.0.O) SO TO 103 CANS 116O
MM3wSO"T(AMAx1 (C3,C4I3 CAMS 1170

j@P PM3PPlm(PSIPPIeAS1APIoFqOSMSJ),7(SPMP1)),'(fl.5.ASjAPI)* CANS 1160
-P (sNMom3))CAS 10
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ApprMoKE c C14EM!CAL LAS114 AkALYSIS PROOGAM (CLAP)
SUINOUTIMF CARS OVeRLAY Los PANl C-10

e*CARS M94
C. CARSUM lN~OR d, ive

Co*CARS 1240

C *CAMS 1360

C CAMS 1190

103 WRIyEISI(AploIMSpt CA:S 1300

PA ILOYF't CAMS 1310
P61 FORMATfo1*oTPONO SUPFRSOWIC SOLUTION EXITS FOR*$/oy?,.w,1 u-b CAMS5 1~to

4
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APPFNDIx c CNEMICAL LASER ANALYSIS PROgRAM (CLAP)
SURROUTINF CPCALC OVERLAY LOS PAGE C-11

SUPROUTINF CPCALCiNSI.NS?,TDO.XONMIXR.MMl) CPCALC 0100
* CPCALC 0110

C CPCALC 01?0

C* *CPCALC 6140
Co SPECIFIC HEAT CALCULATION SURROUTINE (CPCALC) *CPCALC OSO
C* *CPCALC 0140
************************************************************************CPCA** 0)70

C CPCALC 0100
C*oIoooOOOO.oo*oooo OOO.OOOooo eo**********oOooooOO*O**ooooooeoCPCALC 0190

CO *CPCALC Sloe
CO SUSROUTINF CPCALC CALCULATES THE SPECIFIC NEAT AT CONSTANT PRESSURE *CPCALC @i10
CO Of MIXTURES Of eASES. #CPCALC 0o22
C* *CPCALC 0230
CO INPUT VARIARLESS OCPCALC 0p4O

C0 *CPCALC 0250
Co NSI * nfo LOOP LIMIT OCPCALC 0260
Co NSP a 00 LOOP LIMIT OCPCAL¢ em
C* TOZ a TEMPERATURE OF MIXTURE tK3 *CPCALC OP@0
Co XF(I) a MOLE FRACTION OF THE I-TN SPECIES *CPCALC 0290
C* *CPCALC 0300
Co OUTPUT VARIABLES$ *CPCALC 0310
C* *CPCALC 0320
Co $MIX a SPECIFIC HEAT RATIO OF THE MIXTURE *CPCALC o3so
C* MWMIX w MOLECULAR WEIOHT OF THE MIXTURE IKS/KNOLE) *CPCALC 0340
Co *CPCALC 03SO
Co NOTEI ALL CALCULATIONS ARE PERFORMED IN SI UNITS. *CPCALC 0340
Co *CPCALC 03?0

C CPCALC 0390
C CPCALC 0400

IMPLICIT REAL(") CPCALC 0410
DIMENSION CP(IIq31; IHW(11)0XVC1I CPCALC @420

C CPCALC 0430
DATA uV/ CPCALC 0440C CF4 Ft P, Hi Or CPEALC 0450

- 80 .004?s 3T099•69 16,99849 20*00649 21*012$s CPCALC 0460

C HE Np Or me D CPCALC 0510
"C CPVALUES AR.Ei49 4.SI T209 L*015S49 Ae01410t CPCALC 0460

C S CPCALC 0470
-o oCPCALC 0560

C OCPALC OSIO
C CPEALC OSRO ,

C* *CPCALC S040
CO CNO C V ALUES ASTORED IN RNITS Of NLUE-DOR JITKROLEoKJ AND TAPULATED *CPCALC OSSO
CO BY TEMPERATURE (ROW) FROM 0 K TO 3000 K IM INCREMENTS Of 100 K AND OCPCALC 8560
CO SPECIES (COLUMN), 0CP`CALC OS?o
C* *CPcALC OSSe
Co C* GATA WAS TAKEN FROMt JANAF TMERMOCHEMICAL TABLES, END EDITION *CPCALC OStS
C* EXCEPT VALUES FOR DP AND Of WHICH WERE TAKEN FROM LOCKHIEED OATAs *CP`CALC 0600
C* *CPCALC 0610
Ct NOTEI CP VALUES AT 0 X ARE INCLUDED FOR INTERPOLATION PURPOSES OCPCALC 06PO

C* ONLY. CP VALUES AT 0 K ARE TAKEN EQUAL TO THOSE AT 100 K SINCE CP *CPCALC 0630
C* IS NEARLY CONSTANT FOR MOST GASES FROM 100 K TO THE SATURATION *CPCALC 0640
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APPENOIK C CHEMICAL LASFR ANALYSIS POGRfSAM (CLAP)
SUBPOUTZNE CPCALC OVERLAY LOS PAGE C-12

Co POINT. *CPCALC 06140
co *CPCALC 0660I

C CPCALC 0660
C CPCALC 0690

DATA I ICP (1.J) .. 1,9) .Jm1,1 1) COCALC 0700
C Cf74 FP' F HF or HE Np 02 NJ CPCALC 0710

.3.474, P.9129 2.120. P.913. 2.911. 2.079, P.910, 3.031, 2.256' CPC&LC 0?20I
ft 3.474, P.9120 p.120, 2.413. p.911. P6079% ?*Oleo 3.031, 2.2560 CPCALC 0730
- 4,737, P.9700 2.261. P.9130 2.9121 P60790 ?.911, P,920, 2.7270 CPCALC 0740
- 6.129, 3.137. 2.174. ?.9140 2.914. P60799 2.9120 P.9200 2.664. CPCALC 0750
. %P240, 3.305. 2.243, P.915% 2.915. ?.079, Po9f5, P.9249 2.916s CPCALC 0760
- 6.871, 3.434. 2.210. P.417. POS160 2.079, p.956. p.936, 2.926. COCALC 0770
- 6.676, 3.527, 201"30 2.923v 2.916. 2.079, 3.011, P.9620 2.933. CDCALC 0760
- 9,121, 3&SA4s 2.163, P.935. P.920* 2.079. 3.07S. 3.001, 2*9441 CPCALC 0790
- 9.44?, 30646v 2.140, P.qss. ?.923, 2.079, 3.143, 3.053, 2.965. CPCALC 0600
-9.693, 3*69%o 2.136, R.963. P.926, 2.079. 3&2099 3.106. 2.991. CPCALC 0610

- 9,660, 3.717. 2.1p7, 3.0179 2.930. 2.079, 3.270, 3.164. 3.000#4 CPCALC 0620
n6T4 (ICP(?.j)stm1,9)qJa12,,1)/ CPCALC 0630

-10.42S, 3.744, 2.1209 3.0%69 ?.933, 2.079, 3.3?4. 1.216, 3.054. CPCALC 0640
-10.140, 3.767, 2o114, 3,097, 2.937, 2.0799 3*3739 3.269, 3.092. COCALC 0650
-10.231, 3.767, 2.149, 3,140, 2*941* 2,074. 3,415, 3.320t 3.134, CPCALC 0660
-10.306. 3.604. 2,105. 3,182o 2.945. ?*0749 3*453, 3,370, 1,160. CPCALC 0670
-10.367, 3,620, 2,10?. 3.224. 2.949, P%0199 3.4A5. 1.417. 3.2309 CPCALC 0660
-10.416. 3.935, 2.100, 3,264, 209i3o 26074t 3.5149 3.463c 3.273t CPCALC 0690
-10.460, 3,646, 2,097, 3,302, 2*9S6, 2.079, 3.5399 3.4999 3.114, CPCALC 09000
-10.4969 3.661, 2.096, 3.336, P.962, 2.079, N.561, %3%,35 3.3549 CPCALC 0910
-10.527. 3,6749 ?00Q49 3.371 ?.94664 2.079, 3.%R1, 3.567?, 3.3929 CPCALC 0920
-10*5%4, 3.A696 2.0929 3.403s 2.070, 2.070, 3.S999 3.S999 30429/ CPCALC 0930
DATA CPIJ,.9)J2,1/CPCALC 0940

-100M*7 3.497, 2.042s 3.4339 2.974, 2.079, 3.6149 3.626, 3.464s CPCALC 0950
-10.597 3-908t 2,090o 3,460, P6976, 2.074. N.6269 3.653. 3.497. CPCALC 0960

l.1.3.919, 2.O69, 3.4P66  2.962, ?*0791 3.641, 3.676, 3.S29. CPCALC 0970

-10.630. 3.9290 2,069, 3.5109 2.9964 2.079, 3.053, 3.702, 3.559, CPCLC 0960
-10.644s N.940, 2.0066, 1,532, 209490 P,07. 36664, 302~40 3.536, CPCALC 09900
-10.0696 3.9S0. 2,067, 3.S%3. 2.994, 2,079, 3.671, N.745, 3.61S9 CPCALC 1000
-10,667, 3*1609 2,067, 345739 2.996, 2.079, 3.662, 1.764, 3.6440. CPCALC 1010
-10.677. 3,970. 2.0P66 3.!t9ts 3.002. 2.079, 3,690, 3,763, 3.6649 CPCALC 1020

-10.A666 3.4799 2,066, 3.609o 3.00%o 2,079, 39696o 3,799, 3,6466, CPCALC 1030
-10.6939 3.959. 2.0A5, 3.&FS. 3.009* 2*079, 3.705, 3.615, 3.707/ CPCALC 1040

C 0 H CPCALC 10S0
DATA((CP(1,J).1a1C.11l),Jul,31)/6202.079,' CPCALC 1060

c CPCALC 1070I
tnATA RPAPR.6314341*03/ CPCALC 1060

C pIU. CPCALC 1090

CP~x~.0CPCALC 1100
IiWMI.0,0CPCALC 1110I

JwIFIX 7/1Ti00.0) .1 CPCALC 1120
TLOKzFLOATUj-1 )0l00.n CPCALC 1130
FRACvITDZ-TLO)/l'lo.O CPCALC 1140
00 IflI.IONSIONS? CPCALC 1150
,CPTOZU1.0E,04*(FrRACC(CP(IJ.1)-CP(I,%i)).Cptij)i CPCALC 1160
CP$WIxaCPMTX.EF II'CpToz CPCALC 1170

101 MwWIX=NwWIx4xF(I)#MwfT1 CPCALc 1160
6M17.cPMIx, CpM1X-p9AR) CPAL Jq
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SSUPROUTNf CSCALC OVERLAY LOS PAN C-13

trho CPCALC 1200

L

i
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SUmPouYINF FVVAN CrVFPLAY' LOS PAHt C-14

SUPRUT;' ~rXPAN aloft
EX7PAN 0110

C WMAN OWt

*C (.eeeeoe.eeEeSXe* *~eOO OEO O f PAN 0130
ISF WHYOPIC ýxPANSION SUP*ou?2!r jrAPANi 4EXPAN also

C* *ffXPAN 0160

C EMPAN 0000

C* SURROUTINF FXPAN CALCULATES fM4j CONOWTONS ACPOSS AN ISrNYROPIC OFNWAN 0tt0
Co VNPANMO~N AT SUptR*flNIC "Arm NUMPPF%. StNPAN Otto

Cs INPUT 4ARTAPLM~ ofNpa" Wo4
Ce 9FROAN 0110
Ce 0 a*ANX'(AN 0106
C' "I w VNVPANCf PtACH NUI44FO O(IPAN We,
zo 4101 a rpIT-T0-fN~m4NC'r ARFA PATIO qENPAN 4#08
Co *fXPAN 0196
co OUTPUT VAOIAILFSI*MIA 00

Co mp v WtwT MACH NumaFA *(APAN 63PO
C*PPO! t*XT-0-RN?9ANtf SPA'yC r4r%%)OE 1Af *VXPAV 0130

C* Pr0!14010 'NXIT.TO-INWTANCt SAONATIflN SAPISU~r RATIO *tNPAN *344

c'E tp710 a~i1?-?0-FNT0ANC- SATIC~O ITCAPFATU~t PATIO '(WANW 036

OrNPAN 03m0
Cc~~~~* %Pt.~FI.WIA (AN 0370

expAN 0A00
.b.....*.*.a~~Y 3ae.Se~ee~.Ob~@~O*O*~*S*O(PAN 0410

INMPiCIT AFAL11)(NO 6t
PATA Vtg3)NYFt EUP/.twoqDo

c ENPAN 44S0

EXOAN 0460

to As nYM.AMC FtNCT~INA *kNPAN 0460
C* *fxWAN 0400

c XA 0%100
C' (EPAN 8440

FAPAN 0440
E X PA N 0 % 443-

C t(WAN 0140

Jro OCAAN 0%00
Ce SOLVI AFAPS FOR M1 'ENPAN 0190

c' PENPAN 0630
~PmPOff.1.EXPAN 0640



APPFNDIX c CHEMICAL LASFR ANALYSIS RPOARAM (Cl AP)
!ZUPROU11i4E !VPAN OVERLAY LOS PAME C-IS

IMPAN 0650
A1AS~t.0W)*I~P4P1M6,Mfl~0AEXPAN 0640

AAF!R*ApAj*AjAjS ENPAN 0610
CALL fcAX,1.pfU.P0-I.p~AL NAN 0660
IVEFAIL.fO.VFS) 60f TO I EXPAN 0690

C EXPAN e?100
C EXPAN 0110

Ce EXPAN 0130
Co CALCULATE T.4 P'RESSURE AND I YEPERATURE RATIOS OtMPAN 0740

C *FPAN 0MO

C EXPAN 0710
C EXPAN 0139

P~010m .0EXPAN 0'00
TRO'0u.0EXPAN 0300

pPlpaIPpm .6,mI )tpoPmffi.Np) EXPAN Date
TlTImsftT"(*ISI T0TMlG9M?) RKPAN ý610
Rf TURN EXPAN 0630

C EXPAN 0340
C EXPAN cor-O

Ct RO MVSAMF OEXPAN 0360
ct OEXPAN 0600

I WRITMq.?) EMPAN 0930
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APPENDIX e CHEMICAL LASER ANALYSIS PROPRAM (CLAPI
SUSROUTINF INLAS OVERLAY LOS PAGE C-16

SUPUIFIN0oS INLOS 0100

C INLOS 01)0

C9 INLDS 0120
C* INPUT %.....eUOeP....e Y...Ea eeMOSS #e~ee~O..eOINLOS 0oiýo

LC* OINLOS 0168

cNU TAOSUN (NOS d10 o0

co *INLOS 0160

C***OO*E SECTI~ee~*oeeO*e~**@O~e*OOe**eeON,*O INLOS Off*

co oINIDS 0P30

C. *INLOS WO1ICO ONRP0C a BANK RELIEF F06CTION OdM101 SSW
C# CANOLF CAVITY HALF-AN6LE fRAO) *INLOS *PTO
co 01 % PRIMARY NOVIEF EXIT DIAMETER IN) *INLOS OPRO
Ct 015 a 0o$ PRIMARY NOMZE 14 OINLOS O?90
co 03 w SECONDARY WOZLF EXIT DIAMETER CM4) *INLOS 0300
Ca 035 a Do, SECONDARY NOZZLE CM) *INLDS 0310
to G[OMP4j a PRIMARY NOMZE EOrmrTRY CONTROL VARIAPLF SUCH THATI *14LOS 0320

C*a "AX" FOP AXISYNMEMITRC NOZZLES *INLOS 0330
a. "Pnif FOV SLIT NOZZLES *INLOS 0340

Co 6EOMSN a SECONDAPY NOZZLE GEOMETRY CONTROL VARIABLE SlISCK THA~T 'INLOS 03S0
C* a "All" FOR AXTSYOMETRIC NOZLES OINLOS 0360
Co v "PO" FOR SLIT NOZZLES *INLOS 0370
C* HIASE a HEIGHT OF NOZZLE RASE CM) OINLOS 0380
C* HNR a HEIGHT Of NOZZLE RANK CHI *INLOS, 0390
C. LCAV a CAVITY LENOTH 1001 *INLOS 0400
Co LOSSI a CONTROL VARIAALE *INLOS 04)0
Co 10552 a CMNTROL VAAIAPLF 3lUCH THATt OINUDS 01420
C* a "Pit" FOR PIO AS INPUT ANDS TIO AS OUTPUT VARTARLES OINLOS, 0430
Co a O7)0" FOR T)0 AF INPUV. AND PRO AS OUTPUT VARTARLES *INLOS 0440
Co LDSIS a CONTROL VARSAWL INLOS 04S0
Co LPNOZ a LENGTH Of PRIMARY NOZZLE (M) *INLOS 04A0rCo LShO.% a LENGTH O' SEC3NDARY NOZZLE CHI CINLnS 0476
C* NSON07 a NUMBER OF SECONDARY-TO-PRIMARY NO)ZZLES OINLOS 046c
Co PKERAC a NOZZLE PACKING FRACTION OIRNOS 0490
C* Pie k PRIMARY COMMUSTOR OP NOZZLE STAGNATION PRESSURE CPAI 'P4101 0500
Co SETLOS a CONTROL VARIARLE 0194105 0410
Co TiO a PRIPARY COMRUSTOP OR NOZZLE STAGNATION TEMPERATURE (K) 01NLOS OSPO
co T30 a SECONDARY COMBUSTOR OR NOZZLE STAGNATION 1EMPfRATURE (K) OINLOS 0530

C* INLI9S 03500
IONOESALIC PUT RLLNIS INStUI. %LOS 0%60

C INLOS 0600
CIMONLOCI 1/LLOSS) INLOS 0630

C NLOS 0640
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APPFNOIX C CHEMICAL LASER ANALYSIS VROORAM (CLAP)
SUBPOUTINE 14LDS OVERLAY LOS PASE C-17

COMWNOIOSEOl*I OSofle.OlS,0EONPN,6FCMSNLnlhS?.LPNO7.LSN0ZNiPNOZ* INLOS 0650

C .KRCP0T0T0Tf INLDS 0660
C INLOSN4SELO 0700

CObO/A!NC~TO INLOS 0?10
D ATA ANO/PbNOO/LCAVLP 0Z O4(*

C 1NLDS 0030
NAFICNLSBFAoA6~~o~~Do3*BS*NtCVLNZ INIOS 0R40

IP(SETLQNS.ENO) GO C9l6TlO 101 T I#4L05 0050I'OPRAuI. INLOS 0060
C A9E0 75S INLOS 0770

01.1,7700E-3 ILDS0060

flco.,30 OINLOS 0090
03. SET EFALTEVLUE INLOS 0900

C )..SOF0 IN4LOS 0910

SEMN.gp INLOS 0903

C EMNt INLOS 0930
NNN.3.4Q2Ss*OF-002 O 0 INLOS 0950
LPRCAVU.E90E2 INLDS 0960
CqLDSSP-3MP1 0 INLDS ONTO
LPOl"1,0190E-03 IN4LDS 0900

nSPNeUI.0ij304f6 14LOS 0900

D~ol.3760o 0 INLOS 00
MPKRANmOO.0343 KNLDS 10910
6mP~m1930ep .0 tHLOS 0920
scomlmarP~fOE0 INLS 10930

N9SEm)4P3fO INLOS 0N

HN8c4%F0 tNLDS 09SO

LCAV27s603)OSS1- INLDS 1110

IF(LSS)PNO ) RETURN IN"LOS 11000

WRITE (A.00, INLOS 19041`70806.0INLO IOS

SETLS&NOINLO 181



I APPENDlIX c CHEMICAL LASER ANALYSIS MPOOiRAM 4CLAP)SUBRO'TINF INLOS OVERLAY LOS PAGE C-1S

"READ (5,20ftLD&S3 INLOS I20v
ZFIf(OSS3.EQ.NO1 (10 TO 10 INLDS 1210

3. EWIND v INLOS 12PO
RtEADqPsft~RAC.CANOLEDile~n.D3.DS1PEOMPN.6EOMSNNlASEMNS.LC*AV., ILOS 1230

-LDSS2.LPNOZ,,LSNOZ ,NSNZP'KPACiP1Ootl0,TI0,T?0 IRLOS 1240
RETURN 14LOS Me1

READ ~sP05SWOMPN INLDS I2M
WRITE1626 IND 2GM

vIE,207o? INLOS 3300
REA0(DIS"IO2LSS? INLIDS 1sl0

WRIE 6,2R;INLOS 1230

.HNR.LCAV 4LPOZ.LSNOZ.NSPN0ZPAFOAC,~iOtT30,170 INLOS 1340

..NNRLCAV.LPNOZLS7,ZNSPNOZ.PKFRAC.t1@.f3Go.7T INLOS 12(10
READ~SWLLOS) I"iLOS j33T
REWIND 0 INLOS 1360
WHITE(S)RFRACvCANSLEDi,9D1SD3.D3S.6EOMPN,t6EObSNHPASEHNNSLCAV# b4LUS 1390

C INLOS 1410
C INLOS 1420

*t C*INLOS 1440
C. FOOMAT STATEMENTS O1141,0 1490

*C* *IWLOS 1460
~ 1470

C INLOS 1460
C INLOS 1900
Va1 FORMAT(*1.,T2t#&0f NEW LASER DtVICf INPUTS A[GJIR~fl70./) 11410 1900
292 FORMAT (As) INLOS 3510
P03 FORMATg.pe.0T2905"OULD !NPUT DATA OE READ FROM TAPCP*~*/) INLOS 1,20
P04 UORMAT(.leT2,.INPUT T94E LASER PRIMARY NOZZLE GEOMETRY FROM THE 70114105 1530

-LLOWINO LTST8*q//.T2*%e4AX" POP AXISY14METRIC NOZZLEe.*,/vT2s*"?O" 70114105 11540
-P SLIT NOZZLES*,.') INLOS 1550

201 FONMATgAP) INLOS 1560
206 FORMAT eO*#TP,*INPUT THE LASER SECONDARY NOZZLE *EOPIETOY FROM THE INLOS 1970

-FOLLOWING LISTs.,/'*T?.e"AX"1 FOR AXISYMMFTPTC 4OZZI.FS**/*T&9*"8D" INLOS I560
-FOR SLIT NOZZLES**/i 114105 1190

to? FOPMATq.16.20190ELECT A LASER DEVICE INPUT VARIASLF WROM THE FOLLOINLOS 16100
-WINS LTST8*9//tTP**11PI0" FOR THE PRIMARY COMBUSTOR ON NOZZLE STAGNINLDS 1610
-ATION PPFSSURE*s/9TP.."TI0" FOR THE PRIMARY COMMUSTOR OR NOZZLE STINLOS 16120
-AGNATION TEMPERATURE*9,) INLOS 1630

pop FORMAT(eI*,Tf**INPUT DATA FOR THE LASER DEVICE SECTION flY NAMELISTIRLDS 1640
-.,*#/T?**CURRENT VALUES AREt*) INLOS 16S0

209 FORMATto **T?o*SNLLDS**T2(1,*8RFRAC **fI1o.69Ts0,CAN6LE E** INLOS 1660
-E36/T9D *9E13.69T269*DIS m**f13*6*TS09 INLOS 1600

-OD3 w%,E13*6v/,T?**D3S w*9EI3e69TPfiONRASF n**.E13.60 INLOS 1660
-TS040MNR 0**E13*fi9/9T?**LCAV weqE13.6*T?6s*LPNOZ 609 INLOS 1690
-E13.697%09*LSNOZ w**E13*6,.',TPONSPN0Z w*q,13*69T269 INLOS 1700
-OPKFRAC m*vE13*6vT%09*PI0 w**,E3.6q/*T?9*T30 *0.E13.60 INLOS 1710
-T2(1.*TTO 004E130690 * / INLOS 17?0

Flo FORMATIO *#T29*SNLLDS*eTM.io*PFRAC motEun.q,,T100CANGLE a**, INLDS 1730

-E13.6#/*T?**D1 **,E13*69T2690DIS u*#F13*6*TS09 INLOS 1740
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APPEDIX S CHEMICAL LASERANALYIS PRGRAM Cimo

-003 w*,fl3,69/*TP9*D3S w*#EI3s69T?6**HSASF 01.0PLSIS
-T%09*HNN w*,E13.69/sT?,*LCAV ft*.C13'ofiT2fit*LPNOZ 00$, INLDS 1760
-EI3.697%09*LSNOZ *.,EI3*6q/*TP9*NSPNOZ wA3629ILSI?
*P~rFRAC u*eE13.6qT5o**Tlft ..,E13.6910?972T30 *E3f ILS TR

-T26o&TTo N*OFI30609 $001) I S19
END INLOS 1800
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APPENDIX C CHEMICAL LASER ANALYSIS PROGRAM ICLAPW
SUBROUT INE 'TTP OVERLAY LOS PAGE C-po

%UempOUyINF ITE(xDx.FnRRORxSIlowySIaVENFRPORYMTT. ITER 0100
-NTYPE.XNE6,YNEGOXPOSYPOS.NSI6NI.NSI6N2) Tye* 0110

C ITEM 0120
C 17CR 0130

C**O .@. OO** .. * ... ** @. *** TER 0140
CO *ITER 0150

COITERATION SUBROUTINE tITFP) OTTER 0160
cO OTTER 0170

C 17CR 0190

C# *ITEA 0210
C. SUPROUTJNF ITEM PERFORMS AN ITERATION TO FIND X SUCH THAT THE OTTER 0220
CO PERCENT FROOR IN Y AND. YGIV9N IS *Lf, TO ERRORY OR THE PERCENT *ITER 0230
C* DEVIAIONIN Xflo1) AND X(t) IS .LE. TO ERRORX. *ITEm 0?40
C* IS *LE. TO ERPROX. *ITEM 0250

Co'OTTR 0260
C* INPUT VARIASLES1 OTTER 0270

C*'OTCR 0286
Ct Dx a INCREPENT IN INDEPENDENT VARIABLE 'ITER 0290
C* ERRORX a MAX PERCENT DEVIATION IN X(I1#1 AND XfJ) FOR SOLUTION *ITER 0300
C* ERPORY a MAX PERCENT ERROR IN Y AND YOIVEN FOR SOLUTION *IrTER 0310
co SIGN a *o*fi OR -1.0. #I- INCREMENTING FROM INITIAL X *17CR 0320
C* Y n DEPENDENT VARIAPLE OTTER 0330
CO YGIVEN a RIVEN VALUE OF DEPENDENT VARIABLE OTTER 0340
CO *lye" 0350
CO INPUTIOUTPUT VARIABLES$ OTTER 0340
CO OTTER 0370
C* NIT a ITERATION NUMSER 017CR 0300
C* NTYPE a I--?NCREMENTY 2--INTERPOLATION, 3--SOLUTION O1TER 0390
C* X a TNOFRENDENT VARIAOLE *ITER @400

C**ITER 0410
CO NOTEs TH4E INTFOMEDIATE VARIABLES XNE6, YNE69 XROS9 YPOS9 NSION19 OTTER 0410
Co NSION2 MUST BE STORED BETWEEN ITERATIONS. *RTER 0430I
Ce#0* *0

0
0000000000000000 0 ITER 0410

C ITER 0460
C ITEM 04?0

ErROR(ACTUALSIVENIU(ACTUAL.BIVENIlo100./SIvEN ITEM 0460
C 1TCR 0490

IFfABS(ERROP(Y.YOIVEN)) ERROPYI 90090.10 ITER 0500
10 IFEY-YSIVEN1 20.90.30 ITER 0510
20 NSION28-1 1TER 0120

XNEOuX ITER 0530
YNEGUY ITER 0540
60 TO 40 ITER 05

30 NSISN~ool ITER 0960
APOSRX ITEM 0570
YPOSOY ITER 0500

40 00 TO ($0980)o NTYPE ITCR 0590
50 IFINIT-11 70.70960 17CR 0600
60 NSISoNgNSONI *NSIGNP ITCR 0610

IFINSISN) 80*80.70 ITCM 0620
70 NSION1&aNSI6N2 ITER 0630

NIT*NIT.) ITER 0640
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APPENDIX C CHEMICAL LASER ANALYSIS PROGRAM ICLAPI
SUAROUTINE ITIR OVERLAY LOS PAGE C-P)

co OTTER oea0
Co INCREMENT TO FIND SOLUTION INTERVAL 017110 0900
C9 *ITEM 0100

C TIER O01S

ITIER 0140I
so T ITIER 0110

C' INTERPOLATION FOR SCWIUTON *TTER SOW
co OTTER 0610

C ITER OWNS
C ITER 0640

PO NTYPEs2 ITER WOMI.NITNITI. TIeR 0860
XSAVFUX ITIER 0ATO
RATIOmEXPOS.XNE6)/lYPOS-YNEG) ITIER 0608
XaXNEA.R&ATTO*(YCIVfrN-YNEG) ?TIER 0090
tr(A8S~EPPOP(X,)RSAVF)j-EPRORX) 90,909100 ITIER 0900

90 NTYPEl ITIER 0910

t0o END ITTR 0t920
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APPENDIX C CHEWICA. LASEP ANALYSIS PRO0%AM ICLAP)
SUSROUTINF LRLAYP OVERLAY LOS PAGE C-12

SUPPOUTINE LBLAYR(A.R.6EOFACLRNO7.MWPE.TPTOVEDELTAR() LBLAYR 0100
c LBLAYR 0110
C LNLAYR 0120

Co GLILAYR 0140
Co LAMINAR 9OUNDAPY LAYER SUBROUTINE (LPLAYR) OLOLAYIR @150Co 0LSLAY" 01se

C LGLAYR 0160

Co OLULAYR 0900
C* SUBROUTINE LOLAYR CALCULATES THE LAMINAR BOUNDARY LAYER THICKNESS *LBLAYR 8210
C* AT THE EXIT Of A CONICAL NOZ7Lt* *LBLAYPE 0220
Co *LRLAYR 0230
C* INPUT VARIABLES: *LALAYP 0240
Ct OLDLAYR 0256
Ct A a SLOPE Of VISCOSITY-TEMPERATURE RELATION *LfLAYR 0620
Ce tAL0GfN-S/M"?)1ALOO1K)l OLNLAYR 0216
Co I m INTERSECT Of VISCOSITY-TE14PERATURE RELATION C ALOS(N-SN2) #LSLAYR 0200
Co *EOFAC a 9.,0 FOR 2-0. PLANE NOZZLES OLPLAYR 0290Co a 1.09 FOR AXISYMMETRIC NOZZLES OLILAYR 0300
C* LINOZ m LENGTH OF NOZZLE BOUNDARY LAYER CM) *LNLAYR 0310
C* NW a MOLECULAR WEIGHT tKO/KNOLE) #LSLAYR *320
C* PE a STATIC PRESSURE AT THE NOZZLE EXIT CPA) *LRLAYR 0336
C* TE a STATIC TEMPEPATURE AT THE NOZZLE EXIT (K3 9L9LAYR 6340
Co To a NOZZLE STAGNATION TEMPERATURE *LGLAYR 0350
CO VE a VELOCITY AT THE NOZZLE EXIT IMNS) OLULAYR 0360
C* *LBL.AYR 03T0
Ct OUTPUT VARIARLES: OLSLAYR 0340

C* DELTA a BOUNDARY LAYER THICKNESS CM3 OLULAYR 0400
co RE a REYNOLDS NUMBER AT THE NOZZLE EXIT *LILAYR 0410

Co NOTEI ALL CALCULATIONS ARE PERFORMED IN SI UNITS. OLOLAYR 0430C* OLILAYR 0440

C LRLAYR 04460
C LRLAYR WO1

IMPLICIT REAL(L*M) LSLAYR @4S0
DATA RBAR/0.31434E*03,' LBLAYR 0490

C LALAYR 0500
MUmEXPfAOALCOITE) oB) LULAYR 0510
TaTEO.0.(O.q0.TO-TE) D.0.??.TO-TE) LBLAYR 0520
RE*PEOVF*LBNOZOMW/ (RPAR*T*MU) LULAYR 0530
DELTAag.?tLGNOZ/(S0RT(RE)e(1.O,6EOFAC.O.?3P,) LALAYR 0540
END LRLAYR 0550
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APPENDIX C CHFM!CAL LASER ANALYSIS PROGRAM (CLAP)
SURROUTINE -CAS OVeRLAY LOS PAGE C-23

)RRutIT|NF .CAS(APA1 9GAGP,GR*MWANWRMWPMWRPMIMNIRIPRIPI *a2l LCAS 0100

-TAOTI*.oA2WR1eFLOW.GusMWMMWR.MW?.PM2PRIPM0PRO.TM2TRP1TMOTRPO LCAS 0110
-XMPXRIoSFP) LCAS 0120

C LCAS 0130
C LCAS 0140
C........*..*.oteeeeo *00 Co~eetoCooC 00.0 0O ****eeeeeoeoee LCAS 0150
C. *LCAS 0160
C0 LASER CAVITY ANALYSIS SUBROUTINE (LCAS) *LCAS 0170
C0 OLCAS elan
C.....o..o...eoeoeeeeeoeoe..e~eeeoeee..oe**000*00000e.*eeee***e**00e0ee0LCAS 0190

C LCAS 0200
Ce **00~eo~eeo *****L C A CS 0210
Co *LCAS 0220
(;e SURROUTINF LCAS IS A SIMPLIrTED FLOW MODEL TO ASSESS QUALITATIVELY OLCAS 0230
CO THE EFFECTS OF AREA CHANGE, CHEMICAL REACTION, AND MASS ADDITION ON OLCAS 0240
C* THE LASER CAVITY FLOW. THE FLOW MODEL IS PASFD ON THE ASSUMPTION OLCAS 0200
C* OF A ONE-rfIMENSIONAL FLOW nF AN IDEAL. HOMOGENEOUS GAS TAROUGH A eLCAS 0260

C* CNA4NEL WITH A LINE&R VARIATION IN AREAt A RATF OF RFACTIIN SUCH *LCAS 0270
Co THAT THE HEAT RELEASE IS LINEAR WITH THE AXIAL COORDINATE* AND A OLCAS 02p0
Ce NON-REACTIVE MASS ADDITION PROPORTIONAL TO THE RATE Of REACTION, OLCAS 0290
co *LCAS 0300
C* INPUT VARIABLESI *LCAS 0310
C* oLCAS 0320
CO A2AI a FXIT-TO-ENTRANCF AREA RATIO eLCAS 0330
C* GA a EAMMA OF THF PURGE GAS OLCAS 0340
Ce OP a GAMMA OF THE PRODUCT GAS *LCAS 0350

Ce OR a GAMMA OF THE REACTANT GAS OLCAS 0360
Co MWAMWR a PURGE-TO-REACTANT MOLECULAR WEIGHT RATIO OLCAS 0370
Ce MWPMWR u PRODUCT-TO-REACTANT MOLECULAR WEIGHT PATIO *LCAS 0330
Cv MI a INITIAL MACH NUMBER FOR A ZUKOSKI SEPARATION CRITERIA *LCAS 0390
Ce MR1 a MACH NUMBER OF THE REACTANT STREAM AT THE ENTRANCE *LCAS 0400
Ce PRIPI a REACTANT-TO-INITIAL STATIC PRESSURE RATIO OLCAS 0410
r* 012 a DIMENSIONLESS HEAT MLEASE *LCAS 0420
Co TAOTR3 = PURGE STAGNATION-TO-kcEACTANT STATIC TEMPERATURE RATIO eLCAS 0430
C* WA2PWRI PURGE-TO-REACTANT MAS% FLOW RATIO *LCAS 0440
CO *LCAS 00SO

C* OUTPUT VARIABLESI *LCAS 0460
Co OLCAS 0470
Ce FLOW a CHOKE/SEPARATION FLAG *LCAS 0480
Ce SN a GAMMA OF THE MIXED STREAM OLCAS 0490
Co MWM4WR a MIXED-TO-REACTANT MOLECULAR WEIGHT RATIO OLCAS OSO0
Ce MM? a MACH NUMBER OF THE MIXED STREAM AT THE CAVITY EXIT *LCAS Oslo
Co PM2PRI v MIXED-TO-REACTANT STATIC PRESSURE RATIO OLCAS Os0l
Ce PMOPRO a MIXED-TO-REACTANT STAGNATION PRESSURE RATIO *LCAS 0530
C* TM2TRI a MIXED-TO-REACTANT STATIC TEMPERATURE RATIO *LCAS OS40

Co TMOTRo * MIXED-TO-REACTANT STAGNATION TEMPERATURE RATIO *LCAS OSSO
C' XM2XR1 w MIXED-TO-REACTANT MOLAR FLOW RATIO OLCAS 0560

Co ZSEP a SEPARATION LENGTH-TO-TOTAL CAVITY LENGTH RATIO *LCAS 0570
Ce oLCAS 0580
C0O0.~O00*0000*OOO***o0***o*.**.~e**00**0000o **O*~oO*e~e*eO0*O0eOO0oeOLCAS 0590 9
C LCAS O6QO
C LCAS 0610

IMPLICiT REAL(LoM) LCAS 0620
DIMENSION FP(3JoMSO(3)*TMTRI(3)tZ(3) LCAS 0630
DATA CHOKE/SHCHOKE/,SEP/3HSEP/ LCAS 0640
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APPENDIX C CHEMICAL LASER ANALYSIS 00OORAM (CLAP)
SUSPouTINE LCAS OVERLAY LOS PAGE C-f4

C LCAS 0650

C LCAS 0660
C0 OLCAS vAso
C* SAS DYNAMIC FUNCTIONS FOR ISENTROPIC FLOW OLCAS 0690

C*OLCAS 0700

c eeeeeoe~OOO.eoOO*.O*9
0 0000

0 00000 0 0 0LCAS 0710
C LCAS 0730

C OMOOIs**.S(x10*XN LCAS 0730
T0TMloxMix)a1.O.0.SxO(SR1.) OM(X*N$X- LCAS 8740

C LCAS @760

C LCAS 0771ICo OLC&S 0190
Co CALCULATE THE SEPARATION PRESSURE RATIO FOP A ZUKOSKI CRITEIA *LCAS ones
C9 *LCAS 00l0

cLCAS 0030
CC LCAS 0640

PSEPPIsi .6**.36S*NI ICAS 0WO
C LCAS 0360
C LCAS 0070

C* *LCAS ease
C' DEFINE THE MEAT RELEASE COEFFICIENTS OLCAS 0900
C* ASSUMING A LINEAR VARIATION WITH 2 OLCAS 0910

C LCAS 0920

c LCAS 09S0

C..0182.Oe004 O**0e.*eO**0*O*e2*0,.O0000O LCAS 10060
C' o. OLCAS 1010

C' LCAS 0480

C LCAS Q9060
C LCAS 1070

C* ~ a~ *LCAS 1000
C* a I0FOA NTERTE- D(*P/7ADOMD SNLCAS 3000
Co A F~2 OUT-RE RUO-UT OMLLCAS 31030

Z(C*. OLCAS 1100

MSIIMR*R LCAS 16?0
TMRI3a .0CAS 1100

LPMPRuO.0LCAS 11o0e
D~ .OO LOA ymlNPTS-1 LCAS 1640
DZRWUNZIP3 LCAS 1100

MSO(31uMS)tM3 LCAS 1170
TMYRI(13laMTReO 3 LCAS 11300

DO 106 Jul.? LCAS 1900
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APPENDIX C CHMVICAL LASER ANALYSIS 0006PA04 (CLAP)
SUPO0UTINE LCAS OVERLAY LOS PAGE C-PS

Nee LCAS 1208
CALL LCFS(A?Al.6A,6P.ORMWAN4WRNWPRWPM$Q(j),01Q?,QTA0TR1, LCAS 1210

LCAS I2?0
C I mMSQOOOZRKI LCAS 1230I 01mFT.DZK ILCAS 12'0
Z (JeI I.?(JI .OrftI/2f.0 LCAS 12e
ms9fJ.) 1uWSO(Ij*Cl/?.o LCAS 1266
7N7R1(.).11*TATR (.Jl*O01?.0 LCAS 1270
6O TO 104 LCAS 1?SO

101 CALL LCFS(A2A1,6ASP.0R.NWANWRMWPMWR.NSO(J.1).S1,O?,TAgTR1, ICAS 1Me
-TN7R3I(J.I3,WA2WP3,Ztj.3~,pNSQFTMDUMN16,MWNWMMWR.RwJR3 LCAS 1300
CUFNSQ*OzRI I LCAS 1310

OP*FM*MRKTLCAS 13PO
NSONfj )UNSQ(j) .C?/?.A LCAS 1330
T,"TP~tj,1lwYN7R1 (J)#D?/P.o LCAS 1340
so To 1n* LCAS 1330

to? CALL LCPS(A2A1.GA.GP.GRMWANWRPWPMWPMSO(J.3I.O1,0P.TAflTR1. LCAS 1160

c~rS*?K LCAS 1337

O38FTNOOZRK I LCAS 1390

ifR1J*.~w mTWTDR1(IIp1?o(2O)O . LCAS 14900
mQj~iwmS~j)C3LCAS 1410

C 0 TO14LCAS 1350

CO@O@O**O*OO**O*@R**OO**O*FOO.*OO**O**OO*.O.*M***.@o*C,*******@OOLCAS 1450
C ~ rS0zK ICAS 14600

04OTMO KILCAS 1610
10 4 IISQ(~~t(J).6T.10.AN.MSO(J.*C13.T)/.0I6 7 LCAS 14200

TTIPSQJLT10NDN0(Jl*MP(Jsn*.1Q.LT..03) 04/. TO10 CAS 1630
7LWCMK LCAS 1640
WRT,,19 LCAS 1560

C0 UR LCAS 1330

10# 94t4LCAS 3670

SO T SUPEj.102,103.SURSON C FLWAENTALWDCAS 1660
C0o COTNELCAS 1690

C LCAS 1700
c LCAS 1710

CO*@*@ O*O*O*O** .O.ANDO***O***@PC*******60@TO 105 **.*O.eO**OLCAS 1730

C EUR OLCAS 1730

CeG CONTINU E DL()/ZUNSSPOSRL LCAS 1640
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APPENDIX C CHMIWCAL LASER ANALYSIS PROGRAM ItLAPI PG -

SuSRoWTIN LCAS OVERLAY LOSPAEC&

*LCAS 1*7S0

c LCAI 1766
0011 C. LCAS 1790

107 CALL LCFSCAZAI,GA6,RMAWWNRSJ1l!Of LCAS 1600
SLCAS 1620

LCAS 1610

C*OLCAS 10160

C 
LCS 1900

C IFPLO.EO SO~ osLCAS 1910
IFFO.OSEP 6 TO 16LCAS 1920

PMPISEXP ILPMPR1 *P"lPI LCAS 1930

IPIPOPIGLTePSEPPI8 00 TO 100 LCAS 1940

FLO~wSEP LCA IS191
ZSEuZ31LCAS 1960

WZS~jT;Ze.'j10 ZSEPqKw1Io0) LCAS 1970

108i CONTINut 
LC4 3 19s0

1042*1011 VASOMS) LCAS 1990
PN2R1.XP LPNR1)LCAS 2000
PNOP0*PPMIM*W2I PM2RIOP~OR.RI)LCAS 1010

T"ITRIsTMTRI(3) LCAS 2020

KN2~~uXXR1LCAS 2040

C 
LCAS 2010

C 
LCAS 2060

We7

I'C* 
OLA one

CoFORMAT STATEMENTS OLCAS 2090

C9 OLCAS pig0
vil0

cLCAS 2130

10, FORNATiO 01O,17(2,OWARNING 1111 THE CAVITY FLOW WAS CMONED00/I) LCAS 2140

10 FOMTO*10,1T2.*WARNING fill THE CAVITY FLOW HAS SEPARATED AT ZLCAS 2110

-SEP 8**.E13*6911) ICAS 2140

END 
LCAS 2170
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APPENDIX c CHEMICAL LASER ANALYSIS PROARAM (CLAP)
SUPROUTINE LCFS OVERLAY LOS PAGE C-p?

SURROUTINE LCFS(AAI.GA.GP.GR.*MWAMWRMWPNWPMSG%0.QI o?.AOTAl, LCPS 0 100
~TMR1.A~w1.ZSQTM.POMWMWRXMX1)LCFS 0110

CLCFS ORPO
CLCFS 0130

0140

CA ALMF 0170

CA WR O H LASER CAVITY AUCINALSUOTIS F SURUINE (CAS *LCFS 0230

c LCFS 0190

CA LCFS 0260t

C* A2A1 a PXITTOHENTLASCEAR A C AV TIO ANLSS*ROTN LA)LCFS 0?70
C' A *GMAO UG A *LCFS 0240

CA GP a SAMMA OF THE PURGEUC GAS *LCFS 0240

CAepG a GAMMA OF THE REACTANT $AS 4LCFS 0300
CA MWA14WR a PUPBE-TO-REACTANT MOLECULAR WrIGHT RATIO OLCFS 0310
CA MWPMWA a PROOUCT-TOT-REACTANT M4OLECULAR WEIGHT RATIO OLCFS 0320
CA "so a (MIXED STREAM M4ACH NUMBER)**? OLCFS 0330
CA al a HEAT RELEASE COEFFICIENT OLCES 0340
CA 02 a HEAT RELEASE COEFFICIENT *LCrs 0350
CA TA0TRI a PURSE STAGNATION-TO-REACTANT STATIC TEMPERATURE RATIO #LCFS 0360
CA TMTR1 a MIXED-TO.REACTANT STAYZC TEMPERATURE RATIO OLCFS 0370
CA WAPWRI a PURGE-TO.RtACYANT MASS FLIW RATIO *LCFS 0360
CA Z A DIM4ENSIONLESS AXIAL COORDINATE *LCES 0390
CA *LCFS 0400
CA OUTPUT VARIASLESI *LCFS 0410
CA OLCFS 0420
CA FMSQ D loM*2) /Oz OLCFS 0430
CA ER a D(LNIP)I/OZ OLCFS 0440
CA FYM a OTWIODZ *LCFS 0410
CA Gm a GAMMA Of THE MIXED STREAM OLCES 0460
CA MWNMWP a MIXED.TO-REACTANT MOLECULAR WEIGHT RATIO *LCFS 0470
CA XM4XRI a MIXED-TO-REACTANT MOLAR FLOW RATIO -LCFS 0460
C' OLCP'S 0490

CLCFS 0510

IMPLICIT REAL(M LCFS 0530
C LCFS 0140
C LCFS 0550

C. OLCFS 0170I
CA FUNCTION STATEMENTS OLCFS 01,0
C' *LCIES 0190

C LCES 0610

OFUNCI (A.SC)SF2OA.(P.WA2WR1*C)*F3 LCFS 0630
GFUNC? (A9I.Clft(AoWA2WR1OS-C) 'Fl LCFS 0640
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APPENDIX c Ct3EMICAL LASiR ANALVSiS PP0(RAN (C.AP)
SUSPOUTINC LCFS OVF6Li6Y LOS PAsE c-r6

CLCfS 0650

CLCFS 0660

C* *LCFS 0660
Co CACULATE CONSTANTS *LCFS 069A

Co aA/6- *L ICfS 07400

CLCFS 073a

o*poloRtGP-100) LCFS 0750

iURwA. .0NWAWRLCFS 0T600
NWRW~u .0MWPRL.CFS 0610.

CLCIFS 0620
C WM~j0.MAW LCF'S 0600

co *LCFS 0ea0e
C' FUNCTIONS OF ? *LCFS 0860

Ce LCFS 0070~ 06s0
C LCFS 0890
C LCFS 0900

F13'.0~ (2-13*~Q~/02QlLCIFS 0910

~3s (0-1)'.2.'GI!) (0201)LCFS 0930
ON*eFUNCI (GRIMWRMWP.0P1 ,MWRMWA.GA1)/GFUNC1 16R2,mwpwop~i 02, LCFS 0940

31WRAG2 LCFS 0950
MWVNURsSFUNCIg1.o91.o.1.03/GFUNC1il1.olwWRMWPNWAMWA) LCFS 0960
03f(02-01 )*Z*01 LCFS 0970

LCFS 0960
XMXPSGFNC1(1..NW~P.WRM~a3LCFS 10900

ro *L~rS 107

C* *LCFS 10400

C* FA 4 (1/4)(DA/OZ) F614 a(1/eMIUOt'MZ) QLCVS 10s0
C. FH a I/CpNoym)(OH/oZ) rmwm a (1/mwWIoql co"414 *LC7rS 1060J
CO FNSO a D(M**?)/07 FP 8 DILNIP)11r3 *LCFS 1070
co FTV a OTM/OZ FXM - fi/XM)(OXM/'Oz) *LCFS 1060
co OLCFS lo9ge

C LCFS 1110
C LCfS MlO

FAU(A2*j-j .0)/I IA2Al-1 .0)'7..0) LCFS 1130
FGPM5GFUNC?(MWR94WP.GP1,NWPMWA*9A1,6R1)/GFUNC1 (SR1,4WPMWP.GP1, LCFS 1140

.-iWRMWk~A1 I-FNC(WMPGPKRWA 262/GFtJNCi (0R!.NWP4WP* LCFS Ilse
-GP~D .WWMWA*GA2) I.CFS 116a

'Hu ~L-.FS I"Yo
.VS0.4M/c2.0*MNMý R',!OA2WRI*FI/X34XR1 LWS 1180
FhWMN.6FUNc2(o.a,1.OtOt)..'GFIJNC1 oo.9.)-FNPMRW~MRiF !1911
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APPv~rlJ-1 C CHFOICAL LAFP AN4LVSIS 00,8A MkiP
SURROUTINf LCF% OVEULAV LOS PAME C-pf

S LCPI SIPO
-OMMSO * 7N~MW~ ~Gi 1 o-M~iLCFS3 1130

S LCFS 1140

.msQ)*rm)/fl .o-siP4O LCFS 1160
END LCFS IM7
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A(FPEND1X C rm~'mfCAL LASER AINAkYSIS PROORAM (CLAP)
StUSROUTINE LPIVCS OVERLAY LOS PAGE C-30

SURPO(JTINE LPNCSEOPE,OPfl,OSF.GEOMPN,E0EMSN,tNNA.Lfl557LPNOZ.NSPNOZo.LPNCS 0100
-PMFRAC,PO.TOAEAS7.AEASG,$MSC,AkMdSteAKtST,FAILsGC.GE.'4[4Ewt4NPNOZLPNCS 0! 10
-PrORISTý1 LPNCS 01?o

c LPNC5 0130
CLPNCS 0140
Ce~e~eeeee~ee**~eeooee.*o.eoe.oeeoeeo~e**~e*1eeee~oeeLNCS OISO

C' *L.PNCS 0160
C' LASER PRTMA'mY NOZZLE CAL:1ULATION SURIROtiVJNEF (LPNCS) fLPNCS 0170
Ce 9LPNCS 01P0

C***********1-v*a*40-**a******* ***,********* 01 90
C LPNCS 0700

C' *LPNCS 02?0
C' 6IVEN A LASER NOUeLE CONF IGURATION AND PRIMARY COMBUSTOR 70RESSURE *LPNCS 0230
C* (TEMPFRATURF). SUBROUTINE LPNCS CALCULATES Te4F PRIMARY COMBUSTOR *LPNCS QFA0
C' TEMPERATURE gtPRESSUPE, RfQUIPED T9 .IC'4FVr A GIVEN AVALIASLE OLPNCS 0250
Co FLUORINE FLUX. OLONCS 0260
C' *LPNCS 0270
CO INPUT VARYASLESI 4LPNCS 0230
C* OLPNCS 0290
Co DFORNE * CCt)TROL VARIABLE SUCH YUATI *LPNCS 0300
CO u "DF" FOR A OF CHECUCAI LASER t)LPNCS 0310
co a "W"7 FOR A HF CME10CAL LASFR *LPNCS 03?0
C' OPE a PRIMARY NOZZLE EXIT OIAMfTrR rmi *LPNCS 0330
C* OPS a 0e* PRIMARY NOZZLE ("I *LPPECS 0-340
C' OSE & SECOP40ARY NOZZ1E EXIT DIAMETER ("I *LPNCS 0350
C' FOAA w FREE FLOURINE FLUX 1KMOL[/S-M?1 *LPNCS 0360
Co GEOW-PN a PRIMARY NOZZLf GEOMETRY CONTROL VARIAPLE SUCH THAT I *LPNrS 0310
C* a 11AX" FOR AXISYMMErTRIC NW-I'LES *LPNCS 0S80
co a "?D FOR SLIT NOZZLES Q'LPNCS 0390
Co SEOMSN a SECONDARY NOZZLE 9L(nMETRY CONTROL VARIABLE SUICH THAtt cLPNCS 0400
C' a "AX" FOR AXISYMMETPIC Na?ZL.!S '4LPNCS 0410

m "?D" FOR SLIT NOZZLFS -LPNCS 0420
C' MS *HEIGHT OF NOZZLE SAKIN LPNCS 0430

Co LPNOZ a LCNOTH OF PRIMARY NOZZLE (M) *LPNCS 0440
C* NSPNO7 a NUMBER OF 3ECON(rARY-TO-PRIMAR? NOZLfS *LPNCS 0450

Co PKFPAC a NOZZLE PACKING FRACTION *LPNCS 0460
C' XE'PPJ a NOLF rRACTION OF CF4 *(.PNCS 0470
C' XFPP? a MOLE FRACTION OF F? *LPNCS 04MO
C' XFPP3 a MOLE FRACTION OF F *LPNCS 0490
Co XFPP* a MOLE FRACTON OF wf *LPNCS 0%00
Co XFPPS a MOLE FRACTION OF NE *LPNCS Og~ft
C* XFPPA a MOLE FRACTION OF N? OLPNCS 0%20
C'* *LPNCS ogleiCo INPUT/OUTPUT VARIAOLESi *LPNCS 0%40
C* *LPN:S osso

C' LOSS? m CONTROL VARIABLF SUCH THATi *LPNCS OS60I
coa "PIC"' FOR~ Pfl AS INPUT ANn To AS OUTPUIT V.ARTARLES *LPNCS 0671

C' a "T101, ECR To AS INPUT AND PC AS OUTPUT VARrA~cES 'LPNCS 0500
co PC a COMPUSYCR OR NOMZE STAGNATITON PRESSURE CPA) *LPNCS 099G
C& TO 0 COMPUSTOR OR P'0?ZLE STAGNATION TEMPERATURE (K] OLPNCS tcAno
C' *LPNCS 0610
C' OUIPUT VARIABLESs :NSO2
co *LPNCS 0630

Co AEASF a A/A'. EFFECTIVE *LPNCS 0A40
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APPENOIk C CHEMICAL LASER ANALYSIS PROOPAM ICLAPI
SUBROUTINE LPNCS OVERLAY LOS PAGE C-~1

CO AEASO a3 A/A*. GfOMETRIC *LPNCS 06%0
C: AKMC a TOTAL EFFFCTtVf NOZZLE EMIT AREA FOR PRIMARY FLOW PER OLPNCS 0660
Ce xMOLE.'S OF PRIMARY FLOWM A110 ON THE COMPUSTOR TEMPEPATU14 *LPNCS 0470
C* rS-I*P/K'OLrI *LPNCS 0400
CO AKMSf a TOTAL EFFECTIVF NOZZLE EMIT AREA FOR PPIlQQY FLOW PFR *tLPNCS 0490
co KNOLEIS Of PRIMARY FLOW IASED ON THE FXIT TEMPERATURE *LPNCS 0i00

c S14~?/KMOLF) OLPNCS 0710
Co AKMT a TOTAL AREA OF NOIZLE RANK PER KMOLrES OF PRIMARY FLOW OLPNCS A??0
C* (PASEO ON THE EXIT TEMPERArURF (S-M?/KHOLEI sLPNCS 0730
Co PAIL a ERROR FLAG *LPNCS 0740
CO Sc a AAMMA Of TmF PRIMARY STREAM PASED ON THE COMMUSViJR *LPNCS 0740
Co TEOPERATURE *LPNCS 0760
CalOF a O AMIAA Of THE PRIMARY STREAM MASED ON THE EXIT TEMPERATURL *LPNCS 07700
C0 ME a MACH NUMIBER AT THE NOZZLE EXIT *LPNCS 0760
co MdW a MOLECULAR WEIGHT OF THE PRIMARY STREAM IKOIKMOLE) *LPNCS 0700

CO NPNOZ 0 NLIMPER or PRIARY NOZZLES PER KMOLE/5 OF PRIMARY FLOW *LRNCS 0400
co r/l~mLFI LPNCS 0610

C's RE a STATIC PRESSURE AT THE NOZZLE EMIT IPA) %LPNCS ARP0
C*b orE a FY~nLDS NUMRER AT THE NOZZLE EXIT *LPNCS 003n
Co TF a StTATIC TEMPFRATURE AT THE N~OZZLE EXIT (K) *LPNCS 0140
Co *LPNCS 0540
C& NOIF4 ALL CALCULATIONS ARE PEI4EORNEO IN St UNITS. *LPNCS 0060
C0 OLPNCS 0470

C LPNCS 0900
C LPNCS 0900

IMPLICIT REAL(") LP4CS 0010
REAL LRNOZ,LPNOZNSPNOZ.NPNO7 LPNCS 019t0

C LPNCS 0930
DIMENSION XEIlI) LPNCS 0940

CLPNCS 0950
COMMON/CCS3/DFORMF LPNCS 0960
COMMONiCCSA/FDAA LPNCS 0970
COMMoNONCCSI3,AFRPI ,NFPP4.xEPPS.MEPPA LPNCs 09m0
COMMONICCCd A/XFPP? LPNCS 0990
COMKEON/CCS I 4/FPP3 LPNCS 1000 T

C LPNCS 1010
DATA PI311963571RA~.13EnLPNCS 06?0
nATA AX/?HAX,,MF.'ZHHF/.SUP/3NSUP/.YES13HYES/ LPNCS 1030

C LPNCS 1040
C LPNCS 10!%0

C 00 ~ CO00000 O..OOLNCS 1060
C0 OLPNCS 1070

co FUNCTION STATEMENTS *LPNdCS 1080
C0 *LPNCS 10900

C LPNCS 1110
C LPNCS 11?0

ToTpqtoGON)ma1.0400%* 46-1 .01 *040 LPNCS 1130I
POPM(G 4M~uTOTM(SM)@O (SitS-I .0)) LPNCS 1140
b(41Gvh)wMdS9RTGO*T0TM(@sM)) LPNCS 1150

SLPNCS 1160
C LPNCS 1170
C LPNCS 1150
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APPENDIK C CHEMICAL LASER ANALYSIS PROGRAM 1CLA01

SUGROUTINF LPNCS OVERLAY LDS PAGE C-32

ca 
*LPNCS 1200

CoCALCULATE TKE PRIMARY STREAK VISCOSITY *LP4CS 1210

CALLCOEFFICIENTS AND MOLECULAR WFIA.4T OATIA :OLOPCS WO:

IEIEORP.E.ME GOTO 01LPNCS 1230

Co T 1?LPC 1140

C LP 14L 0

NOFLE EOMTR CACULTIOS LPWCS J4~0

CLPNCS IPGO
IPIEOlf~ 4EAX GOTO10 LP4CS 1490

lEOEAueI .0 LPNCS 1360

AEASISUEIJPE/4DSOP LPNCS 1310
AS.PI.DrPS'P/4. LPNCS 1510

Cb.RE.PEPI,,0LRNCS 1330
60 To 10P4 LPWCS, 1340

Ao TSODR lop LONICS 1360

AS.OPS.HWS LPNCS 1370

CleDsxrPE*4I LP4CS 1360
to? ALL ISC~eOF 94AX ) LPNCs 1600

LPNCS 1100
IPSOS.N.X LPNCS 1410

C 1P
C* *LPNCS 1630

C* 
*LPNCS 14%0

CO LPNCS 14TO

c LPNCS 1700 -
60ACMSTU 

LPNCS 1%00

NRNOUAKHDSOD/A!AC LPNCS 1710

XR.1 ,0/NPNOZ 
LPNCS 1730

CW*PC*PMk 
LPNCS 1140

104 LOOZEOPILNOZLPOZ(IDE-PS/P-)*?ILPNS969



APPSNt ~ CHEM4ICAL tA'Iff ANALYSIS PS00RAIQ (Cldoý-
SLIPPOUII.V LPNC% OYINLAY LOS MAGI C-111

C LONCI, -'%P
C LONCS 11`60

co OLPNCI 1740

C* OLPNCS 1?00(

Ce LP'CS 1410
UtVflSSPJ.MINT1) 60 TO 10#4 LP"CS 1100

NTPEILPW~S WO~
kITal LPNC5 1160

LP4CS ITOO

CAL L.PNCS 1%,*0

NImILPNC% 1300
CALL~frQ3 60T 1 LPNC% 1140

IFFAL.Go!S To III~j LPNCS 110%
I l OELNa'aP I .0U LP"CS )SAO

Weso TOII LPNCS 140-

~)O flAtTE~u~I00LPNC5 live
AECmA~ OE LPCS 1140

c EPj~M4CN LP"CS PA170
C tW.@T~C*S~Tw *L1NCS 1160

CAL LTALAY ME TO FSACLpNO7,WTHE NZZEEXITVFOfl1L~fO.6fLPNCS, F040

OPCOP-.OCT OLPNCS WO1

C F6OPOA~EESmAAE~1S LPN4CS 1130
C AAEDE/P LONCS 1110

SI6NVPWA.ES-AAE . LP4CS 1140
4178A1SE~,010 LPCS 11OO
CALLp0,PSNSS4 ,SS? LPNCS Pil0
CfjALLfQYS I8~WDLF~0 ToA- .0SA.10OINTNV9.NS LP"CS FIFO

MrsNTYPO.Q3 O~ 0 LP4CS 1140

IFAFte.LT.10($C*M[)01WUD oT LPHCS 1160
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gueoutf LPNCq OVr.LAY L0%~ Past C-)4

too CON T I."Alf LPNCS P310

Je AF*r%*SLPN:$ Me
C LPNC$ 1110

C. *LAicU p3m9

Ce AfCALCULAYF V149 PNiMANY %TAFAvW PAOAEOTIEA *LONCS INTO
C*M 0tOO Tmf N4OMlI I'VIT TFOP(MATU*f *LPKCS f330

ca OLOWCS PNOO

c LONCS P161

CALL CCLI.,.Morw LAPdS F430

1460

C* OLAOS 1400

LOWdS P4SfO

eLONCS 14130

AKNCUAfONNOLANCS P440

%FTUON LANCS P

c LONCS P170S

ce Attumf INDICATORS *LANCS t*0g
co LANCS t610

C LA~ds rol
c LPNCS Ps'o
lie waIlytt?(1pl LAPdS #6%0

ft(TLION LOWdS P460
ill vo!Tfftq1 ?01 LPNCS FATO

so TO I114 LOWdS F600
ii? WRITutsgP03 LOWS 1600

00 To 11% LOWdS PT00
113 WRITCf((,103 LA~c% P71

so TO 1Iq LFNdS pPTPO
11 NWlITE(Aspos) LA4Cd P730

-AR *SE LPNCS P750
FA It wy7F5 LA4CS P740

cLAPdS r'??O
LPNCS PlOO

co WONPAy STATCWNTS uLA"dS PAID

Co*k.ANCS MOO0

C tp"@OOOO*OOOeee~se~*.Se..*O..l0*OOOLbCS. 1PN10
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C"IMICL LASER ANLSISPOGRA (Ct *Pi*~

!kif0U710U1' 'NE OVERLAYO.A LDSO,07NPTOAAF L. C-30%ne

.A~a0.AC.4wSE~A~C~n.MEMWN~eO.PPPS.E.T ,xM~iLSNCSI 010e'

C LqNCSI 01?0
C LS04CSI OIN('

C* *LSNCSI 01%0
Co Lt.FP %FC(ONIOAR `jO7ILV CALCU~LATION SUPROOUTIE eLMUM) *LSNCS) OIAO
co *LSNCSI 0110

c LSCI0:90

Co ~*LSNCSI OS

Co DO9OP4F tONTPO VdA0IAPILF OtUCA, TI44Ti LN~ PI"O"O)f" FOR A nF CHEMICAL LASER OLSNCS) 0?91e.o ""Fr" FOR A "F CHFOSICAI. LASE% #iSNCSI 0100

co DEECONDARY NOZZIF flIT rtANPTfP (M *SNS 0310

"&a"PO" POP LIT NO1?LFS OLSNCS) 0390
CO 14ND a MF1HY OF 4407ILF AANX OM LSNCS) 0360
C* LSWZ01 LFNAT4 O~f SFCO~('AOY NOZZL.E (101 *t.SNCSl ft370
to NiP4iC'a ftAVWP OF PRIMARY NOMES PEP 'KWOLp71; OF PRT&.AQý FLV *LSP4CSI 0340
C- /(mowlCI E *LS0CSI 0400
Co' NSP%07 ft kMRC@ OF COOQ.tNPTAr'OZLhp *LSXCSI 0400
C*O IL a LASR CAVITV MirTUPF RATTA *LSNCSI C410
to TO a COOPLISOP 00 NOME~ STAGNATION TEMPERATURE ($I *LSNCSI 04?n''
C* %FPO, MOLE FPACTION Of Fp IN PRIMARY STREAM OLSKiS1 6410
C. xIV)R. a MOLE FRACTION OF F IN PRIMARY %YRUAw *LSNCS) 0440
(a xpSrI a MOLE FRACYTOh OF 0? INg SFCANL'AQV STUaM~ OLSNCSI WO%
Ca I oxS tiI $wO.I FRACTION OF 04F IN SfCONfA*Y SYRFA01 *L%4CSl WO4
C* IP'F aO; MOLEF FRACTION Af N? IN S~ECONDARY STOFAM aLS*4CSI 6470

%ý# GLSNCSI 0~400
C3 OU'PUT vARTAR(.E51 *(.SMCSI 04900
co OLS'dCSI 05;04
CO £FA~f a A.*Af. ~fff(ETJVF *LSNCSI 0510
Co AFA%6 a &/A*, 6FOMETRIC *LNCSI OK20
ro AKMSC a TOTAL EFFFV'TI'VF NOZZLE EXIT AREA FOP StCONDARY FLOW PER OL.SVCSI 0530
C* KML/ Of a"ImAQY FLO~W BASED AN T'4F COMPIUSTO* TEMRERAVUPAk *LS'CS osco I
C46 l.-M?/KMOLrl OLS14CSI bv*SO
to ~AKM5 * TOTAL EPPECTIVF NO71LE FVIT APFA FAR qfCONiDARf PLOW PER *LSNCSI 05E%0
co KwOLEiS Of PRIMARY FLOW BASED ON4 THE FxIT TEMPERATURE *LSNCSl 01170
co (S-0?,FMOLF1 *LS"CSI n180
Ce FAIL a ORUOR fL.A6 *LSNCSI 0S90
Cc Gec a AewMA OF THE SECONDARY STREAM BASED) Ott THE~ COMBUSTOR *15NCSI 0600

toTFM#ORATU#4f *LSNCSl 0610
C* OF a OAMMA Or VHF SECONDARY SVREAM PASEn ON THE EVIT 'ISNCSI e'6po
to TtIPFR4TURF *LSNCSl 0610
Ct. Ai a MAC04 NUMPFO AT THE Nr,?YLF EXIT *LS4CSI 0640A

100



*pprmnDI C CHEMICAL tAc.FP ANALYSIS PSO6PAM (CLAP)
SUAROUTINF LSNCSI OVFOLAY LO% PAGE C-37

C: "W 9 '4OLECULAR WEIC.'T OF THE SfCnNDARY %TRFAM [XG/91NOLF) OLS4CS1 0.,5OIC. NSNOZ a NtIIKaV OF %FcnNtVAAY NOZZLES PER K0HOLFtS Of PýFJmARQy FLOW OLS4CS1 0600
Co t/OMWOLE) OLSNCS1 OATS

Co PE 0 V7ATIC PRESSUIRE AT tHE NOZZLE EXIT (PA) *LSNCSI 0600
-70 DA 0 COMPUST(W OR NOZZLE STAONATION PRFCtlRf (PAI OLS4CSI 0^90
ct pr a REYNOLDS NLJMPRE AT THE NOZZLF EXIT OLPICS) 0750

co "I a STATIC TEMP(RATURF xT THE NOZZLE EVIT (k) *LSWCSI O?1S
CO NK"S a TOT;L SECONnARY 10OLAL FLOW RATE PER KmOLE/S OF P'RImARY OLS4CS1 01`20

ConOw *LSNCSI 01030
CO OLSNCS1 01`40

CO NOTE: ALL CALCULATIINS ARK PrAEORmEn IN S1 UN4ITS *LSNCSI 0TS0

CO *LSNCS1 0760

C LSNCS1 0190
C LS4CSI OTI0

IMPm.ICIT PFAL:Mi LS4CSI 0A00

*tiAL L0NC1?*LNOZ.NPN07,NSNOZ*NSPN0Z LS4CS1 0805

nImENSION ME(11) LSNCS1 0030

C ~~LSNCS1 04
COwMdO%,CC514,MKPP? LSNCS1 O8TS

CONMPON/CCS14,MFPP1 LSNCS1 SASS

CO~0mnac1ACI/MP5R1 X~,IES?*FSP3 LSNCS1 0590
C LSNCS1 0900

DATA PT1'3.14IS9?6%9AQ?9/.RRAP.'A.3143AE~fl/ LSNCS1 0910
nATA AX/?HAX/H/.N~?NMF/,SUP,3NSUP/,YES/3MYES/ LSNCS1 0920

C LSNCS1 0930
C LSNCSI 0940

Co OLShCS1 0960
Ce rUPJCTION STATFNENTS *LShcS) ogle

*LS4CS1 0960

C LSNCS1 1000
c LSNCS1 1010

TOTN(OPi)ul.0.O.5*(6-I.0)*OM* LSNCS1 1600
R5PMGMmT~HIGN)*(0(..~~))LSNCSI 1030
WPS(.M~W*SR!(*TOM(SW))LSNCS1 1040

AAS04(6*,N x f.j/Mj (?.*T0TOTM(69m) (641 .0) )00 (S.SO(Sol.0.)/(0-190) LS#4CS1 1050
C LSNCSI 10600
C LSNCS1 10TS

co *LSNCS) 1090
CoCALCUIATE THE SECONOAPY STREAM PROPERTIKS OLSNrS1 1100
ro ASED OK THE C0NftuSTOFR TE~pFPATURE *LSNCSI 1110

to LS1NCSI )1?0

C LSNCSI 1140

CLSNCS1 1150
XE (0) mXSR? LSI4CS1 11600
X , ;(T) aESR3 LsNcsi VITO
IFcnFORmE.EQ.mF) (40 To jol LSNCSI 11010
ME (AIUMISRI Lr5NCS1 1190
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a'Et3c C.4MICAL LASFO ANALYSIS PROARAW (CLAPI
%USOOUT1WV LSMCSI OVERLAY LOS PAst C-38

~ ~LNCSl 1100
60 TO tpLSMCS1 1?10

RAt)IF IP4PIgo.* LSMCS1 1??O

Ce)RFP *LS"CSI F310

c LSNCSI 1360
C LSNCSI 1370

co NOMF MTN"TO. CALCULTTIONS *%L~CS1 1300

Co FAa O0LSWCSI 1310

LSCS 1430

C LS4CSI 1.320
W~fwOluWNO1 *N)d 00T 1 LS#4CS1 15340
R10A*C81~P.O.*FP0i(ZS1NNZ LS"CS1 1340
WAuNS*mPWD/D~S LSNCS1 1550

pS0wTo O104 NTVW/(SW(S..) LSMCS1 )390

PIfill OP01F C.10.0 LSPCS! 1500

A~oPOWNPLSkCS1 14P@

C LSMCS1 1590
c ee~~e~~e*@9eeeeeeeee~Oee~eeee~e~*~LSMCS1 1400

Co *LS*4CS1 1610
Ct CTEALCULAT TO ESTrLISMA TE OZZL PAFlI OOTS Aw*P LSkCS1 1200
CO 0LSNCS1 1430

c LSNCS1 1650
C LSNCS1 1660

N!YE.1LSNCS1 16'0
NitulLSNCSlIR160

CALL MAp~a~tce1.0,AA6SP%) ~ AMUC.AL LSNCS1 1690
1FFI.OVE)G n LSNCS1 IS0*
OC WuS~O LSNCS1 1710

C* toS~f ****t 00**t -4*0000*'SNCS 1 6?00
Co 1~1E6u.0 0LS4CS1 1610

Ce SsAS(CM *LSNCSI 1740

1024

c LSNC1 16%



apprNoX r CwFMI!CAL tASVR ANALYSIS PROARAlm lCtAP)
%LIPROUYINf 0%*C51 OVERLAY LOS PAGE C-39

aT~ftM(C.~LSNCS1 1760

CALL L*LAYAIIAS.SEOFAC.L*NOIMw.PE .TETO.VF.DELTA*mpI L3%CSl 1780
MoDIP.00ELTALSNCSI 1790

A At A SIEwrtf/0; LSNCSI16~0ni
I7 6fO'0%N*EQ.AX) x*AfsraFASE.xAEASE LSNCSI 1810
sIOpAuAFASf-xAEAf * 1.ft L9SCI~I 1820

E~a~uaas~S~n~n ~LSNCS1 1830
CALL iEeEOLE.fEf6;.OSkA1.cEORITTYEN6, LSNCSl 1840

IfN"TYPf.EQ.3) 00 TO jbe LS*CSl 1860
If 1001LT. I.11.00.10f GT.101,UPD) 00 TO 1OS LSNCSI 1870

osO CONTINUE LONCSI 18*0
go T0 100 LINCSI 1890

1S. AffwAFAiEeAt SCl10
C LSNCSI 1910

C LSNCSI 1970

co *LSNCS1 1040r* RECALCULATE TH4E SECO14DARY 9TREAM PPOPCPTIES OLSNCSI 1055co RASED) ON THE NOZZLE EMIT TEMPFRATURE &LSNCSl 1060
co *LSNCSl 1070

CS*.OOOeOO*O. *OOO*OO~eOOOOOO.~e@e.O~ee~eee~e.~e~eeOOeeeLSNS 11940
C LSNCSl 1990
C LTNCS1 2000

CALL CPCAL Cie,9.TE.xF.aE.#*w2 LSNCSI 2010
C LSNCSI P?02
C LSNCSl P030

Co *LSNCSI 2050
Ce CALCULATE THE TOTAL SECONDARY MOLAQ FLOW RATES AND &LSNCS1 2060
Co EPEECTIVE NOZZLE EXIT AREAS FOR SECONDARY FLOW *LSNCSl 2070
C. OLSNCS) P080 .4

C LSNCSl 2100
C LSNCSI P110

XEMSUMSS*NSNOZ LSNCSI 21?0
AKOMNCeAfEONSNOZ LSNCSI ?130
AXMSEaAKMSCeWM (GC.ME ,WM (6EME) LSNCSI P140
RETURN LSNCS1 2150

C LSNCSI 2160
CLSNCSI 2170

C. *LSNCSl 2190
CoFAILURE INDICATORS *LSNCSl 2200

C* *LSNCS1 PP10

C LSNCSl 2230
C LSNCSl 2240
.07 WRITE(A~o1,LSCS 25

RETURN LSNCSl MO8
100 WRITT(6*P0P, LSNCSl P?70

60 To 11(c LSNCS1 22*0O
109 WRITEA,2003) LSNCSl 2290
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APPENDIX C CH.EMICAL LASER ANAI.YSIS PROGRAM ICLAP)
SURROUYINE LSNCSI OVERLAY LOS PAGE C-40

I 110 WTTE (6.?fl'*AeA.GC.MWMFMSUPO.REWS.TET0.PE.PSP0.IAEASFAEASE LSNCSI 2300
FAILmYFS LSMCS1 2310

C LSNCS1 2330
LSC12340

C* *LSNCSI 2350
C* FORMAT STATEMENTS *LSNCSl 2360
Co *LSNCSI 2370

C....I~. ~eeo*OO*O*~eO~e~e*....eo*eO~.*.g..O..*..o.*.eO*LSCS12360
C LSNCSI 2390
C LSNCSI 2400
?01 FORMATJOOT2,OSUPPOUTINE MAAS WAS CALLED FROM SUBRnOUT!NE69/oT29 LSNCSl 2410

-*LSNCS) FOP THE CALCULATION Of MSUPn FROM AFASG*) LSNCSl 1P420
POP FOPMAW(*lO.T2,*IMPOSSI8Lf VALUE FOR "E*o/oTP99PROGRAM TERMINATLD ILSNCS1 2430

-N SUBROUTINE LSNCS1O) LSKCS1 2440
"o03 FORMAT (*1*oT2**CONVERGENCE FAILURE IN SURPOUTINF LSNCSI FOR ME SUCLSNCSl 2450

-H4 THAT XAEASEUAEASE*) LSNICSI 2460
70 OMT?.'BC 2* .*E1.6 t38,e fisTE3.69* notI3060OF./0 LSNCSl 2470
204 *S 6**E13.6oT38**MW =*E1. ,E136 o69 O/MeE13.e/* LSNCSl 24710

-T299TE w*,E13.6,oKeT389*MSU w*#E13 .6o/s *,~ LSMCSI 2490
.TPY*PE N**E13.69T@* S PT5EPS *oE13*690 * PK, LSNCS1 2520

-T2,eO *',13.69* PAOT38s*OAEE **.E13.6/LSC120
-TP**AEAS **.E13. LSNCSl 2540

END LSMCSl 2550
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APPfNDIX C CHEMICAL LASER ANALYSIS PROORAM (CLAP)
SUBROUTINE LSNCS2 OVERLAY LOS PAGE C-Al

SUBROUTINE LSNCS?(OE.DS,GFOMSNHNRLSNOZ."NO?ýNSPNoZ.TOeAEASE, LSNCSt 0100
-AEASGAKMSCAKMSeFATL .C,sE.ME .NWSNOZPFP0,RETFXKMS) LSNCS 0110

C LSNCS2 0120
C LINCS2 0130
COOO�Ooo~ooooeoUo@eeooO@e.ooOO@oooeooeoeeoeeeoO~OOoeoeeOOeoooeoOOeOOSNCS2 0140

C* *LSNCS 0150
Ce LASER SECONDARY NOZZLE CALCULATION SUBROUTINE (LSNCSZ) *LSNCSP 0166
C! 4*LSNCSP 0170
Co6oeooo6oeoeoeoooeooooooooooeeOOeooooeoe.oOOOOeooe oooeeoO~OL•NCS2 0100
C LSNCSf 010
Ceoeoaeoooo..o.oeo..oe..eeo..oe oo....oooeo.eoeeeoooe.eoeeoeeooooeoee o a'euLNS 0'00.

CO DLSNCSZ OPO
CO GIVEN A CONSTANT-AREA LASER NOZZLE CONFIGURATION* SUBROUTINE LSNCS2 OLSNCSf Otto
CO CALCULATES THE SECONDARY COMBUSTOR OR STAGNATION PRESSURE REGUIRED OLSNCS2 @230
Co TO ACHIEVF A GIVEN LASER CAVITY MIXTURE RATIO. OLSNCSf 0240
C* *LSNCS? OPSO
Co INPUT VARIARLESI OLSNCSI 0260
C* *LSNCS2 0210Co OLINCI? 0170

CO DFORMF a CONTROL VARIABLE SUCH THAT: OLSNCSP O2O
Co a $OF" FOR k OF CHEMICAL. LASER OLSNCSP 090
C* a 'IHF" FOR A HF CHEMICAL LASER OLSNCS2 0300
CO DE * SECONDARY NO7ZLF EXIT DIAMETER CMI *LSNCS2 0310
Co DS s no (MI *LSNCSf 0320
Co SEOMSN a SECONDARY NOZZLE GEOMETRY COKTROL VARIABLE SUCH THATI OLSNCS2 0330
C* a "AX" POR AWISYMMETRIC NOZZLES *LSNCSl 0340
Co a "WD, FOR SLIT NOZZLES OLSNCSP 03%0
CO HNN a HEIGHT OF NOZZLE RANK (MI *LSNCS2 0360
CO LSNOZ a LENGTH OF SECONDARY NOZZLE (m) ILSNCS? 0370
CO NPNOZ a NUMBER OF PRIMARY NOZZLES PER KMOLE/S OK PRIMARY FLOW *LSNCS? 0300
C* (S/KMOLE) OLSNCSt 0390
COO NSPNOZ a NUMBER OF SECONODRY-TO-PRIMARY NOZZLES OLSNCS2 0400
COO RL a LASER CAVITY MIXTURE RATIO OLSNCSZ 0410
CO TO m COMBUSTOR OR NOZZLE STAGNATION TEMPERATURE (KI *LSNCS2 04?0
Co XFPP? a MOLE FRACTION OF F? IN PRIMARY STREAM *LNCSf 0430
Co XFPPi a MOLE FRACTION OF F IN PRIMARY STREAM OLSNCS? 0440
CO XFSRI a MOLE FRACTION OF 02 IN SECONDARY STREAM OLSNCSP 0CA0
C* XFSRA a MOLE FRACTION OF HE IN SECONDARY STREAM OLSNCS? 0460
C* XFSR3 a MOLE FRACTION OF N? IN SECONDARY STREAM -LSNCS2 0470
C* OLSNCS? 0400
Ce OUTPUT VARIAPLESI 0LSNCS2 n490
Co *LSNCS& 0S00
CO AEASE I A/A*, EFFECTIVE OLSNCS? 0110
Co AEASG a h/A*, GEOMETRIC OLSNCS? 0520
Co AKMSC a TOTAL EFFECTIVE NOZZLE EXIT AREA FOR SECONDARY FLOW PER *LSNCS2 0530
Co KMOLE/S OF PRIMARY FLOW BASED ON THE COMBUSTOR TEMPERATURE OLSNCS? 0140
COP S-M2/KMOLEI *LSNCS2 0•50
C* AKMSE m TOTAL EFFECTIVE NOZZLE EXIT AREA FUR SECONDARY FLOW PER OLSNCSI 0160
Co KMOLE/S OF PRIMARY FLOW BASED ON THE EXIT TEMPERATURE OLSNCSI OTO
COO [-M2/KMOLE) *tSNCS205680
Co FAIL a EROR FLAG OLSNCS? 0%90
Co OC a AAMMA OF THE SECONDARY STREAM BASED ON THE COMBUSTOR OLSNCS? 0600
Co TEMPERATURE OLSNCSZ 0610
Co at a GAMMA OF THE SECONDARY STREAM BASED ON THE EXIT OLSNCSI 0620
Co TEMPERATURE OLSNCSf 0630
Co ME 8 MACH NUMBER AT THE NOZZLE EXIT *LSNCSZ 0640 4
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APPFN(%IX C CHEMICAL LASRP ANALISIS PR03Pk,, 4CLAP)
SVOPO~UIINr SNS OVERLA% LCýS PAOE C 4~

co MW uMOLFCULAR! WFIGMT q9 THE SFCONOARV STPFAM (KG,'KMOLE) OLSNCS? 065o
CO NSNOZ a NgtDMPFR OF SCCONOARY NOWZLES PER KMOLF/S OF PRIM4ARY FLOW OL;NCS? 0660

tl.KM0LEl *LSNCS? 0670
to PC a STATIC PRESSURF AT THE NOZZLE EXIT fPA) *LSNCS? fi6e0
co Po a COMBUSTOR OR Wn~ZLP.F STAGNATIO~N PRE%5.11E IPA) *LSNCS? 0690
Co RE a REYNOLDS NUMBER AT TKF~ PkOZZLE EXIT *LSNCSR 0700
C* TZ a STATIC TEMPERATURE AT TNF NOZZLF EXIT IK1 *LSNCS? 0710
CO XKMS u TOTAL SECONDARY' 'OLAR FLOW RATE PEP KMOLF/S OF PRIMARY *LSNCS? 0720
Ce FLOW *LSNCS? 0730
Co *LSNCS? 0740
Cs NOTF: ALL CALCULATIONS ARF PEPFORM~r) IN St UNITS *LSNCS2 0750

CO LSNCS2 0740I
c t.SNCS% 0700

IMPLICI, REAL(M LSNCS2 0800
REAL LSNfl7qNRP~ONG5'NSN NSPNOZ LSNCS2 0910

C LSNCS2 0820
nlNMESTON )V~tt1) LSNCS? WO~

COMMON/CCSA/RL LSNCS? 0860

COMPONCCSI6/XFSR ,FRXFR LSNCS2 0870

C LSNCS? 0O~q
DATA PI/3.141592653SAq7g/,RgAP/A.3143AC.n3/ LSNCS2 0910
DATA AX/'2HAX/.HF/2HHF,/,SUPE3NSUP/,YES/3HYE5, LSNC5l 0921i

C LSNCS2 0930
C LSNCS2 0440

O4~*leeeeeee~ee~eeLSCS20930
Co *LSNCS2 0960Co FUNCTION STATEMFNrS *LSNCS? 0970
C* fLSNCS2 0980

C LSNCS2 £000

LS?4CS2 1010IT0T~itG#M~wl.0+0*S*(G-I.0)*M*M LSNCS? 1020
PPf~MIG.M) m0CTM(GM)C'O(6/(6-1.0)) LSNCSZ 2030I

C LSNCS2 j050C LSNC52 1060

C. *LSHCS? 1080
Co CALCULATE T14( SECONnAPY STREAM PROPERTIES *LSNCS2 1090I

CcBASED ON THE CUMBUSTOR TEMPERATURE -LSNCS2 JIO0ceoeeeoa*oee*e~a....... C .. eeeeee Oee LSNCS? 1120
C I.SNCS2 1130
C LSNCS2 1140

XE (6) uXFSR2 LSNCS2 1150
XEF7T~nXFSR3 LSNCS? 1160
IFPnFORMFEQ.NF) 00 TO 101 LSNC52 1170
XE (Pl XFSPI LSNCS2 1180

XE ~) .~LSNCS2 1190
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AAPFNDIA C C'4ECCAL LASER At4ALYSKS PROfA*AM ICLAP)
'SUBROUTINE LSNCS? OVERLAY LOS PAGE C-43

00 TO in? LSNCS2 11?OO
101 :F14110.0 LS#4CS2 1?13

XE g)uw.7SPl LSNCSP 11M
10? CALL VISCA.#9*XFIA*.) LSNCSP 1230

CALL. CPtCALCt6v9*TflXF*6CsMWý LSMCSf 1240
c LSNCS2 IPS0

C LSNCSP 1330

C9 S~jf VLSNCS? 13.0
AC ANOZZLES GOFY ACLTINOLS9CSP 1?90

C0 ~ fOS~E.~ A*P*S*S4LSNCSf 13600

C EOOS.EA)A.)'N L3NCS2 1320

C LSNCS? 1360
NSNOsNSNOZOPNO LSNCS? 1340
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APPFhnlA' C CHFMICAL LASIP AhNALYShS P0ORWAN ICLAP I
SURROUTINE OUTLVS OVfOLAv LOS PAGE C-sl

-Tlpq~qft 640P1f.660 KAN*~qGfqT u**.E134.' RO/W3. OtJTLOS 1?GO

-Tp..Tfto u*.f13S.f* K*.00s,.4vwt 04PIF36A./0 OUILDS 1770
-T~v**xA%? **d1l3.e) OUTLOS 1700

?I? F(f*MATi.o*,??l**wAQHI'NAt THE( CAVITY FLOW NAR SEPARATED. aL 1UT4.TO u 7,

-F RESILTS SHOULD A[S~~'.3,W? CAUITOMi,ol OUTLOS 1A@0)
713 FOSWATt0o*.t?3s*POlNY A LASFR CAVITY fXIT~os0/ OUILDS 1316

-T3PoAa 009E33*6*0 S.I2/9MOLE09T66*900 0001I3040/. OUTLOS ISPS
T-p*LVlr v ~F13.6*0 'i8,T6690MWS n*F.P3%69* RBWlMOIf*P*, OUTLOS 21330
-3P..NA we.El3obs60TAsOPA 0*0,(13A.* *aose OUTLOS 1344

-T32*904tn 809F1.Aso PA0,T6es.*rFA m.E3 OUTLOS Is,%$
-TSP*ORA m**.P1.6%* X600W3..TAA*emg 800113.G.O KB#W3**/# OUTLOS IPGO
-T3P#*Ta 8*9f13.6** I**,T66**T*O ..,F13%*9* ofli/ mflLOS lNov
-T3p,.W4WP m*,fl3.AT66#%XAXP 00,113.6) OUTLOS 1SO0

71* VflWA~.OT?.'API IN[TH CAVITY FLOW MA% CHOWfn. ALL FuoNT4E* OUTLOS )POO
-CALCULATIONS HAVF*,/.',?,.A(Ef flTSCONTINLWD01 OUTLOS 1900

r NO OUILDS 1010

illowI



APPF1DIX C CHEMICAL LASER ANALVIS SOOSRAN ICLAPI
SUavOUTINE VISe OVFELAY LOS PAGE C-Si

SUPROUTINf VI|NS 9N%?sX• 7A.G) visC 0100
C vise 0110
C ViSC 01?.CIOOOI~lOt~OQ~~~OIIOOIIIOO•I~IO•'~OOOVS 0130

Ce *Visc 0140
C* VISCOSITY CALCULATION SUBROUTINE IVISCI *VisC 0150
C0 *ViSC 0160Cooo~eoeooeooeeeee**e°e°eee°°e°°° e°°oe°°eoS*ee°eeeeoOeoe°°o°°°°°eee~e°VISC 0170
C RISC 010

Co...e..o....oeo.e..°.oe°.°..°.oe*°e~ee..e..~oeee....e..Ieo~°°~e....oeeooVlSC 01,0
C* oV1SC 0200

co SUBROUTINE ViSC CALCULATES A RELATIONSHIP FOR THE ARSOLUTt *VISC 0210
C0 VISCOSITY Of GAS WIXTunts AS A FUNCTION O TEMPERATURE. THIS *ViSC 0220C0 RELATIONSHIP IS Of THE FORNI *Vise 0P30
Ce *vise 0P40
Co ALO4IMU~mA*ALOG(T)*R *Vise 0ps0
Co *vise 0260

C* INPUT VARIABLES, *vise O:TO
C* oVlSC oleo

Co NS" % DO LOOP LIMIT *ViSC Otto
CO NS? a 00 LOOP LIMIT •VISe 0300
Ca XNFl) a WOLF FRACTION Of THE I-TH SPECIES oVISC 0310
C0 *VISC 0321
CO OUTPUT VAOIABLESO *ViSC 03.jn
Co *VISC 03,16
Ce A a SLOPE tALO6(N-S.M?)/ALOG4K)I *VISC 0340
Co P a INTERSECT tALOG(N-S/MP)1 *VISC 0)40
C9 *VISC 0370
Co NOTE: ALL CALCULATIONS APE PFPFORMED IN SI UNITS. OVISC 0380
Co *ViSC 0390
C~eoeeeoeee.eoeteeeooeeeeo~~eeeoeoeoeoeeoee.e~eeeeeeeeoeeoeoeoeoeeoeeeeO**WISC 0400

C VISC 0410
C vise 04pO

IMPLICIT REALCO) VISC 0430
RfAL NJW visC 0440
DIMENSION MU(I11.S1$MwtII)oXFf11) VISC 00so

C vise 040
DATA "MW ViSe 04?0

C CF4 1p 4 F OF ViSe 0400
614.00470 37.996, 10.4964, 20000064, 1.01•S, VISC 04;0

""IHE NJ D? HP 0 vise 0560
- 4.000?4. 21.01340 4.02020o .01SO4. 2.01410 VISC 0510

C H visC OSPO
- 1.OO797/ VISC 0%30

ViSe 0540
vISC OSSO

C9 *ViSC 0%70
C' MU VALUES ARE STORED IN UNITS 07 [1.Of*O? N-S/MPI AND TARULATED BY OVISC 0600
C9 TEMPERATURE CROW) FROM 300 K TO 3100 K IN INCRfMENTS Of 200 K ANU *VISC 090
C. SPECIES (COLUMN). *VISC 06O0
C* *ViSC 0610
C* VISCOSITY flATA WAS TAKEN FROMI NASA TECH REPORT R-13?, TARLE III *Vise 06p0
Co EXCEPT THAT VALUES FOR 0?, OF# AND 0 WERE CALCULATED FROM DATA FOR *VISC 0630
C* H1, HF• ANO H ASSUMING THE VISCOSITY TO Rf PROPORTIONAL TO THE *VISC 0640
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APPENDIX C CHEMICAL LASER ANALYSIS PUOORAM (CLAP)
SUBROUJTINE vise OVERLAY LOS PAUE C-93

CO SQUARE RO0t OF THE MOLECULAR WIGSHT RATIO. OVJSC 0490
Ce *vise 0440

C Vise U600

- 317697o 231.0 42713. 12%39.1 131.4,9 30 779J619 f vise 6790

492.6. 5909.51. S31.3. 394.4. 403.4. 471.4. 422.0. ?97.6o 210.9. vise 0740
%OROq?$ 4$6.9. 993.6. 446.9. 499.4. %?Sol, 471.0, 331.6.o 234.?. vise 0776

S94.0.0 719.4. 451.0. 494.9. S04.3. 979.0.9 917.9 344.0. 297.9 VISC 0700
- 40.3. 760.?. 704.3. 94?.?. S49.99 424.3. 961.0. 394.7. 279.?. vise @790
S449.0. 040.4. 7600.2. 965.t. 93.3. 470.7. 403.7, 04941. 300.0. vise 6000
S469.0. 091.1. 011.4. 426.9. 434.9. 715.4. 444.0. 412.9. 320.1. vise @610
-731.9.9951.9. 641.1o 444.2.t 681.6. 796.4. 403.0. 479.6. 339.4. vise core
-77?.9.)004.9. 909.0o 704.%. 71.0 8000.9. ?20.8. 404.3, 396.29 vise 0030
-6192.21094.3, 999.6. 741.4o 790.7 041.3. 797.9. 432.1. 3764.4 vise 0040
O 9@0*8010*4#.000.89 ~???.t 799.4. 660.9, 793.3. JA7.19 394.1. vise 66%0

- I664*1159.?.104S.09 011.6. 830.6; 919.7. 626.1. 961.7. 411.9/ vise @0"0
DATA 1fKUfI.J .*1w0.11,.JwI.1S1/ vise 0070

C 0 H vise 0006
- 1059.9 74.9. vise 0090
- 147.3. 104 'N vise 0900
- 163.4. 129.9. vise 0910
- 214.3, 153.0. vise 0920
- P44.?. 174.?. vise 0930
- 274.2. 194.00 vise 0940
- 300.0, 212.6. vise @990
- 324.1. 230.7. vise 0940
- 3s0.', 247.6. vise 0970
- 373.7. 2644.4 VISC 0960
- 394.ke 2160.3. vise 0990
- 419.10 2~9som vise 1000
- 439.1, 310.9, vise 3010
- 440.1. 329.9. vise 1020
- 460.3, 339.0/ visC 1030

C vise 1040
C vise 1090

C0 *Vise 1070
C0 CALCUL.ATE THE ABSOLUTE VISCOSITY Of THE MIXTURE, REFS 6100. *VisC l000
Co STEWART.9 L L16HTFOOTo P.24. *vise 1090
C0 *vise 11~0

c vise ',Ir0
C vise 1130

S16.0vise 1140
11230 .0 vise 11430
symool. vise 1140
SXYmO.0 -vise 1170
DO 103 K(mi.19 vise 11600
sUNuio .0 vise 1190
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APPFNDIX C CHEMICAL LASER ANALYSIS POO~RAM (CLAP) AECI

DO top TsNSIsNS2 VISC 1200
SUMJ~q.0 *VISC 1710
DO jol JuNSl.NS7 VISC 1220
R1umw ( /mw (.J) ViSic 1230
R?uMU( I *K) /#MU(JqK) V!SC 1?40

Cal .O*SOPT (P?/ORQT (P1)) VISC 1250
PHImCOC/SQRT(8.00(1.0*Pl)) VISC 1260
DENuXF (JI PHI visc 1270

101 SUMJwSUMJ.OEN ViSC 1280
NUMxXF ( )*MU(! ,K) VISC 129')
DIVwNUM/SUN.J VIStC 1300

lop SUMINSUWI.DIV VISC 1310

mumi!xeuSmT*1.OE-01 VISC 13P0

C VISC 1340

YUPEFOMALINEA LES(MUMIFTXO)LG(UI)ASAFNTINO VIC 17

Co uS?.O ALG,) OVSc 1

EN VISC 1510

C vis 142
Tw~o.V*FLOA(K)2.04.0)VISC 143
X*ALG.(T VIS 144

YwALG(MUIX)visc 145

SXNSXx V-S 118
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Appendix D. CHEMICAL LASER ANALYSIS PROGRAM (CLAP)-OVERLAY PRS
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*PPFNOIK fl CFMFICAL LASfR ANALYSIS PROAPAM (CLAP)

PROOR&O PPS OVERLAY PAS

PPS Dine

OVFQLAY(PPS*39O) PRS 0110

PROGRAM PPS PAS 0110

C 
Puts 0120

C 0140o... . . . . .. . ..o-.....' ''' ''' '''' ''' ''' ''' '''' ''' ''':R C 0,

C * e R R S 0 1 060

Co PRSeribECOVERY OVERLAY (P01)e

roeeoeeeeoeeeeeemem ..... PAS 0190

Opp% 0210

CO OVERLAY PP; CONTROLS THf PRESSURE RECOVERY CALCULATIONS FOR PROGRAM eRRS 02?0
OPuS 030

C* CLAP. 
ePPS 07?40

C: GFNFRAL NOTATION SCAEME PRS 02%0

C :PAS 0270

Cc A I AREA PEP KMOLE/S OF LASER PRIMARY FLOW tS*MP/KMOLFI eRRS 0170

C* 6 1GAMMA) SPECIFIC HEAT PATIO *Pas D290

Co 1 MACH NUMPER *PRS 0300

C* mwi MOLECULAR wEIGHT (KA/KMOLE1 ePRS 0310

Co P I PRFSSUPF tPAI ePRS 03po

C* A I DFNSITY tKG/M31 oPuS 0330

Co T i TEMPERATURE (XI oPRS 0340

Co V t MASS FLOW RATE (KfG/S) eRRS 0350

Co X MOLAR FLOW RATE ZKMOLF/Sl epRs 0360

C' 
*PRS 03T0

C4 REPEATEO LETTERS INDICATE RATIOS. ePRS 0370

C* EXAMPLES APAI a A?/AI opus 0360
COPe RS 0390

C0
Ce VARIARLF% ARF DESIGNATED AS TO LOCATION BY THE FOLLOWYNGt epRS 0400

Cp 
uRRS 0410

Co POINT It LASER CAVITY EXIT 
OPR, 0420

Co POINT ?I NORMAL SHOCK DIFFUSER EXIT 
*PRS 0430

C* POINT 31 SUBSONIC OIFFUSER EXIT 
opus 040

Co POINT 4t EJFCTOR SECONDARY NOZZLE EXIT 
oPRS 0440

Co POINT St EJECTOR PRIMARY NOMZLE EXIT 
*PAS 04TO

Co POINT 61 EJECTOR MIXING TURE EXIT 
epRS 0470

Co POINT Ta SUPSONIC DIFFUSER EXIT

C* EXAMPLES MA a EJECTOR PRIMARY NOZ7LE EXII OACH NUMBER PRRS 0490

C0 
*0us 0500

C. 61 INDICATES STAGNATION CONDITIONS 
*Pus 0510

CO EXAMPLFE TPO * NORMAL SHOCK DIFFUSER FXtT STAGNATION TFMPERATU1'E OPRS 0120

Co 
ePRS 0S30

Co VARIAPLFS NOT FOLLOWINO THIS SCHEME ARF OEFINED AS RE011IReD, opRs 0S40

Ce 
WpS Mes

....................... ,.................-.-,. 0560

CPus 
61170

C ~PS 0580

IMPLICIT REALlLvM.NN 
PRS 0590

C PRS 0600

COMrON/LD31/LVSSI 
Pas 0610

COMMON/LDS4/A -... '~oI*!%loltlgl 
as 03

C PRS 0640

C
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APPENDIX nl CHEMICAL LASER ANALYSIS PROARAM (CLAP)
PP06PAP PAS OVERLAY PRS PAGE 0- 2

COMMON/MAINI/FAIL PAnS 06S0
cPans 0660

COMMONIPPS1 /PRSS 1 Pans 0670

C PAS 0770
COMMON/PPS2.S/AEJECTT29EAT62G*4q~6,,W*W3M~ Pas 0690

C PAS 0730

COMMON/PRSG/Gsq ,PSO ww PAnS 0eo0

CPAS 0.10

CPAS 0820
nATA RBAR/8ý31434E#03/ PS 02
DATA CAE/3HCAE/,t!0/2HNO?.SSEj'3NSSE/aYES/3NYFS/ PAS 0630

CO OPUS O

C PUS 091e

C PAS 0910

TOTN(6.N)ul .0.0.5*(G-1 ,)OM*M PAS 0930
POPM(6,M)uTOTN(CM)0**(/(G-1,0)) PAS 0940
WMcO9A).M*SQUT(3*ToTN((1.vM)) PAS 0950
Rt4O(P,T.NW) uPOP4W/ (USAROT) PS 0

C PUS 0970
F'C P0.5 0980

r**PUS 1000I
coREAD INPUT DATA *PUS 1010

C* *PqS 1oi0

C PRS 1040
C PAS l050

CALL WAPS PAS 1060
!FCEJECT!JQ.N0: 60 TO 206 PAS 1070
IF(LDSSJ.EQ.YES) PRSSI=YES PAS 1080
IF(PPSS1.EQ.NO) 6O TO 104 Pas 1090
IFPEJECT.EQ.SSE) 6O TO 102 PAS 1100

CPUS 1)20
PS 1130

C* *FRS 1140
C*NORMAL SHOCK DIFFUSER CALCUtATIONS *PUS 1150

C* WRS 1160

CPAS WeN

CPas 1190
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APPFNOljet
P R06fRA1 Pa 1>HE 01Cg L (,45 7P V4 018SI5 PRO BRA Mi ItLAPI

OVERLAY Pas

epee) PAS 1?1
4wf~w PS )Pic

ppIoppo1 p PAS

Tpu?? 7 ). 7 ) pas 1?40

P~upgu~~pps 1PM? Z0160

PAS Wo 1S1rots 14166

PAS 1310
PS 13PI)

Co UASONIC DIFFUSER~ CALCLcu.Ayyr,,, #PAS 13
*Pps 1360

C 1370*4~F is
CALL 9OS(G?,'4?DA3A?# PAS is*r'ALE.YS8 3 eplp?.P30PPO,T3TyT0?.. lpi~r~L P 1S400

P ~PP~ Pas 14.0
p3o.P360204020 MS so

T3%3Y*TFo 1460
T7*30a?3o71o~y Pas 14
P3ou4OPNO . 3973,W3) pa 1460

P30at~ot~p.o~pFos' 1490
x3gWe pKI PIPS 11I
YFtFJFCT.F0.CAIE) GO 71 M PS Iszo

"P PS 1530
so VTO 104 Pa 64

PAS 1560

OPPS 162

CP 
AS 16 40

PAS 1660

x ~ x w x ~ l P S 1 ? ? 0C PAS 17 10

PAS 173,

1.22



ApPENrj:X 0 CMEt'ICAL LASER? ANALYSIS PPOOiRAM 4CLAP)
PPOSPAM PAS OVERLAY PAS -E0- 4

C. *P "SO
to OPTIMIJ4 CONSYANT-AREA, SUBSONIC-SUPERSONIC EJECTOR CALCULATIONS *P 1760

Cof 1P 770
C..O....*e.e..OO*o~e.O..O~e..O ..ee**...ooeoe.e~e...**O OOPS J60

C pots 1790
C Pas 16100

MWyIMW4wMW%,'MW4 Pas 16l0

PSOP40WP5OP40 Pas 1600

IF'7AI.EQ.YSo/ GO Pas 1640
CALL CAEOiS(AA.NWSWSW9%P0PP49RTVAA~Er6oAL PaS l690
PG6#uPMSOP 4M SN5 PS~PP~P0SoPP9IO6oSY*6S Pas 1900
PT60T50*?T9T0C0W54 Pas )160

ME.6omwmesP5 Pas 1890
P6OuP6QjP3OPMSOqs Pas 1900

P4vTS/ThT4 Pas 19S0
T6waT6T5*TS Pas 19r0
T60o.T6 oTsoo 0 P55 1970
P~wRNo(P4T07MW4SM PAS 1960
V40.mTS P%40,o wp Pal 1990
55.140qP5Y5,W5 Pas 1900

550351(P40 (' 0.TO.) P55 0190

560.51p40P6OT09*O.W4 PAS 2903
WIW "OuWs#6O qMW 1 PRIf 2040
W6WjuWO~SW1.W4W1 s pisI 2010
A5E~w!IHOiP9MW1 ) PAS 2060
XfiMpwouX5X1'X 9X4W6 PAS 2070

AWu6/A69j*4W PAS 2090

A4u*6-#S PAS 2100

go TO 103 PAS 2110
cPAS 2120

CO**O*O O*9O*@*OOO*OO@ *O*OOOO*O***~O~~*PRS 2140
CQ*P"S 21s0

Co OPTIMUM CONSTANT-AREA. SUPERSONIC-SUPERSONIC EJECTOR CALCULATIONS *PRS 2160

C PAS 2190
ePAS 2?00

10 MWSMW 1 MWS'MW 1 P55 2210
PSOP1UPSOIP1 OR$ 2220

PTPiEPTpl PAS 2230
T570mTSOTIOTO Pa3 2240
CALL SSEOS(AA6.e1,O5,LIMITMWlMW1,141.PIOPj ,pP1T~l T10,l~A6AS, PAS 22e
-ETA6?.7A1L,866MWAMW5,M1,MAt47,P5P1,P~oPlotp6PI9P6Op0P72PP6,PT0P60.PRS 2260
-T5Tl.76T%,T60T50.TT6,T?0T60,WSW1) Pas 2?70
IFPFA1I.EG.YES) 00 TO 107 PAS 2280
A~mAM/A6AS.1.0) Pa5 2290
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DPPVNDIX D CHEOTCAL LASER ANALYSIS PUO(%UAM (CLAP)

IAP00UAM PAS (MAPLAY Pf~ PAGE 0- S

PSNSPIPIPAS 2300

T~mATW*TI PUS ?310
WWEmaWW6M%9TMWS) ps 2360

P~a6PUPPAS 2370
PA*oPE.0P900p9 PaS 2180

T6n76T%*TS PUS P390
7oT60mT60TAWS PUS 2400
wE~wlnwqwl.1.0ps 41
Xf6y1sO8U1.i .0pas ?4?0

C pas 2430
c PUS P440

C..eee..*.e..oe~eoO~oeeo~eoe~o***Ooe.**eo*.*e.~.*o*US t4%0
co PUS 2460

Co SURSONIC DIFFUSER CALCULATIONS OPUS 2470
co *PUS 2480

CeO*O*OeeeeeeoOOO*OOO~e~eO~*OeO~eOO*OeeeE**eo*ee~ee*@OOOUS 490
C PUS 2scC
C avRS piso
103 ATuAAA*AA PAS 2970

67.86s PU P 30
NW7MAP".1 2540

P7OmP7OP6O'p60 PUS 2990
77TYTTeiT6 PUs 2560
T70.770760O760 PUS 2570
P~wQN~fP7.T7.,w7) PUS 2980o
R7~U4'QO (PTO ,770 "w7,I PUS 2990
W~w.wI,dw1w PUs 2600

C * . O . ..xl PUs 2640

XC ~ a~ PUS 2610
C PUs 2630

C' oPUS 2640

Co OUTPUT RESULTS 'PpS 2660
C* *Pas 2670

cPUS 2690

WP!TE(e9?05) (P3,MSKmI~jO) PUts 2710
104 CALL OtIT'9S PUS 2720
C PUS ?740
C PUS 2750

C* 'PUS 2770
co FAILURE INDICATORS OPUS 2760I
co *PUS 2790

C PUS 2a10

105 WUITT16,201) PUS 2630
00 TO POA PUS &GAO
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APPENDIX P ~ CNHEMICAL LASER ANALYSIS PP06RAN 4CLAPI
PROSEAM PES OVERLAY PAS PAGE 0- 6

C 0TOO0 OR% AA

- SUEUIEPS)PiS peso

CO5 FOMT.OIIPOOTRMAT.E3.PA~ STATEMENTS) OPiS 3000
PSAe N OPiS 3010

;DIFIAjo,?0~GA EMNTDI URUIESSA ALOFOPS Ps

SUPRUTIN PRS1 Pa 1*6
POP O11AT(00qTj0SRRO~tN[CAES WS CALEDFRO SUROU~NE RS4) PAS 297
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A4pIFNDix n CHEMICAL LASE:R ANALYSIS PROGRPAM (CLAP)
SUPROUTINt CAEVC OVERILAY RRS PAGE D. T

SUBROUTINE CAEFCIGS.(OP,4$).MP1.AP)&W3,PS1PP1,FAIL, CAEFC 0106
c CAEfC 0130
C CAIFC 0tt0

CO OCAEFC 0140
C* CONSTAN4T-AREA FJECTOR FARPI CRITERION SUBROUTINE ICAEFC) *CAf7C 01%8

co 9CAEFC 0160

C CAfFC @190

co *CA[7C 0100
Ce tUBR0tTINC CAEF C PfRrORMS THE CONSTANiT-AREA* SUBSONIC-SUPERSONIC QCAfFC 0210
C* EJECTOR FARP1 CRITERION CALCULATIONS AY ONE-DIMENSIONAL ANALYSIS *CAtPC Met
Ce FOR A SUPERSONIC PRIMARY (401blp AND A SUBSONIC SECOND~ARY (MS141) *CAEFC 0230
C* WNICH CHOKES IN THE EJECTOR SHROUD (?e. TIMIS EJECTOR ANALYSIS OCAEFC 0140
Co IS BASED ON THE CONSTANT-ARFA SHROUD# IJECTOr ANALYSIS OfF ANNI. *CAlEFC OF?50
C* REFERrNCE: NACA T" 1410. *CAEPC 0260
C' *CAlFC 0270
C* INPUT VARIABLESI *CAEPC 0280

C* as m SECONDARY GAMMA *C.NEEC 0300
C* op a PRIMARY GAMMA #CAErC 031o
Co W$1 a SECONDARY MACH NO. AT THE HIXING TUNE ENTRANCE *CA!FC 0310
Co NPi a PRIMARY MACH NO. AT THE MIXING TU9E FNTRANCE OCAEFC 0330
Co APJAM3 a PRIMARY-TO-MIOIING TLIRE AREA RATIO *CAEPC 0340
co *CAE7UI 0350
Co OUTPUT VARTARLESs *CAEFC 0360
co 'CAEFC 0370
Co PS3PPI a SECONDARY-TO-PRIMARY STATIC PRESSURE RATIO *CAEFC 0380
CO FAIL a ERROR FLAG %CAfFC 0390

C. CAEFC 0400

C CAEFC 04,v0c CAKEC 0430
IMPLICIT REALfM) CAME WO'~
DATA ?ES/3HYES/.PART/4NPARTj'.SUP/3HSUP/ CAM~ 0450

C CAEFC 0665
C CAEFC 0470

Ce GAS DYNAMIC FUNCTIONS *CAEFC 0500
COOCAEFC 0%10

C CAEFC 0530
C CAEFC 0540

PPOMG.MUTOMIGW)"G, 0-30))CAEFC 0550
TOTMSM .10.05* 0-1.0)MOMCAEFC 0360
AASMGM.:(.0@0TMSM/(GI.0)e.0~S(G.*0)(410))p/M CACEC 0570

C CAIEFC 0580
C CAEFC 0590

CO 'CAEFC 0616
C:FABRI*S CRITERION APPLIES ONLY WHEN *CAEIC 0410
c MSl.Lt.1.0) AND (PSIPPI.LEj.30). *CAEFC 06i30

C* OCAEFC 0640
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APPENDIX P CHME.ICAL LASER ANALYSIS PROORAM (CLAP,
SUPROUTINE CAEPC OVERLAY PRS PAGE 0-A

C*.OO* SO .eeeeeeee..ee~. Oe'*.et OOOe*GOO*ee~OO**OOOCAIEFC 0690
C CAcFC 0600
C CAEVC 0470

I~MS.T~l.n GO TO 10? CAIEVC 00,0

C' CAEFC 0700

C CAEFC 0PU0

C SCAMP @790

C AL CAALCUL.1AT PF ATS.UPSTATIO (?IWHEEP?,FAU FOCAffC 0?lO

C0 THLE AREA RATO FOR STREA (0 TSAIN MCAMV '3120
C0 MLTMI 00TOOCAIFC 07630

C' CAE7C 0360

C' CAEFC 0?900
C AepAeeeoeeeeeee9e0e*Peeeeeeeee*(.-eleoeeeeee*.e/eeAe...eee0e3eOOOCAEFC 0,10

C CAEFC 0620
C CAIFC 0930

C0 c.~PAH)u..~SM1n SCAME 0940
CO CALULATESTAT0IC PRESSURE RATIO P .S 1/AIASED .S1) ONFBISCIEIN CAEFC 0490

i '1PrVNV CAMP 0980

c CAEPC 1000
RETURN IA30(100S(MIO?) CAEVC 1010

C 4P~so*)PO(%MI)(loG)AS(S7l) CAEFC 1020

CCAEFC 3030

C'PIP~Ls(.) 00T 1CAEFC 0990
r' MF(Sj PIS T.11RO))IM TO 1.01 AN P SAPOIAEYM)CAEFC J000

REUR *CAEPC 1070

C CAEEC 3090
C CAEFC 11030

10? PlR~li.0 AEPC1104
Co~ R -CAEFC JOS

Cs SCAM 11070
CAEFC 1090

C~ee )*** e eeeee.eee....e...oeeO*CAEFC 1100

lop *SPIIoCAEFC 1120

C. ERRESAE*CAEFC 1160

Co*CAEFC j190
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APPpo13o 0 CNEM1CAý. LASFU ANALYSIS F&flAR06 tCtAP)
SURRlUTT1NF CArrC OVERLAY PRS PAGE 0- 9

C CAMP 1210
c CAMP IfPO
103 WRIT14#60104) CAEFC 1230
I@ OA0I1.T.OUO IN NUOROUYTNE CAEFCI M%11-10 CAEPC 1240

so To 1oQ CAEFC 1Z'sO
)as WRIYFI'GI14) CAMF 1160
106 F0OwAT(*IovT?.*%RPOO IN SURROUTINE C&E7Ct PSIPPI-400b CAMP 1270

so TO i69 CAEPC its*
107 d0ITE1f..l0S) CAEFC I290
100 FO*lAY.0.,TP**SUMROUTINF NAAS WAS CALLEDl FROM SUSROUT!#4( CAECFC.I CAtFC 1300
109 FATLOYFS CAEVC 1310

RETURN CATPC 13re
li0 FAILmPAXT CAEPC 1330

END CAEFC 1340
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APPFNDIx nl CHEMICAL LASFR ANALYSTS PROORAM (CLAP)

SUPROUTINr CAEOCV OVERLAY PRS PAGE D-10

-FLOWsWSWP.GM.M4WMMWP.T"flTPO.MM3.PPflPS0.PM3PS0.PM3PP;.FAIL, CAEOCY 0110
C CAEOCV 0170

C CAEOCY 0130

Ce OCAEOCV 0150
Co CONSTANT-AREA EJECTOR OVERALL CONTROL V' UMF SU'*OUTTNE (CAEOCV) OCAEOCV 0160

co *CAEOCV 0170
C~eeC....e.eee~e@~eOe*.e@.~ee*ee*e**e.**~ **..e**..E.O**CAOCV0 lao

C CAEOCV 0190

co 4CAEOCV 0210
Ce SUBROIITINE CAFOCV PERFORMS THE CONSTANT-AREA E.ECTORo OVERALL *CAEOCV 0220
C* CONTROL VOLUME CALCULATIONS BY ONE-DIMENSIONAL ANAL VSTQ FROM INLET *CAEOCV 0230
Co SECTION mj TO ktXLED SE,.TION (3). OCAEOCV 0240
C* *CAIýOCV 0250
C. INPUT 4ARTAPLES: *CAEOCV 0260
Co *CAEOCV 0270

TEPEATR RATIOIARGMM *CAEOCV 0?10
C SWPwSECONDAkY-TMACN NOAT THLECA WEINGHTU ENRANIO *CAEOCV 03200

PO"$RISEONARY MACH NO TTEkXN UFENTRANCE *~ V02

Co APIA03 v PRIMaRY-TO-MIXING T11BE ARE# PATIO *CAEOCV 0340
C* PSIPPI a SFCONDARY-TO-PRIMARY STATIC PRESSURE PATIO *CAEOCV 0350
Co FLOW w CONTROL VARIABLE SUJCH THAT: *CAEOCV 0360
C* a "SUR" FOR THE SURSONIC SOLUTION OCAEOCV 0370

co a"SUP" FOR THE SUPERSONIC SOLUTION *CAEOCV 0380
C' *CAEOCV 0390
C* OUTPUT VAPIABLES: *CAEOCV 0400
C* *CAEOCV 0410
C* ISWP ii SECONnARY-'YO-PRIOARY MASS FLOV RATIO OCAEOCV 0420
CO Gm a MIXED STREAM GAMMA *CAEOCV 0430
Co MWMMWP a MIXED STREAM-TO-PRIMARY MOLFCULAR WEIGHT RATIO *CAEOCV 0440
C* TMOTPO = mixrn STREAM-TO-PRIMARY STAGNATION TEMPERATURE RATIO OCAEOCV 04S0
C "MM3 a MIXED STREAM MACH NO. AT THE MTXiJO TUBE EXIT *CAEOCV 0460

C* PPOPSO a PRIMARY-TO-SECONDARY STAGNATIlON PBAESSURE RATTO *CAEOCV 0470 '
C* PM3PSO a MIXED STREA4 STATIC-TO-SECONDARY STAGN4ATION PRESSURE RATIO *CAEOCV 04A0
C* PM3PP1 a MIXED STREAM-TO-PRIMARY STATIC PRESSURE RATIO OCACOCY 0490
Co FAIL a ERROR FLAG *CAEOCV 0500
C* OCAEOCV 0510

C CAEOCV 0530
C CAEOCV 0540

IMPLICIT REAL (M) CAEOCV 0550
DATA PAPT/4HPA5RT/sSUP/lHSUP/ CAEOCV 0560

CAEOCV 0570
C CAEOCV OSAO

co *CAEOCV 0600
C* GAS DYNAMIC FUNCTIONS *CAEOCV 06j0

Co *CAEOCV 0620

C CAEOCV 0640
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APPENDIX vl CHFMICAL LASER ANALYSIS POOORPAN (CLAP)
SUPROtJTINF CAFOCV 64FPLAY PPng PAGE 0-11

CACOCV 0460O

CAFOCv 0470
PPON I CON) at .* "%s 6-1 0 eM**) pn*(.0/ 0-1 )1 CAEOCV 06S0

CCAEOCY 0690
C CAfOCV O7O0

C* *CAEOCV 07?0
C. EIECT0P MASS FLOW RATIO *CAVOCY 0730
Ce **.. .. . . *00 0 00*

0 0CAEOCV 0750

C CAEOCv 0760
C CAEOCV O7T0

CONSQNITWS"WP/1 Soypol CAEOCV 0710

CPSCPPUI6s/Sp)*(UGP-1.,t(6S-1.II'Wwsmwp CAFOCV 0800
C CAfOCY 0610
C000000.000e 

0
000000000

0
0000e000000

0
0CAFCCV 0*30

C* *CAEOCV 0840
Co MIXED FLOW PROPERTIES *CAEOCV 0650

C* *CAEOCV 066o

C CACOCY ease
C CAFOCV 0190

MWWM0wpu gI ,wswp) /(1 *. WSWPINWSMWP)I CAFOCY 0900
*M0./(.~(6P-.,/P)0(1.(WWPWSWP,)(1.C~gPP.SWPfl CAFOCV 0910

TM0TPoe(l..WSW9OCPSCPPOT'%0TPO),g1..WSWP0CPSCPP) CAEOCV 0910
C CAFOCV 0930
C CAEOCV 0940

C* 9CAFOCV 0960
C* SOLVE FOR MW1 *CAEOCV 0970
co *CArOCV 09*0

C CACOCY 3000

C CAFOCV 1010
CluSQAT C TSOTPO/MWSMWP).c6P#'SS)) CAEOCv 10o0e
C?uSQPT (TMOTPO/MWMMWPO (OP,'M)) CAEOCV 1030
TM3.CT(OP.MP1I.C1OWSwP.T(OS.MSl,),/(1..wswp).c2) CAEOCV 1040
TM3WINaSQ*T(2.*(Sm.1.)) CAEOCV los0
IFITW3.LT.TM3MIN) 60 TO 10 CAEOCV 1060
C3=ITM3**?-?.*GN) CAEOCV 1070I

C~ueM-./?).TW3.2,e~e2)CAEOCV 1080
CS"ORT1Ce024.'4)CAEOCV logo
M~Q~w.(-C-CS / ?.'I)CA1IOCV 1100

mS003P. (-c3.CsM?(.%C4) CAEOCV 1110
C CAEOCV 11P0
C CAEOCV 1130

Ce *CAEOCV l150Co DETEDMINF TWO POSSIBLE MIXED-FLOW MACH NO, SOLUTIONS *CAEOCV 1140
C* *CAfOCV 1170

C CAEOCV 1190
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4PPEDIX0 CmMTCL LAER NALYIS POARM (LAI
SUPPOUTINF CAFOCV OVERLAY PRS PAGE D-1?

C CAFOCY !2f00

IPmsoniW.GE.40.011 l*P3uSaVTWSQD3Ml CAEOCV 1210

IortmlociP.61d.4OI0) pMi3PuQPTfMSOD3P) CAEOCV 3220

od"3.Wgi3P CAlEOCV 1730

TFIFLOW.ro.sup) Mm~Mjm~d3j CAEOCV l?40

c 
CACOCV 12%0

C 
CAEOCV 1240

1270

co CAfOCV 1?R0

CO CALCULAYC PRESSURE PATIOS .CAEOCV 1290

C* *CAEOCV 1390
1310

C 
CAIOCV 1320

C 
CAfOCV 1330

CA.S@RTtT~oTP0/MWPMVP 
CAEOCV 1340

PN3 PPluCSOAP1AN301.*WSWP)*(W~ISPMP1Id/WM(-3MMW
3f CAEOCV 1350

Ppopsom(pp0m(6sN~S1i/ePpom(OPWp1,)/Ps~lppI CAEOCV 1360

PW3PSOuPW3PPIO(PtPON(GS.MS1 3/PSIPPI) 
CAEOCV 1370

RETURN CAEOCV 0360

C 
CAEOCV 1390

C 
CAEOCV 1400

1410

C* *CAEOCV 1420

coFRROR MESSAGES *CAEOCV 1430
C* *CAEOCV 1440

1450

C 
CAEOCV 1460

C 
CAEOCV 1470

In FATLwPART CAEOCV 1440

END CAEOCV 1490
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APPFNDIX n CHEMICAL LASER ANALYSIS PROGRAM (CLAP)

S'JBROUTINE CAFOS OVERLAY PRS PAGE 0-13

SURRflU¶sNE CAEOS(ATA6,G6S,GPMWPMWSPSP40OPTP40,TSOT40.A6ASETA6TCAEOS 01M0
-FAILTLWMoWMMWP.M4..M6.M.7tP5PAP6PSP60PTflrP6tP7fP60,TST4.T6T5,CAEOS 0110
-T6MTn.TTT6,TTOT609WPWS) CAEOS 0120

C CAEOS 0130
C CAEOS 4l1A0

S*CAOS 0160

C' SURSONIC-SUPERSONIC EJECTOR OPTIMIZATION SUBROUTINF (CAEOS) OCAEOS 0170
Co *CAFOS 0180

~ 0190

C' ANALYSIS. THE OPTIMUM IS TAKEN To FE THAT CONFIGURATION WHICH OCAEOS 0250
C* REQUIRES THE MINIMUM DRIVER MASS FLOW FOP A GIVEN ORIVFR STAGNATION OCAEOS 0?60
C* PRESSURE AND GIVEN COMPRESSION RATIO. OCAEOS 0?70

C* *CAEOS 0230
C' INPUT VARIABLES$ OCACOS 0290
C* *CAEOS 0300
Co ATAA a SUBSONIC DIFFUSFR EXIT-TO-ENTRANCE AREA RATIO *CAEOS 0310
C' Gs a SECONDARY GAMMA *CAEOS 0320
C' PR a PRIMARY GAMMA OCAEOS 0330
Co MWPMWS a PRIMARY-TO-SECONDARY MOLECULAR WEIGHT RATIO *CAEOS 0340
C* PSOP40 a PRIMAPY-TO-SECONDARY STAGNATION PRFSSURE RATIO OCAEOS 03S0

C' PTP40 a SUBSONIC ntFFUSEP EXIT STATIC-TO-SFCONDARY STAGNATION OCAEOS 0360
C' PRESSURE RATIO OCAEOS 0310
C* TSOT40 a PRIMARY-TO-SECONDARY STAGNATION TEMPERATURE RATIO *CAEOS 0380
C' *CAEOS 0300
C' OUTPUT VARIABLES: OCAEOS 0400
C* *CAEOS 0410
C' A6AS a MIXING TUBE-TO-PRIMARY NOZZLE EXIT AREA RATIO *CAEOS 0420
Ce ETA6? a SUBSONIC DIFFUSER COEFFICIENT eCAFOS 0430
C' FAIL z ERROR FLAG *CACOS 0440
C' GM a MIXED STREAM GAMMA OCAEOS 045C
C' MWMMWP a MIXED STREAM-TO-PRIMARY MOLECULAR WEIGHT RATIO eCAEOS 0460
C' M4 m SECONDARY MACH NO. AT THE MIXING TURF ENTRANCE *CAEOS 0470
C' Ms x PRIMARY AACH NO. AT THE MIXING TUBE ENTRANCE *CAEOS 0490
C' M6 a MIXED STREAM MACA NON AT THE MIXI N T TUBE EXIT *CAEOS 0490
C' MT x MACH NO. AT THE SUBSONIC DIFFUSER FXIT OCAEOS 0!00
C' PSP4. a PRIMARY-TO-SECONDARY STATIC PRESSURE RATIO *CAEOS 0510
C' P6Ps w MIXED STREAM-TO-PRIMARY STATIC PRESSURE RATIO *CAEOS 0520

C' P6OPSO a MIXED STREAM-TO-PRIMARY STAGNATION PRESSURE RATIO *CAEOS 0530
C' PFP6 w SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STATIC PRESSURE RATIO *CAEOS 0540
Cý P/OP60 a SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STAGNATION PRESSURE *CAEOS 0550
C' RATIO OCAEOS 0560

• TST4 a PRIMARY-TO-SECONDARY STATIC TEMPERATURE RATIO 'CAEOS 05?0
C4 Y6Ts x MIXED STREAM-TO-PRIMARY STATIC TEMPF,'A'URE RATrO *CAEOS 0580
C' T6 rso a MIXED STREAM-TO-PRIMARY STAGNATION TEMPERkTIPIR RATIO OCAEOS 0590
C' TT6 a SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STATIC TEMPERATURE *CAEOS 0600
Co w RATIO OCAEOS 0610
C' TTOT60 w SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STAGNATION TEMPERATURE 'CAEOS 0620
Co RATIO OCAEOS 0630
Ce WPWs w PRIMARY-TO-5ECONDARY MASS FLOW RATIO *CAEOS 0640

,4)
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APPFNOIX P CHEMICAL LASER ANALYSIS PR06RA- 4CLAP)
SUSROUTINE CAEOS OVERLAY PRS PAGE 0-14

C* *CAEOS @650o

C CAEOS 0670
C CAEOS 0600

IMPLICIT REAL(M) CAEOS 0690
REAL NO CAEOS 0706
OATS NO/?HNO/*SUP/3ISUA/qYES/3HYfS/ CAEOS OT10

C CAEOS 0?20
CCAEOS 0?30

C0 *CAEOS, 0750
C* OAS DYNAMIC FUNCTION% OCAEOS 0760

ca *CAEOS OTTO

C CArcS OT9O
C CAEOS 0800

TOTX(G*M)m.f.Oe5.*(G-1.O) *M*M CA1OS, 0610
POPMIS.WlmT0TM(Gý,M)O*S(/fG-l.o)) CACOS 0620

cCAEOS 0030
c CAEbS 0640

pCo OCAFOS 0866
co ITERATE M4 Tn FIND MINIMUM XWPWS OCAFOS 0N70
co OCAbOS 0060

C CACOS 0900
C CACOS, 0910

NWSMWPU1 .0/MwPMws CAEOS 0920
T4OTSO&1 * /TSOT4O CAEOS, 0930
NTYPEria1 CAEOS, 0960
NITia1 CAMS 0950
N4m1 .0 CACOS 0960
00 110 ITER16191000 CAFOS 0970

C CAb OS, 0960
C (CACOS 0990

FC46 OCAEOS 1010
C*ITERATE W6S TO FIND XP!OP*OwPSOP4O *CAkCOS 1020I

C* *CAEOS, 1030~ 1040
c CAFOS 10S0

c CAEOS 1060
NTYPEpu1 CAEOS 1070I
NI TPW 1 CAEOS 1040
&6AR'slo." CAEOS 1090
DO 108 ITER~sI91000 CAMS 1100

C CAEOS 1110
e CAEOS, 1120

Co 'CAfOS 1140
C. InCAATE MS To rIND XPTP40EPTPAO OCAFOS 1150

C* CAE03 1160
~ 1170

C CAEOS 1160

r CAEOS 1190 J
133
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APAEN01X n CHEMICAL LASER ANALVSTS PROARAM (CLAP)
SUBROUTINE caFOS OVFRLAY PAS PAGE 0-IS

[NTYPt3ml CAFOS I?00
NIT301CAEOS 1210

4qu .01 CAEOS 1?PO
DO 106TTER3wuIfflf CAEOS 1?30

cCACOS 1240
C CAFOS IPS0

Cee~~eee~eee~eeeee~ee.eeeee4ee~eeeeeee..ee~esee~eeeeeeeCzOS 1260
co *CAEOS 1270
Co CALCULATION% FOR CONSTANT-AREA EjECTGP *CAEOS 1280
co OCAEOS 1290

C~e~eeeeeeeeeeeeeeoeeeeeeeeeeeeeee~eeeeeeeeeeeeeeoeeeeoCEOS 1300

C CAEOS 1310

C %Em 0AA CAEOS, 1320
IFPM4,WF.1.01 0O TO 101 CAEOS 1340
p4psuI,go CAFOS 1350
GO TO 102 CAEOS 1360

101 CALL CAFFC(6SGPN4.S9,A5AAP4PS,7AILI CAEOS 1370

IF(lPATL.1G.YES) GO TO lIP CAEOS 1360
1PcFAIL.NE.NO) 0O TO 103 CACOS 1390I

102 CALL CAEOCV(GSGP.MWSMWPT40T50,M4,M5.A5A6.P4PSgUmgwswpGM, CAEOS 1400
-MWMMWPT60T50.M6,XPS0P40,P6Ph40.PAP5,EAIL) CAFOS 1410
IF(FAIL.E@.YES) 60 TO 1II CAEOS 1420
TF(FAIL.fG.NO) GO TO JOS CACOS 1430

C CAEOS 1440
C CAEOS 14S0

Co *CAEOS 1470
C* NO CAE SOLUTION EXISTS FOR CURRENT VALUE OF OCAEOS 14R0
Ct MS, INCREMENT M% AND SEARCA( FOP SOLUTION. OCAEOS 1490
C* *CAEOS 1500

C CAEOS MO2
C CAEOS 1530
103 M9uMS*.S. CAEOS 1540

IFCMS*GT*10.O) 60 TO 104 CAEOS ISS0
FAILwNO CAEOS 1560
GO TO 1 , CAEOS 1970

C CAEOS 1560
C. CACOS 1590

C* OCAEOS 1AI3
C* NO CAE SOLUTION EXISTS FOR CUPREN7 VALUE OF AAAS, *.;AEOS 1620
C' INCREMENT A6AS AND SEARCH FOR s0%.UTzoN. OCAE0S ý630
C* OCAEOS 1640

C CAEOS 1660
C CAEOS 1670
104 A6ASvA6A5-0.S CAEOS 1640

IFfAGAws Lfo1.0) 00 TO 109 CAEOi 1690
FAlLwNO. CSOS 1700
0O TO 10S CAEOS 1710

C CAEGS 17?0
C CAEOS 1736
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AP'PENDIX n CHEMICAL LASER ANALYSIS PROARAN (CLAP)
SUBROUTINE CAMOS OVERLAY FRS PAGE D-16

Ce *CAEOS 1750
co CALCULATIONS FOR SUBSONIC D)IFFUSER OCAEOS 1760
co *CAEOS 1770

C CACOS 1790
c CAEOS 1600

105 CALL S0S(0M.M&,A7A6,47,P7P6.P70P6fl*T7T6,T70T6f*,ETAA7iFAIL) CAEOS 1910
irF(AIL.EO.YES, 00 TO 114 CAEOS 1620

X~P7P40wP7P6*P6P40 CAEOS 1420
C CAEOS 1840

C,.~O*..**..OCO.O.*O@.*.....*.**.O....*O@*..****O*O*O CAEOS 1660

C* *CAEOS 18?0
co TEST FOR XPTP4osP7P40 AND INCREMENT MS5 OCAEOS 1880
co OCAEOS 1690

C.O*OO.O** O.*.*.@ *OO **.~O***@O *@.~*C E0S 1900

C CAEOS 1910
C CAEOS 1920

CALL ITER(MS,0.5,5.OF-06,4.0.OXPTP40,P7P40,i .OE-01.NJT3,NTYPE3, CAEOS 1930
-XNESS, YNE63,XPOS3, YPOS3.NS IGN3 ,NS16N4) CAEOS 1940
lF(NTYPF3.EQ.3) 0O TO 107 CAEOS 19%0

106 ONTN~fCAEOS 1960
00 TO 114 CAEOS 1970

C CAEOS 19bo
C CAEOS 1990

C* *CAEOS 2010
C* TEST FOR XP5OP4OUPSOP4O AND INCREMENT A6AS *CAEOS 20Oo
C* *CAEOS 2030

c * 0* *00 *0 **CEOS 2040
CCAEOS MeiS
c CAEOS 2060

101 CALL ItRAA....E,..PO4.~pO1Q.1NT. CAEOS 20TO
VPTYPE29XNE829INE029XPOSPPYPOSP#NS:3N1NIoNSINP CAEOS 2080

IFINTYPE?oEQ*3,' 60 TO 109 CAEOS 2090
jOB CONTINg~ CAEOS 21100

60 70 117 CAEOS 2120
C CACOS 2120
C eee*Oo~**o*O***woeee~*o*e*~.ooo~*OCAEOS 2)140

C* *CAEOS 2190
Co IF NO CAE SOLU~TION EXISYS FOR CURRENT VALUE OF *44. INCREMENT M44 AND *CAEOS 2160
C* SEARCH FOR SOLUTION. IF SOLUTION FOUND, TEST FOR MINIMýUM XWPWS AND *CAEOS 2170
C* INCREMENT M44. OCAEOS 2160

C. *CAEOS 2190

C 0OOOOO0OOO*0**0*O**OOO*.0.OoO@0OOOCAEOS 2?200
109 xwpwsui,.O/WSWP CAEOS20

CALL MINk04oXWPWSvNTYPEI*NITIvFAIL) CAEOS 2240
IF4FAIL'.fO.YES) 0O TO I:$ CAEOS ??S0
IFjNTYPfI.E0.4) 60 TO III CAFOS 226

iio CONTI,4UP CAEOS 2270
00 TO 118 CAEOS 2260

i) vpwsaxwpws CAEOS 2290
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APPENDIX C" CHEMICAL LASF9 AP4t".YTS PROIRAM JCJAP)
SUBROUTINE CAFOS ovrFRLAY BPS WAE 0-17

R'PA48.0,P40b CACOS P100
P60p'i0URAPSOp0pm(0N06) /Pflp"(tSP.M'r CAEOS P31C
757437T~nYoeTOTM(S.M4I'TOTME0PM'%) CAEOS 2311'
&T5*TnTIoY0eoT0TMbOPMSI/TOM(BMMS) CACOS P330

RETURN CAt-:OS P?'A
C CAKOS k310
c CAEOS e34'o

to OCAFOS 2350
C' A:LI;Pf INDICATORS *CAfnS, £310

to OCAE0 2*00

C CAEOS, 2420
c. CMbS P430
lip WRI, (Aspell CAMO 1440

RETURK~ CARDS 2490
103 WRITE(6.207) CAMO 2460

RPTURN CAIOS WO7

RETUJRN CAM~ 2490
HS WRITE(6*?04) CAEOS 1100

R!TLJPN CACOS 2110
jj4 %P?(lO)4AAo'oFP0PP4 CAEbS P5PO

go TO 119 CAFOS 2130,
jj-YV RITE(fi,2O4,M4,MSA6A5,XPS0P40,R10PA0 CA90% 2140

30 TO 119 CAEbS P110
j18 WR1T(!4.?eT)M1.A6A5,M4*XWPWS CAEOS 2960
jig FAILOYTI CACOS 2170
C CAEOS 2560
C CAEOS 2500

Ce*CAIEOS 1610
to FORMAT STATEMENTS *CAEOS 1410
Co OCAEOS 1630

c CAEOS, 2640
C CAMO P440
2a1 FORMAT(.oeT2*0PROGRAPi TERMINATED IN SUBROUTINE CAfC4*,/* CACOS P670

-TP96AS.CALLED FROP SUBROUTINE CACOS*) CAEOS ~rf0
P02 FORMATc.0000290PROSRA" TER4INATED IN SUBROUTINE CAEOCV*9/0 CAEOS 1690I -f2,OAS.CALLbV FROM SUBIROUTINE CAEOSS) CAE OS 2700 I
203 FORMATq.00~,290PROORAM TERMINATED IN SURROUTINE SOS#919 CAEOS 2710

-TZ,*AS.CALLED PROM SUBROUTINE CAfOi0) CESPP
P04 FORMAT(*Oe.T2**PROBRAM TERMINATED IN SUBROUTINE MIN09/9 CAVOS 2730

r-TP**AS CALLED FROM SUBROUTINE CAP.OS*1 CAEOS P740
205 FORMAT(*0',TZ,'CONVEROEP4CE FAILURE IN SUBROUTINE CAFOS*s/v CAEOS 2750

-Ttv*FOP MS SUCH THAT XPTRAOmP7P4O*9/19 CAFOS 176
-T2**M4 m**El396eTP6v*ASiA% w'.E13.4,/0 CACOS 2770
=TP,#M% "**.EI1~.GT?fi9.XP7VkO N0913o.5,, CACOS 2760
-TPO*PYF.0 W**.13.6I CAEOS, ET90

?O4 FORMAT c.0vYP9*CONVfR9ENCf FAILURE IN SUBROUTINE CAFOS*9/9 CAEOS ?Roo
-TZ**POR AWA SUCH THAT XPSOP4OuPSOR40*,.//. CACOS Palo
-TP,*M4 **,E13.69T2e,.m1 *..F13.6,09 CACOS 2620
-YP#*A6A5 u'.E13.6,T?6..XPSOP4oue.E13.0,,, CAEOS 2830
v-'~opsop40 woF13.e) CAEOS 21A0
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*PPFNJ~ 0CHMIMCAL LASERA NALYSIS P000RAM (CLAP)
SUBROUTINE CAFOS OVERLAY PRS PAGECO-IS

POT PORMAT(fOO.T?,*CONVEPGFNCF FAILUAF IN SUmRnUTINE CAEOS*.', CAEOS 2650
1ToFR44 SUCH THAT XwPWS a MINIMUM WPW4q../, CACbS POGO

.TP,e14% w*9F13*6sT?6e*A6A5 **.E)3o69/. CAEOS 2670
-T?,*"4 m*,EI3.6*.?f6,ONwPWS seFj3.6) CAEOS POG0

FNO CAEOS 2690
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APPENDIX n) CHEMICAL LASER ANALYSIS PRO('RAM (CLAP)
SURROUTINE INPPS OVERLAY PRS PAGE 0-19

SUBROUTINE INPAS INPOS o100
C tNPRS 0110

CINPAS 01?0

Co *INPAS 0140
CO INPUT SUBROUTINE WINPRS) OINPRS 01s0

Ct INPAS 0je60

c..*....*.,*O.***.6**O** tNPPS 0170

~ 0190
C.*INPRS 0200

Co SUAPOUTINE INPRS CONTROLS THE INPUT OF INITIAL DATA FOR THE *INPRS 0210
C* PRESSURE RECOVERY SECTION. O!NPRS 0??0
co *INPRS OP30
Ce INPUTOUTRIIT VARIABILFS? *INPRS 0?41)
C' OINPRS 0251)
CO £34? a SUBSONIC DIFFUSER FXTT-TO-ENTRANCE AREA RATIO *INPRs ?420
Co ATAA a SUBSONIC DIFFUSER EXIT-TO-ENTPANCE AREA RATIO *JNPOS 0770
C' EJECT a CONTROL VARIARLE SlICH THAT? *INPRs 0pe0
Co a %$NO"$ FOP NO PPFSSIIPF RECOVERY SUAYSTEM *INPPS 0290
C* = 110IE" FOR A SUPFR5ONIC-SURSONIC DIFFUSER SUBSYSTEM *INPRS 0300

Co "CAE" FOR A CONSTANT-AREA, SUPSONIC-SUPERSONIC EJECTOR *INPRS 0310
CoSUBSYSTEM OINPRS 0320

C* a $$SSE" FOR A CONSTANT-AREA. StJPERSONIC-SUPERSONIC EJECTOR *114PRS 0330
Co SUBSYSTEM *KNPRS 0340
CO ETA12 a NORMAL SMOCK DIFFUSER COEFFICIEN4T *INPRS 0350
C* 05 a PRIMARY STREAM GAMMA *INPRS 03600
C* LIMIT a SUPFRSONIC-SUPERSONIC EJECTOR CONTROL VARIABLE SUCH THATt OINPRS 0370
C* a "ULP14 FOR THE UPPER LIMIT POINT 09N005 0360
C* m ffSP"l FOR THE ?UXOSKI SEPARATION POINT OINPRS 0390

C* "MPPw FOR THE MATChED PRESSURE POINT *INPRS 0400
Cli MW% a PRIMARY STREAM4 MOLECULAR WEIGHT CKG/XMOLE) *INPRS 0410
Co PRSSI a CONTROL VARIABLE OINPRS 04?0
C* PRSS2 a CONTROL VARIABLE OINPRS 0430
Co Ps0 a PRIMARY STREAM STAGtVATTON PRESSURE (PAI *INPRS 0440
C' PT a AMBIENT PRESSURE (PAI *INPRS 0450

Co SE IPRS a CONTROL VARIABLE *I94PRS 0440
C'o OINPRS 0470
CO N07ES ALL INPUT IS IN SI UNITS. OINPRS 04P0
Ce .*.*.*.&*.Oe*...e**.O..*.O~.oee.*~ *INPR5 05900
c INPRS 0510
C INPRS 0520

IMPLICIT REAL(Lo.MN) INPRS 0530
C INPRS 0540

COMMON/MA INS/SETPRS INPRS 0550

c ~~INRRS 06
COMMONIPRS I PRSS 1 INPRS 0570

COMMON/PRS3,A3A2,ATA6,ETAI?,LIMIT.MWSP?.TSo INPAS 0590 *
C INPRS 0600

CO~mNON/PRSS/FJECT INPRS 0610
C IN4PRS 06p0

CO"MON/PRS6/G5, P50 INPRS 0430
C INPOS 0440
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APPENDIX D CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SURROUTINt INOPS OVFRLAY PRS PAGE 0-20

DATA CAF/3HCAfj',NO/?NNO1*SSF3HSSE1 / INPOS 0450

C INPPS 0660
NAMEL TST/NLPRS/AIAP,AAAFTA12.SSNW5.PS0,P7,TS0 INPOS 0*?0

C INPPS 0680
C INPOI 0690

C*SET DFUTVALUES *INP*S 0710

COO* OOOOOOOOOOO,@*OOO**O*O*OO4*6O* IONPRS 03

C IMPPl OlgO
c INPRS 0740

IF(SfTPRSEO.NO) 60 TO 101 INPRS 0,70
A3Atm3. INPES 0760

AA~a3.0 n NPvI 0790

PEu1.o~?5E.0 IMPRl 0640
ETAIO2.61NE.0 INPOl 0s70
GSDTPRv?9 IMPRl Cat0

C IIwHS INPES 06,0
C wwoo I"PRS 0990
c..eee 3.10Poee..e...e.e..e..e *O.e.oeee**eO* INPES 0910
C. io)?Eo *INPES 0920
CO m.14~0 CTOLS~!ET INPES 0930

SEPSN **** ~e@**O..**O.*,OOO**INPRS 09ss
C IMPRl 0890

IMC 0990

10 EIE,21 I4POS 0960

REOSg0,ES IMPRl 0990
c PPSIE.NIRTR INPAS 0170
11 WRITE16PI IMP*$ 09

READIS.120?PRSIS IMPl 10290
REWIND 1,QN)PTR INPRS 10400
IPIRSITE( EQ.N) SOTI0 NPRS 1030
READ(S*0)A32AA4EJCTEAtG5LMTSS0P,5 INPRS 1020

1 WIrE(4RS2.f.O4 6 T o INPRS 1070
RETURND INPES 1040
READ(3)A?02,EJETA6[E~EA209IIeW9S9TT INPRS 1060
IEJC.QN)RETURN IMPRS 1060

IREAJECtPOEQ.CTE OT 0 INPES 11080

TP(EJECT.E0.lSE) 00 TO 104 INPES 11100

WRITE 4.205) INPRl 1120
WRITE (AeP06)A3A2*ETA1? INPRS 1130

so~ T 0 ;TAA.76EA1,SMSPoP, INPRS 1140
W: IR' 0s) INPES 1140

so (0 las Impal 1170
104 WRITE(6,208) IMPRIS 1160

REAO(S*20P)LIMIT INPES 1190I
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APPF'N0TX 0 CHEMICAL LASER ANALYSIS PROSRAM (CuLAP
SUPPOUTINE INORS nVERLAY 045 PAGE O-?i

wQITE (6,?0q) ImpaS Ira"
WRITE 6,?O9 AVA6.05.MW5.P';0.P7. TSO INPAS 1210

10% PEAOfrsMLPRS) rNPSs 1p70

P~wI~i fNPRs 1230

C INRS l?50

C* *INPOS 1250
C* FORMAT STATFOENTS 01,40"s 1290

co *NPRS1300

c INPRS 13P0
C INPRS 1330
2ei FORNATt*I..T2,*0RE NEW P$?ESSURE RECOVERY SFC~TON INPUTS REOUIREO?*KNDRS 1340

INPAS 13S0
POP FOPMATfA31 !NPAS 1360
?03 FOPMAT(.o..T2,*SMOULO INPUT DATA RE READ FROM TAP(3tqj INPAS 13?fl
P04 FORMAT(*l*.T?q*IWPUl TwE PRESSURE RECOVERY SLDSSYSTrai FR0~* 7HE FOLLINPRS 1380

-OWING LT://T.*WeFOR NO~ PRESSURE RECOVERY SURSSlTfMO,/vT2INPRS 1390
-**vD'flyP FOR A SUPERSONIC-SURSONfC DIFFUSER SU@SYSTEW*.,T?2v.MCAE" IMPPS 1400
-FOR A CONSTANT-AREA, SIJASONIC-SUPERSONIC FJECTOR SURSYSTFM**lsT?9*INPRS 1410
-ýISSIU FOR A CONSTANtT-AREAv SUPERSONICe.-UPERSON1'C F.WCTOR !pJsysYTfNINPRS 1420
-06/1 JPRRS 1430

?05 FORMAT(o1*9T2.'INPUT DATA FOR~ THE PREFSUPF RECOVERY SECTION 8Y NANINPRS 1440
-ELST.o#/*T?90CURRfNT VALUES ARE?*) INPRS 1450

P06 FORMAT(* *vT2..SNLPRS9vT?A,-A3A? *,1.T5'EA2 m IP4PRS 1460

-E13.ev# Sop/) INPRS 1470
707 FORMAT(* *sT?*`SLPRS%#T2A9*A3A? uo,113.6#T~b#*AAh a*, INPRS 1480

-E13.6,/,,T2..ETAjP mevE13m69T?6#*GS OSOF13069T50.s INPRS 1490

-TS0007%0 WOOFEI',60* S*#/) INPRS 1510
P0O FORMATjo1..TZ,*lNv-slT THE LIMITING CONDITION FOR THF SUPERSON!C-SUPIMPOS 1570

ARSONIC FAECTOR EI!ON THE*,,,T2#*FOLLOWING LISTle,//,T2..tULPW FOR INPRS IS36
-THE UPPER LIMIT PM¶NT*i,',T2,e"ZSP" FOR THE I"KOSKI %CPARATION POININPRS 1%40
_Te,.,,T?,*wMPPw FOR THE HATCHED PRESSURE PO1NT*9tb IMPPS Isse

209 FORMAT(e o9T?#*SNLPRStqTq6,.A7A6 qefEj3.6vTs0.*vlf 0 INPRS 1560
-E13.6/,.T?v*MWS 0*9Cl3.69T26v*PSO 0,E13*69TS09 INPAS 1570
-eP? ff*9E13%6*/sT0%*T5O WeE13.690 too/) !NPRS 11ý6e

ENO 14PRS 1590
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APPENDIX 0 CHEMICAL LASER ANALYSIS PROmRAm ICLAPI
SUNROUTIN! ITEM OVFMLAY POS PAK 0-pt

SUSIVOUINt~E ITEm .ODN.IRRORXSISNOvOrOIVE'JTSRORYNIT, ITEM a0100
-NTYPENNEfoyNEo.kpoSSI'P0S,4SINjNsI6NI ITEM Oil$

c ITEM fit$
CO ITER 0110

co ITERATION SURROUITINI JITER, *ITCR 0160
C0 OITER @110

C Ityro 0190
C* Oe~eeee.e..*.......................ITEM Otto

Co SUOROUTINE ITEM PERFORM% AN ITERATION TO FIND X StICH THAT THE oEYES 0tt0
CO PERCENT ERROR IN Y AND VSIVEN 9S ALt, TO ERRORY On THE PERCENT *Ityro 030
C* DEVIATION IN X(I61) AND X(I) IS ML. TO IRRONm. 6ITER 0?40
co IS ~LfeT ERRORK. 'ITFO olso

C*INPUT VARIAGLESs *IT[* opTO

C' ex a INCREMENT IN INDEPENDENT VARIABLE 'ITER @190C* EARORE a MAX PERCENT DEVIATION IN XiI.)) AND till FOR SOLUTION *ITEM 0300
C* EMROR'v a M#X PERCENT ERROR IN Y AND YGIVfN FOP SOLUTION OITIR 0310
Co SION a*.1.0 OR -1.0. */- INCREMENTING, FROM INITIAL X 'yTER 0320
Co V a DEPENDENT VARIAPLE SITE 0330
CO VOIVEN a GIVEN VALUE OF DEPENflENT VARIABLE 'ITER 0340

C' *ITE* 0350

C0 NIOMS ESOE EWE YE.EO.'PS SGI ITER 0370
ITRAIOS YT aIEAINNME ITER 0430

C0:TPE a1-INRMET9?-ITEPLAIO#3--SOLUTION DTM 01

c Ro O X aCT .61 VEEN). VACTUARL-IETNM 0I 0.0GV

C0o01 ItTER 0910

Ce SIGP MST 1 SORE BEWEE ITRATONS ITER 0530

C*I0TER 0510

CITEM 0600

CITER 0610

10 I(Y-GIVN) 099*30ITER Oslo
N0 NSIGNSIGN2 ITER 0630
YNITomYT. IEME 064060 TO40 ITM OSS

30 NS~mpmI ITE 141



A~PFW1X 0CNEMIC&L LASIPM ANALYSIS PROOSAN ICLAP)
SUSNOU'1tf IT!, OVgfi&~' POS PAGE o-13

co *IT[* 0600
C'h INCREW~thy TO FItND SOLUiTION INTERVAL *ITEM 6690

C 17(4 0?18

C ITEM 07,30

00 TU too 17,4t 0?50

co 01790 @7400

Ce II47EAPOLATION FOR SOLUTION *ITEM 0400

co *ee~eee~*eeeeeee~eeeeeeeee.eoee. SIMe71 Oslo
c ITEM 0530
c T1R 6440

%a 4TY~fft0ITEM 069

1F(A@S(rP*00(XvXSAVE))-QRSORXl 0900 ITEFW 0000

itsO END~ 1714 ogre
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APPENDIX 0 CHEMICAL LASER ANALYSIS PROPRAM (CLAP)
SU14 0 0UTINF MAAS OVERLAY PPS PAGE 0-?4

SUBROUTINE MAAS(GMINIAASFLOWoERROR.oNN[EUAIL) MAAS loe0
C MAAS 010
C MAAS 0170
CeeeeeeeeQOQOOOIe~eeIeeOeeeQOe' .eOOeeete~QOO eeGIOOeoeee OOeOe~e GeeeOeeeGONAAS 0130

Co *MAAS 0140
Co SUBROUTINE (MAAS) *MAAS 050
C0 64AAS 0160
CCGGOeOOOOOOe•e.oeee oOOOeeeeOO*OGeeeooeeeeeOeeeeOe*.oo ~ eeeeOOeeMOOGGe~oOGAAS 0170

MAI 0100C 14AAS filpo
cQ~eoeeeooeee.eeo ~ O~ee~oee eteeoeooeeo eeooeo*OOoeeooeoe*C..e~ee~ooeeC oeo*4AAS 0100

C* 0MAAS 0200
Cs SUBROUTINE MASS CALCULATES THE MACH NUMPER I") GIVEN THE AREA RATIO oMAAS 0?lo
CO (A/At) 8Y LINEAR ITERATION. *MAAS 0W?0
C0 *MAAS 0230
C* I'PUT VARIAPLES1 oMAAS 0?40
Co *MAAS 02p0
CI AAS a THE AREA PATIO A/AO 0RA A 0240
CO ERROR u MAX PERCENT DEVIATION IN HOLD AND MN•W FOR A SOLUTION OMAAS 0270
C* FLOW w CONTROL VAPIALPE SUCH THATt ONA&S 0260
C* u "SUP" FOR THE SUBSONIC BRANCH *MAAS 090
co a "SUP" FOR THE StUPE•SONIC BRANCH *MAAS 0300
C* 6 a SPECIFIC 4EAT PATIO *MAAS 0310
C* MINI a INITIAL VALUE OF MACH NUMPER *MAAS 0320
C0 *0AAS 0330
Co OUTPUT VARIABLES: *MAAS 0340
C0 *MAAS 0350
C' FAIL a ERROR FLAI *MAAS 0360
Co KNEW a FINAL VALUF or AACH NUMORE M4AAS 0370
Co *"AAS 0380
C~*eCeCoo..*eeoeo ~ eeeeeeoeooo~ ee••e.o..,ee••oooeoeoe•ooeooe*eeo~oeoeoe•e.MAAS 0390
C MAAS 0400
C MAAS 0410

IMPLICIT REAL(M% MAAS 0420
DATA YES13HYES/9SUP/3HSUP/ MAAS 0430

C MAAS 0440
C MAAS 0450
C***o*o*•ee•oeeoeoooe*.O*Ceoeooe..ee...eooeooeo**.* e•eeo*e.e•eeeeeoe@OoeoMAAS 0440
C* qbMAAS 0670

C* CALCULATE CONSTANTS *MAAS 0480
C *MAIAS 0490
COOCt°3**o**•e******@*COCC**o C..e.*.eO*ooooe°••oe.*oC~w**o.*.**~°O**.MAAS 0500
C MAAS 0510
C MAAS 0520

1. (S-i.0 /2.0 MAAS 0530
61 1i1.0/t MAAS 0540
spa?.Olt61*0.) MAAS OSSO
62-1.,9/e? MAAS 0S60
SemS1,0)/20MAAS 0170

MAAS 0M0O
C M4ASI 0990
C MALS 0690

Co *MAAS 0620
Ce CALCULATE THE SUPERSONIC SRANCH *MAAS 0630
C* *MAAS 0640
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APPENDIX p CHEMICAL LASER ANALYSIS PROORAM tCLAP)
SUBWO9JTINF MAAS OVERLAY Pas PAGE D-?3t

C NAAS 0660
C NAAS 0670

MOL~uNINI NAAS 0660
lrPIPLOW,NF.SUP 00 0 TO MAAS 0490
00 4814l200 NAAS 0700
Clw(M0L00SAV0#**4I MAAS 0710
"MNWaSORT (6110 (62I*Cl-j," 1 1 MAAS 0720
AERROR. qMNEW-MOLO) *100.0/MOLD NAAS 0730
04OLOOSMNCW "AASS 040
IPFA9S(XERWOR) .LT.ERROR) RETURN MAAS 0730

1 CONTINUE AS 06
60 TO 4 NAAS 0770

C MAAS 6076
C M4AAS 0790

C0 004AAS 0sl0
C# CALCULATE THE SUOSONIC URANCH *NAAS Oslo
C0 *M4AAS 0830

C MAAS 0630
C MAAS 0860

2 no Jju,?0fl MAAS 0670
Cm1 .0#610MOLD*MOLD MAAS 06.0
MMfWEW( gP9CI )*0641/AAS M4ASS 0690
XERWO~u (MNEW-WOLD*I .100.0,OLO NAAS 0900
NOLOwMNFW M4ASS 0910
IPIA9SSEEPROPI .LT.ERRORi RETURN MAAS 0920

3 CONTINUE MASS 0930
C MASS 0940
C MASS 09S0

~ 0940
C# 1MASS 0970
C* CONVEOSENCE FAILURE :0MAAS 0950

C MASS -1610
C MASS l0r0

A WR!TEIA,3)7L0W.0.WINT1,MNEWAASXERROR.ERPflR MASS 1030
FAILDYES NASS 1040
F ORMAT(01*0.TlCONVERSENCF FAILURE FOR .sA3*4SONIC 0. NASS l0s0

-ORRANCH IN SUOROUTINE NAAS**/* NASS 1060
-72,06 veEi3.s,2X#*MINI 009F13*69/9 MASS 1070
-T?..MNrw **,E13.6q?X,0AAS e.,E)3.6#/o M4AAS 1060
-Y?**XfR*OP v09E13.69?X9*VPRQR W*vF13.6) MASS 3090
END MAAS 1100
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APPFNOIX n CHEMICAL LASFR ANALYSIS PROGRAM (CLAP)
SUINOUTINF MIN OVERLAY PRS PAGE 0-?6

SUPROUTfNE MINfMlFUNCoTYPENITsFAILI "IN 0100
C KIN 0110
C WIN 0120

0130
Co *MIN 0140
co MINIMIZATION SUOROUTINF (MINI .WIN 0150
C• 064N 0160

teC~eo eeeee••oe e•oe•eee ae•eee•e..o.eoeoeo~e..OO e~eto~oOe*e~eoooe~oeoe~eOIN 0190M IN ot1 to

Co ONIN 0200
C* SUBROUTINF MIN* AS APPLIF TO A CONSTANT-ARFA. SIIASONYC, SUPERSONIC *MIN O4110
CS FJECTOP. PFPFOAWS A SEARCH AND INTERVAL MALVIN& PROCFDURE TO FIND *MIN 0210
Ce NS] rtICH TWAT FUNCIMNSI IS A MINIMUM. *.IN 0230
C. *MIN 0240
Co INPUT VARIASLESI *MIN 0750
C' *"IN O0?6
Co FUNC a FUNCTION OF HSI oWIN 0270
C* 094IN 0A

Co INPUT/OUTPI)T VARIARLES: *WIN 0?90
Co *"IN 0390
C* MS1 a %ECOND&RY MACH NO. AT THE MIXING TUAr rNTRANef o04IN 0310
C* NIT a ITERATION NUMBER *MIN 03?O

CO NTYPF a 1.ý - SEARCH *WIN 0330
co a 1.4 - SOLUTION *"IN 0340

Co *WIN 0350
Co OUTPUT VAPTA8LFS? *MIN 0360
C' *MIN 0370
C' FAIL a ERROR FLAG *"IN 0380
coWN 0390

C***.****...**.*** ~0400
C MIN 0410
C WIN 0420

IMPLICTT REAL(") WIN 0430
REAL NO MIN 0440
DATA OXMXL0WXERRORYERROR/O.1,1.0E-03,0.OP,.0/ WIN 0450
DATA YPS/3NYES/,NO/?MNO/.PART/4•PART/ WIN 0460

c MIN 04?0
ERROR4ACTUAL.6IVFN)s(ACTUAL-.IVEN3*e0O.0/'IVEN MIN 0460

C WIN 0490
C WIN R0 O0Ce.°*Oee°°e.....*O*o°°eo~e°°°eoe°e.O o..*Oeo°eO.*.°@°eee.•°°oW°°e...eeoOWeIN 0510

Co 'WIN 0520
C0 NO CAF SOLUTION EXITS FOR CURRENT VALUE OF '"IN 0530
Co MSI. INCREMFNT MS1 AND SEARCH FOR SOLUTION. "I"N 0540
C0 *MIN OSSO
Cooeeeo~eooee~e eeooe*Oeeoeeoeao~eO~e.*o.o~oeeoee~O.O*O°Oe**ee.*.eeOooeaeIN 0580
C WIN 0570
c MIN 0580

60 TO 100 MIN os90
WSIENSI-XERROR MIN 0600
IF(NSI.LToXLOW) 80 TO !0A WIN 0610
FAILeNO MIN 0620
RETURN MIN 0830

j06 IFINIT.NF.1) 60 TO 101 MIN 0640
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APPENDIX n CHEMICAL LASrR ANALYSIS PROORAW (CLAP)
SUBROUTINE "IN OVFRLAY PRS PAGE 0-27

DWSlwOX MIN 06450
MS1LflWwALOW MIN 0060

101 NITmNIT.1 MIN 0670
60 TO (102910491OThtNTYPE MIN 0640

C 14I1 0090
C MIN 0700

C0*"IN 0720
co STP UPPER ROUND FOR ms] *"IN 0730

0750
C MIN 0600

cWIN 0770
102 X3uNs3 WIN 07600

y Iw uUN MIN 0790
103 WSRMWS 'I-OmS1 MIN 06000

l~IMSI5.LT(.MS1LOW) 00 TO 108 MIN oa10
NTyReu? MIN 0620
RETURN WIN 0630

C WIN 0840
C MIN opso

c 04IN 0910
IN 0920

104 X?14 I IN 0930
Y~wFUNC WIN 0940
i7tYpea7.Y1) so To 1046 MIN 0950
00 TO 10, MIN 0960

c MIN 0970
C WIN 0960

~ 0990
C* *MIN 1006
C* TEST FUNC FOR 6INTNIUM AND INTERVAL HALVE *WIN 1010

r* OIN 1020

C WIN 1040
c WIN 1 q014
305 IF(AUS(EPROF'(yPoYl)).LE.YFrRRORI 60 TO 106 WIN 1060

OWSIDDMSI/?.O WIN a07)
IF(OWSi.LT.XERROR) 00 TO 106 WIN 3060
MN,%LOWBXP WIN 1090o

WSIOX.X MIN 1100
n0 TO 103 WIw 1110I

W IN 110m

C. *MIN 1156
C0 MSJ FOR WIN FUNC HAS AFFN FOUND RUT SOLUTION WAS LOST *MIN 1160

co OWN 1170
~**O*O**@C*OO~OOO**OOO*GO*O~e*O.e.O*....e*e*.o**O*O~OO@~ I ldo

C WIN C10O
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AP'FNDIX n) CHFMICAL LASF0 ANALYSIS PROM6AAW (CLAP)
SURROUTINF MTN OVFftLAY PRS PAGI fl-PA

C "IN 1 P41
IofA IFIPtYLfoy1 00 Tn 107 MIN 1710

MIN 1pr0

orupp~fN MIN 1740
cWIN 12110

C MIN IF60

C. oWIN 1210
cO mSI FOR MIN FONC HAS PEEN PFOUND AND 0-OhiTIflN SAVED *MIN 1p90

c MIN 1440

FAy TuYVSm MIN 13460

cO MIN 1500f
cO M0WTSAPrTiOIN 1310

*MIN 1390

C* SFARCH FAILURF1 NO CAC SOLUTION Fou00000000000000000
0  

*MIN 3300
Co WMIN 1410

C MIN 1430

In$ 7OWATf(69.1.,T~,0WSlLWD1 M*13A2,RLWLOF II S IN 1560
FAT=YS IN 1570

c IN 1480

co 35.,?.O *MINI 11360.)
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APPENDIX 0 CHME~ICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE NSnS OVERLAY PRS PAGE 0-P9

SURROUTINE NSOS(6,M1.Afl.MPPP1.P2OP10,TPT1.TPfiT10) NSOS 0100
C NIOS 0110

cNSOS 0120

C* *NSOS 0140
C*NORMAL SHOCK DIFFUSER SUBROUTINE tNsosi j-NSDS 0150

C* NSOS 0160
C*OO OOO.~O OOO OOO* OO*~~~ SO3 0170

C NIOS aoIS
c..*e.*.......~eOOeeOO~e... ,......*O...*..O..OOOO*OO@O*OSOS 010

coONSOS 0200
CO SUBROUTINE NSCS CALCULATFS THE PRESSURE RATIO ACROSS A CONSTANT- *NSOS 0210
C* AREAo SUPERSONIC DIFFUSER. THE STATIC PRESSURE RATIO IS TAKEN AS ONSOS 0220
CO RD*(PY/PX) FOR A NORMAL swot'K AT THE ENTERING MACH NUMBER. ALL *NSDS 0230
Co OTHER PROPFRT:ES ARE CALCULATED FROM THE :SFNTROPIC FLOW RELATIONS *NSi)S 0240
Co TO BE CONSISTENT WITH TM4F ENTRANCE AND ExIT MACH NUMUFRS. *NSOS 0250

coONSDS 0260
CO INPUT VARTAULESI ONSOS 0270
Co *NSOS 0280
C* 6 a 6AMMA ONSOS 0290
C* 141 a ENTRANCE MACH NUNRER *SS 00
CO no a NORMAL SMOCK DIFFUSER cnr~rfIcENY *Nig0S 0310
Ce *%SOS 0320
Ce OUTPUT VARIARLES: *NSDS 0330
Ce *NSOS 0340
C* mp EXIT MACH NUMBER oNflaS 0350
to pPlP a FXIT-TO-ENTRANCE STATIC PRESSURE RATIO *NSDS 0360
C* PPOPIO a EXIT-TO-ENTRANCE STAGNATION PRESSURE RATIO *"SOS 0370
C* TT1 a EXIT-TO-ENTPANCV STATIC TEMPERATURE RATIO *Nlos 0360
Co TPOTIo a EXIT-TO-ENTRANCE STAGNATION TEMPERATURE RATIO *NTDS a396

C*OO*OO O9OOO @OOOO*OO* OOOO*4 *NSDS 0410

C NiSOs 0420
CNscS 0430

IMPLICIT REAL(M) NIOS 0460

TOTM(GX.MX)m1.0.U.5*(i1X-1,OP*MXOMX O 06

CNSDS 0470

P2IR.?0*@IN-. "~G1~ SOS 0500

P1opuflopo"6MEO. NSOS 0510
P?0P~wPftPM(GN21 NSOS 0520
PP?010P2OPP20pro ,PI/Pjop iSOS 0530
TOTI1uI .0 NSDS 0540
T1OT1wT0TM!6.Ml1 NIOS 0550
TMPOl~TOTM c,21 NSOS s~oo
T?Tju~1 OTI.T20Tj0/T2OT? NSDS OS?3

EN) 'JSDS 0%416
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APPENDIX n !' >4ICAL LASFP ANALYSIS PPOOPAM (CLAP)
SUSPOUTINE OUTPPS OVERLAY PRS PAGE D-3fl

SURPO-JTYNF OUTPPS OUTPAS 010C
C OUTPOIS GPo
C OUTPNS 0120

Ce *OUTPRS 0140
C*OUTPUT SUOROUTINE (OUTPPi *OUTPPS 0150

C.*OUTPPS 0160

c 3JPR 0160

C. *OUTPRS 0?00
Co SURPOUTINF DUTPRS PbWINTI THE PPESSUPE RECOVERY SECTION RESULTS OF *OUTPRS 0210
CO PROGRAN CLAP IN SI UNITS ON TERMINALS WITH A MINIMUM OF 132 *OUTPRS 02?0

Co CHAPAYERS PFR LINE, *OUTPRS 0230

c OUTPRS 0260
C OUTPRS 0??0

IMPLICYT REALILoM) OUTPRS 0260
c OUTPAS 0290

COMMON/fLnS4/A1.G1,mwl.M3.PlPfl*olR1.f ofiT)*TIt OUTPRS 0300
c OUTPRS 0310

COM#40N/PPS2/A?, A3,A4.A? .FTA'3,FTAA7.G2.GS..G4,G6,G?,mw2,MW3..4W4. OUTPRS 0320
-MW6oMW7,M?,N3,I4*4.6,M7,PPP?0 ,Pl P3q.P4.P4n.9P5.P6nPqOPT0,R2,o120. OUTPRS 0330
-43,R.1fl.A4,R40vR5.R50,P6,RAO.R7P70,T?,TT20,T,73orOT6,T40,i5,T6,T60.OUTPRS 0340
-TToT~flWPW1,W3Wl.W4h1,WAW1,W7W1.X2XlX3XlX4X1,*X1 i.X6EX7.X1X O'JTPRS 0350

C OUTPRS 03A0
COMMON/#PPS3/ft3A?,AA7AACTA12.LTMITMW5,9PT50S OUTPPS C370

C OUTPRS 03P0
COMMON/P9SA0AS. A6,M5*WnW1 OtjTPAS 0390

c OUTPRS 0400
C04MON/PRSA/EJECT OUTPPS 0410

C OUTPRS 0420
COMMON/pR56/esopse OUTPRS 0430

COUTPRS 0440
DATA CAE/3MCAE/ ,MPP/3HMPP/, SSE/3NSSE/, ULP/3*ULP/I Z3P/3H71P/ OLOTPRS 0430

c OUTPRS 0460
C OUTPRS 0470

Ce *OUTPRS 0490
Co OUTPUT INITIAL DATA *OUTPRS 09O0
Co *OUTPAS 0510

C OUTPRS q530
C OUTPRS 0%40

WRITE (2092011 OUTRRS 0553
I7(FJECT.EQ.CAE) 00 TO 101 CUTPRio 0560
IFiEjEcT.EQ.SS[) 00 TO 102 OUTPRS JsTo
WRITE (?0v?0?)A3Aý*qEJECT*ET.112 OUTPA& 3560
WPTTE (?0,P05) 1,UTPAS OS90
00 TO 10'3 OUTPRS 0600

101 WRITE(?0v203ýA3A?,A7A6,!JECT.ETA12.054MWgPP50P?,TSO 09TTPRS 061C
WRITE f?ot?052 OUTPRI 0l.'0
00 TO 103 OUTPRS 0630

10? WRITE Pn.204)ATA6,fJFCT9e%,LTIMTNW',PSOP~tT5O' OUPAS 0640
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pPFONI CkNiICAL LASFP ANALYSIS PPC'fRA?4 (CLAP)
SUBROUTINE OUTPRS OVFPLt&y PRS PAOF 0-3!

to"TTE R10,06) OUTP'RS 0550
COUTORS 0660

C 0U1PRS 0670t

C* *OUTPRs 0690
C.)OUTPUT RESULTANT DATA *OUTPRS 0700

Cq *0UTPRS 0710
**O O* O** ** *O O** ** @** ** *O **OO*0**OUTPRS 0710

C OUTPRS 07!i0
c OUTPAS 4740

103 W1E?.7A,1M1.1'1P01,1T1T OUTPRS 0?%0
1!aEJrrT.CQ,,SSE1 GO TO 104 OUTPRS 0600

WPKTE(200209) OUTPOS 0760
IffEJECT.1Q.CAE) WRFIE(20921D) OUTPOS 0790

IF (IJECT.NE.CAE) RE7URWa OUTRs 0610

WRTTE(2Q.112)A4.G41 !4W4.M4,P4.POP~oR4,P0..T4oT4woW4i.E4xI OUTPRS 0sl0

: AITE (rooll!) OUTPPS 0630
60 TO 0 OUTPOS 0640

j'44 IF(LVg'1T.VQ.ULP) WAIT-' I09214) OUTPOS 0690I
IU(LIMJT.EQ.ZSP) WRITE(20aPIS) OUTP~i 0600
1F(LXIMT.EO.!APP'. URITFf1'0o.21A) UPS4
WRITE(PO91171 OUTPAS 06st0

IF(IJECT*EQ,CAF) WRITE1200219, OUTPRS 0900

KP'!tACTEQSSE) WrITE(PosP20) OUTPRS, 0910
~RT L d Q.1 1 A ,66 Mw6 MA, oP ;~6 Rs0 To, e0, 6Uj~ X1OUTPOS 0920i

CC OUTPRS 0940
C ,uj'PRS 09so

C*FORMNAT STATEMIENTS *OUP 7OW

t. eOUTIPRS 9j390

C *OUTPOS 09P0

rot1... FORMA PfOA,*P SE1O*/*..E1~q*.. PTA* OAA1jUTPRS 1C03
POP FOMT**%39AA a*,f13*SvT66,OA7AOT f*,Ai 3 .C,/, OUYPRS 10)60

-73P.OEJFCTý "'A13.76'iT1 *.13A' OUTPRS lose
P03rOA,**13r.%3A f* kG'KOLEA/0 OUTPftf 1160

-Tr4jc FOPWA.39.,T32,!.A7A 0*E36T6*9JEC3T6,1 , A. OUTPRS, 110?

-T3?**Pom4 ~ J*$ P9,3S 0. KGKflA.60*OP 5 w .f'.fi** 0 PA'So OUTPRS, IC90
-T3?**T0P7 "*r3%v PA~,41 *T0~ OUTPRS, 1240

-'T AND (f)rV'TAN'(-A'FA SUPES0N-i\ptar~Ni EECTORe, .,,T32..SitCONL:ARoUTPks 11 AC
1NEPTfoA,"Cf* OUTý-R% 1190



APPENDIX D CHEMICAL LASER ANALYSIS PRO(ARAM (CLAP)
SUBROUTINE OUTPRS OVERLAY PRS PAGE D-32

207 FPOMAT(.(0e. OUTPPS 1200

:y329*041 009E13.690 S-M2/Km10LE.,T669*G1 aoE13.69/9 OUTPRS 1210
-T32,*MW1 N*9E13.6*9 K(O/KMOLFO*T&66*Ml 2*9,13*69/9 OUTPRS 1220
-T3?9*P1 =09F13@690 PA*tT66,oP1O a*eU3.690 PA*,/9 OUTPPS 1230

:T3?#*Rl m*oE13*6o* XG/M3* 9T6690RIO w*9El3.69* KG/M3*,/9 OUTPRS 1240
*T329'T) 8*9F13.69* K*.'T669OTIO MOOF13*69* 90) OUTPRS 1250

08 FORMATI.00.,T390POINT 2 NORMAL SHOCK DIFFUSER EXIT AND SUBSONIC DOUTPRS 1260
-IFFUSER ENTRANCE*.//, OUTPPS 1270
-73?.OA? 209E13.69* S-M2..KMOLE~oT66#*rTA1? **.E13.60/9 OUTPRS 1260
-T32,**2 w*9E13o69T6fiv4MW2 w..E13.690 KG/KmoLE*9,, OUTPRS 1290
-T3?o*M? w**,E139.6T6At*P2 uoEl3.69* PA~o/o OUTPRS 1300
-T329*P~P 0**E13.690 PAe.T6'69*P? a~oE13.69* KO/M309/9 OUTPRS 1310
-T3?o*P~o w**,13*690 K6/M3*9T669*T? w*9E13.690 K*,,, OUTPRS 1320
-T329*T20 **,E13.6.o K*IT66**WPW1 u**,P13*69/ OUTPRS 1330
-T3P.*X~xi movE13.6) OUTPRS 1340

209 FORMATfc6*.T23o*POINT I SUBSONIC DIFFUSER EXIT *~OUTPRS 13S0
P)@ FORMATt....T5S9*ANO Suor)FN ENLARGEMENT ENTRANCE*) OUTPRS 1360
211 FORMATt.0', OUTPAS 1370

-T31'..A3 u*oE13969* S-M2/KMOLE*.T~b6,ETA23 a*oE13969/9 OUTPRS 1180
-T329063 w*#El3e6vT66A.MV3 u*9E13e6** KO/KMOLE*9/9 OUTPRS 1390
-T329*M3 **,E13,60T66.*F3 209E13*6#0 PAe.,, OUTPRS 1400

-T39*30 0913*69* PA0,T669*R3 w*,E1l.69. KG/M3**/o O'JTPRS 1410
-T32**R3n w*9E)3o69* KG/M3*oT66,*T3 w**E13.F..* K*9/9 OUTPRS 1470
-T32,*T30 u~tE13o6,. X*,T66#*W3W1 no.F13.69/t OUTPRS 1430
-T3?,eX3XI u**F13.6) OUTPRS 144.0

71? FOPMAT(.0.,T23OPOINT 4 CONSTANT-AREA, SIJBSONIC-SUPERSONIC EJECTOOUTPRS 1450
-f SECONDARY NOZZLE EXIT**//% OUTPRS 1460
-T329OA4 *~tE13.6,* S-M2/KMOLE*,T66o.G. u*E 1E3.69/t OUTPAS 1470
-T3,*OMW4 u~tE13.69* KG.'KMOLE..TF6,9*M4 z*v.P3@69/9 OUTPRS 1480
-T32o*P4 809E13,690 PA*eT669*P40 u*9E13e69* PA*,/, OUTPRS 1490
-T329OR4 z*vE13o6,. KG/M30,T66veR40 W*oE13.690 KO/M3*,/. OUTPRS 1500
-T329*T4 0*#E13969* K*9T669*T40 =*tF13.69* K#,/o OUTPRS 1510
-T32o*W4W1 m*'F13o69T66v*X4X1 -v'E13.6) OUTPRS 1520

P13 FORMAT .0*,T?3,OPOINT S CONSTANT-AREA, SURSnNIC-SOPERSONIC EJECTOOUTPRS 1530
-R PRIMARY NOZZLE EXIT*) OUTPRS 1540

?j 4 FORMAf .0*vT239*N0TE: THE UPPER LIMIT POINT WAS USED AS THE LIMOUTPRS 1550
-171MG CONDITION FORoo/9T32,OTWE CONSTANT-AREA, SQPFPSONIC-SUPERSONOUTPRS 1560

-IC EJECTOR*) OUTPRS 1570
pis F3AMAT .(*fl.,T23**NOTE: THE ZL'KOSKt SEPARATION POINT WAS USED AS OUTPRS 1580

-TtHF LIMITING CONDITION FORC,/oT3?9*THE CONSTANT-ARFA, SUPERSONIC-SOUTPRS 1590
-0)PFRSOIJIC EJECTOR*) OUTPRS 1600

21E6 FORMAT'(*0.,T23,*NOTE: TH~E MATCHED PRESSURE POINT WAS USED AS THOUTPRS 1610
-E LIMITING CONDITION FOR#,/,T32,CTHE CONSTANT-AREA, SUPERSONIC-SUPOUTPRS 1620

-EPSONIC EJECTOR*) OUTPRS 1630
PjT FOflMATc(t,.,T239*POINT S CONSTANT-AREA, SUPFRSONIC;SUPERSONIC EJECOUTPRS 1640

-70n' PRIMARY NOZZLE EXIT*) OUTPRS 1650
2PA FOR!4ATt.0., OUTPRS 1660

-T32**AS w**.EIh,'*6 S-M2/KMOLE0,TS66,e0 -J1 13.69/i OUTPRS 1670

-T3P**MWS E*oE13@69* KA/KMOLEfoT669*M3 w*vF13a69/9 OUTPRS 1690I
-T329OPS 0*9F139690 PA*iT66,*PSO 80,E13690 PA0,/, OUTPRS 1690

-T2*P *9E13.690 KG/M3*tT6toR50 u**E13.6to KO/M3%*/o OUTPRS 1700
-T32,*OTS 2**E13.6v* KfT66t*T5O w*o,13,69* K*,/, OUTPAS 1710
-T3?,*WKWi w*9E13.69Tfi6v*xXSX u**13.61 OUTPRS 1720

7jf) FOPMATc.1.,T23,.POINT 6 CONSTANT-AREA, SUBSONIC-SUPERSONIC EJECTOOUTPRS 1730
-P EXIT AND SUBSONIC**/*T?2,o*IEEUSFR EPYRANCE.) OUTPRS 1740
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APPENDIX b CHFMICAL LASIR ANALYSIS PROARAM (CLAP)
SUPPOUTIMF OUTPRS OVERLAY PAS PAGE D-33

?PC FORMATi.*o*T?3**P0IkT 6 CONSTANT-ARCtA SUPFRSOMIC.SUPERSOMIC EJECOUTPRS 1750

-TOP EXIT AND SURSONIC../oT3290DIFFUSEbP ENTRANCE.) OUTPRS 1760
MP FORMAT(*0 OieeeI

-T3P9*A6 u*0.13.E90 S-M2/KMOLf#9T66v*66i no 3E13.69/# OUTPOS 1760
-T3290MW6 8*O.113.,6 KeKMOLE**T66#*M6 E*oF13969/9 OUTPRS 1790
-T3PoPfi 60,E13.6of PAOT6690P6 mosE13.69* PA*9/9 OUTRES 1600
-T3F9*eP6 **,E13.6,* KGM34*Thfi,*R60 **.E13.A.'* KGM$30#/t OUTPPS 1610
-T3?eTAi a**.E139690 K4'.T66j*T65 w*4.13*69 K*9./ OUTPAS 1620
-T32,*W6w1 w*OEl3*bT66,'*X6XI motE13.6i OUTPRS 1630

222 FORMAT'00009T23,OPOINT 7 SUBSONIC DIFFUSER EXIT*,,'/. OUTPRS 1840
-T3Po*AT SeE13@to* S-N2/KM0LE*9Te66,FTA67 80,E13*6919 OUTPRS 1610
-T3?9*67 uOE13,6,6690MWT aeE13.69* KS/'KmoLf*9/* OUTPRS 1660
-T3P9*Ml w*vFI3.,69T669*P7 =*,E130e09 PA0,,, OUTPAS 1670
-T3P9*Pio M*oE13,690 PA~eT66,efti oo*E13.69* KS/W3*9/9 O&JTPPS lssO
-T32.OPTO u*.E13o.6,* KSIM3*9T66**Ti *..Elf.A.* K*,/, OUTPOS 1890

4T3290T76 8*413,69* Ke.TAAOW'MW =*eE13969/9 OUTPRS 1900
-T3?.X*Xi D*OFT.61OUTPRS 1910

END OUTPRS 19?0
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APPFNDIX n CHEMICAL LASER ANALYSIS P0OGRAM ICLAPI
SURPOUTINF SO% OVERLAY PRS PAGE 0-14

sURPpUTINF SfloMIAAltM?,P2PIPfP20.TPT1f2T1ORD, SOS 0100
-FAILI SOS 0110

C SOS 0120
C SOq 0130
Ceeeeoeoe..eoe..eeooooeoeooeeooeeeoeo.eeeeoeeoee..eoeeoeoeeeee oeeoeeeoeeSDS 0140

C* .SOS "1S0
C* SUPI.ONIL DIFFUSER SUBROUTINE (SOS) OSOS 0160
Co *SOS f17?O
C~eeeeoeoeeoeooetoeooeeeeeeoeoeeeeoeeoeeeeee ee*e.eeeeeeeoo'oooeo~eoeeeoeeSS 01Rfl

C SOS 0190
C***e*....ee.e.*.eee~eoe* e.ee~eeoe eqeo'eoeooee**eeeee.**e.eeoe''o'e..eeeeSDS 0200l
C, *SoS foplO

Co SUPROUTINE SOS CALCULATFS THE PRESSURE RATIO ACRORC A CONICAL. eSOS 0220
CO SUBSONIC nIFFUSER WITH AN INCLUDED ANGLE OF JA DEGREES. THE STATIC *SOS 0230
Ct PRESSURE RATIO IS COMPUTFO URINA AN rMPfRICAL DIFFUSFR EFFICIENCY. *SOS 040
Co ALL OTHER PROPERTIES ARE CALCULATED FROM THE ISENTROP:C FLOW O0DS O2Q
Ce RELATIONS TO PF CONSISTFNT WITH THE ENTRANCE AND EXIT MACN NUMPERS. *SDS 0260
Ce OSOS 0270
Ce THE SUBSONIC DIFFUSFR EFFICIENCY GIVEN RYt *S0S 0"P0
C* *SOS OgOo

co FFFU(P2,'-Pl)/(P?-PII *SOS 0300
Ce SOS 0310
CO IS LIMITED TO THE RANGE: ft.?PM1<O.S* p.A4A?/AI<S.? AND IS DERIVED *SOS 0320
CO FROM DATA IN THE FOLLOWING PFFFRENCESI eSOS 0330
C0 *SOS 0340
C* HENRYJ*R99 WOODC.C., AND WILRUPS.W.9 "SUMMARY OF *S0S 03S0
C* SUR1oNIC-DIFFtJrR DATA$" NACA RM LS6FO% (*)9A). *SDS 0360
Co OSDS 03?0
C* PATTFRSONG.N.. IMODEPN DIFFUSER OESION," AIRCRAFT 0oS0 03AO
C* PNGINEFRING, 9(9)267T-?73 (1938). *SDS 0390
Ce *SOS 0400
Ce THE SUBSONIC DIFFUSFR COFFFICIENT IS DEFINED ASt SOS 0410
Co *SOS 0420
Co ROu(P2'/PI)/(P?/P1) 4osS 0430
Co *SOS 0440
C* INPUT VARIABLES$ oSDS 04I0
C* *SOS 0460
CO APAI a FXTT-TO-ENTRANCF ARFA RATIO oSc- 0470
C* a a GAMMA *SCS 040
C* MI e ENTRANCE MACH NUMBER eS0S 0490
co *SOS 000
Co OUTPUT VAPTABLESI eSOS Olo
Ce *SOS OSO
C# FPIL u ERROR FLAG eSOS 0930
C* m? a EXIT MACH NUMBER *SDO 0S40
Ce P2P1 a EXIT-TO-ENTRANCE STATIC PRESSURE RATIO *SOS OSSO
Ce P2OPIO a FXIT-TO-ENTRANCE STAGNATION PRESSURE RATIO *SOS 0960
Ce RD w SUBSONIC DIFFUSER COEFFICIENT *SOS 03TO
Ce T2TI a FXIT-TO-ENTRANCF STATIC TEMPERATURE RATIO *SoS OSGG
Co T2OT1E6 a FXIT-TO-ENTRANCE STAGNATION TEMPERATURE RATIO *SOS Olo
co *SOS 0600
Ceeeoeeeeeee°ee.eooeo°eeeeee..eeeeeee°° e~oeeC.eeeooo~eeoeeeeoeeeeeeeeeee•Og 0tt0

C SOS 0620
C 3S0 063C

IMPLICIT REALIM) SOS 0640
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APPENDIX n ~ CHEMICAL LASER ANALYSIS PPn6,RAM (CLAPI
SUOROUTINE SO OVERLAY PRS PAGE 0-35

DATA YFS,3MYES,.SU&,3HSUH, SOS 0650

C SOS 0660
C SOS CATO0

~.e~ee..ee....**eeeeeee~eeeeeee~eeee~ee~SOS 0660
C9 *SOS 0490
C9 GAS DYNAMIC FUNCTIONS *SOS 0700
C* *SOS 0710

C SOS 0?30
C SOS 0740

P0PW6NX)31.OO.EX~10)@X*M~(G~I(X1.) ~SO$ 0760
CSOS 0770
cSOS 0780

C *SOS 06000

C SOS 0.40

IFEAZA1.Nfe.1.0 6O TO I SOS 0060

MPEI'1. SOS Os..

PoPlOm1 N.0 SOS 0090

TPT~u1 *9 SOS 0900
T?DTlOul .0 SOS 0910
P~ul .0 SOS 0920

C SOS 0940
c SOS 0910

CCO~C .O*.C@OO *0 CCC C CC CC ~ CSOS 0960
Ce *%05 0970

C*CALCULATE CONSTANTS *SOS, 0990
C* OSDS 99,40

c..eeeC..e..*.e~e o..eeeo.e.e..ee~e~e.**CO CeeSOS )000
C SOS 1010
C SOS 1020

G"Puu.O/ 6.1.0) SOS 1030
G~a0.10)I?.0(G-.0)SOS 1040

CSOS 1090
C SDS 1060

c..ee~eeeee~oee*C~..eC..e....e.CC.*C.e~~eeC*..CCC*C~~SOS 07
C* *SDS 1080
CO SOLVE APA2S FOR 42 *SOS 1090
CO *SOS 1100

C SDS 1170
C SOS 1130

A1A1SmE1.0/m1)C(A?.T0TM(G.Ml) **64 SOS 1140
AA?SaApA1CAIAIS SDS 1190
CALL M4AAS(OMlA2A2SSUgS*EOE.6,M?,7AILI SOS 1160
IF(FAIL.ro.YES) RETUPN SOS 1170

c SDS 1180
C SOS 1190
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APPENDIX D CHEMICAL LAIFN ANALYSIS PROGSAA (CLAP)
SURROUT14FI SO% OV~FQLAY POS PAGE 0.36

Co *505 1210
C* CALC1DLATF fMF DIFFUSER EFFICIENCY *SOS 1220
C* *SOS 1230

c SOS Ils0
c SOS IreO

EPY..OOAS~AA.A2I.AA1~.O~4S1A2A*A?1.00?T?9.SOS 1270
.A?AI#1.04A99? SOS Ils0

CSOIS 1290
C SOS 1390

Co1*SO 13204

C'k CALCULATE THE ID'EAL STATIC PRESSURE PATIO 6SOS 1330

c. *SOS 1340

PH6PjDOP1,P20P2SS 30

pOIEPE, II.0-EP) /PP1 O 11

'SOS 13

C*CALCULATE THE ACTUAL STATIC PRESSURE RATIO *son 1460
C. %SOS 1470

C SOS 1490

cSOS 1Issf

T1oT1%TaTM(Gv"1) SOS 1530
T~ajoTM6q21SOS 1550

END ~SOS 17
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APPENDIX D CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINF SScOS OVERLAY PRS PAGE 0-37

SURROUTINE SSEOSEATAbEiSGPLIMITMWPMWS,M1,PSOPRIP?PITSOTIO* SSEOS f"it
-A6AA*FTAAToFAILGMOMWMNMWPM)o4mMT.P5P1oPS0PioP6P•,P0P3SOpTp6, SSEOS 0110
-P?7PGO0TTlT1T6YtT6,TOTTTTA.T?TT60,WPWS) SSEOS 0Ot0

C SSEOS 0130
C SSEOS OI0OC~te~eeeeeeeeoeeeeoe°e*Oe*.eoeoeoe~e.eeee*OO*eeeoeeeeoeooe~eooeoeeeeee~eeoeSSEOS 0130

C* *SSEOS 0100
CO SUPERSONIC-SUPERSONIC EJECTOR OPTIMIZATION SUBROUTINE (SSEOS) eSSEOS 0170
C* eSSEOS OiseCeeeeoe~eeeeeheeeoeeeoeeeeeeeeeeeeeeeeeeeeeeeeeoeee*eeeooeeoeeeeeeeoeeeeoee SSEOS 0190

C SSEOS 0200
Ceeeeeeoeeoeeeeleoooeeeeeeeeoeeooeeoooeeeeeeeeeeeeeoeeeeeeeee~eeeeeeeeeoeSSEOS 0210
C* *SSEOS Otto
Ce SSEOS IS A SUBROUTINF FOP OPTIMIZING A CONSTANT-AREA, SUPERSONIC- *SSOS 0230
Ce SUPERSONIC EJFCTOR-SUBSONIC DIFFUSER SUaSYSTFM BY ONF-DIMENSIONAL *SSEOS 0240
C* ANALYSIS* THE OPTIMUM IS TAKEN TO PE THAT CONFIGURATION wmICH SSOS O2so
C* REOUIRFS TMF MINIMUM DRIVER MASS FLOW FOR A GIVEN DRIVER STAGNATION OSSEOS Of0
CO PRESSURE AND GIVEN COMPRESSION RATIO, *SSEOS 0270
CO *SSEOS 02B0
Ce INPUT VARIABLES: OSSEOS 0290
CO OSSEO 0300
CO ATA6 a SUBSONIC DIFFUSER EXIT-TO-ENTRANCE ARFA RATIO OSSEOS 0310
CO aS a SECONDARY GAMMA OSSEOS 0320
CO SP a PRIMARY GAMMA OSSEO$ 0330
C* LIMIT v CONTROL VARIABLE TO SET THE LIMITING CONDITION ON THE OSSEOS 0340
CO CONSTANT-ARFA, SUPERSONIC-SUPERSONIC EJECTOR OPERATION OSSEOS 0350
Ce MWPmwS a PRIMARY-TO-SECONDARY MOLECULAR WEIGHT RATIO 0SSEOS 0360
CO MI a SECONDARY MACN NO. AT THE MIXING TURF ENTRANCE OSSEOS 0370
CO PSOPI a PRIMARY STAGNATION-TO-SECONOARY STATIC PRESSORE RATIO SSEOS 0380
CO P7PI w SUBSONIC DIFFUSER EXIT-TO-SECONDARY STATIC PRPSSUPE RATIO OSSEOS 0390
Ce TSOTIA u PRIMARY-TO-SECONDARY STAGNATION TEMPERATURE RATIO eSSEOS 0400
C* 0SSEOS 0410
CO OUTPUT VARIARLESI essros 0420
C* SSOS 0430
Co A6AS a MIXING TUBE-TO-PRIMARY NOZZLE EXIT ARFA RATIO eSSEOS 0440
C* ETAO? a SUBSONIC DIFFUSER COEFFICIENT OSSEOS @4s0
C* FAIL a ERRCR FLAG eSSEOS 060
C* GM a MIXED STREAM GAMMA eSSEOS 0470
C* MWMMWP a MIXED STREAM-TO-PRIMARY MOLECULAR WcIGNT RATIO eSSEOS 0480
CO MS a PRIMARY MACH NO. AT THF NIXING TUBF FNTRANCE OSSEOS 0490
C* M6 a MIXED STREAM MACH NO. AT TWE MIXING TdRE EXIT *SSEOS 0500
CO MT a MACH NO* AT THE SUBSONIC DIFFUSER EXIT OSSEOS 0310
Ce PSPI a PRIMARY-TO-SECONDORY STATIC PRESSURF RATIO oSSEOS 0%20
CO PSOP0 a* PRIMARY-TO-SECONDARY STAGNATION PRESSURE RATIO * 0SEOS 0330
CO POPS u MIXED STREAM-TO-PRIMARY STATIC PRESSURE RATIO eSSEOS 0540
C* P60PSO a MIXED STREAM-TO-PRIMARY STAGNATION PRESSURE RATIO cSSEOS oSS0
CO PYP6 a SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STATIC PRESSURE RATIO eSSEOS 0360
C* PTOPO0 a SUBSONIC DIFFUSER EXIT-TO-ENTRANCE STAGNATION PRESSURE *SSEOS 65T0
C* RATIO SSEOS 050
Ce TSTI a PRIMAPY-TO-SECONDARY STATIC TEMPERATURE RATIO 0SSEOS 0390
CO TOTS a MIXED STREAMoTO.-PRIMARY STATIC TEMPERATURE RATIO OSSEOS 0600
C* T60TSn a MIXED STREAM-TO-PRIPARY STAGNATION TEMPERATURE RATIO eSSEOS 0610
C* TTA a SUBSONIC DIFFUSER FXIT-TO-ENTRANCE STATIC TEMPERATURE SSEOS 0620
Ce a RATIO eSSEOS 0630
Ce T7OT60 a SUBSONIC DIFFUSER FXIT-TO-ENTRANCE STAGNATION TEMPERATURE OSSOS 064O

I.I
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APPENDIX D CHEMICAL LASER ANALYSIS P00GRAM (CLAP)
SUBROUTINE sq~ros OVERLAY PAS PAGE 0-18

C* RATIO O'ISES 00650
Co WPWS aPRIMARY 'TO-SECONDARY MASS FLOW RATIO *SSEO3 @660
C. '55205 0670

C 55205 0690
C 55205 0700

IMPLICIT PEAL(LoM) SSFOS 0730
DATA YV%/3HYES/ ISEOS @720

C 55205 0730
c 55205 0740

C: OSSEOS @760
C' GAS DYNAMIC FUNCTIONS '55205 @7T0

C SSEOS 0600

C 55205 06l0ITOTM(GM)QEl .0.05' (6-1.0) MqM SSEOS 0620
PP0IRM.MlmT0TM(GM)*oEGs/u6-1.0f SSEOS 0630

C 55205 0640
C SSIOS 0650

C* *SSEOS 0670
C* CHECK INITIAL DATA SSlEOS 0.60
C* OSSEOS 0690

C 55205 0910
C SlEOS 0920

PDPUUI2.OeGS.MlOM,.1.0-eS,,GS.1 .0) SSEOS 0930

IF(PDPU9 GT.P7PI) 60 TO 105 SSEOS 0940
MWSMWPU1 *OMWPMWS SSEOS 0910
TIOTSOmI.i .TIOTIO SlEDS 0960

C SSEOS 1090
C SSEOS 1110

C* OSSEOS 1100
C' ITERATE AN5 TO FIND XPS7PISPSOP *SSEOS 1010
C* *SSEOS 1100

C SSCOS 13040
C SSIOS 1105

NTYPE3.j SSEOS 1060NIT~w SSEO 107
A6A~w?.O SSES 157



APPFNOIX 0 CHEMICAL LASER ANALYSIS PROSRAM (CLAP)
SUBROUTINE SSEOS OVERLAY POS PAGE D-30

NI738j SSEOS 1200
"sa5.6 1 SSEOS I?)0
00 lot ITTER3SZ.I100 SSfOS 1??0

C SSEOS 1?30
C SUDOS 1?40

C* OSSEOS 2260
C* CALCULATIONS FOP SUPEPS0NIC-SUPERS0NTC EJECTOR *SSEOS 1?70

C SSIOS 1300
C SSEOS 1310

AIA~sAfiAS-1.0 S5105 1320
CALL SSESIGSSSRMWSMWPTIOTSO.W1 ,MS.AIASLIMITwswpGW. SSEOS 1330

.. MwNNWP.T60T50,N46,xRP1 ,~PAPIFAILI SSEOS 1340
IF(FAIL.EQ.YESI SO TO 106 SSEOS 1350

C SSEOS 1340
c SSlOS w~o

C* *35105 1390
Co CALCULATIONS FOR SUBSONIC DIFFUSER *sscoS 1400
Ce OSSEO$ 1410

C SSlOS 1430
C SSE05 1440

CALL SDSOS(M,14.A7A6,M?.17P6,P?0P40.77T6,T70740.ETA6?.FAIL, SSEOS 1450
IF(FATL,EQ*YES) fl0 TO 107 ISEOS 1440
xp?P1 aP7P6*p4PI 55105 1470

C SSEOS 1460
C SsrOS 1490

C* *SslOS 1310
C*TEST FOR XP?PIORTPI AND INCREmFNT KS OSSEOS 1520

C* *SSEOS 1530

C SUDS$ 13%0
C S~fOS 1540

-XNE63,YNES3,XPOS3.YPOS3,NSION3,NSI6N4) ISSOS 1560,

IF(NTYPt3.EQ.3) 60 TO 102 SSEOS 1590
101 CONTINUE SSEOS 1600

*o TO j0 A SUDOS 1610
C ssEOS 1420
C SSVOS 1630
CO* @*@***OO@*0E**OO*OOO*O.OOO.*O..O O*OISOS 1440
C* TEST FOR XP5OPjvRS0Pj AND INCRENENT ASAS OSSlOS 1460
Co *SSEOS 1670

C@**O~oOeeOe*~eee~ee***e~ee**eee*O~e.ee.O@.Ooe*oeO~e.OSEOS 1660
c SSEOS 1490

c SSEOS 1700
10Z CALL 17lR(A6A5,0.5,5.0E-06,-1.0,XP50P1,R50R1.1.0E-fljNIT2,NTYPE20 SSEJS ITIC

-MNEGO2YNM42.xp0S2,YPOS?,NSISN1 ,NSI6N2i SS1OS 1720
IfINTYPf?.EQ*31 SO TO 104 SSEOS 1730

i03 CONTINUE SSEOS 1740



APPENDIX D CHEMICAL LASFR ANALYSIS PROGRAM (CLAP)
SUBROUTINE SSFOS OVERLAY POS PAGE 0-40

on TO 109 OsEOS 1150
104 WPWSu1.DWSWP SSFOS 1160

PSP1*XP%0P1,P0PM (G.Pm) SStos 1110
Psop1oaKpSOP1OPOPM(fisomI) SSEOS 1160
TSTjmTAOT1OeT0TM(6S.M ) /T0TM(GP.MS) SSEOS 1790
0P6PuP&iP1,PSP1 SSEOS 18000
P6Op5oup6PSOPOPM (AMeO")/POPM (Spm5) SSEOS 1sle
T6TSuT6OTSO.TOTH(BPMS) ,TOTM(SM.M6) SSEOS 1020
RETURN SSEOS 1030

C SSEOS 1840
C SSEOS 1,50

co OSSEOS 1010
C*FAILURF INDICATORS O51105 lose

C* *SSEOS Isl0
COO*OOOOO**O**O* OOO**OO OOO O**#**~~SEOS 1900

C SSEOS 1910
C SSE04 1920
ioS WRITE(fs.?01) SSEOS 1930

GO TO 110 SSEOS 7,940
106 wRIT~f6,?0?) 55105 19s0

RETURN SSEOS 1960
107 WPITE(6,203) SSE0A 1910

RETURN ISECS 1980
108 WRITE (6!204)A6A~q"M59XP7P1q7P S.EO 199

go to 110 SSEOS 2000

109 WPITE(6,205S)MSA6iA5,XPSOP1,P5OPi SSlOS ?0'o
110 FAILwYfS SSlOS 20?0e
C SSEOS 2030

c SSEOS 2040

C* O55105 2060
C* FORMAT STATEMENTS *$S!OS 2070a

C* OSSIOS 2000
~.0* @4.*e0***0*0****O,*00.*0~**0*.0*.0~SlOS 2090

c SSrOS 2100
c SSEOS 2110

201 FOPMAT(*0*sT29*WARNING IN SURROUTIME SSEOS..,.T290TtE 09 SSEOS ?120
-*NORMAL SHOCK STATIC PRESSURE RATIO FOR THE SECONOARY*,/, SSEOS 2130

C -TPOOSTREAM IS GREATER THAN THE REQUESTED COMPRESSION *,SSEOS 2140
-*PATIO*9/sT2.*0M **,E13.6,*T?69*0S WOOE13.60/, SSEOS 2190
-T290ODPU w0,EI3@69T269*PTP1 =09E13.6) SSEOS 2160

pop FORMAT(0*0*,TZPROORAM TERMINATED IN SUBROUTINE SSES9,/9 S5105 P170
-T294AS CALLED FROM SUBROUTINE SSEOSO) SSEOS 2100

203 FOPMATf*O.,T290PROGRAM TERMINATEb IN SUBROUTINE SDrog/9 55105. 2100
-T?*OAS CALLED FROM SUBROUTINE SSEOS01 SSEOS ?200

?04 FORMAT(*0*.T290CONVERGENCE FAILURlE IN SUBROUTINE SSEOS*9, ISOSE5 p210
-T?.oFOR PS SUCH THAT XPPlaPTPI1.,q. SSEOS P220
-T29*A6A9 m.,E13.6fTP&,.MS u*,f13*69/v MSos 2230
-T2,*XPP1 a0,EI3e69T2bq*P7P1 800EI3.E) SSEOS 2240

?05 FORMAT(90*9T2**CONVEReEKC1E FAILUAE IN SUBROUTINE SSFOS09/9 SSEOS ?2250
-TPO*FOR A6iAS SIUCH THAT XP50P1.P50PI*,//v 55105 2260
-T?.*M% =09F13.60T2690AbAS w*E.13q6*i. 55105 2270
-TZ#*XPSOPl w*9E13.,169T69PSOP1 wos113.6) 55105 22800

END 55105 2190
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APPFNIA I'CHEMICAL LASER ANALYIS PROAPAN (Cf API

%USNOUTINI Wtr% OVERLAY PMS PAGE 0-41

L CUtPROUTItNP OSVSPW,0.(lMWSMWP.T%fltP0,MI.MB)I.ArAPI.LI4TT, iSiS 01100
P w~wSP.LiM*.flMMWP#t9flTPfl,4MAiPtbOPSI.PM3IPSIPAIL) SSE% 6110

C SsiS 01p0
5515 0130

C: sqiPpRSONIC-SIIPPPSONIC EJEC~TOR SklRAOOYINE (Sft) fo( 06

C esirs oilo
Cc SURk)AOIIYaNF %57% CALCILATTr% THE MAXKYMUM CoMPPRESS15ION #A~IJO FOR A 'ISiS 02,0

Co CONS;TaNT-ANF A, StIPPRSON IC-%IIPERONIC r.'(CTOP. OY ONU-OlWNS!ONAL *S55,5 0730

Co ANALYSIS. ess 04

Oe s m SFCONOARY GAMMA ssrt op

to Op a PRIMARY GAMMA OSS 04

Co MWSMbP a qrCQNQARY-TO-PPtIMAHY MOLMCILAR WEIOHT RATBO *fs5rs 0300

toMPI m 'IR AHN. TTF IIOTUrFTACF3sCI 0330
'o ASIAPI * %ECflNOA&Y.1A-PNIMARY AREA RATIO 411SIs 0O'40

to a"(kLP"4 FRa THY UPPER LIMIT POINT 05515 0360

to & %IMP!%" FOR THI MATCHFD PRE5SUPr? POINT A'SSES 03P0

Cc WSWP a 1"CONOARY-TO-PNIMtR.Y MASS FLOW RATIO '*SSE 0470

Co EAP. LMITDSRA AHN. VTfMXN OE -IToss fe6

Co P0PIaoAI aM41CmlrS AI SSIES 0600

torc ERRFA *SiSE 0690

r SItS 0640

osr tfan



APPNDI 0CHImiCk-L LA5FR ANALVIIS P'AO6RAM (CLAP)
SuUmORUTP4 SSFS OVERLAY P61 PAGE 01-A2

C MIS 06%0
F~~~~~SI (, m1b0KMXMX 0s o
6EN.MM~SQT(10~f.5eER~l0)*~ReMM)S11 0670
t4IMT.S1).OR iH4e6/T) SIES o066
PP06~,M~ml.00eIK~10ie4XN~iMIO*(1.,(1O.6i) SIS 0690
AA~tX.MM~mI?.0(1.en.~EGMl.0eMRXMXK~'(#.n).O(,S*)~.l~5 0.700

-.01 I6-~l 0:) S IES 0710
C SSIEl 0.710
C Is IIS 0730

ee..ee~...eee..*e.*oe....oe...ee~~ee...ooe~..e~e~o.ee 0 ee515 0740
C. oSISt 0.750
C0 CALCULATF CONSTANTS *S~tS 0.760
C0 OISIS 0OTTO

~ *~~**SSIS 0600
c 5sts 07900
c ISIS 06000

es~jUGS/ tOS-1 .0) MSIS 0610
OP3sSp (GP-I .0) S341, Osl0
G56PRG%/.Op SSE% 0630
MWPMWSB.1 ./NWSMWP 5111 0640
PSIPSO*PpoIGSIMSI) SIS OSSO
PRIppouPPoO (PMPI) 1115 0660
ASIAISSAAS(GSS.SI) ISSS 0470

APIAPSuAAS(SP*MP1) ISIS 0660
ASSASiUI 0/ASlASS ISIS 0690
fes15N51F0(3,NS1) ISIS 0900
FGpPIN~F tOPIMPI) ISSS 0410
3OGIS"SaG (S*MSI) ISIES 0We
6aPMP1.A (aP*MP1) 5515 0930

C 5515 0940
C ISIS 09%0

C# '1115 09.70I
C* CHECK INITIAL 7IATA 'ISSS 0980
C* 'ISIS 0990

coe~~ooe~e.oe~eeoe..~o~ee*ee.e~ee~ee,...oeoe..ee~~eeeeoSQS 100"
C 5515 1010o

IffASIAP1667*0.0 s0 TO 1 5111 1030
WRITE (666)ASIAPI SISE 1040
FAILurES ISIS 104%0
RETURN ISIS 1040

I F~WTE.P (0TIFILIW!T,FQ*ULP) 00 TO 2 ISIS 1070
IF(ýMITroPP) o T 4 SIS 1080

(10 TO I ISIs 10900
C 5115 1100
C ISSS 1110

C* *ISSE 1130
C* CALCULATE PSIPPI FOP AN ISENTROPIC PFCrIMPRISSION TO 'ISIS 1140

C'SONIC CONDITION~S. MPF IS OBYAINED FROM APpAPS, 'ISIS 11S0

C ItSIS 1180

C SSIS 1140

Q&,C ........



*PPFNI~ pCFMFICAL LASER ANALYSIS P006RAM tCj.4P1
5URPOUTtNZ 54;FS OVERLAY D*ASP41-

CALL MAASfGP.MP1.AP?APSSUP.1.flC-06.MPZFATL? csvs 1210
IFEVAIL.FOY!S) RFTUPN ISE$ 1220
MSPO1 .0 SSrS 1230
Ci:-FGPMPIF(GP.mP?)*00PNOPI/i(1fP.MPP) sties 340

PSIRRl*CI /(AslAPl~Cp) S 6

C. *SSE% 1310
C: ACLAPPIP AT 7)41 SECONDARYv SEPARATION ~12
CO POTKY RAT ON A IIUNOSWI CRITERIA. *SSirS 1330

C SSE% 1360
c SSES 1370
3 PlPPSjwj.0#A.36S9MSl S5(3 13600

RPspSoftpS3PSo*RSPPSj S(SIE 1390
MSPaSQRT(?.00(PSRRS0*0f.1.(),O33I-1.0h/(f1S-I.0gI SISE 1400
ASASSjAA5 (G5,MS?) IsIs 1410
ASpAS 1 A SpASS*ASSAS 1 Ssrl 14r0
APAPSmAP1APS'(1.0.ASIAP1*f1.0-AS2AS1)) 35(5S 1430
CALL MAASr0P.MP1.AP2APS,51)tiPF.0E60AP2.FATLI SISE 1440
IPE7AIL.fQ.Y[Sl PfTLI9N SWf 1490

P53PPlwCli (ASIAPleCP? ISE$ 1480

co CALCULATF WS1PPI AT TKF 04ATCMFO PRISSURE POINT eSSrS 1540

PS IPPI. .0~

C. eSP110SSIES 1590

c SSES 1450

co SSfS 1630

#4 WSWP3PS1PPI0ASIAP1*MtMWSMWP.TSOTP0,050P).0(mSt4S1/60PMPI SSrS 1690
CjvwSwp*$4wpMVS00S3 0p3 sISr 1700
Cpuwswp.mwpmws0((4S3-..1.0l. PS-1.0l Issr 1710
0"WCI/cp SSE$ 17po
o4@pnom/op 3ses 1730
MWMNWRE(wSwpol.0,/(wsI).NWP#4US.1 .0) ISSr I 37AO



APPENDIX 0 CHEMICAL LASER ANALYSIS PROGRAM iCLOPI

SUPPOUTINE SSES 9AVFRLAY PRS PAGE D-46

Cl .YSftTbhO@WSWP9ldWP4WSOOS3#GP3 sUsc 17850

C2.lmO wpw.s#1m- ri~FF~FXG'G SSES 1800

CA*(-Cp-SGPT(C?OC?*-4.O6Cl))i'(P.flCflSPS 
143

ppPo"p3P~l PMPPl/iPPl os I6

PSPPOOPS I. * C PPO SS IT

Co MT.*T.*MfSJL VA*..SA1m,1.)SSES 19A0coIp~ TTMNS*SS 13Co os?'s 946IC, o 0***i o**0*04t 04*oc o#*o~of~j 9-I
c SSE$ 196

1.63



Appendix E. CHEMICAL LASER ANALYSIS PROGRAM (CLAP)-OVERLAY SCS
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APPENOIX r CHEMICAL LASFP ANALYSIS PROGRAM (CLAP)
PROGRAM SCS OVERLAY SCS PAGE E- I

OVFRLAY(SCS4t,0) SCS 0100
PROGRAM SCS SCS 0110

C SCS 01p0
C Scs 0130

C* OSC5 also
C* SYSTEM CALCULATION OVERLAY (SCS) OSCS 0160
C* *SCS 0We0
ce...e*..*ee.o.o..*eeoooe..eoeeeeeeee~oeeeoe~eeooeeoee..ee.**eeoe*ee*Oee ScS c ie0

C SCS 0190
C..eeoe.....oe.*oeeoe......*.. ..........e...e.......e...ee~ee~e.eoe*.*eeSCs 0200

C* *SCS 0210
Ce SURROUTINF SCS CONTROLS THE SYSTEM CALCULATIONS FOR PROGRAM CLAP- OSCS 0220
Co *SCS 0230
C* INPUT VARIABLES: OSCS 0240
C* OSCS 0240

C* AEPNE a TOTAL AREA OF THE EJECTOR PRIMARY NOZZLE EXITS PER KMOLE/S OSCS 0260
CO OF LASER PRIMARY FLOW (S-M?/KMOLEJ OSCS O02O
C* AESHRn a TOTAL AREA OF THE EJECTOR, CONSTANT-AREA. MIXING SHROUDS *SCS 0280
C' PER KMOLE/S OF LASER PRIMARY FLOW [S-M2/KMOLFl OSCS 0290

C* BRFRAC a BANK RELIEF FRACTION 0SCS 0300
Co CANLFE a LASER CAVITY HALF-ANGLE (RAD] *SCS 0310
C* DFORHF a CONTROL VARIABLE DESIGNATING OF OR HF LASER CHEMISTRY OSCS 0320
C* EJECT w CONTROL VARIABLE DESIGNATING THE PRESSURE RECOVERY SYSTEM *SCS 0330
C* EREACT a CONTROL VARIABLE nFSIGNATING THE EJECTOR PRIMARY REACTANT OSCS 0340
Co FOAA r FREE FLUORINE FLUX (KMOLE/S-M?) *SCS 0350
Co GEP a GAMMA. SPECIFIC HEAT RATIO. FOR THE EJECTOR PRIMARY OSCS 0360
C* REACTANT *SCS 0370
Co HOASE a HEIGHT OF A NOZZLE BASE (MI *SCS 0380
C* HNB a 04EIGHT OF A NOZZLE RANK tWI 4SCS 0390
C' K a STORAGE MODE CONTROL ARRAY *SCS 0400
C* LCAV a LENGTY OF A LASER CAVITY tMj *SCS 0410
Co MEPNE a MACH NO. AT THE EJECTOR PRIMARY NOZ7LE EXIT *SCS 0420
Co NBANK a NUMBER OF LASER RANKS *SCS 0430
Co NEJECT a NUMBER OF EJECTORS PER LASER BANK *SCS 0440
C' NI w NUMBER OF CARBON ATOMS IN PRIMARY REACTANT I eSCS 0450
C* N2 a NUMFER OF NYDROGEN (DEUTERIUM) ATOMS IN PRIMARY REACTANT I OSCS 0460
Co N3 F NUMBER OF NITROGEN ATOMS IN PRIMARY PEACTANT 4 *SCS 0470
Ce N4 * NUMBER OF FLUORINE ATOMS IN PRIMARY REACTANT 4 *SCS 0480
C* POeP • EJECTOR PRIMARY STAGN&1ON PRESSURE IPA) *SCS 0490
Ce POLP a LASER PRIMARY STAGNATION PRESSURE EPA) *SCS 000
Co POLS a LASER SECONDARY STAGNATION PRESSURE CPA] *SCS 0510
Ce a a MEAT RELEASED PER KMOLE OF PRIMARY FLOW BY THE CHEMICAL *SCS OS0O
C* REACTION OF FLUORINE IN THE LASER CAVITY (J/KMOLE) *SCS 0530
Co RTIME a •LuN TIME IS) *SCS 0540

C* SCSS? m CONTROL VARIABLE DESIGNATING WHETHER OR NOT SYSTEM OSCS Oso
C* CALCULATIONS ARE TO BE PERFORMED OSCS 0560
C' STMODE a REACTANT STORAGE MODE DESCRIPTOR ARRAY OSCS OS07
C* WEPWLT a EJECTOR PRIMARY-TO-TOTAL LASER MASS FLOW RATIO OSCS OSo
C' WFPP3 a MASS FRACTION OF LASER PRIMARY PRODUCT 3 (FRFE FLUORINE) *SCS 0590
C* WFPRI x MASS FRACTION OF LASER PRIMARY REACTANT I OSCS 0600
C' WFPR2 a MASS FRACTION OF LASER PRIMARY REACTANT 2 4SCS 0610
Co WFPRA a MASS FRACTION OF LASER PRIMARY REACTANT 3 *SCS 06?0
CO WP'PR4 a MASS FRACTION OF LASER PRIMARY REACTANT 4 *SCS 0630
C' WFSRI a MASS FRACTION OF LASER SECONDARY REACTANT 1 OSCS 0640
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APPENDIX F CHEMICAL LASER ANALYSIS PROAIRAM (CLAP)
PROGRAM SCS OVERLAY SCS PAGE E- 2

CO WFSP? 8 MASS FRACTION OF LASER SECONDARY HEACTANT 2 *SCS 0bso
Co WFSR3 a MASS FRACTION OF LASER SECONnAPY REACTANT 3 *SCS 0660
C. WLSWLP m LASER SECONnARY-TO-PRIMARY REACfANT MASS FLOW RATIO *SCS 0670
Ce WPOWLP 2 MIRROR PURGE-TO-LASER PRIMARY REACTANT MASS FLOW RATIO oSCS 0660

Ce WPP3 a MASS FLOW RATE OF LASER PRIMARY PRODUCT 3 (FREE FLUORINE) *SCS 0690
CO (KG/S) *SCS 0700
C* XFPP3 a MOLE FRACTION OF LASER PRIMARY PRODUCT 3 IFREF FLUORINE) *SCS 0710
Co *SCS 0720

CO OUTPUT VARIABLESI *SCS 0730
C* *SCS 0740

C* FAIL a FPROR FLAG *SCS 0?;0
C# HPXOFV w HEIGHT OF THE ROX DEVICE (M) oSCS 0760

C. LxnrEV 0 LENGTH OF THE ROX DEVICE INM oSCs 070?

C. LLOS a LENGTH OF THE LASER DEVICE SECTION IMI eSCS 0700

Ce LPRS w LENGTH OF THE PRFSSI)Rf RECOVERY SYSTEM 1MI eSCS 0790
Ct MAW a TOTAL MASS OF THE AFRO-WINDOWS (KG) eSCS 0800

Co MRASE a TOTAL MASS OF THE LASER NOZZLE RASES (KG) *SCS 0810
Co MCAV a IOTAL MASS OF THE LASER CAVITIES t4GI *SCS o0?n
Co MCA m TOTAL MASS OF THE COMBUSTOR BODIES tKGI *SCS 0830
Ce MCS a MASS OF THE COOLINA SYSTEM (KG) *SCS C640

Ce MOS a MASS OF THE DEVICE SUPPORT (KAI *SCS 0850
C* MEJECT a TnTAL MASS OF THE EJECTORS (KG) *SCS 060
C. MELINE a MASS OF THE EJECTOR REACTANT FEED LINES [KG) *SCS 0070

Co MERRPE m MASS OF THE EJECTOR PRIMARY REACTANT REGULATOR EKG) *SCS 0680
Co MERT x MASS OF THE EJFCTOR PRIMARY REACTANT TANKAGE AND FLUID oSCS 0090
C* EKG) *SCS 0900
Co MINJ a TOTAL MASS OF THE INJECTORS (KG) *SCS 0910
Ce MLDHDW a MASS OF THE LASER DEVICE HARDWARE tKG) OSCS 0920
Ce MLDS a MASS OF THE LASER DEVICE SYSTEM (KGI OSCS 0930
Co MLLINE a MASS OF THE LASER REACTANT FEED LINES EKG) *SCS 094o
C. MLRREG a MASS OF THE LASER REACTANT REGULATOR IKG) *SCS 09so
C* MLRT a MASS OF THE LASER REACTANT TANKAGE AND FLUID (AG] *SCS 0960
Co MMISC a MASS OF MISCELLANEOUS ITEMS [KG? *SCS 0?70
C* MOPT a TOTAL MASS OF THE LASER OPTICS (KG) OSCS 0980
Co MPRHOMw a MASS OF THE PRESSURE RECOVERY HARDWARE CKG) *SCS 0990
Ct MPRS 8 MASS OF THE PRESSURE RECOVERY SYSTEM (KG) *SCS 1000
Co MSUBD a TOTAL MASS OF THE SUBSONIC DIFFUSERS (KG) OSCS 1010
Ca MSUPD a TOTAL MASS OF THE SUPERSONIC DIFFUSERS IKG) &SCS 1020
Ce MTOTAL a TOTAL SYSTEM MASS (KG) *SCS 1030
C* VAW a TOTAL VOLUME OF THE AERO-WINDOWS IM31 'OSCS 1040
C* VBXDEV a VOLUME OF THE ROX DEVICE (m3) *SCS lOSO
Co VCAV a TOTAL VOLUME OF THE LASER CAVITIES (M3) #SCS 1060
C* VCOMB a TOTAL VOLUME OF THE LASER COMBUSTORS IM3) OSCS 1070

CO VCS a VOLUME OF THE COOLING SYSTEM (M3] *SCS 1080
C* VFJECT a TOTAL VOLUME OF THE EJECTORS CM3) OSCS 1090
Ce VERT a VOLUME OF THE EJECTOR PRIMARY REATANT TANKAGE (M3) *SCS 1100
Co VLDHDW a VOLUME OF THE LASER DEVICE HARDWARE (M3) *SCS 1110
Co VLDS a VOLUME OF THE LASER DEVICE SYSTEM (M3) oSCS 1120
CO VLRT a VOLUME OF THE LASER REACTANT TANKAGE IM3) oSCS 1130
Co VOPT a TOTAL VOLUME OF THE LASER OPTICS IN31 *SCS 1140

Ce VPRHDW a VOLUME OF THE PRESSURE RECOVERY HARDWARE (M31 *SCS 1150

Co VPRS a VOLUME OF THE PRESSURE RECOVERY SYSTEM IN3) *SCS 1160
Ce VSURD a TOTAL VOLUME OF THE SUBSONIC DIFFUSERS (K31 *SCS 1170
Ce VSUPD a TOTAL VOLUME OF THE SUPERSONIC DIFFUSERS (M31 -oSCS 1160
C* VSYSTM a TOTAL VOLUME CONTAINING THE SYSTEM (M3) *SCS 1190
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APPENDIX r CHEMICAL LASE* ANALYSIS PRORRAM ICLAP)
PROGRAM SCS OVERLAY SCS PAGE C- 3

C* VYOTAL a TOTAL VOLUME OCCUPIED MY THE SYSTEM (h3) *scs 12.00
C* WBASE 0 WIDTH OF A NOZZLE BASE tM3) 'sds 1210
Cc WffXDEV a WIDTH OF THE BOX DEVICE 9M3) *SCS 1220
c* XLP a LASER PRIMARY PRODUCT MOLAR FLOW RAWr (K0OLE/S) *SCS 1230
Ct *SCS 1240

C SCI 1260

Ce *SCS 1200

MOD *SCs 1900

Co DSCRITOR(ROW) AS FOLLOWSo :S 1t
Co*SCS 1330

Co I DrSCRIPTOR I DESCRIPTOR OSCS 1340
C* I REACTANT 6 STORAGE TIME [DAYS) *SCS 1350
Co P PHASE 7 STORAGE PRESSURFE PA) 'sCS 1360
Co 3 CONTAINER 6 STORAGE PRESSURE CPS13 *SCS 1370

Co 4 STORAGE TEmPERATUPE (K) 9 REACTANT FEED SYSI-EM OSeS 1380
C# S STORAGE TIME IS] 10 MATERIAL *SCS 1310
C* OSCS 1460
Co AND MY FLUID (COLUMN) AS FOLLOWS: *ICS 1410
Co OSCS 1420

*C' J J 'CS 1430
C* I DESCRIPTOR 6 LASEP REACTANT A 'SCS 1440
Co P LASER REACTANT 1 7 AERO-WINDOW FLUID *SCS 1450
C9 3 LASER REACTANT 2 A COOLING SYSTEM FLUID *SCS 146'4
Co 4 LASER REACTANT 3 9 EJECTOR REACTANT I OSCS 1470
Co S LASER REACTANT 4 10 EJECTOR PEACTANT 2 OSCS 1460
Co 'oSCS 1490

C SCS 1510
C scs 1520

IMPLICIT REAL (LM) SCS 1530

REAL NO SCS 1550
C SCI S6

COMMON/CCS3/DFORPF SCS 1570
C SCS 1560

COMMONCCS4/FDAA SCS 1S'40I
C SCS 1600

COMMON/CCSS/N1 .N2,N3*N4 SCS 1610
C SCS 1610

COMMON/CCSIj/O SCS 1630

COMMON/CCS9,WFPP3.WFPRI .WFPR4,WFSRI SCS 161.k

C SCS 1660
COMMONCCS I /WFPRP 9WFPR3 ,WFSRIWFSR3 SCS 1670I

C COMMON/CCS1 1/WPGWLP scs 6900

C SCS 1700
CONMONCCS 15/XFPP3 SCS 1710

C sCS 1720

CONMON/L055,URFRACCANOLEs~iASEHNS.LCAV SCS 1730I
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APPF~O!~ FCK4iI1CAL LASER ANALYSIS PRtOGRAM ICIAP)
PROGRAM SCS OVERLAY SCS PAGE E- 4

CO"MON/LDSO/POLP .9015* WLSWLP SCS 17110
C SCS 17e0

COmMONIVMAIN1/FAIL SCS 17M
C SCS 1780

COMMON/PRS4/AEPNF ,AE 51ýPO.MEPNE ,WFPWLT SCS 1790
C Sc, 1800

COMMON,'PRSS/EJECT Scs 1610
C SCS 1820

COMMON/PRS6/6Epop0E9 SC, 1630
C SCS 1840

COMNONSCS 1/scss? SCS 1850
c SC, 1860

CO0"O4/OSCS2PIEREACT#NRAN~t(NEJECTRTIMEWPP3 SCS 1670
C SC, 1860
C scs 1800

COMNON/SCS3/NSXDEV .LPXDEVLLDSLPRSMAW.M8ASE ,MCAV .MCI.MCS.MDS, SCS 1900
-MFJFCT.#4EL!NE.MEPRE0,MEPTM1NJMLDMDW.ML0S.#4LLINEM*LRRE6,MLRTv SCS 1910
-MNISC ,MOPT .PNMPRM~opRsNsu8D.mSUPDIiTOTAL@VAW.V3XDFV.VCAV.VCOMS4 SCS 1920
~VCS*VFJFCTVERT.VLflDHD~VLnsVL9TV0PTVP9NOwVPRS.VSUG0.VSUPD. SC, 1930
-VSYSTM,VT0TALoW8ASEWPXDEý. XLP SC, 1940

c. SCS 1950
C0MMOv4/SCS4/K (10) SCS 1960

C SCS 1970
COPMONISCSS/STMODE (10 * j Sc, 1980

c SCS 1990
DATA SfOAN0L/0.122173/,TRANO1/0.523599/,TRAN82/0.523599/ SCS 2000

C Sc, 2010
DATA CAE/3MCAE,,*DIF/3HDlr/.NF/2NNF/,NO/2NNO/.SSE/3NSSE/,YES/3NyES,'SCS 2020

C Sc, P030
C SCS 1040

C....*.....*.....*.......e~...**.*O*.Oe**..e~e..*.O@.SCS 2050
C. *SCS 2040
C. FUNCTION STATfMrNTS *SCS 2070
C. *SCS 2080

C SCS 21600
C SCS 2110

ToTbG.~u10.05'b-1.1 'OMSCS 2120
AAS(G~~s~2.0T0T~i~'4)IG~.0)**I.5O0.10)/6-10fl/M SCI 2130

e SCS 2140
e C 2150
C* OSCS 1170

C* READ INPUT DATA *SCS 216

CAL JNC*O7 2 SCS 2190

C Sc, 2240
c SCS 2270

Ce SCS P2290
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PROGRAM SCS OVERLAY SCS PAGE E_

C:INITIALIZE THE STORAGE WOOF DESCRIPTOR *Scs t300
A9RAY AND TANK VOLUME/MASS, VARIAALFpS *scs 2310

CSCS 2?350

0O 101 fu1.10 ICS 1300

DO 101 ,!.?,10S W
101 syontlo~momSCS 23400"11 STOER1 .J88 lO SCS 2390

MLR~ICS~ 3c 400
VENTnoQ SCs 2410

VECu~ SCS 2420

C.,* @O*OOOO*O O***O*OO.***~O* ~ OSCS 2490

XLPeWPP3/ ENFPP3OI P.Q994) SCS 2s30

C SCS R940
Ceeo*eeeeeee~e*eeeee~eeeeeeoeoeeee*oe.eeoeo~eeeee~e****SCS 355

Ce*SCS 2560
Co CALCULATE THE LASER PRIONARY &SECONDARY REACTANT TANK VOLUME/MASS *SCS 2570
co oSCS esso

C SCS 26000
C SCS 2610

WLP*WPP3/WFPP3 SCS 2030
MLPRmw4LP0RvI ME SCS 2630
WLSoWLSWLP*WLP SCS f640
MLSPOWLS*RT IME SCS 2%00I

IF(VFO*MF.NE.HFi GO TO 10? SCS 2070
CALL VM021?.WFPR1*N'.PRPOLPMLRTVLRTI SC, 2600
00 TO 105 SCI 2090

10? IF(N1.E@.2.ANO.N?.EO.4) 00 TO 103 SCS 3700
IFlNI.Eo.0.AND*N?.fQ.2) GO TO 104 SCS 2710

103 CALL VWCPN'.(2,WFPR1*"LPRP0LP.WLRT.VLRT) SCS 27?0
GO TO :05 scs 2730

104 CALL VmNpP(2WFPR1OHLPP.POLP.mLRT.VLRT) SCS 2740
1015 NT4NKwj SCS 2750
C scs 2700

MN~WFP?.MPRVPSOMSRSds 2770
1FW%().LT*.lsAND*NPSRtqEQ0.00) 60 TO 106 SCS 2100
IF(MNE.FQ,0%,0I GO TO 100 SC, ?790
IF(WVPR,'.NE.0.0.AND.WFSq?.NE~o~o) PONAMAXI(PeLPoPOLS) SCS 2600
IF(WFPR2.NE.0.0.AND.WFSR2.EQ~.0.) POwPOLP s~s 2610
IF(WVRP.!,Q.0.o.AN~OWFSR?.NE,.0~) POOPOL% scs po?0
CALL V1NNE(3*.NHEPONLRT*VLRTI SCS F830
NTANKeNTANXK. Ic SC 240
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PROGRAM scs OVERLAY SCS PAGE E- 6

nlo Tn ilip s 29

1? CALL VMF?(S.WFPR4*MLPP.MHE.POLP.MLRTVLRT) SC 20

C ICS 2920

IfcWFPP3.EO.0.O.AND.WFSR3.EQ.0.0) GC TO log SCS ?930

IFgWVPP3.NE.0.0.AND.FSR3.NE.fl.0) PONAMAXI1POLPoPOLS) scs 2940

IFIV7FPP3.NE.0.0.ANO.WFSR3.EO0fl.0) POsPOLP SCS f9so
IFwv..F.0OAN~wS~.E i. POmPOLS scs 2960

CALL VMN?(AVFPR3*MLPP.WVSR3*MLSRP0,WLRT.VLRT) SCS 2960
C *TANKeNTANK~l SCS 2990

109 iFOFWOPMF.EQ.NFI CALL VM,.I(6.WFSPI*MLSRPOLSMLRTVLRT) scI 3000

IFDFoP0NP.NE.WF) CALL VKP&WSlkLRtO~MROLT SCS 3010

NTANKuNTANN.1 SCS 3020

c Id 3030

C MLWPPE~NTANM*(WLP*WLS) ICS 3040

CSCS 3040
3070

** SCS 3060

C* CALCULATE TH4E LASER DEVICE VOLlUNFMASS *SCS 3090
C**SCS 3100

Coo*0.w * ********Q 0.*0000o*0*0 S Cf***SS 3110

C SCI 3120
c CS 3110

*AN~mXLP*XFM'3/fIFOAA0N8ANK) SCS 3140

WNRwANR/Hkb SCS 31%0
ARASEUANNIORFRAC sCS 3160

ki4AFwA§ASE~#WRASE SCS 3170

DA&H9ASr#E2.0#LCAV*TAN(CAN6LE1 SCI 3130

NMAXOWPASE/0A SCS 3190

C ICS 3200

LINjU) .01167E-OAPOLP'NSASE*I .143E-02 SCS 3210

MINJuT oq469oE.O3oASASFeL INJCNSANK SCS 3220
WCPwWSASE/NMAX SCS 3230
MC~aI.R2667E.040(1.10519F-090P0LP1 CWCBS..0E-04)OWCS.INSASE# SCI 3240

.%,06E-"4IeNRASE)# .T612A9E-0oI*WCSHNSASE.1.016E-02) .NMAXeNeANK SCS 32%0
rNSASEUI 1.0.6OSA5ASE*N9ANK SCS 3240
LCONO.0AMAXI 2.O'HPASF.LINJ.0.1)1600) SC, 3270

C SCS 3290

ASCAVu2.OOLCAV*WSASE/COSICANGLEI SCS 3300

TAUaAMAX i1i.2?000E-039,47?46SE-03*DAI SCI 3310

VCVwUSCAV AV* INS+30AUASC.AV eNSANK/. ICS 3330
VCAVUT 91E&SE.O3OTAUOBASC*A)eNSANK/. SC, 3330

C SCS 3340

SD"IRsS?.54000E-02D*OA SCS 3350

BDHP 1aSPT50OE LCVLA.AA)SCS 3360
KNT~uI03?.?SoDMIAoC?.% ICS 3370

MOPTmIý.0.MMIP.276.S30O6*(WUASIE*S*0.609600)O(0.125*WCASE.*b SC, 3360

-7.A200ftE-0?) .36.?0TA)*NSANK ICS 3340
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PRO(%RAN SC9 OVERLAY SCS PAGE 1- 7

V0PTufl.70%3960*6e*(WPASFv0.6096001#.7.9A5Qe*B?.760fl0E-03- SCI 3400
.LCAV~bRASFEODA-NPASE )/?.0)'NSANK SCS 3410

C SCS 34P0
MOSmO. iC(MIN.J.NCP.NNASE.MCAV.MOPTI SCS 3430

CSCS 3440
C SCS 3450

C* *SCS 3470
C*CALCULATE THE AERO-WINOOW VOLOM~fMASS OCSC 3400

C**SCS 3490

C SCI 3520

wPURG~mwP6WLP*WLP SCS 3530
4AWu3. 3?%P0.#RASEON8ANI( SCS 3540
WAWLmI .%?460E-02*HAASE*NAANK ScS 3550
MAWE. (WAW.WPURGE *RT ImE ICS 3560
CALL VMAW(7.MAWF*PT1MCvMLPTvVLRTý SCS 3570
NTANKuNTANK.l SCI 35800
MAW34jN 51j*H8ASf*NBANK SCS 3590
VAWu0,309Q?4*H8ASE*NRANK SCS 3600

C SCS 3610
c SCS 3620

C@O*~O**O,*OO****OOO****OOO~**OC***OO*~~OSCS 3630
C* *SCS 3640
C* CALCULATE THE COOLING SYSTEM VOL&JMEJVMASS *SCS 3650
C* *SCS 3660

c 5CS 3680
C SCS 3690

WCSw3.9A076iE.OTOOCXLP SCS 3700
I~E1.F.~ WCS83.OC*WCS SCS 3710

McSFmWCS*RT IME SCS 3720
CALL VNCISiAMCSF*RTI14EsWCS9VCS) SS 33

NTAX*TAN~lSCS 3T40
C SCS 37410

LLTNEaNTANKe1I.73205ecVLR7,VCS)ee(1.0/3.0).wSANK* SCS 3760

-SORT (MRASE.HSASEWBASECWSASE.CLCOMS.LCAV)*elfl SCS 3770

WLL INfwo.?26?39*LLINE SCS 3780
C SCS 3790
C SCS 3600

C* *SCS 38210
C* CALCULATE THE SUPERSONIC/SUBSONIC DIFFUSER VOLUMFIMASS OSCS 3430
co *SCS 3840

C SCS 3660
C SCS 3870

"FtEJCCT.EO.NO) 611 TO 11% SCS 3po0
IFPEJECT.EQ.SSEI 30 TO 110 ICS 3590
LSUPfOQ. O*DA SCS 3900
ASSUPO.LSUPDO(2.0.WBASE.(NMAX1)eODA) SCS 3910
NSUP~f7. 91 645E 0* 3TAU'ASSUPD*NUANK SCS 3920
VSUPnunAOWSASE*LSUPD*NSANX SCS 31930

C 5C5 3940
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AP#7N011 F CHMrICAL LASrP ANALYSIS PPOGOfAM ICLAP)
PP0O6PAM 5cs OVI PLAY SCS PAGE f- 8

LSUPOs3.O9OA SCS 3950
fl~mnAr.0.OLSUPO@TA4ESVAN6L) SCS 39600
ASUS*imLSUSOO(2.0eWPAS/COS(SflANGLI4(NMAX.1)O(DA*DP)/?.0) '*CS 3970
TAUwaAMAX1 1.2700OO-03.4.T7465E-03&DS) SdS 3900
MSUPDu?.9I A4SE.O30YAU@ASSURnONPANK scs 3990
VSUBOaWPASEOLSUPOO (OA.O6~iNSANK/'?.0 SCS 4000

C sCS 4010
C SCS 4020

~ 4030
C* *SCS 40460

C* CALCULATE THE FJECYOR PRIMARY REACTANT TANK VOLUME/MASS OSCS 4050
C* *SCS 40600

CO**OO****@.& O***O@ O*O*~O~*O*O**e@O SCS 4070

C SCS 4060
C scs 4090
110 !FEFJfCT.EQODIF) 60 TO 115SS 10

WLTuWLP*WL A.WAWL tWPURGE SCS 4110
WEPoWEPWLT*WLT scs 4120
MFPP~uEP*RT THE SCS 4130
IF(FREACT.fQ.l0HN?N4 1 GO TO ill SCS 4140
IF(F4EACT.EQ.1ONIRFN&/w.4H GO0 TO 11 SI?15

Ill CALL VWMNPN4(9,MEPPPOEP.ATIME.MFRTVERT) SCS 41600
NTANKaj scs 4170
MERREGu3 .seWfP SCS 4160
go TO 113 SCS 4190

11? CALL VWNMIM(9,0 065*MEPPPOEPRTINEMERTVEPT) SCS 4?00
CALL VM4TRpNA(10,0.35.MEPP.P0EP.RTTMFfgwENT.VFRT) SCS 4210

NTNKpSCS 4220
MEPPEGu?.!5.W1P SCS 4230

C SCS 4240
C SCS 4250

Ceeoeeeee,.e~.*ee~e*.e~eeee~oee*e***feeo*~e~ga~e,*ee~eSCS 4260
C* SCS 4270

Co CALCULATE THE SURSONIC/SUPERSONIC EJECTOR VOLUMF/MASS *SCI 4260
C**Scs 4290

C.....*..~.,..*e~~..oe~~eaee~e~eoeooo..~eee~oe...e..oe.S~s 4300
C ICS 4310
C SCS 4320

1 N3!AEJWAECTE.SE 6 O 1 SCS 4340
113 !P(EJECT.O.SE OTO14SCS 4330

IF(MEJFCT.EQ.0.0R.NEJECT.AT.NW4AXI NEJECTuNMAX SCS 4350

WTPOWSASE/NEJECT Scs 4360 '
DC*QP(WT*0) CS 4370

LTR~s(flC-OS)/(2.0oTAN(TRANG1)) SCS 4360
THFTAmATANC (WTft-DC)/(2.0*LTR1I) SdS 4390
OOw.j .1?38*0C SCS 4400
LTR?mflO-DC)/j2.0eTAN(TPAN32)) s CS 4410
AST~uLTP1.((WTR.DC)/COS(TRANG1).(D6.OC)/COS(TNETAI',.LTR2.t2.0eDC* SCS 4420

-1 .5T060.DD) SCS 4430
TAUSAMAXI I.27000E-03,3.75000E-03.DO) SCS 4440
MTRuT.9164SE4O30TAU.ASTRONEJECT.NSANK SCS 4450

VTRuOCoDCe (LTR1.LTRZI 'NEJECTONPANK scs 4460

ACONEwAEPNE*XLP/ (N6ANK*NEJECT) scs 4#460
AEwAESHRO*XLP/ (N@ANK*1YEJECT) (SCS 4490
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AP#FN'E FCHEMICAL LASE* ANALYSIS PROGRAM ICLAP)0R0SRAN SCS (IVERLA'V SCS PArt E. 9

DOCN~w j *IA!6&6SQPT ACC1NE) ICS 4S00ASCON0Ij.00. lACONE scI '510MCO4EUP.0431 )*ASCONEeNE,ýCT.N3ANN SCS 4510C 
ICS 4530ASTARRACIN114ASM(SEP909PNE) 
SCS 0540DPLF~Nm3.56AS*SQAT EASTAqRSC 4540o

s 4570
c MLFNa7 * 01445E 03*TAUOASPLEt4.NEJECT.NSANE scS 45p0

CDSTftUTwl.9S.410Sopg (ASTAR) ics 4990
8~0-0,6364?0*DSTRUT SCS 4410

Sds 4440
ASSTSTUI .5?0AOOSTRUT'Oa. SCS 46501TAUmp.0?I9?E..OSOPOEP0DSVPkJT 

SCS 4440"MSTPUTm7.o1644sfODITAVeASSTp?.NEJECT.*NAmAN 
CS 4C SCS 46T0

bf8~l?A3P*SQPT (AF) ses 4680

ODinDEetI .o#S.0*TAN(SOAWGL)U SCS 4700

-((DO.DL).SGR(4144.*OcOr.Df(OL..oo).(DL-OD),. scs 4'??;(DLE*D)*SQRT964.0DE.DEA(DL..DE).(DF..DE)ý)/4. SCS 4730
:;:;::;;645E0;2;;:ASHRo*NEJEC*NBANK 

Scs 4760TACMA hlZ00-33?4Q.00L CS 4750

'4EJFCTuNTP.MCONE .MPLE9I.MSTRU f.mSHRD SCS 4700
VFF~VP3119D*DODFDI30D*3oD*.*L/4.0. 

SCS 46000DE*(IA.oO E*7.OeOL)iIZ.0.29.0eo1.L ,Zi .0, .NEJECT**dPLNX Scs 4610I

'ICLINEng.226239*LL INE SCS 4340

cSCS 4670C. 
*SCS 4490C* CALCULATE THE SUPERSONIC/SUPERSONIC EJECTOR VOLU#4f/MASS Oscs 4900Ce 
OSCS 4910

C 
Scs 4930c 
SCS 4940114 Wr(NEJECT.EQ.0.OP.NEJECTGTPRMAX) NCJECTRNMAX SCS 49%0AEmAtSHRD*XLP/ (NNANK4NEJECTj SCS 4940Dbal .11t3$*SQRT (AC) SCS 4970WTPEWBASE/NEJECT 
S1CS 4960DDw.3 .83a8eSQwR WTR*DA) SCS 4990AS7Rm14.o*OA*WTA.OE 
SCS 5000TAUUAWAX(I (. 27000E-0393.TSOOOE..o3.oo) scs s010MTPE?.916f45E *03'TAU*ASTRONEJECT.N3ANX scs 5020

CC 5c 030ACONtuAFPNE*XLP, (N@ANK*NFJECT) scs 5040
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APPMFl1IA r VWMNICAL LASFR ANALYSIS PROMfPAM (CLAP)
PRflLRAN sct O~VERLAY SCS PAGE F-1fl

AS TAR* ACONF,4 A A SMI OFRe OF PNf scS s'los
0!T~l7SR~)4F-.7?*SA)/. SCS Soho

L'~N~ni)FOD~?9f-fl~h~'flA?.Qscs 507o

~sc S090'~I

*4CONfsI o.0.39OASCflNCtNJECT.NRAN4K SCS %n00
C- Sc' SITC,

ASPLfNsq*.EA6960*COPT f tA.111R0

44PSINOu,. 91640t # 03* ThUA I; PEO.NFJFCTONRANK SCS 41160
cSCS I;P3O

-?*ANKSCS skpo
r SdS SP3O

~L ,FTIN$w.S?.?Qn I N SCS 01300

1FNJA T.IN rJF (i'f* R CS sp60
LINFCFJ1CT.FO.CA!)NKO TeYO I? ./.)N'N~TO*FNJFTWA SCS 5470o

MPWufl n CS 5400

C #6 0.~scs 43o0
Ce SStl SUMAR CALCULATIONS ScS 55?to

GO otir cs iS146

C Psvur.~e scs S380
LP'LUP.SP SCS 43970

11 Mk 'ioýJMLMAEMA+~*C#OTM~ftRGPLN scs ~S40

VL #M(WoVOMI*VAV*MoeVC* VPT C174104LrS*M~)H1D~f1LT SC 94I



APPFNDIX F CHFMICAL LASER ANALYSIS PRMGrRAM (CLAP)
PROGRAM SCS OVERLAY SCS PAGE E-11

C SCS 56000
117 MPRNDW.MSUPD4MSURD.MFJECT.mERREG.MELINE scs 43e10

VPOP4I)W.VSUPD*VSUPD*VF JFCT SCS 5620
MPPSOWPONDOM.ERT SCS 5630
vppsavpNHflwVERY SCS 5640
LPRSaLSUPD*LSUBD*LE JECT ?S 5

li MPRHDuLEJECT*MPE*EIEss S"

I4SRDE~~~uI .SD*RAg730
C scs 5740

MTOTALnMLDS*MPflS:MM1 Sc SCS 5760
119 TOTCA~mIVj3A.A4,.j(MOSMPS SCS 5750

L9XOEVuLLDSoLPRS sc 56900
wmKOtVmI .IeW8ASE ss 50

C VbLaEVwLBXOEVOW6XDEV.NSBflFV SCS 9810
CSCS Sat0

C scs 5630

C* *SCS f650
C* OUTPUT RESULTS *SCS 5660

C SCS 5690
C SCS 5900

CALL OUTSCS Sds 5910
GO TO 202 SCS 5920

CSCS 3930

~ 5990

C. SCS 60

C* FORMAT STATEMENTS %SCS 0070

201 FORMATi.0..T29*SU8QOUlTINE INSCS WAS CALLED FROM SURROUTI'4E SCS*) SCS 6120
rot END scs 63
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SURROUTINF INSCS OVERLAY SCS PAGE E-12

SUPROUTINF INSCS INSCS 0100
C INSCS 0110
C INSCS 0120Ceeee~oeooeeoooeeeooeeeeeeoo~eeee*e~eeooeoeooeeeoeeooeoeeeoeeeeee..eoeoeoe*oNSCS 0130

C. oINSCS 0140
C. INPUT SURROUTINE IINSCS) *INSCS 0151
Co oINSCS 0160COeaoee~ee..o..ooe~eoeeeeeooeoe..eo~ooeeooeeeo~eeeeeeoeoe*e. e........O~e*NSCS 0370
C INSCS AMBO

Co *INSCS 0200

Co SUfROUTlNF INSCS CONTROLS THE INPUT OF INITIAL DATA FOR THE SYSTEM OINSCS @240
CO CALCULATION SECTION. OINSCS o020
Co OINSCS 0@30
Co INPUT VARIAPLES' *INSCS 0240
Co *INSCS O0s2
Co EJECT m PRESSURE RECOVERY SECTION CONTROL VARIABLE *INSCS 0260
Co NA a NUMBER OF CARBON ATOMS IN PRIMARY REACTANT 1 OINSCS OtTO
Co N? a NUMBER OF HYOROnEN (DEUTERIUM) ATOMS IN PRIMARY *INSCS 0280
Co REACTANT I *INSCS 0290
C* N3 a NUMBER OF NITROGEN ATOMS IN PRIMARY REACTANT 4 *INSCS 0300
Co N4 a NUMBER OF FLUORINE ATOMS IN PRIMARY REACTANT 4 *INSCS 0311
C. SCSSI u CONTROL VARIARLE OINSCS 0320
Co SCSS3 a CONTROL VARIABLE *INSCS 0330
Co SCSS4 a CONTROL VARIABLE OINSCS 0340
Co STAW a tTORAGE MODE DESCRIPTOR DATA ARRAY FOR N?-AW *INSCS 0350
C* STCS a STORAGE MODE OESCRIPTOR DATA ARRAY FOR H?O-CS *INSCS 0360
Co STCH4 v STORAGE MODE DESCRIPTOR DATA ARRAY FOR C?24 *INSCS 0370
C* STD? v STORAGE MODE DESCRIPTOR DATA ARRAY FOR 02 OINSCS 0360
C. STF? w STORAGE MODE DESCRIPTOR DATA ARRAY FOPR F? OINSCS 0390
Co STHE a STORAGE MODE DESCRIPTOR DATA ARRAY FOR HE OINSCS 0400
Co STH2 a STORAGE MODE DESCRIPTOR DATA ARRAY FOR NP *INSCS 0410
C. ST|RFNA a STORAGE MODE DESCRIPTOR DATA ARRAY FOR IRFNA OINSCS 0420
C. STMMH a STORAGE MODE DESCRIPTOR DATA ARRAY FOR MMH OINSCS 0430
Co STNFI a STORAGE MODE DESCRIPTOR DATA ARRAY FOR NF3 OINSCS 0440
Ce SIN? a STORAGE MODE DESCRIPTOR DATA ARRAY FOR N? *INSCS 04SO
Ce STNHA a STORAGE MODE OCSIRIPTOR DATA ARRAY FOR NFH4 OINSCS 0460
Co WFPR? a MASS FRACTION OF HE OINSCS 0470
Co WFPR3 a MASS FRACTION OF N? OINSCS 0440
C4 WFSR? a MASS FRACTION OF HE OINSCS 0490Ct WFSR3 a MASS FRACTION OF N? OINSCS 0500

Co *INSCS OS)O
Ce INPUT/OUTPuT VARIABLES: 'ENSCS 0520
Co *INSCS 0S30
Co FREACT a ALPHANUMERIC SYMOOL FOR THE EJECTOR PRIMARY REACTANT OINSCS 0540
Ct FAIL a ERROR FLAG *INSCS 0950
Co K a STORAGE NODE CONTROL ARRAY *INSCS 0560
Co NBANK a NUMBER OF LASER BANKS *INSCS 0s70
C* NEJECT a NUMBER OF EJECTORPS PER RANK eINSCs 0300
Co a og FOR THE MAXIMUM ALLOWARLF OINSCS 0590
Co RTTME u RUN TIME (S) *INSCS 0600
Co SCSS? s CONTROL VARIABLE OINSCS 0610
Co SETSCS - CONTROL VARIAALE eINSCS 0620
C* WPP3 a FREE FLUORINE MASS FLOW RAIE fKG/SJ *INSCS 0630
Ce *INSCS 0640
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£PPE~fl! ~ CNIMICAL LASFQ ANAL'VSIS P00664W ICLAO$
tWUMOUTINt INSCS OVERLAY SCS PAGE C-13

CO NOTES ALL INPUT IS IN SI UNITS. GINSCS 06%0
Co OINICS .060

C INSCS 00600
REAL NO INSCI 0090

c INscs 0700
DIMENSION OfSCftIC1O,,TITLr(II) IK6CS 0710
COMMONj'CCS3/OFOR14F INSCS 0730

C INSCS 0740

COKMONjCCSS/NI .N?9N39N4 INICS o~so

c IN6CS :77:

COMMON/MAIN1,'FAIL INSCS 4790
C INICS 03000

COMMON/NA IN6/SETSCS INSCS 0310
C ZNSCS 0620

COONON/PPSS/EJECT TNSCS 0430

COMMONISCsI/SCSSP INICS 0650
c INICS 0660

COW:ON/SCS2/EPEACT.NPANKNEJECTRTTME,WPP3 INICS IN!0
c INSCS 0920

c INSCS 0900
CONMONISCSS/STAW E(10,4 0 INSCS 0910
COcNSS/TS(05 INSCS 0920
COPO/CSST24(02 INSCS 0900
COMWONSCS9STOP(10,41 INSCS 0970
COMMON/SCS10,STCS(10.4) INSCS 0960
COMMON/SCS8 /ITC2E 10.4) INSCS 0906
COMMON/SCSI2/STNZ( 10.4) INSCS 1000
CNMNON/'SCSIO/STIRVNA1lo4) INSCS 10100
COMMON/SCSI4/STNH ( 10.4) INSCS 10200
COMM(,N/SCSIP/STN3( 10.4) INICS 1000

COMMON/SCS13/STIRNA 10.3) INSCS 1040I

COMMON/SCSI /STN?44 (1094) !NSCS 1050
DATA (D/SCRI3/TN3I).u.0*)/04AC 1HNS INICS 1030
-IOMCONT ,1ON/STEMP ,ONTI98104 INICS 1060
-lOMMOPRE IS .1014 .ON1YS *1v44TE INICS 1090

c INSCS 1100
DATA (TTLEI(M)vK31.10I/1014K AC .0141PAS 0jl~ INSCS 1010
-10143N 010144EM .0ONTME 010"4 INSCS 11080
-IOmAPF I1014 .10HOFS6 -iNAE INICS 1109

c INSCS 11400
DATA CAE/14CE/.DPvI10/ I0F/N/W NO# o,34S~.,(3pgyS INICS 1110
-1C3904 I" lm IN6CS 1120
-IOAME $I/OSC#NAN .NJCT.7ION@. INSCS 1170

C INSCS 1160

C INSCS 1190
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APPENDIX F CH4EMICAL LASER ANALYSIS PROGRAM (CLAP)
SUPROUTINF INSCS OVERLAY SCS PAGE F-I*

C* *INSCS 1210
coSET DEFAULT VALUES OINICS 1220

co OINSCS 1?30
C*.9 O*, *** *** **OO OOO~~ I SCS 1240

c tNSCS, 12S0
C INSCS 1260

IF(SFTSCSý[G.NO) 60 TO 102 INSCS 1?70
EREACTEI oMIRFNA/MMM INSCS 12AO

K(?u1INSCS 1P90
'((1~1INSCS !300

K (4)a1 INSCS 1310
K (43 a IINSCS 1320

K (6)ul INSCS 1330

K(T)Ul INSCS 1340

p(931 INSCS 1360

N9ANKw1 INSCS 1380
NEJFCTu i INSCS 1390

SCSSEMYES INSCS 1410
00 101 101,10 INSCS 1420

inj STMflDE(It!)wDESCR1(I) INSCS 1430
WPP3u1 89Q645 INSCS 1440
SETSCSaNo IP4SCS 1450

C INSCS 1460
C INSCS 1470

C* *INSCS 1490
C* CONTROL STATEMENTS *INSCS 1500
C. *INSCS 1510

C* C 0 *O**.*@*C d INSCS 1530 .

C ~ SS1E.O 'TR INSCS IS40
lp WRITE(6,31 1) INSCS isso

READ(sq3041SCSS2 INSCS ISGO
IFfSCS52.EO.NO) RETURN INSCS 1600
WRTI'E(6*31?' INSCS 1SA0
READ(5.304)SCSS3 INSCS 1590
IFcSCSS3.EO.NO) RE TOR 10rNSCS 16300
WRIEWIND 4? INSCS 1610

READ(4,'!REACT,(K(I).Iin2,10),NBANKNEJECTPTTMESCSS?.WPP3 INSCS 1650
RETURN INSCS 1660

103 WRITE(6*313) ISS 17
IFtEJECT.NE.CAE.ANO.E.JECT.NE.SSE) WPITE(6,314)NBANK,RTIME,WPP3 INSCS 1680
P(CEJECT.FQ.CAr.OR.EJECT.EQ.SSE) WRITE(6t3l5)N8ANK,NEFJECT,RTlMEv INSCS 1690

-WPP3 INSCS 1700
READ (SoNLSCS) INSCS 1710
WRITE (6,316) INSCS 1720
PEAD(59304)SCSS4 INSCS 17304
IF(SCS54.EQ.NO) (10 TO 11A INSCS 1740
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APPENDIX t CHEMICAL LASER ANALYSIS PROARAM (CLAP)
SUBROUTINE !NSCS OVERLAY SCS PAGE C-15

c INSCS 1750
c 7NSCS 1?60

C. *INSCS 1790
co LASER PRIMARY L SECONDARY REACTANT STORAGE MODE SELECTION OINSCS 1790

Cie INSCS 1600

C INSCS 1620

C !NSCS 1630
WRITE (6.317) INSCS 1640
IF.,DFORHF*EQeDF) GO TO 100i INSCS 1650

IFPN1E.EO.ANO.N?.EO.2) 60 TO 10l4 INSCS 1660
GO TO j19 INSCS 1370

104 WPITE1693P0)5TD2(1.1) INSCS 1360
WRITEFq,,308)(TITLEIL),LuI.5),(STMODE(!.1),(STD?(I.L).L1.*4). INSCS 1690

-Tuelo1) INSCS 1900
GO TO bet INSCS 1910

105 !P(N1.EG.2.AND.N?.EQ.4) GO TO 106 INSCS 1920
1V(N1.t0.o.AND.N?.E0.2) GO TO 107 INSCS, 1930

GO TO 120 INSCS 1940
106 WRITEt6,3?0)STC2H4(Iv1) INSCS 1950

WRITE(6.307)(TITLE(L).LU1.3),(STMODE(I,1),(SYC2N*(!.L)oLl192)9 INSCS 1960

-Tupelo) INSCS 1970

GO TO i69 INSCS 1930

107 WRITE(s.3P0)STH2(it1) INSCS M-0.
WRITE(6,306)(TITLE(L),Lul.5),(STWOODE(1,1).(STN2(1,L).L1.O4). INSCS 2000

-1.7.10) INSCS 2010

10e 9EAD(S93G3)X(2) INSCS 2020
IF(N3.EQ.1.AND.N4.EQ.3) GO TO 109 INSCS 2030

IPfN3.FQ0.OANO.N4.EQ.2) GO TO 110 INICS 2040
Go To 171 INSCS 2050

109 4RtTEf693?0)STNF3(I*1) INSCS 2060
WRITE(A.9303)(TITLE(L),LuI,5),(STMODEi.1'p.(STNF3tI.L).L*1.4). INSCS 2070
-Tupelo) INSCS 2060

GO TO ii1 INSCS 2090

iln WPITE(6,320)STF2(1,1) INSCS 2100
WP!TE(6,308)(TITLFAL).Lul,5).(STMODE(I.1).(STF2(I.L).L1.t4). INSCS 2110

fII READ(5,303)K(S) INSCS ?130

IF 1(S().2LT.3.AND.WFSR2.EQ.o0.0 GO TO 112 INSCS 2140

IF(W7rPR2.EGO..0AND.WFSK2.EO.0.0) SO TO lip INSCS 2150
WRITE (6.320)ST4E (191) INSCS 2160
WRITE(6,308)(TITLE(L),Lal,5),(STMOOE(I.1).(STI4F(IL),LU1.4). INSCS 2170

-1a2210) INSCS 2130
RFAD(, ,303)K(3) INICS 2190

lii 1F(WFPIk3.EQ.0.0.AND.WFSR3.EO..) 60 TO 113 INSCS 2200
WRITC (6.320)STN2( 191) INSCS P210
WPITE(~3.30)(TlTLEEL),Lnl.5).(STMODE(1,1),(STN2(1IL,*L'.L.4), INSCS 2220

-Tupelo) INICS 2230
WRTTE(6.309)(TITLEIL),Lu6.10),(STMODE(I,1),(STN2(JL).L5.6O), !NSCS 2240

-1.2,10) INSCS 2250
READ (59303)K (4) INSCS 2260

fi3 IFPD7OPSF*EQ*DF) ý; TO 114 INSCS 2270
WRITE (69320)STN2(1 91) INSCS 2260
WRITE(6.306)(TITLE(L),Lu1.5),(STMO0E(I,1ho(STIF2(1,L).L1,9

4 ). INSCS F290
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APPENDIX E CHEMICAL LASER ANALYSIS PROORAM (CLAP)
SURROUTNE !NSCS OVERLAY SCS PAGE E-16

-1020101 INSCS 2300
Go To ij% IN1.CS ?310

114 WRITV(6s3?O1STD2(1,13 INSCS 2320
WRITE(6,308)(TITLE(L).L1,5S),(STMODE(I.1),(STOZtIIL).Lxl.4). INSCS P330

-1820161 INSCS ?340
11% RFAD(5.103)K(6) INSCS 2350
C INSCS P360

CINSCS 2370

C* *f......o~ *@O@****@@,~~NSCS 2390

C*AERO-WINDOW FLUID STORAGE MODE SFLECTION *lNSCS 2400o

C. *INSCS ?4l0

C INSCS P440

tRITE(6#318) INICS 2470
WRITE(A93?0)STAW(191) INSCS 2460
WRITE(6.3ftS)(TITLEIL).La1.5),(5TMODEiI,1),(STAW(IL).LS1.4), INSCS 248

REANS0.031KM? INSCS 2490

C ZINSCS 2500
C INSCS 2510

C* *INSCS r530
C* COOLING SYSTEM FLUII) STOROGE MOflF SFLFCTION OJNSCS 2540
C* OINSCS ?%s0

~ 2560

C INSCS 2%70
'IC INSCS 2530

WRITE(6*319) INSCS 2590
IAWRITE(6,320)STCS(,191I INICS 2600
flWRITE469301) !NSCS P610

WRITE(6.3063(TITLE(L)sL.!,51,(STMO0E(I.1I,(S7CS(I.L),Lul.A). INSCS 2620

WRITE (69306) (T ITLEL1qLu6*7) 9(STMODEt I*I)* STCS (I* Sit1152910) INSCS 2650

READ (5*3031K (8) INSCS 2660

C INICS 26100
C..*o**...*****.*o.#**9t**O"**4*to**OISCS 2690o

C* *INSCS 2T00
C* EJECTOR PRIMARY REACTANT STORAGE MODE SELECTION OINSCS 2710
C* *INSCS 2720

C*** OOO *O*O O~* *** *O*O *** O*4*~IN CS P730

C INSCS 2740A
C INSCS 2730

IFtEJECT.NE.CAE.AND.FJECT.NE.SSE, 6O TO 11m INSCS 2760
WRITE (6.32) INSCS 2770
READ(5.30S)EREACT INSCS 2760 '

I7IERfACT.EO.10HNPH4 ) so TO 116 INSCS 2790
IF(CREACT.EQ.I0HIRFNA/M'4H ) 6O TO 1I7 INSCS 2S00
GO Te 122 INSCS 2610

16 WRITEffi9320S)TTNH )l a1,5.SNO(.)gT24IL.a,) INSCS 2630¾
16 WPTE(A,3?08)STN2H(1,)-LIS9SMD(v~(T241Lo*9) INSCS 2620
-132,10) INSCS 2840
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APPENDIX r CMEMICAL LASFP ANALYSIS PPOARAM (CLAP)
SUBROUTINE INSCS OVERLAY SCS PAGE [-IT

READ(59303)K(91 INSCS 2590
RETURN INSCS 2660

117 WRITf(6,3?0ISTMmwEIq1) INSCI 2670
WRITEq6,3flMlITITLE(LILu1.5),(STM0DEcI,1).qSTMmH(lL),Lml,4)# INSCS 2660

-turtl0) INSCS 2690
READ(59303)K(9) INSCS 2900
WRITE (6.320) STIRFNA (1~1) INSCS F910
WRITEI,.3o86UTITLEEL).Lul*S).(STMODE(I.1).(STZRFNI(ILboLul..), INICS ?920

-132.10) H4SCU 2930
READ(59303MK(1) INSCS 2940

WRITE(4)EREACT.(K(I).Jm2,I0),NSANKNEJECT.RTIME.SCSSIWPP3 INSCS 2940

RETURN INSCS 2970
C INS4:S 29600
C INSCS 29900

co IINSCS 3010
LE FAILURE INDICATORS *INSS 3020

C9 OINSCS 3030
CO,**O*O~tO*OOO**OO*~eOO*.*.*eOO*OOOO..*O*OO.O*O*OOOO*OISCS 3040

C INSCS 3050
C INS-CS 3060
119 WRITf(§o201)N1.N2 INSCS 3070

80 TO 1?3 INSCS 3060
120 WRITE(§qP?fl)Nl9N? INSCS 3090

GO TO 123 INSCS 3100
121 WRITE(6,2?03)N3qN4 INSCS 3110

6O TO 123 INSCS 3120
)2? WRITE(69PO4)REACT INSCS 3130
1?3 FAILuYfS INSCS 3140
C INSCS 31S0
C INSCS 3160

Co *IN$CS 3160
Co FORMAY STATEMENTS 0115lCS 3190
C *INSCS 3200

~eee*O~*****ee~eeO*e~e~e~eo~eo~oee~eeeeee.*.eeeooO***~e11CS 3210

c INSCS 3220

?01 FORMAY(01*oTP90NO TANK VOLUME/MASS SUBROUTINE EXITS FOR C*9.1o00*vINSCS 3240
-119/sTP90PROGRAM TERMINATFO IN SUBROUTINE INSCS*) Ih'SCS 32S0

202 FORMAT(0109T290NO TANK VOLUME/MASS SUBROUTINE EXITS FOR C*,Z1,MO,4INSCS U260
-Ile/sTrs*PROGPAM TERMINATED IN SUBROUTIME INSCSO) INSCS 3270

203 FORNATC#1*.T2#04O TANK VOLUME/mASS SUBROUTINE EXITS FOR N..11,*F**INSCS 3260
-11,,.T?**PROGRAM TERMINATED IN SUBROUTINE INSCSO) INSCS 3290

?04 FORMAT(#l~oT2q*NO TANK VOLUME/MASS SUBROUTINE EXITS FOR *,AI0,/, INSCI 3300

-T2#*PROSRAM TERMINATED IN SUBROUTINE INSCSo. INSCS 3310
301 FORMATEOQO) INSCS 3320
30P FORMAT.(*Ro) INSCS 3330
303 FORMAT(II) INSCS 3340
304 FORMAT tA31 INSCS 33S0
305 FORMATIAlO) INICS 3360
30A FORMAT(01e,9(T2,?Al2,/),T2.2AI2, INICS 3370
307 FORMATI. *v9(TZ,3AI?#,)9T2,3Al12 INICS 3380
306 FORMATIO *v9(T295Al2#/)oTa*3A17) INSCS 3390
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APPENDIX E CHEMICAL LASER ANALYSIS PROARAM (CLAP)
SUIPOUTIMP INSCS OVERLAY SCS PAGE E-10

100 FOOMATw.1e.,(T2.viA1?.,bIT?,SAI2) INSCS 3400
3)0 7ORMATi.1.,Tl#*A6; NEW SYSTEM CALCULATION INPUTS REQUIRED?*./) INSCS 3410
31) FORMATl.)eTfv*ARE SYSTEM CALCULATIONS OESlREO?9v/) INSCS 3400
3)? FORMAT19o..TZseSHOULO INPUT DATA RE READ FROM TAPE4?**/) INSCS 3430
313 FORMATlfOI.T?t*INPUT D~ATA FOR THE SYSTEM CALCULATION SECTIOn BY NAINSCS 3440

-/,LIT2,*q/sPP3 *CUREN3 VAUS ARE,* INSCS 34SO
-l9TT~v*WPP3 8**.E13.6.91 INSCS 3490

AIS FORMAT(* #sTR..SNLSCS..T?A..0N9ANK m.,113oTS099NJFpCT N*0,f39/s INSCS 3480
-Tr,.RTImE w*sE13e6oT?6s*WPP3 at160$se/l NCS3"

16 FOftM&T(*l*%TZ,.ARf NEW REACTANT STORAGE MOPES Reoutpeo?*91I INSCS 3500
3I1? WA.e,/,/TP*AE PRIM4ARY t SECONDARY REACTAN4T STORAGE IINSCS 3910! NP? SETIN* ;/T'AO OWO3 UT O. '

39 FOPMAT(*le,/,////.T?v*COOLIN6 SYSTEM FLUID %TORAGE INPUT SECTIONO)INSCS 3S40

p FORmAT g.1e.T2,*!NPUT THE EJECTOR PRM RY ACTANT FRMTHE FOLLOWJINSCS 3570
-NO LISTt..,,,T?9*"N?H4U FOR A MONOPROPELLANT DRIVE***/*T2* INSCS 3580
-*wIRFNAMMNW FOR A RIPROPELLANT ORIVER*9/p JNSCS 3990

IiEND JNSCS 3600
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APf Fl! CHMFICAL LASER ANALYSIS POAORAW (CLAP)
SURROUT14iF OUTSCS OVERLAY' SCS PAGE 1-10

SUAROUTINr OUTSCS OUTSCS 0100C OUTSS 011
C OUTSCS 0110

C OUTSCS0130

*OUTSCS 0140
coOUTPUT SUBROUTINE IOUTCS) *OUTICS 0150

C* OOUTSCS 0160

c OUTSCS O1RO

r. OUTSCS 0200
C* O PRORAMCLAP IN SI UNITS ON TRIA$ WT IIU f1Z OUSSO?

Co CHARACTERS PER LINE* OOUTSCS OP30

C* OUTSCS 0260£ 0270
OUTSCS 0330

COMNSSEFC,*CgEETRIE~P OUTSCS 0340
IMPLICIT REALILem) OUTSCS 0260

RNEALT NO .MRE~MR.MN.LNW4LSILTEMLR6PLT OUTSCS 0370
C .ICMP.PWMR.SSSP~4OAA.SOVVAVOW OUTSCS 0310

VCSVEJCT.VRSIEVLNOEC OSTLT.OP.VPSO.VRSVS0OVSD
C~~SMVOA ~AEwxE L OUTSCS 03300

COMMON/SCSSSFATHOOE (1(),10)TMEWPP OUTICS 0340

c OUTSCS 0450
c O~NSS/RD~LPF*LSLR*AoPt*CVMBMSMS OUTSCS 0460

C -ok*eoee*MOPT*MPeD*e PROee BOMUe**T*ALVAoVe@*X**eeeee~e.O**ee.*.eVCemeOUTSCS 0470
C. SV~C*E~VODWVD*LTVP*PMDoPSVUDV D *OUTSCS 0490

OUTPUT INITIAL8A OATA *9XLPOUTSCS 04900
Ce OUTSCS 0100

C OUTSCS 0520
C OUTSCS 04530

C RT ?l~1 OUTSCS 0460

IFEIC.ECEANoJC.ESE ORT(o22HAKRIg.P3OUTSCS 0550Co EJC.E.A OU.EETPUTSSE INITIAL .23)RDATAUAKEJCOUTSCS 0490Co~iEwP OOUTSCS 0570

c OUTICS 0600
C OUTSCS 0610

Ce TEPs 1 *OUTSCS 0630

Ce OUPTRSLATDTOUTSCS 0640
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ARPVfNOIX F ~ CHEMICAL LASER ANALYSIS PROSRAW ICLAP)
SUaMOUTINE Oklyscs OVERLAY SCS PAGE E-20

Co .OUTSCS 0450

C OUTSCS 0670
C OUTS S 0600

WRITlE(?4s?05)XLP OtJTSCS 0690
WRITE t20,206I"NINJMC8,N8*SEVCONS.MCAVVCAV.MAWVAW.MCS.VCS.WOPT, OUTSCS 0700
-VOPtMOSMLPR~F8,LLINF*uLfn~nW.VLrnOW.#4LRT,VLRT.MLDS.VLDS OUTSCS 0710
!VtEfJfCTsfQ.NOW 60 TO 10 OUTSCS 0720
IFlE.JfC7.E@.CAE) 6O TO 101 OUTSCS 0730
IFIEAECT'EQ.SSE) 60 TO 102 OUTSCS 974O
WRlyitE t?0?0)NSUPOVSUPOWsu8DVSU0OMPRS,VPRS OUTSCSos *
so TO 103 OUTSCS 0740

101 WRITER 20.200 NSUPOVSU'DnmSUSO.vsuSoWEJECT ,VEJECT .MERRES.NELINE, OUTSCS 0710
-UPR"wOVPRI4Dw.WERT ,VERYNPRSVPRS ourscs 0700
S0 TO 103 OTC v

141 OUTSCS 0790
-VPOS OUTSCS 0810

13 WRITE (20.210)WLDSVLOS.WPRS.VPRS.WW*ISCWTOTAL.VTOTAL.VSYSTWWSBASE.OUTSCS 0020
-LLDS.LPRS.LRXOEV .WSXOEV.I4SXOEV,VSXOEV OUTSCS 0030
RfTUAN OUTSCS 064t

104 -WRITEt2O.9211)W4LOSVLOSNNISC.NTOTAL.VTOTAL,VSYSTI4,WOASELLOS, OUTSCS Cas0

-LSXDEVoVSXDEV .HSXOEV*VSXOEV OtJTSCS 0,06

C O~UTSCS 0920

c OUTSCS 0900

Co *OtTSCS 0990
C01 FOR~OI,5,.YTMA CACUATIOENTSC')H,/T0.NTA DAAOU7SCS 0910

Co p.UP **E3.. S/O UTSCS 0990

0) OUTSCS 0970
20? FOftMAT(o0ft.T32v*N9AW~ me-1130T6.*RTIMP ***E13.690 S**/* OUTICS 0900

?03 FOR$4AT(00,*T32v*EREACT **A1.bo*4AE *'1130/9 93TSCS 1000
*T3Z,'NEJECT a'.I139T64,RTW!E Eý.f13*60* S*0/9 OUTSCS wo~

v-'t3?9*WPP3 ***E13.6** KO/S*) OUTSCS 1020
?04 F0RmATte*8*T9S..REACTAtaT STORAGE METHOOO,/,.10(T32sAA11,.')s OUTSCS 1030

-10I/T329SA1I)l OUTSCS 1040
20S FCRMAT(*OO.TS99.*RSULTANT DATAl49//*TSS**SYSTEM SCALE-UP FACTOR** OUTSCS 1050

./i.T32,saLP W*.E13,6*0 KNOL41SO) OUTSCS 1040
10111 FO*WAT(*0OiTS1..LASEP DEVICE SYSITM VOLUMF/MASS.,//,. OUTSCS 1070

-y3pseNImJ 0*f.13*6o* `9*./9T3&.,*MC0 notEl30600 K*0,/v OUTSCS 1080
~T3p,.NSASF s*oE13&6s* KGO.T466.VCOMB m*E~ 4. 300/0 OUTSCS 1090
-T3190MCAV 4**,13*6*0 KSOT44,ovCAv ***E13*6** M30olt OUTSCS 1100
-'32.*WAW 009113*tl* K04,T66$*VAW m*'El3.6,. M30/6 OUTSCS 1110
_T3?**MCS w*9El3*6s* X60*.766vVCS m.,E13.*0, M3Os', OUTSCS 1170
-T3?9*MOPT *0sE13*6o0 XKsT66**VOPY m~vE13*6v* "3*9/t OUTSCS 1130
-T3?9*M0S W*eE13*690 96*9/sT3?94MLRREG _*vE13.6,* KS9,/s OUYSCS 1140
-T3?,0WIkIhE 049[13.64f KS*#/9T4304 ----------- *0 OUTSCS 11s0

-TT#,------ ./T329*MLOlNOW uwEi3.6s* K649 OUTSCS 1160
.TSA,.VLDHOW 4**.E3.6.' W3*o,.T3?@0MLRT 0*,E13.6.* 96*9 OUTSCS 1170
-T66s*VkqT 449E13.60' N3*st9T439* ---------- 0 OUTSCS 1100

--------'*OT32*&MLOS --4E13.6.- KB.. OUTSCS 1190
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A PPFNDIX F CHEMICAL LASER ANALYSIS PROORAM (CLAP)
SUBROUTINE OUTSCS OVERLAY SCS PACE F-21

-T&64'VLOS 84TEI36fi .1*1 MUTCS POPOT FORMATf91.,Y.8sePRESSbRE RECOVERY SYSTEM VflLU0ME/NASSO.,//, OUTSC'i 1210
-T3?,.MSUPO m**E13sf.* K*o.T66**VSUPO 00.E13.690 430919 OUTSC,; 1220
-T3?**MSURD *~tE13.690 KG*oT6f9,.VSUBO moE13.69* 4309/., OuYSC!. 1230
-T43,.--;----------0,T790....... *s/9/ OUTSCI 1240
-T329OMPs S 40E13.690 KGeuT&69OVPRS WOOE13.690 N3O) OUTSCS 1250

?OR FORMAT(.O,~T46s#PPESSUDE RECOVERY SYSTEM VOLUMEMASS*.,,, OUTSCS 1?60
-73?,OMSUPo wOF*eE13EO. KSOTf66o*VSUPD 809EI:9*690 M30s/v OUTSCS 1170
-T3pq*MSuqD 80.F13*690 Ke,609T669VSUSO 609E13.bto M3*9/, OUTSCS 1200
-T3?**EiJECT =09,E13.6,' xG*9T66..VEJEfCT *o.E13.690 4309/9 OUTSCS 1290
-T32**MfRREG O*.E13.fo* KGO9/s73?9fMElLINF w*9E13*.A,4 (G*,I, OUTSCS 1300
-T4399.------------09TT,.o------------09/9 OUTSCS 131'0

-ToMPHW G*T69VPNW 091360 30/ OTSS13?0]

-743,. ------------.. T779O------------o/ USS14
-P 39*:; :6969VP *E360"0 OtJTSCS 1330

-T32v*MFRET **,E 1 3*69* X6*9T66seVEJECT m..E13,690 43*9/9 OUTSCS 1?

-743..--- ---------49T7790 ------------*/ USS11-T32,OMP S *9FE13*6vO K60.TAA..VPRS u0#E13*6sO M3*) OUTSCS 1420
PO FORPiATf*OO.T53s*SYSTFM VOLUME/MIASS SUMMARY*,//. OUTSCS 1430

-T32sOMLOS s*9[13s6s* XG*9T669*VLDS =09F13.690 M309/v OUTSCS 1440
-T3?**MPPS 0*4.13.E... X609T6690VPRS u*.E13*6*0 M3*,/, OU'SCS 1450
-T3?.@IiMTSC rsE13#690 KO*94* ------ 0 OUTSCS 14660
-777.. ------------*,/.T3290MTOTAL *09E13e~v* KOO* OUTSCS 1470-7Ee~,*VTOTAL m*.E13.69* M3*o/,766**VSYSTM m'qE13.Ae* M3*,//* OUYSCS 1460
-T37..WBASE &*-F13.6.*e MoT66s*LLDS BOOF130690 *9/ NO1.4TSCS 1490
-T3?*OLPRS mO9E13.6sO %t*//v373i*LSXOEV u09E13efi9O MOs OUTSCS 1500
-766**WSXOEV w**.E3.6s* M../sT32,.NSXOEV **.E13.6so NO, OUTSCS 1510-T6#.,*vpx0Fv u*.E13.690 M30) OUTSCS 1520

?11 FORMAT(*1O,753s0SYSTEM VOLUME/MASS SUMMARY*,//* OUTSCS 1930-T3290MLInS u*13.s KA0T66s*VLDS wovF13*69* 430*/t OUTICS 1%44)-T32,MMNIsC *8.E13969* KOO#/9T439* --.--------- * US IO
-777.. ------------*9/9T32..MTOTAL o**E13.690o KO*9 OUTSCS 1SE,0-T66**VTOTAL **E36oM3*o/9T66**VSYSTM *9F13*fi9* N3*t//, OUTSCS 1570
-T3?vOW@ASE 809EI3.69* M*9T66**LLDS WOO713.600 MOO//@ OUYSCS 15.0-T32.OLSXOEV 849E13.690 M..766o*WBXDEV u*.E13*6se NO*/* OUTSCS 1590-T3?9OMPXOEV 009EM3690 MO,7669*VSXOEV 009F13.69* M301 OUITSCS 1600
ENDl OUTSCS 1610
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APPENDIX r CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE VMAW OVERLAY SCS PAGE E-22

SUPROUTINE VMAWjJ9MN2.RT1WE*0TANK,VTANIK3 V14AW 0100
C V14AW 0110
C VMAW 0120

COO. OOO @ O** O*OO OO~~ M A W 0130
co *VMAW 0140

f0AERO-WINDOW TANK VOLUME/MASS SBRPOUTINE IVIMAW) *VMAW 01s0
co*VM4AW 0160

C VIMAW 0160

C* *Vi9W 32
CO SUBROUTINE VMAW CALCULATES THE N2 TANK VOLUME/MASS FOR THE *VMAW 0210
co AERO-WINDOW. *VMAW 0220
co OV0NAW 0230
Co Ne FOP THE AERO-WINDOW NAY BE STORED ANY OF POUR WAYS: *VMAW 0240

Ko *VMAW 0250
C* 1 2 3 4*VNlAW 0260
CO PHASE GAS OAS LIG 130 OVNAW 027
co CONT 5PH CYL SPM 5PM *VMAW 02600
C* STPMPp 300.0 K 300,0 K 77.S K 77.5 K *VMAW 0200
Co STINE INFINITE INFINITE 86.6fo0 S i.6e*07 S 41VNAW 0300
CO (10 DAY) 1160 DAY) *VMAW 0310
c* SPRES 4,1E.0? PA 4.lt*07 PA I.SE*06 PA 1.5E*06 PA *VMAW 0320
C* (6000 PSI) (6000 PSI) (220 PSI) (220 PSI) *VM4AW 0330
C* RPSYS 610 OLD "PS MRS *VMlAW 0340
Ce MATER TI TI SS 55 *VMAW 0350
C* *VM iW 0360
Co INPUT VARIABLESI *VMAW 0370

co*VMAW 0360
CO .1 a STORAGE MODE CONTROL VARIABLE *VNAW 0390
co K a STORAGE MODE CONTROL ARRAY *V"AW 0400
CO MNZ a TOTAL DELIVERED PASS OP N? EKG) *VNAW 0410
C* RTIMF a RUN TIME IS) *VMAW 0420

-C* *VNAW 0430

C* OVNAW 0450
C* "TANK a TANK MASS (KG) *VMAW 0460
Ce STAW a STORAGE MODE DESCRIPTOR DATA ARRAY *VMAW 0470
C* STNODE a STORA1AG MODE DESCRIPTOR ARRAY 41VMLW 0460
C* VTANK a TANK VOLUME CH31 *VNAW 0490
C. *VNAW 0500

C VNAW 0M2
C VMAW 0530

IMPLICIT REAL(M) VMAW 0540
c VMAW 6 -s

COMMON/SCS4/K (10) VMAW 0560

CVMAW 0560

C VNAW 0590
CONMON,5CS6/STAW (10*46) VMAW 0600

C VNAW 0610
OATA (TA(,)A14,u.O/V04AW 0620
-1014N?-AV t1OHN?-Aw 91OHN?.AW #IOHN2-AW 0 VMAW 0630

-10HOAS 9101MGAS *10HL!O 91o04LIG VMAW 0640
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APPENDIX F CHEMICAL LASER ANALYSIS PROSRAM (CLAP)
SUBROUTINE VMAW OVERLAY SCS PAOE E-23

-1ONSP*4 91O)CYL $IOHSPH .IONSP*4 0 VMAW 0010
-10"4300,0 K .1014300.0 K 9101477*S K .109477's K , VRMA 0600
-10141N7?NTTF .10*4INFTNITE 910940.'E4O5 S ,1014).6E*07 S 9 VRMA @070
-ION4 .10*4 910"i4l DAY) .10*4(100 DAY) I VRMA 0000
-10144.1E.07 PA*I014A.1E.07 PA,1('NI.IE.06 PA.111M1.SE*06 PA, VM4AW 0690
-10,416000 PSI),10*4(0000 PSI).1014g120 PSI) .10*4(210 PSI) VRMA 0700
-1004OLO *10*4RLD .lONI4PS *JOM4Ps VRMW 0710

-10*471 .10*47! .ONSS .101435 VRMA 0710

co *VNAW 0700
c* SET STOPASe MO0DE DESCRIPTOR ARRAY *VNAM 0?70
co *VNA076

C VRM 06100

DO 101 1.1.10 V04AW 0620

C MA 06400
' VRAM 0670

C* CALCULATE TANK VOLUMEIMASS *VNAW 0660
co 'VMAM 0690

C VRAM 0910
CVRAM 0920

80 TO (10?91039104910S).K(J)VRM 03
C VRAM 0940
C VRAM 09%0

C* #PVMAM 0970
C' GAS STORAGE (300 K) *V4AW 0960

co 'VRAM 0990

C VRAM 1016

C 'MAW 1010
10? NTANK=RTANK*3.R69600.NZ VRAM 1030I

*0.264938*RN2**(2.0/3.0) VNAM 1040
*30 * 400*MNNZRTIME VRAM 1050

VTANKwVTANK#3. 32512E-03*M*42 VRAM 1060

REUR .1 .SSAZE-02*MN2/RTIRE VRAM 1070
RETRNVRAM 1060

103 MTANKmMTANK*3,900i31.RN? VRAM 1090
**0*629S46'RN2*0(2*0/3*0) VRAM 1100

*30 .8400*RNZ/RT IRE V*4AW 1110
VTANK*vTANK*3.325 1?E-03*'KN2 VRAM 11?o

* 1.4S542E-0l'AN2/RTIpo V?4AW 1130
RETURN V14AM 1140

C VRAM 1150
C V04AW 1100

Co OVMAM 1160
4PS LIQUID STORASE (77.S K) *VRAM 1190

4
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APPENDIX F CH4EMICAL LASER ANALYSIS PPOORAM (CLAP)
SUBROUTINE VMAW OVERLAY SCS PAGE E-24

co*VMAW 1200
C O * O O * O . O O @ * O O * ~ V M A W 121 C

C VMAW 12L20

C V04AW 1230
104 MV~I.?@61MN2V04AW 1240

# 0.8@2413*MN2**(2.0/3.0) VMAW 1250
- *0.2?T?P2*MN2**(1.0/3.fl) VMlAW 1260

10 MVT..fl6IO0MNE/PT MN2 Vm.ýAW 1270

Msl 1 9593*NN? VMAW 1280

- #ll3820NMN2**(2*0/3*0) MW 29
*0.j27222*MN?**(1.0/3.01 )W 10
#50.6600*MN2/PTIME MW 10

P4TANK=MTANK*AMAX1 (WVToMMT) MW 12
VYANKsVTANK+. 1*49639E-03*N MW 13

*9.93?6-ft*MN**(.d/.0)VWAW 1340
*2.2679E04*M2**1.0/.0) MAW 1350

o3* 1694SE-02.MN2/RTIME VMAtl 1360

RETURN VNAW 1370

10S MVTol.?0968*MN2 VMAW 1380
- 4,I.99684*MN2**(2.0/3.0) VMAW 1390
- #2.072?77MN2**(1.0/3*0) VMAW 1400
- *5006600*NN2/RTIME VMAW 1410
WNTBa1.7700*NN2 VMAW 1420

- *2.25223*MN2**(2.0/3.0) VMAW 1430

- #50.6600*MNP/RTIME VNAW 14s0
MTANKaMTANK*,4MAX1 (9VT,NMT) VNAW 1460
VTANKuVTANK.' .49639E-03o*.N2 VMAW 1470

-*..9T663f-03*MN2** (2.0/3.0) YNAW 1460
- 5.517001-03*NN2Q*0(.0/3.0) VMAW 1490

.3. 16948E-0?*MN2/RTIME VMAW 1500

END YMAW 1510
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APPENIX ~CHEm:CAL LASER ANALYSIS PROGRAM (CLAP)
SUPROUT IN! V'mcs OVERLAY SCS PAGE t-ps

SURPOUTINE VMC5f.ý9"H20,RT1ME.MCSVCS1 VNCS 01r60
C VMC2 0tt0
c Vg4CS 0120

C# 'alemcs 0140
COCOOLING SYST!4 VOLUME/MASS SUBROUTINE (VMCS) OVM4cs 0150

CO *YNCI 0~60

C VMCS 0140

C* *VMCS *Poo
CO SURMOUTINF V0CS CALCULATESý THE VOLUME/MASS FOP THE COOLING SYSTEM OV04CS 0tt0
CO INCLUDING HARDWARE AND 1420 STORAGE TANK* *VMC5 0?o

Co 1410 FOR THE COOLING SYSTEM M4Y PC STORED ANY Of FIVE WAYS: *VMCS 0240

Co K p 3 O VMCS 0260
C* PHASE LTC LIC LIG L10 *VMcS 0270
Co CON? SPH CYL SPN CYL OVMCS 0250
C. STFEMP 300.0 K 300.0l K 300.0 K 300.0 K 0VMCS 0290
Co %TIME INFINITE INFINITE INFINITE INFINITE QVMCS 0300
C0 SPOTS 2.6E#06 PA P.RE.06 PA I t.TM 70 eM VMCS 0310
co (400 PSI) (400 PSI) OYMCS 0320
C* rFsys POS PBS PFS Pp5 *VMCS 0330
(.. "ATER TI TIAL AL *VM"CS 0340
ce *VOCS 03500
C# K *VMCS 0340
Ce PHASE 110 *VMCS 0370
Co CONT SPH *VMCS 0le0
C0 STEPP 366-386 K 0'mcs 0390
C* STIPE INFINITF *VMCS 0400
Co SparEs I ATM *VMCS 0410
co R7sys PpP *VMCS 0420
Ce M1ATER AL *VNCS 0430
C* *VMCS 0440
C* INPUT VARIABLES, *VMCS 0450
C. *VMCS 0460
C* 'j a S70RAOF MODE CONTROL VARiAPLF *VWC% 0470
C* K a STORAGE MODE CONTROL ARRAY *VMCSA 0450A
Co PH120 a TOTAL DELIVERED MASS OF 1420 (K61 OVMCS 0490
C* PlISE w RUN TINE CII *VMCS @500

CO OUTPUT VARIDSLESS *VMCS 0320
co*VMCS 0530

CO MCS a COOLING SYSTEM AASS (K91 *V4CS 0140
C1 STCS a ShURARE MOUE DESCRIPTOR DATA ARRAY *VNCS 0550
C46 STMCtDE a SlTPW&ý,' 0MOLI OfSCRIFITOR AJP5A Ok VMCS 0540

co VCS COOLINS SySTEM VOLUPIC el (P1VMCS 0570C0 *VmS 452
astI
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APPENDIX F CHEMI1CAL LASER ANALYSIS PROGRAM ICLAP)
S48SROUTIME vwcS (OVRLAY SCS PAGE E-26

C vmCS 0650
COMMON/SCS5,'STmODF t I0o i o) VMCS 0660

C VMCS 0670
COM"iOt4SCS?,STCSfIo0 ,) VMCS 0bo0

C vMCS 0690
DATA (~STCSfIIK) Ka1,4) ,I.1.1o.! VMCS 0700

-10141420-CS 01014420-CS 9IOMHNO-CS *1014t42-CS 9 VMCS OT10
-04.0 I 014L t 10"o .01 OLI .1014L10 0 V04CS 0720
-1OMSPH *I014CYL .1014SP14 9IONCYL 0 V04CS 0730
-1014300.0 w 01014100.0 X ,l014300*0 K ,1014300,0 K , VMCS 0740
-IGKNP!INITE 9104M~ININITf *l10MINFINITI *IONINFINITE 9 VMCS 0750

-10am7 *lowT 9l04A 9104AL V04CS 07600

-1011.61*0 P*IH.EO PsOiAM 901TM VMCS 0.30

-1014P6 91"o ,"F IPr VMCS 0640
-1C136m36 KIHl9OHL90A VMCS 0690
0.O4TA WITES'39w9f1 ,VMCS 0660

-I01 O*moc VMCS 0670
.1-IOLI 47. ,vMCS 0.60

-1op14P 9 VMCS 0690
*IH6-8 KVMCS 0as0

-IOWALIIT 9 vMCS 0460
IO 9vMCS 0920

-104pr 9vMCS 0900

C VMCS 0920

c vMCS 0990

C* *VMCS 0070

C VoCS 1000
00 101 1"1910 VMCS 1010

101 STMODE~j,,I)wSTCScI9KEJ)) vMCS late
C VMCS 1030
r, VMCS 1040

C* 0vMCS 1060
C* CALCULATE COOLINGS SYSTEM VOLU04FIMASS *VMCS 1070

C* VMCS l060

C VMCS 1100
C VMCS Mr1.

GO TO 11029103,104,1S105.I1cKJ) v"CS 1120
C vMCS 1130
C VMCS ~110

C* *VMCS 1160
CePOS LIQUID STORAGE (3009nl X) *V"CS 1170

C* V14CS 1160
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APPENIX rCHEMICAL LAS.%AAYI PROGRAM ICAP

C v"cI 1210

10?VMCS 1320
MMT.1 .zOsAeMN?O VMCS 1240

MCSSAWAR I 114VTWmT) I MCS 1240
VC~wI.34740Ef-o3*MN?O VMCS 1210

103 MVTEI.30600001020 oS I9
VMCS 1300

M"Tm3 .p436f#M~tO VMCI 1310
- *.551V6MMO*(.0,.0)VMCS 1320

MCSmAMAXl (MVTMMT) YMCS 1330
VCSN1 .34760[E03*pmpnf V14CS 1340
RETURN vWCI 1350

C VMCS 1360
C V14CS 1310

Co*vMCS 1390
C* PF9 LIQUID STORAOF (300.0 K) *VMCS 1400

Co V04CS 1410

C VNCS 1430
C vWCS 1440
104 mCSo1.j9153oWN2O VMCS 14%0

- *0.3463$66MH2O**f?*0l3*0) V0MCS 1460
- *362?4dIN2OAT~f)~?*0.0)VMCS 1470

VCSB.1 .2931E-03*mH20 VNICS 1490
- *?.29610E-03O(NN2O/R7!NE)O.(?.0.13.0) VMCS 1500
- *.31411E-03*(NN20/RT1NEO**I.0v3.0) VmCS 1510

RE TURN vNCs 1520
10% NMCSw.1 .69s3*M~O VMCS 1%30

- 0.61300W204?.03.0VACS 1540

- *.062*I~20RTIiE~e(10/30)VMCS 1%60
VcS.1 .?fq31E.03*MNZO vw4CS 1570

- 1.314)1E-03(fMHO/RTIME)**(1.0ý$3.0) VMCS 1590
RETURN vwcs 1600

C VMCS 1610
C vNCS 1420

C. *VMCS 1640
C* RFP LIQUID STORAGE 4366-38A K) *vNCS 1650
C* OVMCS 1600

C VMCS 1660
t: VMCS 1490
106 NCSU46*0 V94cs 1700I

020676VIE-02*MHa0 VMCS 1710
.22.3S00*MH20/RTIMf VmCS 1720

- *26,33171MN420/RTIP4E)e.(2.0,3.0) vmCS 1730
- .,49?9ONM29RT~4E.*(,03O) MCS 1140
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APPENDIX F CHEMICAL LASER ANALYSIS PROGRAM (CLOV) PAGE (-26

SUPPOUTINF Vocs OVERLAY SCS

*?.3*!AFEO ? H2~H O /PIMF VWcs 010O

*I.. 7 ~?E~~e(M1/RNE~e(IO/3O)vwCs 1800

R E T U R 1 
V M C S 1 8 0 0
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APEDRF CI4EMICIL LASER ANALYSIS 00OAPAM ICLAPI
SUPRROUTINE V6C?144 OVERLAY %CS PAGE P-19

SUPROUYINF VmcM.1j.WCPm,.PovmANx.VTANKj VWCpMA $10o

C VmclM4 0We
0130

to qVwCpN4 01160

C *VNCRN* flat

to K OVNCIN4 epe0
Co SPPMASE GASeH GACLTSTEVN OUflASS FRTE*TR~ VICIN4 0Me

Co CON MY 5PM STORL AN fTOWY#ovmcR4 0260

C* STiE04 300.0 K 300,0 K eVmCpM4 Otte
C0 STINE INFINITE INFINITE ov"CIMA 0300
C0 Spars 4..I.07 PA *.IE*07 OA oVmClm4 0310
co (4000 PSI) (6000 PSI) ov"CIM4 0310
C* orSYS OLD OLD 'vMC11M4 @330
to MATIER TI TI OVMCi944 0340
C* *VWC144 03s0
Co INPUT VARIABLE5i *VMCPM4 0360

co *VMCP"A 0310
Co .1 a STORAGE MODE CONTROL VARIASLE OV1MCON4 0340
C* k a STOPAGE MODE CONTROL ARRAY OV1WC0~4 0390
C* MCIN4 a TOTAL DELIVERED MASS Of CMA tKS) *YMCI44 0400
Co Pe a COMBUSTOR OR NOZZLE STAGNATION PRESS5URE (PA) *VMCRM4 0410
C* *V1C1144 0410
CO OUTPUT VARIASLESS OV0MCPH4 0430

CoovWCam4 0440
Ce MTANk a TANK MASS (KG) ovmcvWA 0410
C* SICPH4 u STORAGE MODE DESCRIPTOR DATA ARRAY OVNCIM4 0440
Co STMODE a STORAGE M4ODE DESCRIPTOR ARRAY OVM4CEN4 0470
Co VYANX a TANK VOLUME tM31 OV"C2M4 04R0

Co OV1MCEN4 0490
C*O**000 00gogo** ao go** eO *@*** ao **OOO* oeV4CtM4 00500I

C Vmclm4 0s10

IMPLICIT REALM(N VNCPM4 @530
C VMCrM4 0540

COMMON/SCS.,K (10) VMClM4 OSSO
C VMClm4 0540

CO1*mON/SCSS~,STMODE (10.j10 VW4CEM4 0510
C VMCf144 0%G0

cOm6ONwttCSg1STCiM4 (10.?) VMClm4 04MG
C VNClm4 0400

DATA (,STC1144(I916Xw.Kl*1) .1ml1,)*1 VMClW4 0610
-10"CPMA SIONCIN4 9 Vmcp"4 0620
-loNGAS 910OGAS 9 V1UCIMA 0630
-IOHSPN 91ONCYL 9 V0WCPM4 0440



APPFND!X tr CHEMICAL LASER ANALYSIS PRUORAM ICLAP)VC2A061

-10N300.O 9 9104300.0 K 9 VMC?"A O65@
-IONI NorIN ITS 9I0HINI~PNITt M20406
-10" 91904 0 VNCL*H4 0670
-IONA.1fo07 PAORON-.1E.07 PA. VMC&H4 0600

-lOII(e000 PSI).1014(6000 PSID, VWCrNA 6690

.logTI .0147 VMCfNA 0710
C VMC&NA @720
C VMCLOM4 0730

Co oVMC2144 0738
Ce SET STOPAOE MODE DESCRIPTOR ARRAY *VMCN4 0760
C* *VMCRN4 0770

C VMtC2N4 0790
C VMCI'NA 0800

DO 101 731.10 VMCHA 0110
101 SYNODE(!,J)mzSTC2N4(I9K(.J)) VNCP4A 0620
C VMCpH4 0830
C VMC244 0340

C* ovNCrO44 0360
Co CALCULATE TANK VOLUNE/mA35 *w4C2144 0NT0
C* *vmCpNA 0060

C V4C2N4 0900
C VWCIN4 6910

Afal.0/(1.0-(3.0216IF-oA~o0)@O(1.0,;.239!0fl VNCrH* 0920
60 TO (102*103)oK(J) VMCPNA 0930

10? MTANKuWTANK*2*46738*AF*MC2II. VMC2H4 094C

0 *0..'1916S*(AFOMCN4l0*f?*0/3oO, VKCpE4 0950
VTANKuVTANK .Z.24304E-03.A7ONCNA VMC2HA 0960
RETURN VWCNA 0970

103 MTANK*MTANK*.8.91Q99AF*0NCPN. VMCPg44 0930
0 O.464?26*(4F*MC?H4)**(?.0/3#0) VNc?M4 0990

VTDNK=V1ANK2.Z. 430AE-0 3'AP'WC?N4 VNCN4 1000
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A PPF.O40i I (0HEMICOL L&SFR ANALYSIS PUPn6RýK 1LAP Pc E3
SURROWT14~ OVFERLAY ýCSc AfE1

.URRUTTV VO?(J,.fPF TAN. A~) MDP 0100
V M D 0 1 r 0

Ce D? TANK '*0LkU*/NAS% 5UPRC!V'NV IVMD?) eVMD? also
CVMDP 0160

CO OVID? 04%30I
CO 0? MAY BE STORED ANY Of FOUR WAYSI *VMDP 0?4C

C. vMOp 0?50
cc: A I VMOk 0269
CO PHAST GAS OAS GAS OAS *VmD? 0274~
CS CONY SPM CYL. SpN SP14 9VMOp 02to
C* STEMP 300.0 K 300.0 K 77.1 v 77.5 K *VMDZ 0291
CO STIMf INFINITE INFINITF A.6[00% S 1.6t#07 S *VMC? 0300

CO(10 DAY1 (180 DAY) OVMD? 0310
cc SPRES 4.1E*0? PA 4.1E.07 PA 4.1F*07 PA 4.1c'07 PA *Vmop 0320

CO 46000 P511 (6000 PSI) (6000 PSI) f6u00 PSI) *VMD2 0330
CO RFSYS OLD RL(D OLD PLO *VM02 0340
Ce WATER TI T1 SS qSS *V11OP 0350

C. VMOZ 0360

CC: INPUT VAOIAPLESI *VMD2 0370
CO eVMD2 0360

C* .1 a STORAGE MODE CON4TROL VARIABLE *VNcP 0390
CO K a STORAGE MOVE CONTROL ARRAY OYMO? 0400

CO MOP 9 TOTAL DELIVERED MASS OF OP (KG1 *VMO2 041C
CO PO a COGISUSTOR OR NOZZLE STAGNATION PRFSSURE (PAl *VMO? 0420

Ce *VMD? 0430
CO OUTPOT VARIAOLFSU OVM02 04410

C* MTANK *TANK MASS tKG) *VMOz 0460
CO STOP STORAGE MODE U'SCRIPTOR DATA ARRAY 44"0? 0470

C% SYMODE STORAGE MODE DESCRIPTOR A.PRAY *VMOP 0460
CO VTANK TANK VOLUME ("31 tvMD? 0490
C* *VMO? 0500

C VMD? .i520
C VMD? 0530

INPItC,.T REAL (N) VMD* 0540

C VM('a 0 S %0
COMvON/%cS4/K (10) VMDP 0560

COMMONj/ CSS,'STMOr.L (10.10) VM02 0460

C VMD? OS90
COMMON/SCS9/&1~Dp 10.4) VMO? o~tiO

c '1M02 0610

DATA g(T~1Ku.,a, iVM4DP 0620
-I1094ri OIOHDP 010940? 010ND2 *VMD2 06%30
-IbKSAS SIONSAS ulOWGAS *,1OI4AS *VMD2 0640
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CMWCLLSRANALYSIS PRPORA ICýAo) PAGE t-ir

-1014300. IX 0C~ tsillno. ,OI4P7 7 V1WO? 0660

-.0411#IMTF "1~17I ,104I~l'~S ,~*~ ~ VYOU? 0670I -1f.,A)I&L~~~cocr ~oH~0 PSltbn'416000 PS) VWD? 0700
-lwOO ~ 0ttICONOLD OIHLO ,v'0 O01

C vMO? 0700
%mo 0790

C.0 1. .. 0VMO2 0780

C V"O01 0600
C VI'b? 0R'i

*VMOl! 0610

C. *MOI 0.90

C VMDP 0910

Ce ovOf 0940
CCACUAETN OU/MS OvWD? 0904
Co0V~ 0990

c VhZO 0970

C4 STPMCt00K7~O 0940
*VNO? 0990

C* ** Or . .. * e, e* * *0W 2 0900

C VIA0? 1010

C VWDZ 1020

00 TO fI03ol04)#%1J1 VMO2 1040

VTANwmVANK*?* ??9?F-fl2*Ar0.D2 qOW
atV(upt4 V"02 I 10k0

it& MANKmV YANK #. 0 ?9F,41F0?.4.~ VWO? 1114

RIETURN VI'02 11p0
c V~n0? 1130
C V%0? 1140

C0 VM4D 1160
C* GAS STPRAOC t7l.S' A) ovWOt 1170
C* -VKDF 1130



AppwMoIll F CHE"tCAL LASFO aWALYM15 *POODAM gCQAP)
suprouliNF Von? ~ OVrMLAV SCS PAUE F1-3

c VMD? 1100

lfAcjng VMO? IPIO

00 TO EfA1?,tJ- vloDp 1230
fmA Ma~wAR..&t.~U% Vito? 3740

* ~V.101 lpas

Mi Tuom'.-l*A7WP**)0. V.101 IPSO
FTURNV.40? Me9

- ,.31~fl0P.*7M01..I.C#.0Viol)& 1340

FOOD V"eD? 1360
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a PPFNDI% r Cb4fmICAL LAER ANALYSIS PPOPRMa (CLAP)
SAPPOUIKE vwpp OVERLAY SCS PAGE F-34

SUR0DuT~f VNF ?I JMF?9WMpo *"TANK .VTANK I VMV? 0100
C VM'r 0110
CVMF? 01,0

Co aVmoF? 0140
C0 F? TANOK VC'LUmEMASS SUBROUTINE fVMF?) VMf? 0150

C VMFr? oleo

Ce oVilf? 0?fl0
CO SUAOOUTINF VMF? CALCULATES THE TANK VOLUME/MASS FOR T04F STORAGE *VMF? 0110
C* or FF. *VNF? 0110
Ce *VMflp 0?30
Co FF MAY Af %TORED ANY Or VOOtA WAY'S HOWEVER. WHEN STPRED AS A GAS. GYMFP 0140
Co FF 1% STORED WITH ME AS A GAS MIXTURE AT A P&PTIAL PRESSURIL *VMF? opMC
Co Pf? a A.pkQ4AfAE.6 PA (loon PSIA) PPOVIDEO HE Is PRESENT IN THE *VNF? 0260
C& SYTEmt *VMqE? 0170
co OWN,? OZP0
(a K 1 4 *VMF? 0900
Co P -%F Eis GAS LIG 110 OVMFp 03110
Co CONT SPH CYL SPH SP1 OVMF? 0310
C* SyE'.o 100.0 K '400.4 K ??.w. of ??% K *VMF? 0320
co STINE INFINITE INFINITE M.6f*0pS S I.GE.07 S *vMF? 0330
C* f10 DAY) (left DAY) 4VMF? 0340
C0 sarVs f.gE.06 PA k%.QE.06 PA 1.,*?P0 I.?5'PO *VMV1 0350
Co 41000 P%11 (loon PSI) *VM~r? 0360
C0 PFY% RLO PLO P65 POS OVMF2 0370
C9 MATER SS cis SS es*VMF? @038
C* GVMF2 0300
C* INPUT VARIAALES: OVMF? 0400

C**VMV? 0410
Ce'i wJ STORAGE MODE CONTROL VARIABLE *WNEZ 04?0
Co K a STORAGE MODE CONTROL ARRAY fWNE? 0430
co 947? w TOTAL DELIVERFD 4ASS OF F? tKGl 0-14f: 0440
Co "HE a TOTAL DELIVERED MASS OF ME (RG) *V"E? 0450
C* P0 a CO)MBUSTOR OR NOZZLE STAGNATION PRESSURE (PAI *VMF? 0460
C* *VMF2 0470
Co OUTP11T VARTABLES1 *VloF? 0460
co OVMFP (9490
C* MTANK a TANK MASS (KG1 *VMF? 0500
Co SYF? m %TOMASE MODE DESCRIPTOR DATA ARRAY qVMFr 0sl0
Co STMODE a STORAGE MODE DESCRIPTOR ARRAY OVM4F? 0570
CO VTANK a TANK VOLUME ("31 *VMF? 04130
co qVMF? 0".40

C VMF? 0560
C VMF1 0570

IMPLICIT RFAL EM) VMIF? 0560
C VMFI 04;90

COMMON/SCS4/K (10) VNF? 0600

CVMF2 0630
CcMMONSCS%/STMQDE (10.10) VMFp 0620

COMmON/#SCS10/STF?( 10.4) VMF? 0640
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APPENDIX Ur CINEICAL LASFR ANALYSIS PROGRAM (CLAPI

SuPROUTINF Vow? OVFRLAY SCS PAGE f-3S

CV'P-? 04,.

DATA ST?.).'.)tI1lVoP? 0440

-1"?.1fi'? o1l*4P? *)iNMF Y2 0676

-10M6AS .10"O46*I016 IQOtl inm IQ vfr F e~se
- SSP4 MocYL '16NIP4 1 004SPH vov2 0696

-10W300.fl 9 910'4ýfto.fl K .10t477,% w *)0"??,s It .w eyes00

*io"I"FINI7E $IONINPP4ITE .l048.4F.0s S *)gI4.7S *"F VWPR *i

-10" VION gl0milo DAY) 0IOH(l60 DAY, Vwl? 0726

-10944.91.fi4 PA,10944.9E.06 PAv1OMl.?%.P 1l11?P0 *1M~sp VWF? 0730

-lomf1Ooft PSI)o1oN"lO000 PSh,1094 010" *vow& 0740

-I0OIILD *101W6L0 lam~ps% $10nw@s *0f vNl S

C 1fs VWP omoTTO"svor 0

c vow& 0790

co *VMF? 0600

Ce SET STOPASE MODE DESCRIPTOR ARRAY OVMFP spio

C* *YWF2t Sat0
0830

C V"Ft 0040

DO 101 191.10 V1WP2 Osef

101 %TMODE(1.J~wST~r?(!,KEjj)) VWP 0670

C VWPR 0600

c VWP2t 0690

c... ..e. .. ,e ~ eee ~ Oee wP2 0900
Co VMEP 0910

C9 CALCULATE TANK VOLUNE/mASS oVNFI 0920

co oV"Fe 043t

C V'417 else
cVWP? 0960

60 TO 1I0?,10291059105)OK(J) VMP? 0970

C "2 06

C VMF2 0990

C* *VMVZ 1010

Ce GAS STORAGE 1300 K) *VMPZ 1020

Co OVMPP 1030
1040

C Vowa 1050

CVMFI 1040

10? IgMWHE.NE.0.0) STmODE(1,J)wloHP?/HF VSF2 1070

EPM~1.0-PFvMP 1090

vMP2o 1100

NW.;TS-.;946:(M E/M0l .l/ PE?. 0)VMP2 1110

*al.S09?N/NF2*414141/1.5092FNFE~23.114)VmF2 1130

zNE.4.41576r-09'P)4EI.o.0003 VWFr 1140

2.0 .'0G0%*XFF2#ZHE*XFmE VNP? 1150

A~fI.0/(1.0-(1.250P0/PS)'Ol.0/S)) v'4P 1160

"MTOTALoMNF*MF2 V'4P2 1170

TP(PS.GT.4.13SSSE*07) WRITE(bor01)(FS.I~M1,9) V"F2 11S0

60 TO(fl639104) ,Kf..) V1WP2 1190
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*PPFNOIX F CHFMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE VMF? OVERLAY SCS PAGE E-36

103 MTANKsMTANK*1.102104(13*fl47*%3SOZ/MW)lAF*MTOTAL VMF2 )P0O
- 2.47R54E.05.(7OAFO&C7OTAL/(PSeMW)[eO(2.0/3.0) VMF2 1210

VTANKuVTANK.2.697'S9F~l6oZ.AF9MTOTAL/(PSOMW) VNP2 1220
RETUJRN F? 13

1(14 MtTANKuMTANK*.1.AI"1.04(*9.Q~28I9eZ/MW[OAF.MTOTAL VMF2 1240

-*5.4?613E.05.(Z*AF.NTOTAL/(PS.MW))**(2.O,`3.0) VMF2 12so
VANKaVTANK,2.69?S9E.0A@ZOAFO*4TOTAL/ (PSeMWI VMF2 1?60
RETURN VMF2 1270

c V0F2 1260

C VMF2 1210
C. O O O * * O * * * * ~ V M ~ 2 1300

*:VMF2 1310

cP'3S LIQUID STORAGE (T7*5 K) *VMF2 1320
co*YMF2 1330

t.....,.....*e eoe* .ee eeo. o~o *eee *~~ N~2 1340
C VMF2 1350

C VNF2 1360

105 AF1l.0/(1.fl.(3.17270E-0O6POl.*(1.0/1.61019fl VU72 1370
Zx1 .749p6F-06sl .?r.*Po,0.Qq9271 Vvf72 1380
NPGSB7.08056E-03MF2?e(1.22656FE,057/P-6.7A795E-03*AF) VMF2 1Z90
00 TO (1617.()?VWF2 1400

106 MTTPGS=4.71181*AF*MPGS VMP2 1410
- 2.67404*(AF*MPGS)**(2*0/3#0) VMF2 1420
- 0.?I7186*(AF*MPGS[@(1.*0/3*0l VMF2 1430

VTTPGSoT. 1 635F-03*AF*MPAS VMF2 1440

- ,.?6A84E-03*(AF*MPGS)**(2.0/3.0) VNF2 1450

*3.S9605E-04e(AF*MPGS1*0(1.0/3.0) VMF? 1460
MVTUI .i@68%0MF2 V*4F2 1470

# .fiA?221E-08*P0*MF? VMF2 1480
- ,f.~7231P2~(.0/.0)V'42 1490

- 0.1 0?33T*MF2**(I.0/3.0) VNF? 1500o
MMT 1 * 1 68S*MF2 V0MF2 1510

- *0.736480*MF2**(2#0/3#01 VMF2 1520
- 0.i0233?*MF2**(I.0/3.01 VMF2 1530

MTANKuMTANK.AMAX1 (MVT.MS4T) .MTTPGS VM7F2 19540
VTANKuVTANK*7. 7S661E-04*MWi VMP2 1550

-*6.&4034E-04*NF2**(?,013.0) V0672 1560
-*1,775I4E-04*l4F?**(1.0/3.O3 VMF2 1570
- VTTP6S VMF2 15610

RETURN VMF2 1590
i07 MTTPGS-4.61764*AF*MPGS VWF? 1600

tS*.920670(AF*MPGS)**(2.0/3,0) VMF2 1610

* 3*3.3e50*(AF*MPGS)**(1.0/3s0l VMF2 1620
VTTPGS*7. 10635E-03*AFOMPGS VMF2 1630

- *i.36442E-02*(AFOMPGS)**(2.0/3.0) Vm7r2 1640
- .,6.99017E-03O(AF*MPGSlOO(?.0/3.0) VMF2 1650

MVTn.1 .7700*MF2 VMF2 1660
- *.6A22IE-08P0P*MF? VMF2 1670

*,,29?0?*MF2**(?.0/3.0) VMF2 1660
*1.66733*MF2*(1.0/3.0) V*1V2 1690

MNT*.1 .17700MF2 VAF2 1700
.1.4ST32*MF2*4(2.0/3.0) VMF2 1710

- *I.66733*MF2**(I.0/3.0) Ml12
MTANXuMTANK.AI4AXI (NVTMMTI .NTTPGS VMF2 1730
VTANK=u-TANK+7.78A61E-04*MF2 VMF? 1740
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APPFWOIX f CNEMICAL LASFP ANALYSIS P9001AM (CLAP)
SURROuTINE V4F? OVERLAY SCS PAGE E-37

*VYTPGS V4F? I 7Me
RETURN V"Vp 17601

C VN!P 1790

C VM4Fp IRSO

C* 4VMF61 into
Co1 FOMT.*T~eANN2 ORMATE STTEENSUE o7flP 18E3CEO6*1S5M7

C N VM472 1"900

c Vmrv 107

201



Ai~PNI. CCN4E'ACAL LASER ARIL ISIS POGa ICAP
SLIPECUTINF VNwE OVfPLAY SCS PAGE C-16

SIIPnOUTTNF VllHr(J.MMf.PO.MTANK.VTANK) VMME 0100

C VMME 0110

co*VMI4E 01460
C* OOHEO* O*TANKO OO6 OOOLUEMASSUPUTVM(ME)*M! 0150

C* *VMHE 0160
~ 0190

C* *VMME 0200
Ce SUBROUTINE VMHE CALCULATES THE TANK VOLUME/OASS FOR THE STORAGE *VMME Otto
co or HE, *V0MHE 02t0

C* HE MAY OF STORED ANY OF FOUR WAYSI *VMME 0240

C* 12 4*VMb4E 0250C* PHASE GAGAS GAS OA t 4iV;HE? O;Pj
C* CONT SPH CYL SPHt sPM *VMME intRO
Ce STEMP 000K30n.0 K 770% K 77.9 K *VMHE 0290
co TIME TNtIC INFINITE 6.6f#05 8 16vTS *ME 00

C* 4~~~~~~~10DA)10DA) *ME 30
co SPiES 4.F~ A 4.lf*OT PA 4dlrc07 PA *.1EaO? PA *VMHE 0We

ce (6003 PSI) ~(6000 PSI) (00PI bo S) 9~r 03
C0 RESyS PID Ln BLO RLC' *VMMF 0340
co MATER TITI 35 SS 'VVMHC 0350

CO INGUT VR OE1*ME oy

C* K a STORAGE MODE CONTROL ARRAY *"F 00
CO MHE a TOTAL DELIVERED' MASS Of HE (KG) OVNI4E 0410
CO PO N COMBUSTOR OR NOZZLE STAONATION PR!SSLIRE (PAl *VMHE 0420
C. *VMHE 0430
C* OUTPUT WARTAMLESS *VMHE 0440
C* *VMME 04,40

Co 44TANK a TANK MASS [K63 *VMHE 0400

C* STHE w STORAGE MODE DESCRIPTOR DATA ARR~AY *VMHE 0470
CO STMODE q STORAGE MODE DESCRIPTOR ARRAY *VIMHE 04011
Co VYANK v TANK VOLUME t3 VH 44
C. *VMHE OSQO

C VMHE 0570o
C VMWE 0530

IMPLICIT REAL(M) VMHE 0540
C VMHE 0550

COMMON/SCS4/K (10) VMHE Osf6O
C VMHE 0570

COMMON/SCSS/STMOOE (10,10) VMHE aspo
C VMHE 0590

COMiMON/SC511/STHE (004) VMHEf OW0
CVMHE 0610

nATA (fSTH[(I9K) .Ka1,4)sIul.1011 VMME 0670
-1OHHE ,IOHE IOHE glIOM 10HE VMHE 0630
-10HGAS 910OGAS s1OMOAS v10HGAS *VMHE 0640O

2() 2

t77= 2



---- r,,7

APPFNDIX F CW'FI4ICAL LASER ANALYSIS PPOf'RAM (CLAP)
SU9ROUTtNF VMHF OVERLAY SCS PAOE 1-39

-114"SFN 91Ol4CiL .10145P1 910145P1 V414E 0650
-1ON300.0e K 9IOH1000f K .J01477.1; K $101477.s K ,VNME 0660
-ION1NFINITE ,I104INFINITF 91014A.6foos S .IO1,16E*fi7 S 9 VMHE 0670
-10ON 910m4 .1O0110 DAY) .IO101410 D)AY) 9 VN4E 0680
-101M44.1.0? PA9I0H4.IF*fll PA,10144.lE*07 PA910144.IE.07 PA* V"b4E 0690
-130016600 PSI).101416000 PST)I'p.0160n0 PSII,1014(6000 PSI). vNNE 6700
*13MNRLD 910OI4LD .1014610 910OWLD VMNE 0710
-1 014?! I 101471 IlOMSS liamSS / V'ME 07?0

c VMNC 0730
c VMHE 0740

C**VWmm 0760
C* SET STORAGE MODE DESCRIPTOR ARRAY OVINME 0770
c* GYMME 0760

C...eeeeeee~eee~ee~ee~eeeee~eeee~oe,** @Oo4~~WNE 0790
C YMME 0100
C VNWE 0*610

no 101 Jul.10 VMtIf 06t3
101 STMOOE(I*JUnSTHE(IqK.KJ VMME 0630
C VMME 0040

C* *VMME 0670
C* CALCULATE TANK VOLUM~#14ASS OVI4HE 0660
c* *VWNE 3690

C O 4 * * * O * * * ~ ~ V N H E 0900
C VNNE 0910
C VMME (1920

0O TO (10@I?vl0?,l 0S10)qK(J) YVNIE 0930
C VMHE 0940
C V14HE 0950

C .*~eoee~e...O *OO**O*@~*Vg4E 0960
C* *VMME 0970
C* GAS STORAGE (300 r~) *VMNE 0940
co "VMNE 0990

C VMHE 1op0

10? AF.1.0/(1.,C-l3.02162k-tIOP0)OO(1.0/1.6649P)I) VIOME 1030
0) TO (103910'IX(CJ) VMNE 1040I

1 03 MTANKaMTANK.12.a9s0*Ar7oM4c ME W
*O.9?264S*(AF*MHE)0*4?.O/3.O) V1MNE 1060

VTANKwVTANK.1 .9JT46E-0?*AF*MNE VMME 1070
RETURN VW4E 1060

104 MTANKOMTANK.16.7I99*AFOMHE VNNE 1090
*2.O3@SS*(AF*MI4E)**(&.0/3.O) VMME 1100

VTANKsVTANK.1 .93746E-02*AF*MME VMvfC 1110
REUR VMME 1130
REUR VMME 1130

C V14HE 1140

C**VNME 1160
C* GAS STORAGE (77.5 9) *VMNE 1170

C**VMME 1160

c.ee**~e*6~Oee*eeeeeOe~O*O*~o.e**@ee@*O* O**203 19



APPENDIX F CmEMIC&L LASF P ANALycIS PPOAfRAM (CLAIP
SUPPOUTINF VmdI4 OVERLAY SCS PAGF E-40

C VMNE 1?00
C VMHIE 1210
I0 ot VMME 1220

GO TO (106*10?)*K(J)-7 VNNE 1230

](o TANKmMTANK*.8S31Q?*-3AF* NN( VNNE 1270
-*2.A2239C-l1OAF*1 g4Ei**1.0/3.0) VMME 12650

# .3.83166*-4'A7OMNE,'O(1.0/3*0) VMNE 1290

10 VTANKmg4TANK#.3.519%E.3A F*Mg4lE VMNE 1310
- .6.039SEn.(A7OMNEI..E2. 0/3.0) VM94E 1310
- 3.q731%6-0(A7.NE*O1.0jP3*.0/30 VNNE 1390

10 VTANKwMTANK#.7.154E-OeAP*Nt4 VmNE 1310

- *.4119?E-0?.(AF'MHE..?(.0/i.0) V94Nr 1350
,9.0?Q19E-03e(AF*MHE)*eU.0/'3.Oi VMHE 13600

END V4E W
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APPENDIX r CHEMICAL LASER ANALYSIS PRORRAM (CLAP)
SUBROUTINE VWH? CV[PLAY SCS PAGE C-41

SURROUTINF VMH?(J9MM?vPO.MTANK,VTANK) V"MM 0100
C VUM? 0110
C V""2 0170

C* VMM2? 0140
coH? TANK VnLUmr/MASS SUBROUTINE (VMHZ) *V~m? 0150

c VMH7 0)80

co OV1MH? 0200
Ce SUPROUTINE VMH? CALCULATFS T.4E TANK VOLUMF/~MASS FOR THE STORAGE *V4Hp 0210
C* OF "p?. ovmmp 0??0
C* *V#4H2 0?30
C. H2 04Y RE STORED ANY OF FOUR WAYS: *VMHZ 0740
CO *VMH2 0730
Ce K 1 3 *VMN2 0760
C* PHASE GAS GAS GAS OAS *VMH2 0?70
C* CONY SPH CYL SP'4 'PM *VNN? 0230
co STEMP 3n0.0 K 100.0 K 77*.5 K 7?.S K *VMHI 0790
CO STTMF INFINITF INFINITE A.6f*OK S 1,6f.07 S *VMH? 0300

CO(10 DAY) (140 DAY) *VMH2 0310
(" SPRES 4.IE*07 PA 4.IE.0T PA 4.1EF*07 PA 4.1Eoo? PA *VMHP 0320
co (6000 PSI) (so00 PSI) (6000 PSI) (6000 PSI) *VMH? 0330
co RFAYS PLOD OLD RLD PLO *VMH? 0340
CO MATFR TI TI SS s *VMN? 0350

CO*VMH? 0360
C* INPUT VARIAPLESt *VM4? 0370
C* *VMH2 03m0
C* J a STORAGE MODE CONTROL VARIABLE *VMH? 0390
CO K a STORAGE MODE CONTROL ARRAY *VMH2 0400
CO MHZ a TOTAL DELIVERED M4ASS Of H? tKG) OV1MH? 0410
Co P0 a C0OMIUSTOR OR NOZZLE STAGNATION PRESSURE (PAI *VMH7? 0420

Co*VooM2 0430
Co OUTPUT VARIABLES: *VMH2 0440
C* *VMH2 0450
C* MTANdK a TANK MASS (KG) *VMH2 0460
C* 5TH? a STORAGE MO0DE DESCRIPTOR DATA ARRAY OVMH2? 0470
Co STMOnE a STORAGE MOnt DESCRIPTOR ARRAY oYNHZ 0460

Ce VTANK a TANK VOLUME tM3l *V~mH 0490
Co *V"MH 0500

C VMH? 0%30
IMPLICIT REALIM) VMHe 0540

C VM4HP 0550
COMMON/SCSA/K 10) VMHP 0560

CVMHZ 0590

COMMONiSCSS/STMODE (10 * 10 VMH2 03.0

COMMONjSCS12/STHI( 10.4) VMH2? 0600
C VMm2 0610

DATA ((STN?(I.K) .KoI,4),lIu10)/ VMHP 0620
-10MM? 910""? sdammp9N? ,INH VM"2 0630
-I0OMAS *10HOAS 910HOAS 0ROHOAS 9 VMH2 0640
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APPfNDM F CMEM!CAL LASER AN4LYSIS PR06RAN (CLAP)
SURROUTINE VMw? OVERLAY SCS PAGE E-42

-10N~pm vIONCYL 910MSp" ,Ir(NSPN VmN? 0690
-10"30000 K 9104300.0 K 9101477.5 0 010"77.9 K . VMHP 0660
.10141NVTNTTC 910MINFINITF *IOMA.6E#05 S *inI"1.6E*07 S 9 VM94? 0670
-10" 010" 910M(10 DAY) 910"(180 DAY) A: VNNp 0660

-10#4(600fl PSI)t10Ntb000 PSI).ONo(6000 PSII*IftN(6000 PSI)v VNNI 0700

-1014510 910ONLD 910HRLD sioNOLO VM"2 0710
-IOMCSS $1ONCSS .10"45,oSS IJNS VS4NI 0*0

C Vm94I 0730
C VMN2 0740

C0 *VMN2 0760

Co SET STORAGE MODE DESCRIPTOR ARRAY ovMN2 0770

C VWm2 0600
C VmwN 0610

DO 101 1.1.10 VMM2 Oslo
101 STmOOEI.*J).STNUqK(j), VUN? 0630
C VMM2 0840
C VmN2 0610

C* V"Ne 0670
Ce CALCULATE TANK VOLUNE/MASS *VMmr 066o
C* *VNm2 0690

C V1414 0910
C V1414 0920

SO TO f10?910?v1O5.105),K(J) VWN2 0930
C VMmp 0940
C VMN2 09e

C**OeO.*.*O**.**OO~o.O.OOO.*.*.*O*@*...O***OO.~*.MN2 0960
C* *VMN? 0970
C* OAS STORAGE (300 K) *VMNZ 0960

C**VmN2 0990

C VmNE 10in

.1565(cNMO2C30 VmN2 1060
10? AFuI.0/I(.0-(3.0?16?E-OROPo)o.(1.0/1.36J61)) V414? 1030

S0 TO (103*104)*K(.II VmN? 1040
103 MTANKmMTANK*2S.9%560*AF*MH? VMN? 1050

VTANKuVTANK.4. 08327E-02*AF*MMP V1412 1070
RETURN VMN2 1060

I nA MTANKu00TANK*34.04OICAF*MHP VMH? 1090
*3.3S09l*(A709Q42)**(?.0/3.0) Vm"? 1100

VTANKwVTANK*4. 083?TE-02*AF*MWN2r 11
RETURN VMN? 1120

cVMN92 1130
CV1412 1140

C**V"NI 1160
C* GAS STORAGE (77.S K) *VmN? 1170

C**V1414 1160
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APPFNOIX f CMfmlCAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINE Vwm? oyW' LA SCI PAW C-43

IppI
104A MTANKwiTANK*?.?*63j*AUNWP VM14t 1.40

o4o 134%4t-030 (AF*004WW*II.O9E,03.01 VM14 I Poo

RETURN V0414 1300
4NN? 1310

*4.?41O(A*WN)OO).0.O ~V1NH 1330
*?.67~E-tOIP'W~betP.i'3fi)VMW? 1310

ENfl V""? 1310
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APPENDIX f' CHEM'ICAL LASER ANALYSIS PRARRAN (CLAP)
SUBROUTINE~ VMIPFNA OVERLAY SCS PAGE C-44

SURROuTINE VMIRNA(J.PiIRFNA.P0,RYIMF.MTYANK.VTANKI VMIOFNAGIRO

C VMT4FNraOI o

C* tRFNA TANK VOLUME,'MASS SUBROUTINE fVMIRFNA) *VMIRFNAGISO
C* OVMIRFNAOIGD

C VMIRFNADIIO

e. ~^VMI1N#0?00
C* SUBROUTINE VPIPFNA CALCULATES THE TANK VOLUMr/PASS FOR THE SYORAGiý OV14197NACOIC
CO Of INHISITED RED FUMING NITRIC ACTO (M1.AO03N1.643S0A.O31NFd0.l)* t0VMI*pNA~tP0
C* *VKTPFNA0230
CO he NA MAY RE STORE!) ANY OF FOUR WAYSI OVNIXFNA0240
C* *VMIRFNA0?S0
C* K 1 3 4 VMIRFr4A0k60
C# PHASE LTC LID LID LTC*MIFAO'
C* CONY SPH CYL SPH CYL OVMI4F14ADIAO
C* STFMP 300.j K 300l.0 K 300.0 K 300.0 K iVMt"FNIO200
C* SYIWE INFINITE INFINITE INFINITE INFINITE OVMIRFNA0300
Ce SpRts .?rsopo 1.?S*PO I ATM I ATM OVMIPFNA0310
C* RFSYS PGS PG% PFS PFS *VMIPFNA031O
Ce MATFA AL AL AL AL QVMIRFNA0330
Co *VMIRUMA@360
C4 INPUT VAR!ARLESI *VNIRFNA03SS

Co *VMINFNA0360
C* .j a STORAGE M4ODE CONTROL VARIABLE *VMINFNA63TO
C* K a STORAGE MODE CONTROL ARRAY OVMIRFNA0300
C* MIRFNA a TOTAL DELIVERED MASS nF IRENA EKG) OVMIRFNA0390
C* PO a COMBUSTOR OR W027LE STAGNATION PRESSURE CPA) *VMIRFNA04C0
C* RYIfME a RUN TIME IS) OVMIRPFNAOAI 0
C* .*,t$IRFNA04?0
CS OUTPUT VARIABLESI OVNIRFNA0430
C* OVMINFNAA440
CO NTANX a TANK MASS EKG) *VMIRFNA0,4S0
C* STIRFNA a STC'R&SE MOO[ DESCRIPTOR DATA ARRAY OVMIRFNA046@
CO SYMODE m STORAGE 04ODE DESCRIPTOR ARRAY *VMIRFNA0470

Ce VYANK a TANK VOLUME CM31 &VMIRFNAO40@
C* OVMIRFNA0490I
C 4oO"OooOO~O~oooOo~~~O~ooO~OOooOOo~OvIRFNAORIo
C VM IRFMA04PO

IMPLICIT REAL (M) VMIOIFNA0530
C VMIRVNAOS40

COPMON/SCS4/K (10) VMIRFNA0550

c ONNSS.SMD 3.0 VMIRFNAOSGO
COMMON/SCSI /ST IRPHA(1 0.4) VMIRFNA4SD0

C VMIRFNAGOoO
DATA (USTIRFNA(I.KlqKuIs4),IalIOl/ VMIniFNAO~061

-10HTRFNA *10MIRFNA 010MIRFNA qIOHIRFNA VMIRFNA~eP0
-10MLIC #IOMLIQ 91ONLIG sioNLIG VMIRFNAOL30
-10NSPM 91ONCYL 91ONSPH #IOHCYL 9VMIRFNA0640
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rPFi! CHEI4~CAL LASEA AMALYSIS PROORAM (CL&PI
SUIROU1INF VM14VNA OVERLAf SC"S fistI E-414

-10"430i.11 I040Or N 1I01300i,0 9 140. VMaIPFNA0650
-100eINWiNITE 910N'P4FiNITF 91O.41NFV'IYE ,I CHI WtNyyE vmwtmewOAA
-10ON .10 !amN $ION4 V041OFNA@AY@
-l18"Iersopq l1oml.*pso0 91(4I ATM 'JONI1 oTy"V!~N~S
-*014 010M @low4 *(l* w"RFNAOS9O
-14"103S 910"PGS e1014r~s 314S VuWIrPAO?O@

I ONAL tIONAL eIOB4AL 9 1OtIAL VNhINCA0VID

Co OV1IRPNAO7S*
C* SET STORAGE NODE DV;CRTPTOR ARRAY oVWIorFAST60
C. *VMRPFiA0TT73

C VNIRP!IA*390

D0 101 Iul*^0 vv~pRýNAOA10
101 STmOOtEI~jaSTI*FKA(I*K4J)) VI4IRPNAOSRO
C V410INA0Ui30

C VNIRFNAC%40

Co *WMI~rN&O6G0
C* CALCULATE TANK VOLUOK/MASS OVWIRKNAOSOT

Co VN IRFV~A OSS

C VAIRrMA0000
C vM4Ix7NA0q10

*0 TO (lopo1OPS105610t.,K~jl VWIR7NAevt0
C VIOIRFNA6910
C VNIRONAO9A

C. P,3S LIQUID STORAGE (300 K) *VM!NFNA~q1O
C* OVWIRFNAOISO

C VNIRFNAIOOO
C VRIRFNAIO1O

Z'A.3A~F-0*~.2~~'~o.oo3VMIRFNA104O

MT¶ i6Smu).S194*AiKOMR0S VNIRPNA1OS@
*O.9O44o?*lAF*MP6S)**Oi.0,3*O) VMIRFNA1060

VTTWOG3v .PAJO3E-OP*AF*NPGS VNIRPPAIOTO7
60 '.0 J1~13*104)#K(JI V041RFNAI@S0

10t3 M~1 1 l4MR#AVNIRFNAIO9O
- ~.lS43E.8OP0!4Y7NAVMIRFNAI100

*e.1lI~t6E.)10a1RP. "'.b/.0)VMIRFNA1IIO

- .0~e~fIRF~e.~.3.o;VMIRFNA1 130
MTANVAILTANKOAMA) I 0#~vTMMT) *M*f'PGS V141MFNAI140O
VTANKaYTANK.T.S A09VE-04.NIRPNA.VTTPSS VMIRPNAIlSO
RET IRN VNIRFNA11#O

104 mVT I..ISS00.MIRFNA VMJRPNAI1TO
*S.7033OE0S9P0MIfriNA VMIRFNAJ1A0

*0.~~ISAMIWN002*j3* ~VMIRFNAJI*O
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APPENDIXK r CH4FU3EAL LAFR A14ALYSIS PC060AM (CLAP)
suspOUTTjor VMpt, OVERLAY SCS PAGE E-46

* iW.OO*NR~NAVMIRPNAIZOO

- .Oa1?OA~~RU~.Se(.O/.O)VMIRFNA1210
WT*~MTAK.A~X1 MVTMMT)SSTPG$V"IRFAflrO

VTANKuVTAN >T.S9097E-0O4.PqIFNA.VTTPGS VM'IPFNA1230
RETURPN VvKI~rNAI4O

C VMIRFAAIPGO

~Vm!RP'NAIFGo
Ce :r: LIQUID STORAOF 43:: K) V'?RPNAIvqO

-CI3A-qPOWRN *VfI*FNAI 3O0

C VIR!NAl3fO
*1.6G0EnNPIMIFNAR!E.u1,3e vIVa300

JO YMANKuVIANK&J.J.O?700* eMI*FkA VMIRPNA1340

*4..2lJS2EF1lePO*MIR7NA VMIRFNA1360
*1.56696E-04e(POeMR7NA/PTIME).e(2.O,3.a, V141OFMA1370

- .R.G36O7E-O6.(P@O*'IRPNA/RTPOEi..~l.O/3.o) VMIRFNA1380

VA TANI~uVTANK*T.S.909?F-O4MIMFN V§MIFNA1390
- *4.SPqlaONIRFNPO2.o,3.O VMIPFNA1400

*1.9G696E.04*(P0*MIRPNA/RTIME..c?.*0/3*0) V0NIR7NA1410

RETURNE0e(0MR7AR!Me(.0jo VMIRFNA1430
lot TANK*VTANK*.T .SSOEO4OMIRFNA VMIRFNA1448

-*4.SS948?*M-1?OA*O 2.IRFNA VMINFNA1450
- ~*9.SG9A6E-O9*(P*0eWIFNA/Rt~e?03o VMIRFNA1460
- l.S.GIO9E-04.(PO.NZRFNA/RTIWE)..(2.0/,3 0 VMIMPNA1IO7

END V"IRPNAISOD
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APPENDIX r CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUBROUTINF VWMM"" OVTLAY SCS PAGE E-47

%UPPOUT!NE VMMMM (j.MMM.P1.RtT1MEMTANK.VTAjK) VmMMNI 0100
C V04M"N 0110
C V""" 0120

Ce *VMMWM" 0140

C* MMH TANK VOLUMEF/MASS SUBROUTINE fVMMMH) "VW"04 0150
Ce oYNwUN 0160

C V"MmN oleo

CO *VWWWN 0200
Co SU9ROUTYNE VMMMH CALCULATES THE TANK VOLUME/MASS FOR THE STORAGE *Y"MW"t 0t10
C. Of WCNOMFTHYL HYDRiZINE (CH6NP). ovmmNH 0220

CeOV"MMON 0230
CO MM" MAY Of STORED ANY Of FOUR WAYSt OVNMMH OF40
C* *VMMWN 0250
Ce f VMMM (0260
Ce PHASE LIG 110 LIQ LIO *YMMW~ 0270
C. CONT SPH CYL SPH CYL *VNMMW 0260
C* STEM4P 300.0 K 300.0 K 300.0 K 300.0 K *V~MMN @290
C0 STImE INFINITE INFINITF INPINITE INFINITE OVNNMN 0300
Co SPRES 1.?S.PO 1.?soP(, 1 ATM I ATM 4VM"MM 0310
Co RFSYS POS POS PFS Pfs *VommNI 0320
C* MATER TI TI AL AL *VwmNm 0330
C0 *VM"MM 0340
Co INPUT VARIABLESI "VON"~ 03s0
C* oVmm"t 0360
Co J a STORAGE MODE CONTROL VARIABLE *VW"MW 0370
Co K m STORAGE MODE CONTROL ARRAY 0VM"Mm9 0360
C* "MMm a TOTAL DELIVERED MASS OP MPH tK6) *VMsMMN 0390
C* p0 a COMAUSTOR OR NOZZLE STAGNATION PRESSURE (PA) *VMMMMH 0400
Ce #TIME a RUN TIME IS] oVMNmN 0410
C: UPTVRALS OV0mmMN 0420

Co OTPU VARARLSI V"MMM 0430
C0 *VNNMM 0440
Ct WTANK a TANK MASS EKG) *vMM"N 0450
C* STM4H a STORAGE MODE DESCRIPTOR DATA ARRAY *VMNMM 0460
C* STMO0DE w STORAGE MODE DESCRIPTOR ARRAY *VMMMM 0470
C* VTANK a TANK VOLUME (M31 oVNWWM 0460
CO OVMM"N" 0490

c VMMMN14 0510
c VM" 0520

IMPLICIT REAL(M) VvNWNH 0530
C VMNMN 0540

COMMON/SCS4/K 10) VMM0MM 0550
C VmmfNN 0560

COMMON/SCSS/STMOOE (10910) VMOM 0570
C VMmWN 0560

COMMON/SCSI 4/STMMN( 10,4) VWMMM 0590
C VMMMN 0600

DATA (fSTMMH(IK) .Kule4)s.IsllO1/ VMM~m 0610
-1OM1I *OHMMN 914ONmN .iOI4MMM ,V"1W" 0620

-IONLIQ 91ONLIQ 91ONLIG VIONLIG *VMNMM" 0630
-IOMSPN 91ONCYL f1o"SPH vIOWCYL 0 VMMMNH 0640
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APPENDIX F CkF04?CAL LASEP ANALYVSIS PROOARA (CLaPi
%utROUTlNF OwWN" OVERLAYr SCS PAGE C-44

-10,000.0 9 010ml0nso K 01004300.0 ot 916,4340.0 VNM 06410
-lION4VNF1NTF .1041NFINITF *16041'4INItE *10M4~1HPNTE V 0"04" 0660

-10 10? 110" 010W VWmWm 06?0

-loH1?%e $lo1.?0K Alm .10'4 AT V4N"N 0190
-lOWPGS .1014Hi *10HP! $10"P~ vWmWm *&%a

I1.1 01OHTI *I OXAL *)0f. ymVWNW 0710
c V0WWWN *Vpo

cV"1401 0730

VWW40750

C* SET SYDPASP MODE DOMCPIPTOR APPAY OVIWWPI 0760
C* *YWHO" 0770

C VMMMN 41?90l
c VNMW#4 (1600

00 101 1.1.10 VmWm.4 0610
101 ~T~f!1JSTMOO IJ aT40H *K i I VMIUM Oslo
C VWW4mW 0@130
C VNNN14 0640

ro CALCULATE TANK VOLUME/0MASS *V"O*1W 00670
Co *V"WMm 0660

c Vmm~m* 0900
c VkmNN 0910

000 T 10?§10?sl0%,1061.KcJi V0W44m 0920
c vWmmkm 6930
c VMNMH 0,40

Co *V"WWN 0960
Co POS LIQUID STORA6! 4300 O VMWN" 0970
C* *VMWWN4 0960

c VMwwH 1010

Za.7361F-9*1.M*O.1.0003Vmm~m 1030
wP6S1.FOSO.03ww1j(.74TTE~oeZ/o...ye.6E.op47,VON"" 1040
P~TT0Su ?,1 94AP.P0 ~VMNW#4 1050

- *.90*4? AFCPOS **~.03.0VMM4k ~ 1060
VTT6S. ,6103-0?AP.P~sVOWNHI 1070

60 TO 1103110414KcJ) V1WWMM logo
103 mvTol.177000.WmM VmWWN l090

$ 2.430SIE WAp0*NMWNM vmmW.4 1100
- 0o.1ti41 (?41.013.01 VW4mm 1110

""WTo I. I 7000k. 4 V"0WWH lIpo
- ..P~.75eMM~4.(?o,3o)VWMMWH 1130

M4TANKUWTANK.AMAXI (MVTMMWI) .MTPOS VmWmm 1140
VTAW~aVTANK.1 .384*4E-03.MMMN.VTTPRS VWM~4 15
RETURN. vmNWW 1160

10t4 0WVTe1. I RS0440*NNN# VWHUM 1110
- 3. pr3ast-06*poo*MWNN VMMWM 1160

- *.?A430MMMe~t.0/.0,VWmWdm 1190j
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%PPEI4OIX f CHEMICAL LASER ANALYSIS P0600~AM gCLAP)
SuPROUTINE vuMMid OVERLAY SCS PAGE E-49

MMT.I .iqSOOmN4mw V0WWmm 1?00

W4TANKuMTANK.AWAX1 IMVT.MWT).S4TTPGS vNw~mH mep
VTANW~sVTooiK#.1.3@44.E-o3*wMM.HVTTP§5 VNmmH 123
RETURN VMMmN 1240

C VNMN4m )PAO

C#,.. OO*0.OO*C@OVpNWWN 1200

CoPF5 LIQUID STORAGE (300 K) *Vkif"M 1290
co *V14MI4 1300

1310
c v"""" 1320
C VWMMN 1330

JO TANKwVTANX*. 1 364.EO3OMMH VM040M 1340

.7.661AEI2OOONMHVWMMW4 1600
2.1433119-04' (POOMMNH/RTIME) 0012.0/3.0) vm~mN 1410

*1.05449E-05* (PO0*NMlN/RT!ME) "(1.0/3.0) VMNMM 1410
RETURN VNMNN 1430

0(% MTANKuMTANK*.J1* 5SOO*MNMH VMMMH 1440
*0.83S141*MNNN*O(2.0./3.O) V"mmN 14s0
*T.SO%6JE-O9*Po.WNMlN VNWMI4 1460
.2.332491-04. PO*1$MNM/RTTNEr)0. (.0/3.0) VNMP14 1470
l.6.69S6E-O2*IP0#M*MNMRTl(1E)@.d1.0/3.0) VMNM*4 1480

VTANKuVTANK 1 .38444E-O3*mNmN V0WNWH 1490

.1 .47331E-07*(POOMNM0H/RTINE)*e (1.0/3.0) VMMMm isMO

.1.05A49E-nS.(PO.Mw4MNRTIME)Oeu .0/3.0) VNmmm 1520
END VNMM04 IS30
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APPENDIX F CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUPROUTINF VMNF3 OVERLAY SCS PAGL E-50

SURROUTINF VMNF3IJ.MHFMNF3,Po.MTANK.VTANK) VMNF3 0lnO
C VMNF3 0110
C VMNF3 0120
C *oeeeo .O.o *...*eoeeeeoo*o*e*o*o ***oeoeeoooeVoooM UeMF3 0130
Co *VeNF3 0140
C. NF3 TANK VOLUME/MASS SURROUTINE (VMNF3) #VMNF3 0150
Co *VMNF3 0160
Ceo~ee.*oeeeeb****e**oeo**e**e**.eeoe.*oooe**e*..oeeeeee.~eeee~e.e*'e*eVMNF3 0170
C VMNF3 0180
Ceo*@*****.*4O*@*@ o*****.**.**.O.*e.***eeeEe'e#eeOee*e*..Oe*.e.e....*O**VMNF3 0190

CO oVMNF3 0200
Co SURROUTINE VMNF3 CALCULATES THE TANK VOLUME/MASS FOR THE STORAGE OVMNF3 0210
Co OF NF3. *VMNF3 0220
C* *VMNF3 0230
C* NF3 MAY RE STORED ANY OF FOUR WAYS$ HOWEVER* WHEN STORED AS A GAS, *VMNF3 0240
C. NF3 IS STORED WITH HF AS A GAS MIXTURE AT A PARTIAL PRESSURE *VMNF3 0250
C* PNF3 a 1.?4106F+07 PA (1900 PSIA) PROVIDED HE IS PPESTNT IN THE *VMNF3 0260
C* SYSTEM: OVMNF3 02T0
Co *V4NF3 0?80
C* K 1 2 3 4 *VMNF3 0290
Co PHASE GAS GAS LIG LIQ *VMNF3 0300
r* CONT SPH CYL SPH SPH *VMNF3 0310
C* STEMP 300.0 K 300.0 K ?T. - K 77,S K *VMNF3 0320
Co STIME INFINITE INFINITE 8.6F#05 S 1.6E*07 S *VMNF3 0330
C' (10 DAY) (IRO DAY) OVMNF3 0340
C* SPRFS I.?E#0T PA 1.2E#37 PA 1.25*PO 1125.Po OVMNF3 0350
C.* (1800 PSI) (IO00 PSI) OVMNF3 0360
Ce RFSYS OLD RLD P0S PGS *VMNF3 0370
Co MATFR SS SS SS lS *VMNF3 0380
Co *VMNF3 0390
C'ý INPUT VARIABLES: *VMNF3 0400
C' *VMNF3 0410
Ce J a STORAGE MODE CONTROL VARIABLE *VMNF3 0420
C* K a STORAGE MODE CONTROL ARRAY *VMNF3 0430
Co MHE z TOTAL DELIVERED MASS OF HE EKG) *VMNF3 0440
Co MNF3 a TOTAL DELIVERED MASS OF NF3 VKGJ *VMNF3 0450
C* Po x COMBUSTOR OR NOMZLE STAGNATION PIESSURE [PAI 4VMNF3 0460
Co OVMNF3 0470
Co 3UTPUT VARIABLES: *VMNF3 0480
C* #VMNF3 0490
Co MTAMK a TANK MASS CKG] *VMNF3 0500
Cc STMOOE s STORAGE MODE DESCRIPTOR ARRfI" OVMNF3 0510
C. STNF3 v STORAGE MODE DESCRIPTOR DATA ARRAY *VMNF3 0520
C* 'TANK a TANK VOLUME CM31 *VMNF3 0530
C. *VMNF3 0540
Cooe*.o.*ee....C******..O***e .*.*.e.......4*C....e.....,.........eeee~e. VMNF3 0550

C VMNF3 0560
C VMNF3 0570

IMPLICIT REAL(M) VMNF3 0580

C VMNF3 0590
COMMON/SCS4/K(1O) VMNF3 0600

C \'4NF3 0610
COMMON,'SCSS/STMODE(1O.IO) VMNF3 0620

C VMNF3 0630
COMMONSCSIS/STNF3(10.4) VMNF3 0640
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APPFNDIX F CHEMICAL LASER ANALYSIS PROGRAIN 4CLAP1
SUBROUTINE VMP4P3 OVERLAY SCS PAGE F-si

C VMNF3 0650
nATA 4 (SYNV3(IsK) ,Ku1,A) elmIIl/ VMNP3 0660

-IONNF43 %IONNF3 l1fitH"F3 .ioHNF3 VMNP3 0610
-1046AS 910OMAS %IoHLIR %10NL14U VmNP3 0660
-1OHSPiq 910HCYL 010MSPH s1loNsoN V4NP3 0690
-1014300.0t 9 .101300.0 x #101477.5 K .101477's K *VWNN3 0700
-IONYNFINITE *1ONINFINITF *IOH4A.6E.05 S 91641.6E067 S 0 VWNN3 0710
-1ON .1014o DIMO AY) *10HI:60 PAY) s VM4F3 0720

-10141.?F.0? PA910HI*?F#0? PAt.101lPSOP *1@10NVSOPO 9 VWNF3 0730
-1014(1600 PSJ)q109(1600 P511.1014 91014 VNNF3 0740
-10ONLD 910MALD V1O14POS 9I14"Pes VMNH3 0730
-101S 4OSS *IOHSS *lws 1010s VHNP3 0760

C VNNF3 078O

C* OV141473 0800

c: SET STORAGE MODE OESCPIPTOR ARRAY *V4NF3 0610
*VMNF3 0620

~ 0630

C VNNF3 0.40
c VWNF3 0660

DO 101 181010 VtNNV3 0Se0

101 STNOOEUj~q)*STNF3(IqX(jl) VNNF3 0670
c VNNF5 0h60

C VNF3 0890
C * O O O ~ t O O O * @ , V N~ 

3  
0900

C* *V4NN3 0910
CoCALCULATE TANK VOLUME,'WASS *VNNF3 0920

C* *YNNF3 0930

.****** O**** 9 V MNN 3 0940
C VMNF3 0960

60 TO (10?,10?,105.105)OKIj) VMNF3 0170

c VMNN3 0960

C VMNF3 0990 1000
i....C*..ooo e~e..o~e~e*OOO9** *V"NN3 10100

co GAS STORAGE (300 K) *VMNF3 1020

C..*.*0O.*O*O eO*O*Oe~*~e@eeOOO~ VMNF3 1040

C VMNF3 1050
c VNNF3 1060
10? IF(MMEMNE.0.0) STMODFI1,J)0100NNF3/Hf VMNF3 1070

XFNF3a1,0/I1.0.I71.0019*MHE)' 14.0026'14P43)) V14N73 1060

XFNfu1 * fXFNF3 VMNF3 3090

P3*.1.41 06E*07,RFNF3 VMNF3 1100
PH~wPSel .?4Io0&E407 VHN!) 1110
1414.?1.0010*IMME/MNF3l.1 ,)/tXV14E/XFNF3*1.0) VI4NF3 1120

Gu(.5o9?*FNEN736.44)/1.509X/XFF3..4455)VNNF3 1130
ZNE.4.fiI5?7F-C9*PHE.1.00053 VNNF3 1140
?wft,95*XFNF3#Z14E*XFHE VMNF3 1150

AFU.0,1.0(1.~Or/PS*.(.0,I)VMNF3 1160
MTOY..aLuM4F*14NF3 V"Nr3 1170
IVIPS.tT.4.I368SE.07) WRITE169ROM)PSollml.9) VMNN3 1160
G0 T(1)03#104)*KgJ) V14NF3 1190
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APPENDIX F CH4EMICAL LASER ANALYSIS PROORAM (CLAP)
SUBROUTINF VNNF3 OVEPLAY SCS PAGE E-%2

103 MTANKsMTANK*1.10210.fl.0.A7.535307/WW)'SAFOMTOTAL VMNF3 1200
*?.4T854E.05.(Z.AF.MTOTAL,(PS*MW )**(2.0/3.0) VMNP3 1210

VTANKuVTANK.2.69?59E.OA.oAFOMTOTAL/qPS*MWI VMNF3 1220
RETURN VMNF3 1230

104 MTANK:MTANK~l.0PSl0(I.0;91.26392/W4W)*AFMTOTAL VMNF3 1?40

RETURN VM3IT

C VMNF3 1290

co *VMMF3 1310
C. POS LIGUID STORAGE (77.5 K) *VMNVS 1320

co*VMN4F3 1330

C VWNF3 1350
c VMNF3 1360
ins Afu.1oCI.0-(3.1T7?OE-08.PO)..(I.0/1.61019)) VMNF3 1370

Zal 749AF-A*1,25P0.~qq?71VMNP3 13S0
MPOSBu7.1015E-03*MNF3/(1.??P65EE.0SO?,P0-6.7679SE-03.AP) VMNF3 1390
50 TO JIOE,107)*K(J)-? VM'NV3 1400

106 MTTPOSS4.T1 1eIOAF*MPGs VMNF3 1410

* ?.6T4D4*(AV*MPGSl**(2.0,3.O) VN31?
- ,.?I7166*(AF*MP6Sl**(1.O/3.O) VMiNF3 1430

VTTP6Sm7 I Oa3SF-030AF0WPoS VMNF3 1440
- ?.76ea4E-03*(AF.NPGS)..(2.0/3.0) VMNF3 2450
- 3.51I605E-04(IAFOMPGS)'O(1.0/3.0) VMNF3 1460

MVTwI.1*TOO*MNF5 VMNF3 1470
- .1 .70625E-0O8PO*MNF3 VMNF3 1490
- *.0.T7711*MNF3**12*O/3.O) VMNV3 1490
- *.jO?02S3*MNF3**(I.O/3.0) VMNF3 1500
MMTu1.IA700eMNF3 V)PNF3 1510

- *O.?44OfiI*MF3**(2.O/3.0) VMNF3 120?
- ,.I0863NF3*t10~,0)VMNIF3 1530

NTANKuNTANK.AMAXI (MVT.M&4T) .ITTPOS VMNF3 1540 '
VTANKnVTANK.7.9091 7E-04*MNF3 VMNF3 1550

+6.SO66i3E-0*eMNF~e*(?,O/3.O1 VMNP3 1560
*l.?842SE-04*MNF3**d1.O/3.0) VMNP3 1570
*VTTPGS VMNF3 1560

RETURN VMNF3 1590
107 MTTPOSSa4.61764%AFOMPOS VMNF3 1600

- *S.9?067*(AF*MPGS)**(?.O,3.0) VMNF3 1610
- *3.S38S0*(AF*MPGS)**(1.0/30Oi V4NF3 16P0

VTTP8Sn7.1 063SE-03*AP OMPOS VMNF3 1630
- *i.30442IE-02E1AF*MPG4S).*(2.0,300) VMNP3 1640

- 8.9901TE-03*(AF*NP6Se**d1.0/3.0) VMWF3 1650
MVTo.1*i 776O0MNr3 VMNP3 1660

- I1.708S2k-06*PO*MNF3 V0NNP3 1670
- .. 3OS3?*MNF3**(?*O/3*O) VWNF3 1680
- ,1 47589*MNNF3*0(I*/3*01 VMNr3 1690

MMNTu1 * 1770MNF3 VS4NF3 1700
- *1.4T23?*MNF3@*0(2./3.0) VMNF3 1710

*.1.75SQOMNF3**01.0/3.0) VMNF3 1720
MTANKaMTANK.AMdAXI(MVT.MMT) .MTTPGS VMNN3 1730
VTANKEVTANK#7.90917E-04*MNF3 VMNN3 1740
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APPENDIX u CHEMICAL LASER ANALYSIS PN08RAM (CLAP)
SURROUTYMP VmNF3 OVERLAY SCS PAGE E-53

-*3*?533IE-03*MNF3**(l'.O/3*0l VMNF3 I1710
- 414606st-030MN73*0160i'3*01 VMNF3 1740
- VTTPGS V'MNF3 1770

RETURN VMNF3 1780
c VMNFS 1790
C VMNF3 JOCC

CO *YMkF3 lope
CO FORMAT STATEPENTS *VMNP3 1030
CO OVMNP3 1640

Cee.e.e.ee ~e~eee.eeo~e~ee~O~~~eo~OOVMNP 3 1860

C VMNF3 1670
poI FORPWAT(*lOT2sOWARNIN02 STORAGf PRESSURE FOP NF3/14F EXCEEDS 4.1368VMNF3 1800

-%F*fl7 PA 16000 PSTA1*99(/tTpq*PS a*'E13*.iq* PAO)) VMNF3 1ogo
END VNNF3 1900
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PF~~DI~ E C14CMICAL LASER ANALYSIS PROGRAM ICLAPI AEE5
SUBROUTINE VMN2 OVERLAY SCSPGEdS

SURROUTINF VMN?lJMNP0.R*TIMEMTANKVTANK) VMNI 0100

C VMN2 0110
C VMN2 0120

.....e.....ee.***eO*****~*OO******O*C3O*C***CO9OMN2 0130
C**VMN? 0)1*

C4 N2 TANK VOLUME/MASS SUBROUTINE (VMN?) *VUN? e '

co *VMN2 t -

C VMM2 01eo

*VMN2 0200

C* SUBROUTINE VMN? CALCULATES THE TANK VOLUME/MASS, FOR Tý-i STOPA44C *Vt'M2 0?Il 1
C* OF N?. *VMN2 0220

co VM4NP 0230
C* N2 MAY BE STORED ANY OF EIGHT WAY%2 *VMN? 0240
Ce *VMNl 0psfl
Ce K I p 3 A V14N2 0260
CO PHASE GAS GAS LIG LTQ *V14N2 0270
C* CONY SON CYL SPH SPM *VMNZ 0260
C. STE14P 300.0 K 300.0 K 77.5 X 77*S K *VMN2 0290
C. ST!ME INFINIT! INFIMITE 6.6foos 1 j.6E+0T S *VMN2 4300
CO (10 DAY) 1160 DAY) *VMN2 0310
CO SPRES 4.IE*07 PA 4.1E.C7 PA 1.25'Po 1125*0o *VMNP 0320

4O(6000 PSI) (6000 PSI) *VMN2 0330
co RESYS RLO BLD pGS P05 OVMN2 0340
CC M4ATEP TI TI SS SS C1VMN2 03S0
c* *VMNP 0360
Ce K 5 6 ? 0~VM2 0370
ye PHASE LTQ LTG LIQ LTG *VMN2 0360
Co CONY SPH SOH SPt4 SPH *VMN2 0390
co STEMP 77,S K 77.5 K 77.5 K T77. K OVMN2 0400
C* !TtME ".6E'05 S 1.6E.10 S 6.6E*05 S 1.6E*07 S *VMNtZ 0410
C9 (10 DAY) (18b DAY) (10 DAY) (ISO DAY) *VMNP 0420
Co SPIRES 1 ATM 1 ATM 1@25*PO i.25*PO *VM'42 0430
co RFsys P75 PFS NOS 14PS *VMN? 0440

C* HATER AL AL SS SS OVM4NP 0450

co *VMNz 0460
C* INPUT VARIABLESI *VMNP 0470

C**VMNN 0460
C* J a STORAGE "ODE CONTPaL VARIABLE *VMN2 0490
C* K a STORAGE MODE CONTROL ARRAY *VMN2 0100
CC MN2 a TOTAL DELIVERED MASS Of N? (KG) *VMN2 0510
CO P0 a COMBUSTOR OR NOZZLE STAGNATION PRESSURE (PAI eVMNW 0510
Ce RTIME a RUN TIRE (5) OVMN2 0530
C* *VMN2 0540
C* OUTPUT VARIABLESI *VMN2 0550

Co MTANX a TANK MASS (KG) *VMN2 OSTO

C* STMODF a STORAGE MODE DESCRIPTOR ARRAY *bVMN2 0560

C* SYN? a STORAGE MODE DESCRIPTOR DATA ARRAY *VMN2 0590

Co VTANX a TANK VOLUME IM31 *VMNz 0600
Co *VMN? 0610

C VMN2 0630
C VNP 0640
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APPENDIX E CmEMICAL LASER ANALYN!! PROGRAM (CLAP)

SLUBROUT INE VMN? OVERLAY SCS PAGE E-55

104PLICIT PEALIM) VMN2 06%0
C VMN2 06E60

COmvON/StCsAK I 10 1VMN? 0670o

C VMN2 0680

COMMON/scss/STMODF 130.10) VWN2 0690

C VmN? 0700

COMMON/SCS 16/STN2 110. 8 VMN? 0710

C VWN? 0720

DATA ( ISTN?(l,K) .KuI 4)9Ie1,10)/ VMN2 0730

-1014N? 910)4)? q JOHN? .10HN2 0 VMN? 07*0

-lOHOAS IONG4AS 910)4LTO) vioNL10 VMN? 0750

.104WIP) 91O"CYL $1OI4SPm *jflSP)4 0 VMN2 0760

-10)4300.0 9 o0I4300.0 K 010"77.15 K *in)477,13 K , YM042 0770

-lONYNFTNITE ,10)4INFINITF 910148.6E.05 S $1041.61407 S I VMN2 0780

-10ow *I0ON 10)4(10 DAY) 910H08SO DAY) * VMN2 0790

-10N(6.lf*C7 PA910)44,1F.07 PA.10)41.25*PO *0N1.?5Ps0p * VMN2 0800

-10)4(6001) PSI)I1oN(f6flO P511.104 *10ON VMt4I 0slo

-IOI4PLD 010)4RLD .1OHPOs s10)4ios VMN2 0820

-10)471 .10)471 .10)455 InmSS /VMN? 0830

DATA ((STN2(I.K)9Km%98)tIm1.10)/ VMN2 0840

-10)4)? 91004N4? *1014N? 910HNP2 VWN2 0850

-IONLIC 91ONLIG 910)4LIG *1e)LIO VMN2 0860

-10)4SP)4 gIomSPH sIoISPH .IoNSP)4 VMN2 0870

-10)477.5 K .10)477." K .10)477.5 K .10)477.5 K 9 VMNN 0860

-10H8.6E.0'm S 9ION1.6E#OT S 910)4S.6E.05 S sI0N1.6iEs0T S v V04NP 0890

-10)4j1O DAY) .10.1(180 DAY) 910)4(10 DAY) .10N(180 DAY) , VMN? 0900

-10)41 ATM .10)41 ATM #1lnm1.P%*Po eIowI.15*PD 0 VMN2 0910

-10ON .10) *ION 'lf0) VMN? 0920

-10NPFS q1OHPFS 91O)4HPS q1ONNPS 9 VMNP 0930

-IDNAL ,10)4AL .10)455 6lfl)SS /VMN? 0940

r VMN2 0950

C VMN2 0960
000 .oe~*~VMN2 0970

CO VMN2 0980

CcSET STORAGE NODE DESCRIPTOR ARRAY *VMN2 0990

C* *VMN2 3000
~ 1010

C VMN2 1070
CVMN2 1030

DO 101 1.1.10 VMN2 1040

101 STv0ODEIJ)=STN2(IsK4J)# VMN2 1050

C VNN2 1060

C VMNa 1070

Co *VMN? 1090

C* CALCULATE TANK VOLUME/MASS *VMN2 1100

C* *VMN? 1110

c VMN? 113

C VMN2 1140

0070O (lO?.102,10%.10%.108.109.110.110)*K(J) VMN2 1150

C VMN2 1160

C VMNP 1170

C* *VMNN 1190
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APPENDIX F CHEMICAL LASER ANALYIS PROGRAM (CLAP) AEfS

SUBROUTINE VON? OVERLAY SCSPAE-6

Ct GAS STORAGE (300 K) *VmNN 1200

C* *VMN2 1210
C.** .,* ,**@ @O* *~ e ~ N~ t 1220

C VMNN 1230

10C ~ 10(.~301?.A0O1fh.72f V"NN 1240

60 TO (103,104) ,K(J) VMON2 12600

103 MTANKmMTANK*2.A9274*AF*MN? VmN* 1270

* .0o?62S99*(AF*ON2)**(?*0/390) 
V"NN 1260

VTANKmVTANK*2. 94) SOE-03*AF*lMN? VNNZ 1290

RETURN VMNR 1300

104 MTANK*wTANK*3.4560S*AF#MN2 V"NN 1310

* .0*580I9?*(AF*MN2I**(2*0/3*03 
VNN2 1320

VTANXuVTANK*2.941 10E-03*AF*MNN VMN2 1330
RETURN VNN2 1340

cv"NN 1390

1370

ck v"NN2 1380
co PGS LIQUID STORAGE (77.5 Ki *VMNI 1390

Co oV"NN 1490

C VNN2 1400

C VHNI 1430

105 AFE1.0/(1.0-13.1?2?OE-OCOPO)*d(1.0,'1.01019)) vNN2 1440

Z*.1 .49S0E-6A1 .?S*P00.9q99271 VHN2 1450
N4PSal ,3t6036E..02MN2/ (1 ?5t*SZO-67?SE0* VMN2 1460

60 TO qlvS91071,KfJl-2 VMNI 1470

106 MTTP6Sm4, 1 161*AFOMPGS VMNf 1480
*?.674&4d(AF*PGS)**(2*0/'3.0) V14NE 1490
*0.2ITI86*fAFONPSSVO*(I*0/3*01 VMNN 1500

VTTPGSmT. I 03SE.O3*AF*MPSS VMN? 1510

- *2.703S4E-03OfAFOMPGSb**(2.d/3.0) VMN2 1520

±3.5960SE-04*(AFOMP6S)d(11e0/3.0) VMNN 1540

"NNTol 1 95930NN2 VONN 1530
*2.15464E-OSOPOO4NN VKN2 1516
*0.fS2S13*NN2**(2.0/3o9) VONR 1600
*04j27P222NN2**fj.0/3*0) VMNN 1570

- *1.j38p*ONNZ'*(p.0/3o0) VMN2 1590

*0.I27F?2*NN2**(I.0/3.01 VMNF 16000

NTANK.I4TANK.AWAX1 (WVTNNT) .MTTPSS VNN2 1010I
VTANKSVTANK*1 .49639E-03*MNN VMN2 1020

*9.9S320iE-04*MNl**(2,.03*0) VMN2 1030
- 2.20679E-04*MN2**(I*0/3o0) VNN2 1040

* VTTP8S VMN2 1690

RETURN VMN2 1600

- 5.92067*(AF*NP6S**e(F.0l3.0) VNN2 1080
- *l.53&S0*(AF*MPOSl**OI.0/3*0) VON.? 1690

VTTPGSw7. 00i3SE-03fAF*NPos VMN2 1700

- .. 3S442E-02*(AFNMP6S)**(2.0/3.C) VMN2 1710

- .. 99017E.030(AFONPSS)*0(1.0/3.0) VNN2 1730

* ?#1%4f6.E-0SOP0*MNN VONN 1740
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APPENDIX F CHEMICAL LASFR ANALYSIS PROARAM (CLAP)
SUOROUTINE VMN? OVERLAY SCS PAGE E-ST

- .1QQO4*M?'(?0/'.)V14Np 1760

MMT-1 .j7700eP;NZ VMN2 1770
- *2?52?23fMN?**2?.0/3.0) vmN2 1760

*2..ft?2T77MN2**(l.f/3.O) VMN2 i790
MTANKuMTANK.AMAX1 (MVT.94MT) .MTTPOS VONP 1000
VTANKwVTANK.1 .496i39E-03*MN2 V0WN? 1610

#4*.9?663F-03*MN2**1?.0/~3.0) VMNP 1620
-*S.51700E-O3*MN2O**C.0/3.0) VMNN 1630
-*VTTPGS V"NP 1640

RETURN VMNp 1650o
C V04NP 1600
C VM#42 1670

C* OVMN2 1690
C. PFS LIQUID STORAGE 477,S K) *VMN2 1900
C. *VMNP 1910

i0n MTANKuMTANX*1.19S93*MN? VWN2 1950
- *.15344*MN2*f(2.0/3.0) VMN2 1960
- *.I27?2f*MN?..(I.0/3.01 VMNr 1970
- .Il?156E-O9*PO*MN? VMN2 1960
- 2.4SAA1E-040(PO.MN2/RTTME**O(?.0/3.0) V"NN 1990

.1.71340E-02Z.PO*MN2/PTIME)OO(1.0/3.0) VMN2 2000
VTANI(UVTANKI .49639E-03*P'N? M2 pl

- 9.953?6E-04*MN2O'(?.O/3*0) VMN2 ?020
-*?.?0679E-04*MN2**(1.O/3.0) VMNN 2030
- .. 3028TE-120POOeNN VMNP 2040

- *.551?1'-07*(PO0MN2/RTJME)O**2.f0/3.0) M ps
- 1.08?16E-05e(POOMN?/RT!ME)OO(a.0/3.0) VMNP 2000

RETURN VM4N? po0o0
109 PTANKmMTANKj.l77t0*MN? VMN2 2060

-*2.2674A*MN2**(?.0/3.0) VMN2 2090
- 2.072?70MNP**.1.0,#3.O) VNN2 2100
- .6.1 125E-O9*PO*MNP VMN2 2110
- .. 4506IE-'04O(P~OMN?/RT!ME)*eI?.o,3.0) V4N2 2120
- 1.71340E-02*(POeMN2/RTIA6E)Oe(1.0u3.0) VMN2 2130

VYANKEVTANK 1 .49639E-03*MN2 VMN2 2140
-*4.9?663E-03*MN2**(2&0/3*0) VMNZ 2150
- 5.5IT00E-03*MNP**(I.O/3.0) VMN2 2100
- *.30P67E-120POOMN2 VMN2 2170
- 1.551?IE-07*(PO*MN2/RTIMEO*?(.0/3.0) VMN2 2180
-*1.08216E-C5*(P0.MN7,RTTME)*.(1.o,3.0) VMNN 2190

RETURN VMNP 2200
C VMN2 ?210

C VMNP 2Pr0

C**VMN2 2240
CoNPS LIQUID STORAGE 077*5 K) *VMN2 22s0

C**VMN2 22600

C VMN2 2260
C VMNN 2290
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APPENDIX F CHMIMCAL LASER ANAL.YSIS PPOOPAM ICLAPI
SUMPOUTIt4F VMN? OVERLAY SCS PAUE E-5S

un TT4~a~9fll7~-flO~f*MN/RTMEVMN2 ?300
V~yP~u.10E.?-~)*Pt**4?,UJFV04NZ 2310
60TOVM142 2320

III "V~mI.)q%93qNN? VMN2 2330
- ~.1~A4~OAPnONVMN2 2340

vMN2 23s0
VMkp 2360

MMTMIlq%993*WNP VMNP 21370

- *d27221N2(l0/30)VION? 2390

MTANKouTANK.AMAXI (MVT,NMT) .WTTNPS vmN2 P400
VYANKwVTANK.1 .49639F-03*bINZ VMNR r410

-*9.20579F-04*'~p9O'(?.0/3.t) VMNR 2430

* VTTMPS V"NN 2440
RETURN4 VWN2 2450

1? mV~m1.?TToofmN? VMN2 2460
- .2.%464E-09UP6*"NP MNN2 247

- *.9 ?77ON2O(10f30 ~vcot 2490
mmTw.l *y?700eN2 VMNN 2500

MTANKaMTANK.AMAX1 (MV? ,4M?) MTTHPS VMNR 2530
VYANKmVTAMK#I1.49639!.03%MN? VMNR T540

-*4.9?6fi3F-03*Mhgl..(R.0/3.0, VMNR 2550

*VTTNPS VMN2 2570
ENOVMWp 2800
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APPENDIX F CHEMICAL LASER ANALYSIS PPOORAM (CLAP)
SUPPOUTINF VMN?H4 OVERLAV SCS PAGE E-%9

SURROtITINE VMNN?4(J.MNH4,PORT1M~.MrANI(,VANKI V~mNHA 0100
C VMNH* 0110

*C VMNN24 Ol?O

Co *VMNNN 0140
C9NPH4 TANK VOLUME/MASS SURROUTINE I*VMNfl44) *VMNEN4 0150

C* 4VMN2HA 0160

Co *VM'42M4 0?'00
Co SUPROUTINE VMN?H4 CALCULATFS THE TANK VOLUMF/MASS FOR THE STORAGE *VMNPM4 02!6
CO OF "ONOPPOPELLANT H4YDRAZ1NF (NH(). *'VMNN?4 0220
C* *VMNH4A 0?30
C* NPM4 MAY RE STORED ANY Of FOUR WAYSI ovkN2H4 0240

Co. *VMN2M4 01%0
C* K 1 3 *VMN?H4 0?60
co PHASE LI0 L10 L10 110 *VNNPH4A 0270
Co CON? SPH CYL %PH CYL *VMNPH4 0200
co cTuFP Ino.0 K 100.0 K 300.0 K 300.0 K *V"N2H4 0?90
C* STIME INFINITE !NPINITP INFINITE INFINITE *VMNH4 ft300
Co SPRES 1.?Psop 1.?S*RO I ATM jATM OVMN2I"4 0310
Co PFSYS Pas PBS~ PFS O75 *VMN2H4 0320
C* 14AT70 TI TI AL AL *V"1N2H4 0330

ro &V~tl?H* 0340
C* INPUT VAPIABLES2 *VMNNH4 0350

*co *VMNPM4 0360
co J m STORAGE MODE CONTROL VARIABLE *VMN2N4 0370
co K a STORAGE MODE CONTROL ARRAY OVMNR"4 03po
Co MN?H4 a TOTAL DELIVERED MASS Of NiH' [KGI *VMN?H4 0390
cc, PO a CONRUSTOR OR NO?ZLF STAGNATION PRESSURE CPA) OVNN2N4 0400

*Co PTIMF n PUN TIME IS) *V"NNH4 0410
co *VMNN24 0420
C* OUTPUT VAPIARLESI *VMNNH4 0430
co *VNN2H4 0440
Co MYANK a TANK MASS lKa) *VMN244 b450
Co STN2144 a STORAGE MODE DESCRIPTOR DATA A.RRAY *VMNNH4 0460
Z* VTANK m TANK VOLUME [M3) *VNN?44 0470
C* *VNN2N4 04ft0

C VMNN2H 0500
C VMNN24 0510

IMPLICVIT PEAL(M VMNZN4 0520
C YMNN24 0530

COMMON/SCSt/Kn(10 VMNN2N 0540
C YMNN24 0550

COMMON/TCSS/STMODE0(19~*10) V"NN24 0960
C VMNNM4 0570

C~mM~jSSIT/TN?4(Ifq4)VMNNH4 0500
C VMNNH4 05%90

DATA l(STNH4(I 9KI ;K 8I 94) * 0 if / vMNN2 4 0600
KIHNM 1 KMZ" 9INP4 9 MI VMNN2M 0610

-IOLIC 910LIQ sIOLI jnLIQVMNH2232

-IONSPH~ 91NY 1" r HCL0VN?403



APPfNOIX f CHEMICAL LASER ANALYSIS PROGRAM (CLAP)
SUPROUTINF VMN?lJ* OVERLAY SCS PAGE f-fO

-lOHINFINTTF *1ONIN4FI14ITF .iO9INEINITE 91OH!NFINTTE *VMNPMA We5
-1014 .0 1 OH1014 *]ON VNNPH4 01660
-tol41.p%*PO #10141. "OPo .1011 ATM4 .14 ATM *VMNI*44 0470
-1014 .104 .1014 .1014 V"NNZ14 @680
-101465 .10"406 *1t)NPFS *1014pfs VMN2#4' 0490
-101471 .10141 slONAL s1ONAL IVMN&HA 0700

C VMNNR04 0710
C VMNINA 0720

C~o.oOOe*O.Oe*OO@*@O*OeOO*OO*OOO@OOOOO~@OO@O~VMN40730
C0 *VMN2N4 0740
C* SET STORAGE MODE DESCRIPTOR ARRAY *VMNd2N4 0750
C* 0VMNmp4 0740

C VMN&N4 0760
C vmNRN4 0790

00 101 161010 VMW2144 OROS
101 STM6Df(!.j)uSTN2144(IKfJfl vmNwr4 0630
C VMWNZ4 Isl0
C V""&"4 0630

C: *VMNZM4 0650
CCALCULATE TANK VOLUME/MASS :YM42"4 0640

C* *VWNP"4 0670

C V0MN2N4 0690
C VMN2N4 0900

(40 TO 10.~iO,0)KJVMN2H4 0910
C V"N&N4 0920
C VNNZN4 0930

C* *VMNIM4 0950
C: POS LIQUID STORAGE (300 K1 *vMw~p4 0940 '
C' 4VMN&N4 0970

C V"%2"4 0990
c VMNN24 1000

Zv4.73ASIE-09'1 .t50P0*.1 0003 VMN&N4 leOO
MPGu1.e12E-~oMNM4E.T497E0SO/R01.T144-0?APIVMNPH4 1030

*STTPGSm12 SI94*AFfWPGS VMN12"4 1040
- *0.904642m(AF*MP8S)*002.0/3q01 YMN2H4 10%0

VTPGSuJ .6S103E020A4oMPGS VMNNI4 1060
G0 TO 11039104)*KIJI VMN?144 1070

103 MVTwi . lTTOOOI4NZ4 MP 16

#P*.1C730E.OS#POfMN?H4 ifMwNA 1090
- *.jI00580MN2M4*0(2.0/3&02 VMNrH4 1100

MMTu1 * 1T00OMN2H4 4NH411
- ,.233440*MN21440 (2,0/3.0) VMN2MA 11?0

MTANKuMTANK4AMAXI (NVTW14T) MTTPGS VMN?44 1130
VTANKuVTANK#. 1 2034E-O3oMktNA.VTTPSS VMNZM4 1140
RETURN VMNfH4 IISO

104 MVTmw .)SQOOOMN2M4 VMNRH4* 1160 :
- *.T944SE-O06PO*MNPM4 VI4N?944 1170
- *.j43l63*f4N2H4**(?s0/300) VMNN24 11*0

MMTwuI * 5500MN2H4 VMNPH4 1190
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APPENDIX I CHES'ICAL LASER ANALYSIS PPO(ORAM 4CLAP)
SUBROUTINE VMN?"44 OVERLAY SCS PAGE E-61

- .o~I~m 1ONN~e (20/30 VW2H412800
'TANK*W4TANK.AMAXI (MVTMMT),NTTPGS VWN2H4 1210
VYANKuVTANK,1 .2003.E-030MNNA'4VTTPGS VMNIAH4 1220
RETURN VMNPI4 1230

c V1NZ"41260

C* *VMNpW4 1240
co *vWN2H4 1210

*6172-c.0M~I VMNZ44 1310
c21l1-4(0O24R1E*2O'. VM4NPH4 1360
jO TNsTN*1.19?01E0*P?.E0M N24N1E.I./ VMN2N* 1370

*TAN34VTAN*MN1.200%42-03*3N2N VMNIN4 1340
* 6.6607%E-0%*PO*MN2H4 vmN2N4 1390

- *121OI.E-07.(P0.iNN.,R~t1E)..20,SO/.0) VMNgIN4 1400
-*1.00551E-01O(PO*1NN24/RT!MEIO*4l,0/3.0) V0MN2M4 1410

RETURNK*TN*.03E0*~ VMNPH4 1420
10 NAKSTNK1.11109E0NN2 6MH2 VMN2N4 1390

- *.753716*MN2M40(2.0/3.0)t~le(?01. VMN2N4 14400
- *.50712E-09*(POeMNN24"0ym)tlo~ VMN2H4 1410

- 2120E-4(PONN4IEPN?./. VMN2W4 1420

V~ TANKmVTANK+.l .2003E0*MN2W4 V0WN2N4 1430

-*6.50019E-12eP0*MN21N4 V4NN2N4 1490
- .1210962-04.(PO0NNNP4/4RTIME)*.(2.0/3.0) VMN2N4 14600
- .59OOSIE-05*EPO*MNNH4/RTIME)*.(1.0/3.0) VMNN24 1410

ETND uTNo.034-3lkH VNN2H4 1520*6.60I9EI2*P*MN"4 VWZH4149
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i-
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APPINjIX r NjMMNCLATUMF PAGE F- I
OVFRLA" MAIN

NOMNFCLATURE FOP PROGRAM MAIN

ACXP a DUMMY NALCELIST VARIABLE
ALPHA a DUMMY NABILOST VARIABLE
ACAC a DUMMY NAMFLO CST VARIABLE

DIA * OUMMY NAMELIST VARIABLE
DAiS u DUMMY NA0MELIST VARIABLE

0RF3AC D OUMMY NAMELIST VARIABLE
CAOL5 * DUMMY NAMELIST VARTAPLE
Ce'S a ALPHANUMERIC SYMBOL DESIGNATING THE COttRUSTION CHEMISTRY

SECTION
CCS1 a OUNMV BLOCK COMMON VARIABLE
CCSq a OU1MNY BLOCK COMMON VARrABLE

CCS|0 a DUMMY BLOCK COMMN VARI ABLE
CCS13 a DUMMY BLOCK COMMON VARIABLE

CCSFA I DUMMY BLOCK COMBON VARIABLE
ccsI 11 a UMPMY BLOCK COMMON VAPIAPLF
CCS|i •oDUMMY BLOCK COMMON VARIABLE

CHOKE a ALPHAEUMERIC SYMBOL nESCUNATING CHOKED FLOW
01 a OUMMY NA14ELIST VARIABLE
DIS a DUMMY NAMELIST VARIABLE
D3 a OUP04Y NAIELIST VARIABLE
LPS a DUMMY NAMELIST VARIABLE
FTAI? a DUMMY NAMELIST VARIABLEFAIL a FnPOR FLAG
FLOW a CHOKED/SEPAPATED/SUBSONIC/SUPERSONIC FLOW FLAG

Ms v DUMMY NAMELIST VARIABLE
"UNe m DUMMY RAMELIST VARIABLE
LCAVT OU*MY NAMELIST VAPIABLE
LOS m ALPHANUMERIC SYMBOL DESISNAIINS THE LASER DEVICE SECTSON
LNSO w DUMY ILOK COMlMN VARIABLE
LPNOZ w OD. ,MY JAMELIST VARIARLE
LSNOZ a DUMMv MAMELIST VARIABLE
"Ns v DUMMY NAMELIST VARIABLE
NBANK - DUMMY MAMELIST VARIABLE
PEJECT a DUMMY NAMELIST VARIABLE
NO a ALPHANUMERIC SYMBOL DESIGNATING A TEPATSVE RESPONSE
NSPNOZ a DUMMY LA0 CMLIST VARIABLE

N? a OUU4MY NAMELIST VARIABLE
N3 a DUMMY NAMELIST VARIABLE
NP a DUMPY NAMELIST VARIABLE
PKFRAC a DUMMY NAMELIST VARIABLE
PCS m ALPHANU4ERIC SYMBOL DESIGNATING THE PRESSURE RECOVERY SECTION
PPS| a DUMMY BLOCK COMMON VARIABLE
PSC a LOMY NATELIST VARIABLE
P•0 a DUMMY NAMEL|ST VARIABLE
PT w DOMdY NAMELIST VARIABLE
RECALL m ALPHANUMERIC SYMBOL FOR AN OVERLA~r RECALL OPTION
RTIME a DUMMY MA04EL|ST VARIABLE
RUN a CONTROL VARIABLE TO STOP OR RESTART THE PROGRAM
SOS w ALPHANUWP•IC SYMBOL DESIGNATING THE SYSTEM CALCULATION SECTION
SCSA a •1)U*MV BLOCK COMMON VARIABLE

SETCCS a CONTROL VARIABLE TO SET DEFAULT VALUES IN SUBROUTINE INCCSSETLDS v CONTROL VARIABLE TO SET DEFAULT VALUES IN SUBROUTINE INLDS
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APPFND!X F NOMENCLATURE PAGE F- 2

OVERLAY MAIN

SETPRS m CONTROL VARIARLE Tn SET DEFAULT VALUES IN SUBROUTINE INPRS

SETSCS . CONTROL VARIABLF TO SET DEFAULT VALUES IN SUBROUTINE INSCS

T1i u DUMMY NAKELIST ARIARLE
T30 a DUMMY NAMLL:ST VARIABLE

TSO w DUMMY NAMELIST VARIABLE
T70 a DUMMY NAMELIST VARIABLE

MPG a DUMMY NAMELISY VARIABLE

WPP3 z DUMMY NAMELIST VARIABLE

WPRI A DUMMY NAMELIST VARIABLE

WPR? a DUMMY NAMELIST VARIABLE

WPP3 a DUMMY NAMELIST VARIABLE
WPR4 a DUMMY NAMELIST VARIABLE

WSRI a DUMMY NAMELIST VARIABLE

WSR2 a DUMMY NAMELIST VARIABLE

WSR3 a DUMMY NAMELIST VARIABLE

YES . ALPHANUMERIC SYMBOL DESIGNATING A POSITIVE RESPONSE
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APPENDTX F NOMENCLATUPF PAGE F7-

OVf*LAY MAIN

NOWMNCLATUVF FOR SURROUTINE OJgTFNS

VAPIAGLE DEFINITIONS FOR SUROOUTINE OUTENO ARF IDENTICAL TO THOSE GIVEN
FOR SUBROUTINES OUyCCS* OUTLOS. OUTPRS, ANO OUTe,• ONLY THE UNITS HAVE
PEEN CHANGED FROM THE SI SYSTEM 10 A MIXTURE OF FNGINFERTNG UNITS.
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APPENDIX F N(mENCLATURE 
PAGE 7- A

OVERLAY CCS

CONRusrION CHEMISTRY SECTION %ENERAL NOTATION SeMNE'
VARIABLES ARE DEFINED AS FOLLOVS i

PREFIxI

W a MASS FLOW PATE
WF m MASS FRACTION
x a MOLAR FLOW RATE
XE a MOLE FRACTION

SUFFIXI

CP a CAVITY PROOUC6
P6 * MIRROR PURGEPp 0 PORZARY COMSlgSTOo PRODUCT
pR 0 PRIMARY COMBUSTOR REACTANT
SR • SECONDARY REACTANT

EXAMPLEI XFPP a MOOLE FRACTrON Of PRIMARy COMBUSTOR PRODUCT I

LASER PARy COMBUSTOR REACTANTSi

Pot w C-NI H-Ne (C-NI 0."?)
Ps,? w HEPal =Ne

a N-W3 F-N4

LASER SfECONDAy REACTANTS,

SRI De0 (HP4)SRi . ME

LASER PRIMARY COMBUSTOR PRODUCTSI

PPI a CF6

PP3 aNFOP4 a NF (Or)

LASER CAVITY PRODUCTSI

CPI * CFe
CPP "HF
CP3 'Of
CP4 •HE
Cps aN?

COG 0 (m)
NMOTE REACTANTS AND PRODUCTS ARM OWFI•EO FOR BOTH OP AND HF CHEMISTRY.SPECIES IN PARENTHESIS ARE FOR NE CHEMISTRY.
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APPENDIX F NOMENCLATURE PAGE F- S

OVERLAY CCS

ALL VARIARLES NOT FOLLOWING THIS SCHEME APE DEFINED IN THE
NOMENCLATURE FOR THE PROORAM OR SURPOUTINE WHERE THFY APPEAR.
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APPENDIX F NOMENCLATURE PAGE F- 6

OVERLAY CCS

NOMENCLATURE FOR PROGRAM CCS AND SUBROUTINFS INCCS, OUTCCS

AEXP v NOZZLE BANK AREA OF THE EXPERIMENTAL DEVICE IMpI
ALPHA a FLUORINE DISSOCIATION FRACTION
CCSSI a CONTROL VARIABLE DESIGNATING WHETHER OR NOT NF¥ COMHUSTION

CHEMISTRY INPUTS ARE REQUIRED
CCSS? a CONTROL VARIARLi DESIGNATING WHETHER OR NOT INPUT DATA SHOULD

OF READ FROM TAPE)'
OF a ALPHANUMERIC SYMBOL DESIGNATING OF LASFR CHEMISTRY
DFORHF a CONTROL VARIABLF SUCH THAT:

a "OF* FOR OF CHEMICAL LASER
4 "Ht" FOR HF CHEMICAL LASER

D?F HEAT OF COMBUSTION WJ/KMOLE) FOR THE REACTION
0? * F w OF * D

VF2 HEAT OF COMBUSTION (J/KMOLE) FOR THE REACTION
Op * F? a 2DF

FOAA a FREE FLUORINF FLUX CKMOLE/S-M. |
HF a ALPHANUMERIC SYMBOL DESIGNATING HF LASFR CHEMISTRY
HF a HEAT OF COMBUSTION (J/KMOLEI FOR THE RFACTION

H? + F a HF H
HF? a HEAT OF COMBUSTION (J/KMOLE) FOR THE REACTION

H *# F? v 2HF
NO 0 ALPHANUMERIC SYMBOL DESIGNATING A NEGATIVE RESPONSE
fi) u NUMBER OF CARBON ATOMS IN PRPI'ARY COMBUSTOR REACTANT I

N? a NUMBER OF HYDROGEN (DEUTERIUM) ATOMS IN PRIMARY COMBUSTOR
REACTAWT I

N3 v NUMBER OF NITROGEN ATOMS IN PRIMARY COMBUSTOR REACTANT 4

N4 a NUMBER OF FLUORINE ATOMS IN PRIMARY rOi4ARUSTOR REACTANT 4
OMEGA a TOTAL LASER MOLAR DILUENT RATIO
OMEGTRW a TOTAL LASER MOLAR DILUENT RATIO MTRW nEFYNITION)
PSIC m MOLAR COMBUSTOR DILUENT RATIO
PSZL a MOLAR CAVITY DILUENT RATIO
PSILTRW a MOLAR CAVITY DILUENT RATIO (TRW DEFINITION)
0 a HEAT RELEASED PER KMOLE OF PRIMARY CCMBUSTOR FLOW RY THE

CHEMICAL REACTION OF FLUORINE IN THE LASER CAVITY IJ/KMOLE)
RC a MOLAR COMBUSTOR MIXTURE RATIO
ROATE a ALPHANUMERIC SYMBOL FOR THE COMPUTER PUN DATE
RL a MOLAR CAVITY MIXTURE RATIO

RLF * TOTAL LASER CAVITY MIXTURE RATIO
SETCCS a CONTROL VARIABLE TO SET DEFAULT VALUES
WCPTOT a TOTAL CAVITY PRODUCT MASS FLOW RATE rKG/S5
WCP| * MASS FLOW kATE OF CAVITY PRODUCT I* CFA (KG/Si
WCPZ a MASS vLOW RATE OF CAVITY PRODUCT 2. HF CKGO/S

WCP3 m MASS FLOU RATE OF CAVIfY PRODUCT 39 OF rKG/SI
WCP4 M MASS FLOW RATE OF CAVITY PRODUCT 49 HF (KG/SI
WCPS a MASS FLOW RATE OF CAVITY PRODUCT S, NP CKG/)S
WCP6 a AASS FLOW RATE OF CAVITY PROOUCT 6o D (HM [KG/S,

wFCPl u MASS FRACTION OF CAVITY PRODUCT I* CF4
WFCP2 a MASS FRACTION OF CAVITY PRODUCT 2. HF

WFCP3 a MASS FRACTION OF CAVITY PRODUCT 3# OF
WFCPA a MASS FRACTION OF CA'VITY PRODUCT 4A HE
WFCP5 a MA!S FRACTION OF CAVITY PRODUCT So N?

WFCP6 a MASS FRACTION OF CAVITY PRODUCT 6. 0 (H)
WFPPI a MASS FRACTION OF PRIMARY COMRUST09 PROOUCT It CF4

232



APPFNDIX F NOMENCLATURE PAGE F- T
OVERLAY CCS

WFPP? a MASS FRACTION OF PRIMARY COMBUSTOR PRODUCT 2. F2
WFPP3 m MASS FRACTION OF PRIMARY COMRUSTOR PRCDUCT 3. F
WFPP4 a MASS FRACTION OF PRIMARY COMRUSTOR PRODUCT 4. HF (OF)
WFPPS m MASS FRACTION OF PRIMARY COMBUSTOR PRODUCT So HE
WFPP6 a MASS FRACTION OF PRIMARY COMBUSTOR PRODUCT 6. N2
WFPR1 a MASS FRACTION OF PRIMARY COMRUSTOR REACTANT I. C-NI H-Ni

(C-NI 0-Ni)
WFPRZ a MASS FRACTION OF PRIMARY COMMUSTOR REACTANT 2, HE
WFPR3 a MASS FRACTION OF ORIMARY COMBUSTOR REACTANT 3. NP
WFPR4 a MASS FRACTION OF PRIMARY COMBUSTOR REACTANT 4. N-N3 F-N4
WFSR| a MASS FRACTION OF SECONDARY REACTANT 1. D2 IH2)
WFSR2 * KASS FRACTION OF SECONDARY REACTANT pq ME
WFSR3 a MASS FRACTION OF SECONDARY REACTANT 3, N2
WPO a MASS FLOW RATE OF MIRROR PURGE N2 (KG/SI
WPGWPP m MIRROR PURGE-TO-PRIMARY COMBUSTOR PRODUCT MASS FLOW RATIO
WPPTOT a TOTAL MASS FLOW RATE OF PRIMARY COMBUSTOR PRODUCTS (KG/SI
WPPI a MASS FLOW RATE OF PRIMARY COMBUSTOR PRODUCT It CF4 (KG/SI
WPP? a MASS FLOW RATE OF PRIMARY COMRUSTOR PRODUCT 2. F2 (KS/SI
WPP3 m MASS FLOW RATE OF PAIMARY COMBUSTOR PRODUCT 3. F EKG/SI
WPP4 a MASS FLOW RATE OF PRIMARY COMBUSTOR PRODUCT 4. HF (OF) (KB/SI
WPPS s MASS FLOW RATE OF PRIMARY COMBUSTOR PRODUCT go HE (KG/SI
WPP6 a MASS FLOW RATE OF PRIMARY COMRUSTOR PRODUCT 6* N2 (KG/SI
WPRTOT a TOTAL MASS FLOW RATF OF PRIMARY COMRUSTOR REACTANTS (KG/S]

WPRI a MASS FLOW RATE OF PRIMARY COMBUSTOR REACTANT j, C-Ni N-N2
(C.NI 0-Ni) (KG/SI

WPR2 a MASS FLOW RATE OF PRIMARY COMBUSTOR REACTANT E. HE (KGSj
WPR3 a MASS FLOW RATE OF PRIMARY COMBUSTOR REACTANT 3. N? (KG/SI
WPR4 o MASS FLOW RATE OF PRIMARY COMBUSTOR REACTANT A. N-Ni F-N2

EKG/SI
WSRTOT a TOTAL MASS FLOW RATE OF SECONDARY REACTANTS (K6/SI
WSRI a MASS FLOW RATE OF SECONDARY REACTANT 1, D? (HP) EKG/SI
WSR2 a MASS FLOW RATE OF SECONDARY REACTANT P, HE (KG/Si
WSR3 a MASS FLOW RATE OF SECONDARY REACTANT 39 N? (KG/SI
XCPTOT o TOTAL MOLAR FLOW RATE OF CAVITY PRODUCTS (KMOLE/SI
XCPI s MOLAR FLOW RATE OF CAVITY PRODUCT I# (FA (KMOLE/S)
XCP2 a MOLAR FLOW RATE OF CAVITY PRODUCT 2, MF (KMOLE/SI
XCP3 a MOLAR FLOW RATE OF CAVITY PRODUCT 3. OF (KMOLE/SI
XCP4 a MOLAR FLOW RATE OF CAVITY PRODUCT 4. NE (KMOLE/SI
XCPS a MOLAR FLOW RATE OF CAVITY PRODUCT 5. N? (KMOLE/SI

XCP6 a MOLAR FLOW RATE OF CAVITY PRODUCT 6, 0 (H) (KMOLE/SI
XFCPI(I) a MOLE FRACTION OF CAVITY PRODUCT 1. CF49 W/o MIRROR PURGE

(2) a MOLE FRACTION OF CAVITY PRODUCT It CFA4 WITH MIRROR PURGE
XFCPP(1) s MOLE FRACTION OF CAVITY PRODUCT 2. HF, w/o MIRROR PURGE

(?) a MOLE FRACTION OF CAVITY PRODUCT 2. HF. WITH MIRROR PURGE
XFCP3(I) a MOLF FRACTION OF CAVITY PRODUCT 3. OF, w/0 MIRROR PURGE

(?) a MOLE FRACTION OF CAVITY PRODUCT 3. OF. WITH MIRROR PURGE
XFCP4(1) a MOLE FRACTION OF CAVITY PRODUCT 4. ME, W/O MIRROR PURGE

(2) a MOLE FRACTION OF CAVITY PRODUCT 49 HE. WITH MIRROR PURGE
XFCPS(M) a MOLE FRACTION OF CAVITY PRODUCT S Ni. W/O MIRROR PURGE

(2) 0 MOLE FRACTION OF CAVITY PRODUCT So N2i WITH MIRROR PURGE
XFCPe(l) a MOLE FRACTION OF CAVITY PRODUCT 6. 0 (M). W/o MIRROR PURGE

(2) a MOLE FRACTION OF CAVITY PRODUCT 69 D (H). WITH MIRROR PURGE
XFPP1 a MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT It CF4
XFPP2 m MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT 2. F2
XFPP3 * MOLE FRACTION OF PRIMARY CONRUSTOR PRODUCT 39 F
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APPENDIX F NOMENCLATURE PAGE F- a
OVERLAY CCS

XFPPA a MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT 4, HF (OF)
XFPPS 0 MOLE FRACTION OF PRIMARY COMSUSTOR PROPU:T So ME
XFPP6 a MOLE FRACTION OF PRIMARY COMPUSTOR PRODUCT ft N?
XFPRR a MOLE FRACTION OF PRIMARY COMNBUSTOR REACTANT 1, C-NI N-N2

(C-Ni f-N2)
XFPR2 a MOLE FRACTION OF PRIMARY COMBUSTOR REACTANT P, HE
XFPR3 a MOLE FRACTION OF PRIMARY COMMUSTOR REACTANT 3, N?
XFPRA a MOLE FRACTION OF PRIMARY COMBUSTOR REACTANT 4, N-N3 F-N4
XFSRI a MOLE FRACTION OF SECONDARY REACTANT It D? INH?
XFSR? a MOLE FRACTION OF SECONDARY REACTANT ?. HE
XFSR3 a MOLE FRACTION OF SECONDARY hEACTANT i, N?
XPPTOT a TOTAL MOLAR FLOW RATE OF PR:MARY COMBUSTOR PRODUCTS tKMOLE/S)
XPPI a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PRODUCT I, CFA (KNOLl/SI
XPP2 a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PRODUCT P, F? tKMOLE/S]
XPP3 a MOLAR FLOW RATE OF PRIMARY COMBUSTOR .PODUCT 3. F (KMOLE/Sl
XPP3TM a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PDODUCT 3, F CKMOLE/S1,

FOR TOTAL FLUORINE nISSOCIATION
XPPA a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PRODUCT A. HF (OF)

(KNOLE/Sl
XPPS a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PRODUCT o, HE (KNOLl/SI
XPP6 a MOLAR FLOW RATE OF PRIMARY COMBUSTOR PPODUCT A, N? (KNOLl/Si
XPRTOT a TOTAL MOLAR FLOW RATE OF PRIMARY COMBUSTOR REACTANTS

CKMOLE/SS
XPRI a MOLAR FLOW RATE OF PRIMARY COMNDUSTOR RFACTANT 19 C-Ni H-N2

(C-Ni O-N2) [KMOLE/Sl
XPR? m MOLAR FLOW RATE OF PRIMARY COMRUSTOR REACTANT pt HE (KNOLL/SI
XPR3 a MOLAR FLOW RATE OF PRIMARY COMBUSTOR REACTANT t, N? [KMOLE/S,
XPRA a MOLAR FLOW RATE OF PRIMARY COMBUSTOR REACTANT A4 N-Ni F-N2

(KMOLE/S]
XSRTOT a TOTAL MOLAR FLOW RATE OF SECONDARY REACTANTS (KMOLE/S)
XSRJ a MOLAR FLOW RATE OF SFCONDARY REACTANT It 02 (H?) [KMOLE/S|
XSR2 a MOLAR FLOW RATE OF SECONDARY REACTANT po HE (KNOLE/S$
XSP3 a MOLAR FLOW PATE OF SECONDARY REACTANT is N? [KMOLE/S)
YES . ALPHANUMERIC SYMROL DESIGNATING A POSITIVE RESPONSE

/4
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APPFNDIX F NOMENCLATURF PAGE F- 9
OVERLAY LOS

LASER DEVICE SFCTION GENERAL NOTATION SCNEMF

VARIABLES APE DEFINED AS FOLLOWS:

A i AREA PER KNOLE/S Of PRIMARY FLOW (S-M?/KMOLFI
0 DIAMETER [NA
0 (GAMMA) SPECIFIC HEAT RATIO
M INACH NUMBER
MW: MOLECULAR WFIGHT (KG/KMOLEi

P PRESSURE EPA)
P DENSITY fKG/M31
REI REYNOLDS NUMBER
T : TEMPERATURE CKI
W i MASS FLOW RATE (KG/S]
X a MOLAR FLOW RATE (KNOLE/S)

REPEAYEO LETTERS INDICATE RATIOS.
EXAMPLE$ WfW2-WG6/W2

VARIABLES ARE DESIGNATED AS TO LOCATION MY THE FOLLOUIN91

POINT It PRIMARY NOZZLE EXIT - CONDITIONS BASED CN THE NOZZLE
STAGNATION (COMBUSTOR) TEMPERATURE

POINT 2: PRIMARY NOZZLE EXIT - CONDITIONS BASED ON THE NOZZLE
EXIT TEMPERATURE

POINT 38 SECONDARY NOZZLE EXIT - CONDITIONS B. -3E ON THE NOZZLE
STAGNATION (COMBUSTOR) TEMPERATURE

POINT A4 SECONDARY NOZZLE EXIT - CONDITIONe BASED ON THE NOZZLE
EXIT TEMPERATURE

POINT St EXIT OF THE CONSTANT-AREA MIXING REGION
POINT 63 EXIT OF THE ISENTROPIC EXPANSION REGION
POINT 7: MIRROR PURGE CONDITIONS
POINT P: LASER CAVITY EXIT
EXAMPLr* MWW v MOLECULAR WEIGHT AT THE CAVITY EKIT

F: 7:iA.rATES "EFFECTIuE" CONDIOIONS
8: INDICATES "GEOMETRIC4 CONDITIONS
S: INDIC.-TES H-" CONDITIONS
0: INDiCATES STAGNATION CONDITIONS
EXAMPLE: AAI]SS a A/Ae AT THE PRIMARY NOZZLE EXIT BASED oN THE NGZZLE

GEOMETRY

NOTE: ALL VARIABLES NOT FOLLOWING THIS SCHEME ARE DFFINFD IN THE
NOMENCLATURE FOP THE PROGRAM OR SUBROUTINE WHERE THEY APPEAR.
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APPENDIX f NOMENCLATIIRE PAGE F-lo

OVERLAY LOS

NcOMENCLAIJOF FOR PROGRAM LOS AND SUMROUTINFS INLOS. OUTLOS

A a VISCOSITY COEFFICIENT tALOGjN-SlM?l/ALO6(Kfl
Sa VISCOSITY COEFFICIENT tALOGIN-S/Mt)l

ARERAC a NOZZLE BANK RELIEF FRACTION
CANGLE a LASER CAVITY HALF-ANGLE tAAD)
CCSSI a CON~TROL VARIAPLF DESIGNATING W"ETHEP 00 NOT NFW COMPUSTION

CHEMISTRY INPUTS AAF REQUIRED
CHOKE a ALPHANUMERIC SYMBOL DESIGNATING CHOKED FLOW
OFORHF aCONTaOL VARIAPLE DESIGNATING Of OR HF LASER CHEMISTRY
FAIL a ERROR FLAG

FLOW a CHOKEDSEPARATED/SURSONIC/SUPERSONIC FLOW FLAG
GEOMPN a PRIMARY NOZZLE GfOkETRY CONTROL VARIARLE SUCH THATv

a "PO" FOR SL!T NOZZLES
GEOMSft a SFCONDARV NOZZLE GEOMETRY CONTROL VAOIASLE SUCH THATI

a "Al" FOR AXISYMMETCRIC NOZZLEt
a "ED" FOR SLIT NOZZLES

op w SPECIFIC HEAT RATIO OF THE CAVITY PRODUCT MIXTURE WITHOUT
MIRROR PURGE

HSASE a HEIGHT Of NOZZLE BASE tM3
HF a ALPHANUMERIC SYMPOL DESIGNATIN'G HF LANFP CHEMITRY
HNO a HEIGHT Of NOZZLE RANK !Ml
K a DO LOOP INDEX
LCAV a LASER CAVITY CENTER LINE LENGYH tMI
LOSSI o CONTROL V..AIASLF DESIGNATING WHETHER OR *iOT NEW LASER DEVICE

INPUTS ARE REQUIRED
LOSS2 CONTROL VARIABLE DESIGNATING AN INPUT VARIABLE AS EITHERS

a "TIO" FOR THE PRIMARY COMBU.STOR OR NOZZLE STAONATION
TEM4PERATURE OR

a Mopi0 w FOR THE PRIMARY COMBUSTOR OR NOZZLE STARNATION PRESSURE
LDSS3 a CONTROL VARIABLE DESIGNATING WHETHER OR NOT INPUT DATA SHOULD

OE READ FROM TAPE?
LPNOZ a CENTER LINE LENSTH OF A PRIMARY NOZZLE FROM THROAT To EXIT 1

PLANE tMI
LSEP a CAVITY FLOW SEPARATION LENGTH FROM Tk'.' NOZZLE FACE MIN
LSLCAV a CAVITY FLOW SEPARATION LENGTH-TO-TOTAL CAVITY LENGTH RATIO
LSNOZ a CENTER LINE LENOT~4 OF A SECONDARY NOZZLE FROM THROAT TO EXIT

PLANE 1MI
MWP a MOLECULAR WEIGHT OF THE CAVITY PRODUCT MIXTURE WITHOUT MIRROR

PURGE tKOIKMOLE)
"WP1WS a CAVITY PRODUCT MIXTURE (WITHOUT MIRROR PURGE).TO-ISEMTROPIC

EXPANSION REGION4 EXIT MOLECULAR WEIGHT RATIO
NO u ALPHANUMERIC SYMBOL DESIGNATING A NESAY lYE RESPONSE
NPNOZ a NUMBER Of PRIMARY NOZZLES. PER KMOLE/S OF PRIMARY FLOW

tS/KMOLC)
NSNOZ a NUM4BER OF SECONDARY NOZZLES PER KMOLEIS Of PRIMARY FLOW

(5#KMOLE I
NSPNOZ a NUMBER Of SECONDARY-TO-PRIMARY NOZZLES
PKFRAC v NOZZLE PACKING FRACTION

a HEAT RELEASED PER KMOLE Of PRIMARY COMPUSTOR FLOW NY THE
CHEMICAL REACTION OF FLUORINE IN THE LASER CAVITY tJ/KMOLEI

066 a DIM4ENSIONLESS 14EAT RELEASE BETWEEN STATIONS 6 AND B
RRAR a UNIVERSAL GAS CONSTANT (JlKMOLE-KI
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tETLOS a CONTROL VARIARLE TO SET DEFAULT VALIJ1.1
SFP a ALPHANUMERIC SYMBOL DESIGNSATIN SEPARAV!D FLOW
SUP m ALPHANUMERIC SYMBOL DESIGNSTINO SUPERSONIC FLOW 4
TP s ESTIMATED STATIC TEMPERATURE Of THE CAV!iY PRODUCT MIXTURE

WVTMOUT MIRROR PUREF (K)

Xý a MOLE FRACTION ARRAY
XFCPl(l) a MOLE FRACTION nF CAVITY PRODUCT Is CF*o W/o MIRROR PURGE

Q) a MOLE FRACTIOh OF CAVITY PRODUCT It CF49 WITH MIRROR PURSE

XFCP?(|) a MOLE FRACTION OF CAVITY PRODUCT Ps IF, W.4 O KIRROR PURSE

(?) a MOLE FRACMIO' OF CAVITY PRODUCT Ps AP, WITH MIRROR PURGE

XFCP3(|) a VOLE FRACTION OF CAVITY PRODUCT 39 OF, W/O MIRROR PURSE
u21 M MOLE FRACTION OF CAVITY PRODUCT 3. OF, WITH MIRROR PURGE

X'CP&(|) a MOLE FRACTION OF CAVITY PRODUCT s, HtE W/o MIRROR PURSE
(2) a MOLE FRACTION OF CAVITY PRODUCT 4, HE, WITH MIRROR PURGE

XFCPS(I) a MOLE FRACTION OF CAVITY PRODUCT So Np, W/O MIRROR PURSE
(?) a MOLE FRACTION OF CAVITY PRODUCT S, Np, WITN MIRROR PURSE

XFCPS(I) a MOLE FRACTION OF CAVITY PRODUCT 6, o 1m), w/O MIRROR PURSE
(7) a MOLE FRACTION )F CAVTY PRODUCT 6. 0 (Hm) WITH MIRROR PURGE

YES a ALPHANUMERIC SYP0L DESIGNATING A POSITIVE RESPONSE
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OVERLAY LOS

NOMFNCLATURF FOR SUBROUTINE CAMS

ASLAPI a SECONDAPY-TO-PPIMARY STREAM AREA RATIO

C| a INTERMEDIATE CONSTANT
C? a INTFRMEDIATE CONSTANT
Cl a INTERMEOIATE CONSTANT

CA a INTFRMNOIATE CONSTANT
FAIL a ERROR FLAG
FFX u INTERMEDIATE CONSTANT
FLOW a SUBSONIC/SUPERSONIC FLOW FLAG
aM a MIXED STREAM SPECIFIC HEAT RATIO

SMAP v MIXEO-TO-PRIMARY STREAM RATIO OF SPECIFIC HEAT PATIOS
SP a PRIMARY STREAM SPECIFIC MEAT RATIO

SP3 a TNTERMEOIATE CONSTANT
aS a SECONOARY STREAM SPECIFIC NEAT RATIO
GSGP a SECONDARY-TO-PRIMARY STREAM RATIO OF SPECIFIC NFAT RATIOS
AS3 a INTERWEDIA'(E CONSTANT
MM3 a MIXED STREAM MACH NUNRFR
NPI a PRIMARY STREAM MACH NUMBER

mSI a SECONDARY STREAM MACN NUMBER
MWMMWP a M!XfD-TO-PRIMARY STREAM MOLECULAR WEIGHT RATIO
MWP4WS a PRIMARY-TO-SECONDARY SYREAM MOLECULAR WEIGHT RATIO

mWSPWP * SECONDARY-7O-PRIMARY STREAM MOLECULAR WEIGHT RATIO

PM3PR3 a mIEED-TO-PRIMARY STREAM STATIC PPESSURC RATIO
PS)PPI a SECONDARY-TO-PRIMARY STREAM STATIC PRESSURE RATIO

SUP a ALPHANUMERIC SYMBOL DESIGNATING SUPERSONIC FLOV
TMOTPO a IXEO-TO-RRIMARY STREAM STAGNATION TEMPERATURE PATIO

TSOTPO a SECONDARY-TO-PR104APY STREAM STAGNATION TFMPERATURE RATIO

WSwP a SECONOARY-TO-PRI4ARY STREAM MASS FLOW PATIO

YES a ALPNANUMERIC SYMBOL DESISNATING A POSITIVE RESPONSE
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APPFNOIE F NOMENCLATURE PAGE F-13

OVERLAY LfS

NOMENCLATURF FOR SURSOUTINE CPrALC

CP u SOECIFIC HEAT DATA ARRAY (I.fOE-4 J/KMOLF-K)
CPPIA * SPECIFIC HEAT OF THE 6AS MIXTURE (J/XMOLF-K)
CPT07 m SPECIFIC HEAT AT THE $AS MIXTURE TEMPERATURE (J/KMOLE.KI
FRAC a INTERPOLATION WEIGHTING FACTOR
SMIX a SPECIFIC HEAT RATIO OF THE GAS MIXTURE
I a DO LOOP INDEX
J a INTEGER FOR CP TAPLE TFMPERATURE SELECTION
MW a MOLECULAR WEIGHT DATA ARRAY (KOjKMOLE)
4WMIX a MOLFCULAR WEIGHT OF THF GAS MIXTURE K•G/KMOLEI
NSI a 00 LOOP LIMIT FOR SPECIES SELECTION
NS? a 00 LOOP LIMIT FOR SPECIES SELECTION
RRAR a UNIVFkSAL 6AS CONSTANT [J/KMOLE-K)
TZ a TEMPERATURE OF THE GAS MIXTURE (K)
TLO a LOW OR TEMPERATURE FOR LINEAR INTERPOLATION (K]
XF a MOLF FRACTION ARRAY
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APPfNOIX F NOMENCLATtiRE PAGE F-1f

OVERLAY LOS

NnMENCLATURE FOR SURROUTINE FIPAN

AlAIS a A/A* FOR THE ENTERING STREAM
apAR a FXlT-TO-ENTRANCE AREA RATIO
FAIL a 100100 FLAO

6 a SPECIFIC HEAT RATIO
fit a INTERNMOIATE CONSTANT
64 a INTERWEOIATE CONSTANT
"Il a FNTRAN(E MACH NUMBER
"N? a EXIT MulCH NUMBER
RPi a VXIT-TO-ENTRANCE STATIC PRESSURE RATIO
PpOP0 ma EXIT-TO-ENTRANCE STAGNATION PRESSURE RATIO
SUP a ALPMANIJNERIC SYMBOL DESIGNATING SUPERSONIC FLOW
TTIT a EXITýTft-ENTRANCE STATIC TEMPERATURE RATIO
TOTIO a EXIT-TO-ENTRANCE STAGNATION TEMPERATURE RATIO
YES • ALPMANUMEkIC SYMBOL DESIGNATING A POSITIVE RESPONSE
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APPFNDIX F NOMENCLATURE PAGE F-is

OVfRLAY LOS

NOMENCLATURr FOP SURWOUTINE ITFP

OX a STEP SIZE FOR CHANAINA THE INnEPENOENT VARIABLE. X, IN THE
INCREWENT 0O0E

FRPORX a MAX1NUM PERCENT DEVIATION IN T6E CURRFNT AND POFVIOUS VALUE OF
X FOP A SOLUTION

FRORY a MAXIMUM PERCENT ERROR IN Y ANP YSIVEN FOP A SOLUTION
NIT a ITFRATION NUNMFP
NSION a INTFR0EDIATE CONSTANT
NSI6N! a INTF0MFDIATE CONSTANT
NSbGh a INTVPMEDIATE CONSTANT
NTYPE a CONTROL VARIARLE SUCM THATI

1 9 FOR THE INC;,EMEHT MODE
P oe FOP THE INTERPOLATION MOnE
3 3, FOP A SOLUTION

PATIO a INTERPOLATION WEIGHTINA FACTOR
SIGN a CONTAL VAPIABLE FfR THF DIRECTION OF INCREMENT FQOM THE

INITIAL VALUE OF x
x a INDFPENDFNT VARIAPLE
xNFO a PREVIOUS VALUE OF X
XPOS a PREVIOUS VALUE OF X
XSAVE a PREVIOUS VALUE OF x
Y w nEPFNDENT VARIABLE
YGIVFN a 61VFN VALUE OF THE nEPENDENT VARIABLE

YNFG a PREVIOUS VALUE OF Y
YPOS a PRFVIOUCS VALUE OF Y
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APPENDIX F NAMFNCLATURE PAGE F-16
OVFRLA'Y Ln%

NOMFNCLATUPE FOIR 54IRROUTINE MIPIAYR

A a %LOPE OF VISCOSIYY.TFM;)FMATURF RELATInN (ALOGfNS/M?)/ALOG(K)1
a INTERS;ECT OF VISCOSITY.TFMPFPATURE 'EATNILONSM)

DELTA m POUnARY LAYER THICKNESS (M)
GEQEAC a NOZILE GEOMETRY FACT'1R SUCH THAT:

* .0, POR AxISYmMETPIC NOZZLES
*0.0, FOR SLIT NnZlESf

L9NOZ a NOZZLF BOUNDARY LAYFR LENGTH (M)
MU 0 ABSOLUTE VISCOSITY (N..S/M?I
MW m MOLECULAR WFIAt4T CKG/XMOLFI
PC w %TATIC PRESSURE AT THF NOZZLE EXIT (PAI
PPAR a UNIVERSAL GAS CONSTANT tJ/KMOLF-KI
RE a REYNOLDS NUMBER AV THE NOZ7LE EXIT
T a ADIABATIC WALL TEMPERATURE (9)
TE a STATIC TEMPERATURE &T THE NOZZLE EXIT (91
To m NOZZLE STAGNATION TEMPERATURE [K)
yE a VELOCITY AT THE NOZZLE EXIT IM/SI
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APPfNntx F NOMFNCLATrtir WA(f F-1T
OVERLAY LnS

NOMFNCLATUkm FOP TtUPROUTINFS LCA~o LCFS

AAt a tXIT.TO-ENTRANCF ARPA PATIO

CNOKE a ALPHANltMrPIC SYMAOL OFSIONATINO CHOK[E FLOW
Cl 0 INTERMEIOATE VA40A1LE IN IME RUNGE-KUTTA ALGORITHM
C7 a INTEO04VOIATF VAPIAI;Lf IN IMF PUNO-K'JlT&LOORST141

Cl a TNTFRMEOIATE VARIAKLE IN IME PUNGF-KUTTA ALGORITHM
C4 a INTFRMF•IATE VARJARLE IN THE PUNOF-KUTTA ALSORITNM
nUM| & DUMMY VARIARLE
(IUM? w MUMMY VARIABLE
O a 4TFP SIZE FOR THE SIMPSONIS RULE INTEGRATION
17RA!• STEP SIZE FOR THE RUNOF-KUTTA INTEORATION
ni a INTERMEDIATE VARIARLI IN THP RUNGf-KUTTA ALGORITHM
tP a INTERMEOIATE VARIARLF IN TNF RUNGF-KUTTA ALgORITHM
03 • INTERMEDIATE VARIARLE IN THE RUNGE-KUTTA ALGORITHM
(14 aNTERMEDIATE VARIAPLE IN THE PUNGE-KUTTA ALGORITHM
FA m AREA FUNCTION
FaM w SPECIFIC HEAT RATIO FlINCTION
PH a ENTHALPY FUNCTION
FLOW a CHOKFO/SFPAPATFP FLOW F'>AO
FMSo a MACH NUMBER FUNCTION
FMWM a MOLECULAR WIOHT FtINCTION
FP a STATIC PRESSURE FUNCTION
FTM a STATIC TEMPERATURE FUNCTION
Fy" 0 MOLAR FLOW RATE FUNCTION
Fl a FUNCTION OF Z
F? w FUNCTION OF Z
F3 a FUNCTION OF Z
GA w SPECIFIC HEAT PATIO OF THE PIUROf GAS
Ga 0i INTFRMEFIATP CONSTANT
GA? ;NTFRMEDIATf CONSTANT
04 u SPECIIEC HEAT RATIO OF THE MIXED STREAm
OP % SPECIFIC HEAT PATIO OF THE PRODUCT GAS
aPt a INTERMEDIATE CONSTANT
GP• ? INTFAMfOIATf CONSTANT
OP a SPECIFIC HEAT RATIO OF THE RFACTANT GAS
no) -aNTPMrEOIATr CONSTANT
nR? f INTERMEDIATE CONSTANT
I : 00 LOOP INDEX
S a •00 LOOP INDEX
( m DO LOOP INDEX
LPMPRI * NATURAL LOG OF THF LOCAL MIXFO-TO-PEACTANT STATIC PRESSURE

PATIO
"I| m INITIAL "ACH NUMNER FOP A ZUKOSKI SEPARATION CRITERIA
MW? 0 MACH NUMPER OF THE MIXED STREAM AT TIF CAVITY EXIT

MAQ • %QUARr OF THE MACH NUMPER
MWAPWR • PUROF-TO-REACTANT MOLECULAR WEIGHT kATIO
MWMMWR v MIXfn-TO-RfACTANT MOLFCULAR WEIONT RATIO
•mPloR w PpROUCT-TO-REACTANT MOLECULAR WFIOHT RATIO

MWRMWA v REACTANT-TO-PURGE MOLE•CLAR Wf|jVT RATIO
MWRMWP * REACTANT-TO-PRODUCT MOLECULAR WEIGHT RATIO
N w COMPUTE GO TO STATEMENT INOEX
NPTS 0 NUMRPR OF POINTS FOR THE SIMPSONIS RULE INTEGRATION
PMPt a LOCAL MIXEO-TO-INITIAL STATIC PRESSURE RATIfl
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APPENDIX F NOMENCLATURE PAGE F-18
OVERLAY LflS

PmopRo a mixEO.TO-REACTANT STAGNATION PRESSURE RATIO
PM?PR1 m FINAL MIXED-TO-REACTANT STATIC PRESSURE PATIO
PRIPI a REACTANT-TO-INITIAL STATIC PRESSURE PATIO
PSFPPI a ?UKOSKI SEPARATION-TO-INITIAL STATIC P~rSSURE RATIO
a a LOCAL DIMENSIONLESS MEAT RELEASF
al a HEAT RELEASE COEFFICIENT

op xMEAT RELEASE COEFFICIENTSEATD L
S1P a DIMEANSPFIONLSS EAT RELFGASE OSE4AOFO
TAOTRI a PUPAlE STAGNATION-TO-PPACTANT STATIC TEMPFRATIJRE PATIO
TMTRl m LOCAL MIXED-TO-REACTANT STATIC TEMPERATUPRE RATIO
TMOTRO w MINFO-TO-REACTANT STAGNATION TEMPERATURE PATIO
TMPTRI a FINAL IAIXED-TO-REACTANT STATIC TEMPERATURE RATIO
WA?WPI a PURGE-TO-REACTANT MAS% FLOW PATIO
XMXPI m LOCAL MIXED-TO-REACTANT MOLAR FLOW RATIO
XMPXR1 a FINAL MIXED-TO-REACTANT MOLAR FLOW RATIO
7 a DIMENSIONLESS AXIAL COORDINATE
?SEP a DIMFNSIONLESS CAVITY FLOW SEPARATION LFNATM
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APPENDIX F NOMENCLATURE PARE F-19

OVERLAY LOS

NOMENCLATURE FOR SUPROUTYNES LPNCS, LSNCSI, LSNCS?

A a VISCOSITY COEFFIECIENT (ALOG(N-?/M?)/ALOG(K)l
AFASE a A/A., EFFECTIVE
AFASG m A/At. GEOMETRIC
rAE * aEFFECTIVE NOZZLE EXIT ARFA (M?)
AFAC a AREA FACTOR [m?]
AKPSC m TOTAL EFFECTIVE NOZZLE FXIT AREA FOR PRIMARY FLOW PER KMOLý~b

OF PRIMARY FLOW AASEn ON THE COMRUSTOR TEMPERATURE (S-M?/KMOLE)
AKwSE a TOTAl. EFFECTIVF NOZZLE EXIT AFEA FOR PRIMARY FLOW PER KMOLE/S

OF PRIMARY FLOW RASED ON THE EXIT TEMPERATURE (S-M2/KMOLE)AKMST a TOTAL AREA OF NOZZLE BANK PFR KMOLE/S OF PRIMARY FLOW BASED UN
THE FXIT TEMPERATURE [S-M?/KMOLEI

AS w A* (MI
AX a ALPHANUMERIC SYMAOL DESIGNATING AN AXISYMMETRIC NOZZLE
A a VISCOSITY COEFFIECFNT rALOG(N-S/MP)1
Cl a INTERMEDIATE CONSTANT
C? a INTfRMFnIATE CONSTANT
Cl a INTERMEDIATE CONSTANT
C a INTERMFnIATE CONSTANT
Cc a INTERMEDIATE CONSTANT
CA a INTERMEDIATE CONSTANT
C? a INTFRMEOIATE CONSTANT
n• a NOZZLE EXIT DIAMETFR, GEOMETRIC tM]
DEE u NOZZLE EXIT DIAMETER, EFFECTIVE (IN
OFLME v INCREMENT IN EXIT MACH NUMBER FOR SUBROUTINE ITFR
DELTA v BOUNDARY LAYER THICKNESS AT THE NOZZLE FXIT (M)
UOERHF a CONTROL VARIABLE rESIGNATING OF OR HF LASER CHEMISTRY
OPRE PRIMARY NOZZLE EXIT DIAMETER, GEOMETRIC (41
OPFF a PRIMARY NOZZLE EXIT DIAMETER, EFFECTIVE (MI
OPS a De, PRIMARY NOZZLE CHI
05 a Do mJ
DSF a SECONDARY NOZZLE EXIT DIAMETER, GEOMETRIC (MI
DUMMY a DUMMY VARIABLE
ERROR a SOLIITION TOLERANCE
F a LENATH MEAN COEFFICIENT OF FRICTION
FAIL a ERROR FLAG
FOAA a FREF FLUORINE FLUX [KMOLE/S-M2J
FFLO N 4*FOL/D
FX a PREVIOUS VALUE OF' F IN ITERATION SCHEMF
GC a SPECIFIC HEAT RAilO OF THE NOZZLE STREAM BASED ON THE COMBUSTOR

OR NOZZLE STAGNATION TFMPERATURE
GE a SPECIFIC HEAT RATIO OF THE NOZZLE STREAM BASED ON THE NOZZLE

EXIT TEMPERATURE
GEOFAC E NOZZLE GEOMETRY FACTOR SUCH THAT:

a 1.0, FOR AXISYMMETRIC NOZZLES
a 0o.0 FOR SLIT NOZZLES

GFOMPN m PRIMARY NOZZLE GEOMETRY CONTROL VARIAPLF SUCH THAT:
3 "AX",0 FOR AXISYMMETRIC NOZZLES
a "?O", FOR SLIT NOZZLES

GEOMSN a SECONDARY NOZZLE GEOMETRY CONTROL VARIABLE SUCH THAT:
w "AX". FOR AXISYMmETRIC NOZZLES
a "20". FOR SLIT NOZZLES

H a !NTFRMEOIATE CONSTANT
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APPENDIX F NOMENCLATURE PAGE F-po

OVFRLAY LOS

Hit a ALPHANUMERIC SYMROL DESIGNATING HF LAvFQ CHEMISTRY

HNR m HEIGHT OF NOZZLE FANK fH]

mP a INTERMEOIATE CONSTANT
wYOIA n HYDRAULIC DIAMFtfP

I w DO LOOP INDEX

ITERI 0 O LOOP INDEX
LRNOZ * NOZZLE BOUNDARY LAYER LENGTH (Ml

LnSS2 P CONTROL VARIARLE DESIGNATING AN INPUT VARIABLE A% EITHER,

a t4Tbo" FOR THE PRIMARY COMBUSTOR OR NOZLE STAGNATION

TEMPERATURE OR
a WP1o0 FOR THE PRIMARY NOZZLE STAGNATION PRESSURE

LPNO7 a CENTER LINE LENGTH OF A PRIMARY NOZZLF FROM THROAT TO EXIT

PLANE (Ml

LSNOZ a CENTER LINE LENGTH OF A SECONDARY NOZME FROM THROAT TO EXIT

PLANE IN)
ME a NOZZLE EXIT MACH NUMBER
"MSUPD a NOZZLE SUPERSONIC DESIGN MACH NUMBER

MU a ABSOLUtE VISCOSITY (N-5/M21
MW a MOLFCULAR WEIGHT (KG/KMOLFI
M2 a SQUARE OF THE MACH NUMBER

NIT a INTERMEDIATE CONSTANT FOR SUBROUTINE ITER

NPNOZ a NUMBER OF PRIMARY NOZZLES PER KMOLE/S OF PRIMARY FLOW (S/KMOLEI

NSIGNI m INTERMEDIATE CONSTANT FOR SUBROUTINE ITER

NSION? a INTERMEDIATE CONSTANT FOR SUBROUTINE ITER

NSNOZ a NUMBER OF SECONDARY NOZZLES PER KMOLE/S OF PRIMARY FLOW

(S/KMOLE|
NSPNOZ a NUMBER OF SECONDARY-TO-PRIMARY NOZZLES

NTYPE a INTERMEDIATE CONSTANT FOR SUBROUTINE ITFR

RE a STATIC PRESSURE AT THE NOZZLE EXIT (PAI

PI a THE CONSTANT P1

PKFRAC a NOZZLE PACKING FRACTION
PS a Pot STATIC PRESSURE FOR A MACH NUMER OF ONE (PAl

P0 a COMBUSTOR OR NOZZLE STAGNATION PRESSURE (PA]

POPOS a THE STAGNATION PRESSURE RATIO, PO/P0*

Pns l PO* STAGNATION PRESSURE FOR A MACH NUMRER OF ONE EPA)

PBAR a UNIVERSAL GAS CONSTANT (J/KMOLE-KI
RE a REYNOLDS NUMBER AT THE NOZZLE EXIT

RL a MOLAR CAVITY MIXTURE RATIO
SIGMA a DEPENDENT VARIABLE rOR SUBROUTINE ITEP

SUP a ALPHANUMERIC SYMBOL DESIGNATING SUPERSONIC FLOW
TE a STATIC 1EMPERATURE AT THE NOZZLE EXIT (K)

TO a COMBUSTOR OR NOZZLE STAGNATION TEMPERATURE (K)

VE v VELOCITY AT THE NOZZLE EXIT fM/SI

WF a PRIMARY NOZZLE MASS FLOW RATE. (KS/SI

WS u SECONDARY NOZZLE MASS FLOW RATE (KG/SI
XAEASE * PREVIOUS VALUE OF ACASE IN ITERATION SCHEME

XF a MOLE FRACTION ARRAY

XFPPI a MOLE FRACTION OF PMMINARY COMBUSTOR PRODUCT It CFA

XFPP? U MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT ?, F?

XFPP3 u MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT 3, F

XFPPA 4 MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT 49 HF (OF)

XFPPS a MOLE FPWCTION OF PRIMARY COMBUSTOR PRODUCT S HME

XFPP6 a MOLE FRACTION OF PRIMARY COMBUSTOR PRODUCT fi Np

XFSRI a MCLF FRACTION Or SECONDARY REACTANT 1 0? (H?)

"XFSR? 2 MOLE FRACTION OF SECUNDARY REACTANT 29 HE
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APPENDIX F NOMFNCLATUPF PAGE F-21
OVERLAY LOS

XFSR3 a MOLE FRACTION OF %FCONnAPY REACTANT 3, N?
XKMS a TOTAL SECONDAPY MOLAR FLOW RATE PER KMnLF/% OF PRIMARY FLOW
XMp a PREVIOUS VALUE OF MP IN ITERATION SCMEMF
XNEG u INTEFRMEDIATE CONSTANT FOR SURROUTINE ITER

2 n PRIMARY NOZZLE MOLAR FLOW RATE CKMOLE/5:
XPOS a INTERMEDIATE CONSTANT FOP SURROUTINE ITER
XS a SECONDARY NOZZLE MOLAR FLOW PATE [KMOLF;S1
YES a ALPHANUMERIC SYMBOL DESIGNATING A POSITIVE RESPONSE
YNEG a INTERMEDIATE CONSTANT FOR SUBROUTINE ITEP
YPOS a INTERMFDIATE CONSTANT FOR SURROUTINE ITER
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APPENOI.. F NnMFNCLATURE PAGE F-?2

OVERLAY LOS

NOMENCLATUPE FOR SURROUTINF MAAS

ERPOR v MAXIMUM PERCENT DEVIATION IN MOLD AND MWFW FOR A SOLUTION

FAIL a ERROR FLAG

FLOW * CONTROL VARIABLE SUCH THAT$
"SURe" FOR THE SUBSONIC BRANCH
"SUP" FOR THE SUPFRSONIC BRANCH

6 * SPECIFIC HEAT RATIO

G1 I INTERMEDIATE CONSTANT

till INTERMFDIATE CONSTANT
62 * INTERMEDIATE CONSTANT
621 INTERMEDIATE CONSTANT
GA * INTERMEDIATE CONSTANT
64I I INTERMEDIATE CONSTANT

J u DO LOOP INDEX
MINI v INITIAL VALUE OF MACH NUMBER

MNEW w CURRENT VALUE OF MACH NUMBER

MOLD a PRECFEDING VALUE OF MACH NUMBER

SUP w ALPHANUMERIC SYMBOL DESIGNATING SUPERSONIC FLOW

XERROR a CURRENT PERCENT DEVIATION IN MOLD AND MNEW

YES a ALPHANUMERIC SYMBOL DESIGNATING A POSITIVE RESPONSE
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APPENDIX F NOMENCLATURE PAGE F-23
OVERLAY LOS

NOMENCLATURE FOR SURROO!TINE VISC

A v VISCOSITY COFEFICIFNT (ALO6(N-;/M)/,'ALOG(K)I
A v VISCOSITY COErFFcIE>:T (ALOG(N-StM?)]
C a INTEPMjrDIlAt: CONSTANT IN THE VISCOSITY CALCU*LATIONS

DEN a INTERMEDIATE CONSTANT IN THE VISCOSITY CALCULATIONS
DIV m INTFRMFOIATE CONSTANT IN THE VISCOSITY CALCULATIONS

I a DO LOOP INOEX
J a 00 LOOP INDEX
K a 00 LOOP INDEX
mU u VISCOSITY DATA ARRAY (I.oE*O? N-S/MZI
MUIMIX a VISCOSITY OF THE GAS MIXTURE (N-S/M2]
oW a MOLECULAR WEIGHT DATA ARRAY [KG/KMOLEI
N51 0 nO LOOP LIMIT FOP SPeCIES SELECTION
NS2 a DO LOOP LIMIT FOR SPECIES SELECTION
NUM a INTFRMEnIATE CONSTANT IN THE VISCOSITY CALCULATIONS
PHI u INTFPMFOIATE CONSTANT IN THE VISCOSITY CALCULATIONS
1i a INTFOMFDIATE CONSTANT :N THE VISCOSITY (ALCULATTONS
p? w INTF•RDIATE CONSTANT IN THE VISCOSITY CALCULATIONS

%UMI a INTFPMFOIATE CONSTANT IN THE VISCOSITY CALCULATIONS
SUM.J a INTFNEDIATE CONSTANT IN THE VISCOSITY CALCULATIONS
SX a INTFRMEDIATE CONSTANT IN THE LEAST SQUARFS CALCIILATTONS
SXY a INTFRmEDIATE CONSTANT IN THE LEAST SQUARFS CALCULATIONS

,X? a INTERMEOIATE CONSTANT IN THE LEAST SQUARFS CALCULATIONS
SY a INTFPMFDIATE CONSTANT IN THE LEAST SQUARFS CALCULATIONS
T a TEMPERATURF OF THF GAS 4IXTURE (KI
X a INTERMEDIATE CONSTANT IN THE LEAST SQUARFS CALCULATIONS

XF a MOLE FRACTION ARRAY
v m INTERMEDIATE CONSTANT IN THE LEAST SQUARES CALCIILATIONS
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4PPFNnJX F NnMENCLATIIRE PAGE F-24
OVERLAY PPS

PorSSUREF PECOVCPY SFCTION GFNERAL NOTATION %CHFME

A I AREA PER KPOLF/S 0 LASFQ PRIMARY FLOW (S-M;/KMOLFI
G : (GAMMAI SPFCIFIC HEAT PATIO
N I MACH NUMREP
MWS MOLECULAR WFIGhT (Kf,/KMOLF)
P I PRESSURE IPA]
P i DENSITY MKG/033
T i TEMPFRATUPF [W)

W i MASS FLOW PATE CKG/S)
x i MOLAR FLMW PATE (KmOLE/SI

REPEATED LETTFPS INDICATE PATIOS.
EXAMPLE: A2A] a A?/AI

VARIABLES ARE DESIGNATED AS TO LOCATION BY THE FOLLOWINGS

POINT 1: LASER CAVITY EXIT
POINT ?P NORMAL SHOCK DIFPUSER EXIT

POINT 3t SUBSONIC OIFFUSCR EXIT
POINT 4: EJECTOR SECONDARY NOZZLE EXIT
POINT St FJECTOP PRIMARY NOZZLe EXIT

POINT 6f EJECTOR MIXING TORE EXIT
POINT TZ SUBSONIC DIFFUSER EXIT
EXANfLEI MS w EJECTOR PRIMARY NOZZLE FXIT MACH NIJMBER

01 INDICATES STAONATION CONDITIONS
EXAMPLES T2O a NORMAL SHOCK DIFFUSER EXIT STAGNATION TEMPFRATURE

NOTES ALL VARIABLES NOT FOLLOWING THIS SCHEME APE DEFINED IN TUE
NOMENCLATURE FOR THE PAOGPAM OR SUPROUTINE WHEnE THEY APPEAR,

4

I
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APPFNDIX F NOMENCLATURE PAGE F-?5

OVERLAY PRS

NOMENCLATURF FOR PROGRAM PRS AND SURROUTINES CAFOS.INPRSeOUTPRS*SSEOS

CAF a ALPHANUMERIC SYMROL DESIGNATING A SUPONIC-SUPERSONIC EJECTOR
FOR PRESSUPF RECOVEfY

FJECT a CONTROL VARIARLE DESIGNATING THE PRESSURE RECOVERY SYSTEM
SUCH THAT:

a S'NO"' FOR NC PRESSURE RECOVERY SYSTEM
a 1OtIFS FOR A SUPERSONIC-SUBSONIC DIFFUSFV SYSTEM
"a "CAF" FOR A CONSTANT-AREA9 SUBSONIC-SUPFRSONIC EJECTOR SYSTEM
SlSSE" FOR A CONSTANT-AREA. SUPERSONIC-SUPERSOWIC EJECTOR
SYSTEM

'TAI? a NORMAL SHOCK DIFFUSER COEFFICIENT FOP THE FLOW RETWEEN
STATIONS 1 AND

FTA?3 a 9URSONIC DIFFUSER COEFFICIENT FOR THE FLOW BETWEEN STATIONS 2
ANn 3

FTA67 w SULSONIC DIFFUSER COEFFICIENT FOR THE FLOW RETWFEN STATIONS 6
AND 7

FAIL a ERROR FLAG
GM m EJECTOR MIXED STREAM SPECIFIC HFAT RATIO
AP a FJFC7OP PRIMARY STREAM SPECIFIC HEAT RATIO
GS x EJECTOR SECONDARY STREAM SPECIFIC HEAT PATIO
ITERI a DO LOOP INDEX
ITEPF & DO LOOP INDEX
IrER3 a O0 LOOP INDEX
K a DO LOOP INDEX
LOSSI a CONTROL VARIARLE DESIGNATING WHETHER OR NOT NEV LASER DEVICE

INPUTS APE REDUIREn
LTMIT a CONTROL VARIAILE TO SET THE LIMTTING CONDITION ON CONSANT-

AREA. SUPERSONIC-SUPERSONIC EJECTOR OPERATION 5UCH THAT:
a "'MPP" FOR THE MATCHED PRESSURE POINT
a "ZSP" FOR THF ZUKOSKI SEPARATION POINT
- "ULP" FmR THI UPPFR LIMIT POINT

;IPP w ALPHANUMERIC SYMOOL DESIGNATING THE MATCHED PRESSURE POINT
MWMMOWP a EJECTOR MIXED-TO-PRIMARY STRCAM MOLECULAR WEIGHT RATIO
MWPMWS • EJECTOR PRI:4ARY-TO-SECONDARY STREAM MOLFCULAR WEIGHT RATIO
Mý'SMWP a EJECTOR SECONDARY-TO-PRIMARY STREAM MOLECULAR WFIGHT RATIO
NIT! a INTERMEDIATE CONSTANT FOR SUHROUTINE MIN
NIT? s INTERMEOIATE CONSTANT FOR SUBROUTINE ITER
NIY3 a INTERMEDIATE CONSTANT FOR SUBROUTINE TTEP

NO a ALPMANUMERIC SVMHOL DESIGNATINS A NEGATIVE RESPONSE
NSISNI w INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
NS!GN2 a INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
NSIGN3 a INTERMEDIATE CONSTANT FOP SUBROUTINE ITER
NSIGNA a INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
NTYPE1 a INTFMEDIATE CONSTANT FOR SUBROUTINE MIN
NTYPf? a INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
NTYPE3 v INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
PDPU a DISTURBED-TO-UNDISTURBEO STATIC PRESSURF RATIO
PRSSI a CONTROL VARIABLE DESIGNATING WHETHER OR NOT NEW PRESSURE

RECOVERY INPUTS ARE REQUIRED
PRSS2 a CONTROL VARIABLE DESIGNATING WHETHER OR NOT INPUT DATA SHOULD

ME RFAD FROM TAPE3
PRAR s UNIVERSAL GAS CONSTANT (J/KMOLE-KI
SETPRS v CONTROL VARIABLE TO SET DEFAULT VALUES
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APPFNDIX F NOMENCLATURF PAGE F-26
OVERLAY PRS

SSF a ALPHANUMERIC SYMPOL DESIGNATING A SUPFRSONIC-SUPERSONIC

EJECTOR FOR PRESSURE RECOVERY
ULP a ALPHANUMERIC SYMBOL VFSIGNATING THE UPPER LIMIT POINT
WPWS a EJFCTOR PRIMARY-TO-SFCONDARY MASS FLOW PATIO
WSWP m FJFCTOR SECONDARY-TO-PRIMARY MASS FLOW PATIO
XNE62 a INTERMEDIATE CONSTANT FOR SUPROUTINE ITER
XNFG3 v INTEPMEDIATE CONSTANT FOR SUBROUTINE ITUR
XPOS2 a INTERMEDIATE CONSTANT FOR SUPROUTINE ITFR
XPOS3 * INTFRMEOIATE CONSTANT FOR SURROUTINE ITER
XPSOPI a PREVIOUS VALUE OF PSOPI IN ITERATION SCHEME
XPSOP44 a PREVIOUS VALUE OF PSOPA0 IN ITERATION SCHEME
XPTPI a PREVIOUS VALUE OF PTIP IN YTERATION SCHEME
XP?PA0 a PRFVIOUS VALUE OF P7P40 It! ITEPATION SCHEMF
XWPWS w PREVIOUS VALUE OF WPWS IN ITERATION SCHFME
YFS a ALPHANUMERIC SYMBOL DESIGNATING A POSITIVE RESPONSE
YNEG2 a INTFRMEDIATE CONSTANT FOR SUBROUTINE ITER
YNE63 a INTERMEDIATE CONSTANT FOR SUBROUTINE ITFA
YPOS2 a INTERMEDIATE CONSTANT FOR SUPROUTINE ITER
YPOS3 u INTERMEDIATE CONSTANT FOR SUBROUTINE ITER
ZSP v ALPHANUMERIC SYMBOL DESIGNATING A ZUKOSKI SEPARATION POINT

I I
I
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ARPFN0OIx F NOMENCLATURF PAGE F.?T

OVERLAY PRS

NOMENCLATURF FOR SURROUTINrS CAEFC, CAEOCV, SES

AD1Am3 0 ENTRANCE PRINARY-TO--XIT MIXFD STREAM ARFA RATIO
APIAPS a A/A* FOR THE ENTERING PRIMARY STREAM
APAPS a A/A* FOR THE PRIMARY STREAM AT THE MINIMUM POINT
ASSASI a A*/A FOR THE ENTERING SECONDARY STREAM
ASIAPI 8 FNTERING SECONDARY-TO-PRIMARY STREAM AREA RAYIO
ASIASS a A/Ao FOR THE ENTERING SECONDARY STREAM
ASPASS N A/AR FOR THE SECONDARY STREAM AT THE MINIMUM POINT
AS2ASI 8 MINIV'JM POINT-TO-ENTERING AREA RATIO FOR THE SECONDARY STREAMCPSCPP a SECONQAPY-TO-PRIMARY STREAM SPECIFIC HEAT RATIO
Co INTFRMZ'UIATE CONSTANT
Cl a INTERMEDIATE CONSTANT
C•p 0 INTERMEDIATE CONSTANT
C3j a INTERMEDIATE CONSTANT
C4 a INTERMEDIATE CONSTANT
CS e INTERMEDIATE CONSTANT
C6 a INTERMEDIATE CONSTANT
FAIL a ERROR FLAG
Flrx a INTERMEDIATE CONSTANT
FaPMP1 a INTERMEDIATE CONSTANT
FOSMSI 0 INTERMEDIATE CONSTANT
FLOW m SURSONIC/SUPERSONIC FLOW FLAG
GOPMPI a INTERMEDIATE CONSTANT
GGSMS1 a INTERMEDIATE CONSTANT
OH 0 MIXED STREAM SPECIFIC HEAT RATIO
GNGP a MIXED-TO-PRIMARY STREAM RATYO OF SPECIFIC HEAT PATIOP
Rp m PRIMARY STREAM SPECIFIC HEAT RATIO
GP3 u INTERMEDIATE CONSTANT
aS 8 SECONDARY STREAM SPECIFIC HEAT RATIO
0500 a SECONDARY-1O-PRIMARY STREAM RATIO OF SPECIFIC HFAT RATIOS
GS3 a INTERMEDIATE CONSTANT
LIMIT - CONTROL VARIABLE TO SET THE LIMITING CONDITION ON CONSTANT-

AREA, SUPERSONIC-SUPEPSONIC EJECTOR OPERATION SUCH THAT:
a -MPP" FOR THE MATCHED PRESSUR4 POINT
a "ZSP" FOR THE ZUKOSKI SEPARATION POINY
a "ULPto FOR THE UPPER LIMIT POINT

MM3 a EXITING MIXED STREAM MACH NUMBER
M43M a ONE OF TWO POSSIBLE SOLUTIONS FOR HM3
MM3P a ONE OF TWO POSSIBLE SOLUTIONS FOR 4M3
MPP f ALPHANUMERIC SYMBOL DESIGNATING THE MATCHED PRESSURE POINT
MPI a ENTERING PRIMARY STREAM MACH NUMBER
kP? 8 PRIMARY STREAM MACH NUMBER AT THE MINIMUM POINT
MSO3M a THE SQUARE OF MM3M

MSQD3P w THE SQUARE OF NM3PMSl a ENTERING SECONDARY STREAM MACH NUMBER
MS? a SECONDARY STREAM MACH NUMBER AT THE MINIMUM POINT
mWMMWP a MIXEO-TO-PRIMARY STREAM MOLECULAR WEIGHT RATIO
MWPMWS a PRIMARY-TO-SECONDARY STREAM MOLECULAR WEIGHT RATIO
MWSMWP 8 SECONDARY-TO-PRIMARY STREAM MOLECULAR WEIGHT RATIO
PART a ALPHANUMERIC SYMBOL DESIGNATINS NON-FATAL OR PARTIAL ERRORPM3PPl a EXITING MIXED-TO-ENTERING PRIMARY STATIC PRESSURF RATIO
PM3PSO a EXITING MIXED STATIC-TO-ENTERING SECONDARY STAGNATION PRESSURE

RATIO
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APPFNDIX F NOMENCLATURE PASE F-2A
OVERLAY POS

PM0PS| EXITINA MIxEO-Tn-rNTEpINu S a;HvmY STATIC PRESSURE RATIO
PPOPSO E ENTFRINA PRIMARY-TO-SECONDARY STAGNATION PRESSURE RATIO
PPOPS FNTFRING PRCNARY STAGNATION-TO-RICONMA RY STATIC PRESSURE RATIO

PSIPP ENTERING SPCONDARY STATIC-TO-PCIMARY STARNATION PRESSURE RATIO
PSIPPI FNTFRING SECONDAkY-TO-PRIMARY STATIC PRE5SUPF RATIO
PSIPSO F ENTFPING SECONDARY STATIC-TO-STAGNATION PRESSURE RATIO
PSPPSO a STATIC-To-STAGNATION PRESSURE PATIO FOR THE SECONDARY STREAM AT

THE MINIMUM POINT
PS?PS] a MINTMUM POINT-TO-FNTEPING SECONDARY STREAM STATIC PRESSURE

RATIO
SLIP a ALPHANUMERIC SYMBOL OESIGNATING SUPERSONIC FLOW
TOOTPO a MIXFn-TO-PRIMARY STASNATION TEMPERATURE RATIO
T03 a INTERMEDIATE CONSTANT
TM3NIN a INTFROEDIATE CONSTANT
TSOTPO a SECflNOARY-TO-PRIMARY STAGNATION TEMPERATURE RATIO
ULP a ALPHANUMERIC SYMnROL DESIGNATING THE UPPER LI1IT POINT
VPl a INTERMEDIATE CONSTANT
VN a INTFPMFOIATE CONSTANT
WSWP a SECONDARY-TO-PRIMARY STREAM MASS FLOW PATIO
YES a ALPHANUMERIC SYMROL DESIGNATING A POSITIVE RESPONSE

I

I
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APPFNCPI F NPMENCLATURF PAC~E F?29

OVFRLAY PPS

NOMFNCLITURF FOD %umROUTINE !TFP

5FF T'4F NOMENCLATURE FOR SUPQOUTINE ITER LISTEn UNDER OVFRLAY LOS,
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APPENDIX F NOMENCLATURE PAGE F-30
OVERLAY RPS

NOMENCLATURF FOR SUBROUTINE MAAS

SEE THE NOMENCLATURE FOR SUPROUTINE MAAS LISTED UNDER OVERLAY LOS,
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APPFNDIX F NOMENCLATURE PAGE F-31
OVERLAY PRS

NOMENCLATURE FOR SURRO'JTINF MTN

DMSI a INCREMENT IN MS ID X a INITIAL INCREMENT IN MSI

FAIL a ERROR FLAG
FLINC a FUNTION OF MSI TO RE MINIMIZED
MSi a SECONDARY MACH NUMBER AT THE MIXING TURF ENTRANCF
MSILOW a LOWER BOUND ON MS1

NIT a NUMBER OF ITERATIONS
NO a ALPHANUMERIC SYMBOL DESIGNATING A NEGATIVE RESPONSE
NTYPE w CONTROL VARIARLF SUCH TH4AT

a 192 FOR THE SFARCH MOVE
a 3.4 FOR A SOLUTION

PART a ALPHANUMERIC SYMBOL DESIGNATING A NON-FATAL OR PARTIAL ERROR
XERROR a MAXIMUM PERCENT DEVIATION IN THE CURRENT AND PRFVIOU, VALUE OF

MS1 FOR A SOLUTION
YLOW a INITIAL LOWER POUND ON MS1
X) v PREVIOUS VALUE OF MSI
X? a PREVIOUS VALUE OF MS1
YFRROR c MAXIMUM PERCENT DEVIATION IN THF CURRFNT AND PREVIOUS VALUE OF

FUNC FOR A SOLUTION
YES a ALPHANUMERIC SYMBOL DESIGNATING A POSITIVE RESPONSE
YI r PREVIOUS VALUE OF FUNC
Y2 a PREVIOUS VALUE OF FUNC

1

I.
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A~PNOI FNnMFNCLATURE PAGE F-3?
OVERLAY PPS

NOMFNCLATUPE FOR %UAPOUiTINES N44ý Sns

AlAIS a A/Ao FOP IHE ENTEPINO STREAM
APAI a FXTT.TO.ENTAANCE AREA PATIO
APAIS a A/A* FOP THE FXITINA STREAM
[LFF a SUBSONIC DIFFUSER FFFTCIENCY
FAIL a ERROR FLAG
A a qPFClFIC HEAT PA~TIO

op m NTEP$!DIATE CONSTANT
04 a INTtERMFUIATE CONSTANT

OAI ENTRANCE MACH NUMPFP
m? FXIT MACH NUMPFH

PIOPI a ENTRANCE STAGMATlflN-TO-STATIC PRESSURE PATIC
PPPI a FXTT-TO-ENTRANCE STATIC PPESSUPF RATO
P?oPIO a FXtT-TO.ENTRANCE STAGN"ATION PRPESSURE RATIO
P'?fP? s rXIT STAGNATION-TO-STAT!C PRESURE RAT!O
PO a nIFFUSEP COEFFIECIENT
SUP a ALPHANUMERIC SYMBOL nFRIGNATING SUBSONIC FLOW
TIOTI o ENTRANCE STAGNATION-TO-STATIC TfMPFRATUPF PATIO)
T?1'l 0 FXIT.TO-ENTPANCF STATIC TfMPERATURE PATIO
TPoTI0 a ExITTTO-ENTRANCE STAGNATION TEMP!RATUPE PATIO

a~T EX1? STAGNATION-TO-STATIC fEMPERATURE RATIO

YFS a ALPHANUMERIC SYMBOL OESIGNATING A PUStTtVF DESPnNSEI
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APPFNOI. F NnMENCLATURF PAGE F-3l
OVERLAY SCS

NOMENCLATtoRF FOR PROORA4 SCS AND SIJRROUTINFC INSC%, OUTSCS

ARASE a AREA OF t NOZZLE PASP CM?) - YNCLUDER TNF NOZZLE RANK AREA
PLUS RANK RELIEF

ACONE * EXIT AREA OF AN F4ECTOR PRIMARY NOZZLF CONE OEP/
AF w ARFA AT STATRON F EMJ, THO FJFCTORN CANSTANT-ARFAA MIXINR

SHPM(lD
AFPNW TOTAL AREA OF THF FJFCTOk PRIMARY MOTILE EXITS PER K40LE/S UF

LASER PRIMARY FLOW (S-m2/XMOLE|
AFSHRD a TOTAL AREA OF THF FJFCTOP* CONSTANT-ARFA* MTXINA SMROUOS PER

KMMLF/S OF LASER PRIMARY FLOW fS-M?/KMOLEI
ANP a AREA OF A NOZZLF RANK (Ml
ASCAV v SIURrACE AREA A)F A LASER CAVITY (M21
ASCONE a SURFACE AREA OF AN EJECTtiR PRIMARY NOZZLF CONE rM21
ASPLEN s SURFACE AREA OF AN EJECTOR PRIMARY NO07LE PLENN|JM fMý]
ASSf4RO a SURFACE AREA OF AN EJECTOR MIXING SHROtin IMP - INCLUDiS THE

FINAL SUBSONIC DIFFUSER
ASSTRT a SURFACE AREA OF AN EJECTOR PRIMARY NOZILF STRUT (MI
AqSURO a SURFACE AREA OF A SUBSONIC DIFFUSER IN?)
ASSUPn a SURFACE AREA OF A SUPERSONIC DIFFUSER rMP?
ASTAR a At TOR AN EJECTOR PRIMARY NOZZLE (142)
ASTR v SUPFACE AREA OF AN EJECTOR TRANSITION PIECF (HP)
P a OPTICAL RENCH DIAMETER NM)

w INTERMEDIATE CONSTANT
PRFRAC n RANK RELIEF FRACTION
C a INTFnMFDIATE CONSTANT
rAF & ALPNANUMERIC SYMBOL DESIGNATING A SURSONIC-SUPFRSONIC EJECTOR

FOP PRESSURE RECOVERY
CANOLV x LASER CAVITY HALF-ANALF CRAn)
PA a DIAMFTER AT STATION A 4M), THE LASER CAVITY EXIT
PP a DIAMETEP AT STATION A ('), THE SUBSONIC DIFFUSFn EXIT
PC a nIAMFTFR AT STATION C [MI, THE INITIAL TRANSITioN SECTION LXIT
Do a DIAMFTFR AT STATION D EM), THE FIflAL TRANSITION SECTION EXIT
OF a DIAMFTER AT STATION F CM], THE FJECTOR. CONSTANT-AREA. MIXING

SHROUD
DESCRI = ARRAY OF ALPHANUMERIC STORAGE MODE DESCRIPTORS FOR I/O
Dr = ALPHANUMERIC SYMBOL DfSIGNATING OF LASRF CHEMISTRY

a DIAMETER AT STATION F (M), THE EJECTOR SURSONIc-OIFFUSER EXIT
DFORHF s CONTROL VARIABLE DESIgNATING OF OR HF LASER CHFMISTRY
DIF a ALPHANUMERIC SYMPOL FSIGNATING A SUPFPSONIC-SURSONIC DJFFUSFR

FOR PRESSURE RECOVERY
PL • DIAMETFR AT STATION L CM). THE MAXIMUM DIAMETER OF A SUBSONIC-

SUPERSONIC EJECTOR SHROUD
nMAX a INTERMEDIATE CONSTANT
DMIR a MIRROR DIAMETER (M)
DPLEN w DIAMETFR OF AN EJECTOR PRIMARY NOZZLE PLENNUM rM)
!%STAR u DO FOR AN EJECTOR PRIMARY NOZZLE (M)
rSTRUT a DIAMETER OF AN EJFCTOR PRIMARY NOZZLE STRUT tMN
EJECT a CONTROL VARIABLE DESIGNATING THE PRESSURE RECOVFRY SYSTEM
EREACT u CONTROL VARIABLE OFSIGNATING THF EJECTOR PRIMARY REACTANT
FAIL a ERROR FLAG
FnAA a FREE FLUORINE FLUX EKMOLF/S-4P)
OFEP a GAz4MA# SPECIFIC HEAT RATIO, FOR THE FJFCTOR PRIMARY REACTANT

HRASE * HFIOHT OF A NOZZLE RASE rM)

2
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4PPFNDIX F NOmFNCLtTUPE PAGE F-14
OVERLAY SCS

HPXDE'l a HEIGHT OF THE BOX DEVICE (N)
HF a ALPHANUMERIC SY.#BOL DESiGNATINA WF LASFR CHENISTRA7
HNA a HEIGHT OF A N;ZLf RANK (H)
J a D0 LOOP INDEX

J • n0 LOOP INDEX

K J STORAGE NODE CONTROL ARRAY
L Un LOOP INDEX
LRXOEV a LENGTH OF THE POX nEVICE (MI
LCAV a LE6GTH OF A LASER CAVITY (VI
LCOHB m LENGTH OV A COMBUSTOR (MI - INCLUDES ','HE INJECTOR ANO NOZZLL

BANK
LCONE m LENGTH OF AN EJECTOR PR:MARY NOZZLE CONNF (I
LFJECT a LENGT14 OF AN FJFCTOR (M)
LINJ a LENGTH OF AN INJwCT3R tN)
LLDS a LENGTH OF THE LASER (QVICS SECTION Iml
LLINE a LENGTH CF REACTANT FEED LINES (MI
LPNS m LENGTH OF THE PRESSURE RECOVERY SYSTEM (V7
LSUPO a LENGTH OF A SUBSONIC DIFFUSER (tm
LSUPO a IENGTH OF A SUPRFSONIC DIFFUSER (MI
LTPI A LENGTH OF AN INITIAL TRANSITION SECMION (MI

LTR? m LENGTH OF A FINAL TRANSITION SECTION ([M
MAW a TOTAL MASS OF THE AFRO-WINDOWS (KG)
MAWF a eELIVERED MASS OF THE AERO-WINUOW FLOIM (KG)
MRASE a TOTAL MASS OF THE LASER NOZZLE BASES (KA)
MCAV m TOTAL MASS OF THE LASER CAVITIES (KO)
NCs a TOTAL MASS OF THE CONBUSTOP RODIES (KG)
MCONE a TOTAL MASS OF THE EJECTOR PRIMARY NOZZLE CONES (KG)
MCS u MASS OF THE COOLING SYSTEM (KGI
MCSF a MAS9 OF THE COOLING SYSTEM FLUID (KG)
NOS a MASS OF THE OEVIC7 SUII•CRT [KG)
MEJECT a TOTAL MASS OF THE EJECTCRS (4G)
MELINE a PASS OF THE EJZCTOR REACTANT FEED LINES (KG'

-FPNE v MkCH NO. AT THE EJECTOR PRIMARY NOZZLF FAIT
HraR a DELIVEPED MASS OF THE EJfCTO0 FRINAPY QEACTANT tKv]I

MEAREG a MASS OF THE EJECTOR PRIMARY REACTANT RFGULATOR rKGI
MFRT a MASS OF TUE E.ECTOR PRIMARY RENCTANT TANKAGE AND FLUTO (NG)
MHE a flELIVERED MASS OF HE (KG)

MINJ a TOTAL MASS OF THT INjECTORS (KG)
NLDHDW a MASS OF THE LASER DEvICE HARDWARE (KA)
NLDS a MASS OF THE LASER DEVIC!E SYSTEM (NG)
MLLINE a MASS OF THE LASER REACTANT FEED LINES (KG)
NLPR a DELIVFREn MASS OF THE LASER PRIMARY REACTANT (KA)
MLRRFG a MASS OF THE LASER REACTANT RAGULATOR (KGI

4LPT a MASS OF THE LASER REACTANT TANKAGE AND FLUID (KA)
NLSP a nELIVFRFO MASS OF THF LASER SCOKRAR% RFACTANT tKO)
MMIP a MASS OF A MI•ROR (KO)
NMISC a MASS OF MISCELLANEOUS ITEMS (KG)
MOPT a TOTAL MASS OF THE LASER OPTICS (KG]
MPLFN a TOTAL MASS OF THE EECTOR PRIMARY NOZZLE PLENNUMS (KGI

MPRHDW a ,,AýS OF THE PRESSURE RECOVERY HARDWARE (icl

MPRS a MASS OF THE PRESSURE RECOVERY SYSTEM (KG)
MHRD a TOTAL MASS OF THE EJECTOR SHROUDS (KGI
MSTRU7 a TOTAL MASS OF THE EJECTOR PRIMARY NOZZLE STRUTS (KG)
HSURD a TOTAL MASS OF THE SU6SONIC DIFFUSERS (KG]

PSUPD w TOTAL MASS OF THF SUPERSONIC fIFFUSERS (KG)
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APPENDIX F NOMENCLATURE PAGE F-35
OVERLAY SCS

MTOTAL a TOTAL SYSTEM MASS CKG1
MTR w TOTAL MASS OF THF TRANSITION SECTIONS XKG3

NRANK a NUMPER OF LASER HANKS
NFJECT . NUMRFR OF EJFCTOPS PFP LASER BANK

So, FORP THE MAXIMIJM ALLOWABLE
NMAX a INTERMEDIATE CONSTANT
NO a ALPHANUMERIC SYMROL DESIGNATING A NEGATJVF RESPONSE
NTANK m NUMPEP OF TANKS
NJ . NUMRER OF CAPRON ATOMS IN LASER PRIMARY REACTANT I

N? m NUMPEP OF HYDROGFN (DEUTERIUM) ATOS IN LASER PRIMARY
REACTANT P

143 a NUMPER OF NITROGEN ATOMS IN LASER PRIMARY REACTANT *
Ni a NUMRER OF FLUOPINF ATOMS IN LASER PRIMARY REACTANT 4

Pli w STAGNATION PRESSURE (PAI
PoEP a EJFCTkIP PRIMARY STAGNATION PRESSURE (PA)

PDLP a LASER PRIMARY STAGNATION PRESSURE EPA)
PALS a LAqER SECONDARY STAGNATION PRESSURE EPA)
0 . HEAT RELEASED PER KMOLE OF PRIMARY FLOW HY THE CHEMICAL

REACTION OF FLUORINE IN THE LASER CAVITY (J/KMOLEJ
RTIME a RUN TIMF IS]
SCSS! a CONTROL VARIARLF DESIGNATING WHFTHER OR NOT NEW SYSTEM

CALCULATION INPUTS ARF REQUIRED
SCSS? . CONTROL VARIARLE DESIGNATING WHFTHER OR NOT SYSTEM

CALCUILxTIONS ARE TO RE PERFORMED
SCSS3 a CONTROL VARIARLE DESIGNATING WHETHER OR NOT INPUT DATA SHOULD

RE READ FROM TAPRF
SCSS4 a CONTROL VARIARLE DESIGNATING WHETHER OR NOT NEW REACTANT

STORAGF MODES ARE RFOUIPED
SDANGL a SLJRSONIC DIFFUSER HALF-ANGLE (RA&D
SETSCS a CONTRPOL VARIARLE TO SET DEFAULT VALUES
SCF a ALPHANUMERIC SYM4OL DFSIGNATING A SUPERSONIC-SUPERSONIC

EJFCTOR FOR PRESSURE RECOVERY
STAW a STORAGE MODE DESCRIPTOR DATA ARRAY FOR NP-AW
STCS w STORAGE MODE DESCRIPTOR DATA ARRAY FOR HpO-CS
STC?HA a STOPAGF MODE DESCRIPTOR DATA ARRAY FOR CPH4
STOP z STORAGE MODE DESCRIPTOR DATA ARRAY FOR D?
STF? a STORAGE MODE DESCRIPTOR DATA ARRAY FOR F?
STHE a STORAGE MODE DESCRIPTOR DATA ARRAY FOR RE

STHP a STORAGE MODE DESCRIPTOR nATA ARRAY FOR H?
STIRFNA a STORAGE MODE DESCRIPTOR DATA ARRAY FOR IRFNA

STMMH a STORAGE MODE DESCRIPTOR DATA ARRAY FOR MMM
STMODE a REACTANT STORAGE MODE DESCRIPTOR ARRAY
STNF3 a STORAGE MODE DESCRIPTOR DATC ARRAY FOR NF3

STN? a STORAGE MODE DESCRIPTOR DATA ARRAY FOR N2

STNPNH a STORAGE MODE DESCRIPTOR DATA ARRAY FOR N2HA
TAU a MATERIAL THICKNESS (MI
THFTA a INITIAL TRANSITION SFCTION HALF-ANGLE IN THE MORI1ONTAL PLANE

(NADI
TITLE a ARRAY OF STORAGE MODE HEADINGS FOR 1/0

TRANGI a INITIAL TRANSITION SECTION HALF-ANGLE IN THE VFRTICLE PLANE
(RADI

TRANG2 a FINAL TRANSITION SECTION HALF-ANGLE (RAD]
VAW a TOTAL VOLUME OF THE AEPO-WINDOWS [M33
VRXDEV a VOLUMF OF THE ROX DEVICE (M3)
VrAV . TOTAL VOLUME OF THE LASER CAVITIES CM31
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APPFNNiX F NOPENCLATURF PAGE F-36
OVERLAY SCS

VCODM a TOTAL VOLUME OF THE LASER COMRUSTORS (m]i
VCS a VOLUME OF THE COOLING SYSTEM (M3)
VFJFCT w TOTAL VOLUME OF THF FJECTORS (Ml)
VERT a VOLUME OF THF EJECTOR PRIMARY PFATANT TANKAGE (M3]
VLHnW a 4OLUMF OF THF LASER OFVICE HARDWARE (MNI
VLDS a VOLUME OF THF LASER DEVICE SYSTEM (0431
VLRT a VOLUMF OF THE LASER REACTANT TANKAGE (Mll
VOPT a TOTAL VOLUME OF THE LASER OPTICS ('31
VPRHDW a VOLUMF OF THE PRESSURE RECOVERY HARDWARF (MP3
VPRS v VOLUME OF THE PRESSURE RECOVERY SYSTEM [(31

VSUBD w TOTAL VOLUME OF THE SURSONIC DIFFUSLAS fM33
VSUPD a TOTAL VOLUME OF THE SUPERSONIC DIFFUSERS ("33
VSYSTM a TOTAL VOLUME CONTAINING THE SYSTEM (Mll
VTOTAL a TOTAL VOLUME OCCUPIED BY THF SYSTEM (MI)
VTR a TOTAL VOLUME OF THF TPANSITION SECTIONS (M3)
WAW a AERO-WINDOW MASS FLOW R,'TF (KG/SI
WAWL a AERO-WINDOW FLUID LEAKAGE RATE CKG/SI
WRASE a WIDTH OF A NOZZLE BASE ('43
WRXDEV a WIDTH OF THE ROX DEVICE (M31
WCs a WIDTH OF A COMBUSTOR PODY t(31
WCS a COOLING SYSTEM MASS FLOW RATE (KG/SI
WEP a EJFCTOR PRIMARY REACTANT MASS FLOW RATE (KG/SJ
WFPWLT a EJECTOR PRIMARY-TO-TOTAL LASER PASS FLOW RATIO
WFPP3 a MASS FRACTION OF LASER PRIMARY PRODUCT 3 (FREE FLUORINE)
WFPRI a MASS FRACTION OF LASER PRIMARY REACrANT I
WFPR2 a MASS FRACTION OF LASFR PRIMARY REACTANT 2
WFPR3 a MASS FRACTION OF LASER PRIMARY REACTANT 3
WFPR4 a MASS FRACTION OF LASER PRIMARY REACTANT 4
WFSRI & MASS FRACTION OF LASER SECONDARY REACTANT I
WFSP2 a MASS FRACTION OF LASER SECONDARY REACTANT ?
WFSR3 a MASS FRACTION OF LASER SECONDARY REACTANT 3
WLP a LASER PRIMARY REACTANT MASS FLOW RATE (KG/S)
WLS a LASER SECONDARY REACTANT MASS FLOW RATF (KG/SI
WLSWLP a LASER SECONDARY-TO-PRIMARY REACTANT MASS FLOW RATIO
WLT a TOTAL LASER MASS FLOW RATE IKO/SI
WNS a WIDTH OF A NOZZLE RANK (M)

WPGWLP a LASER CAVITY PUR6F-TO-PRIMARY REACTANT MASS FLOW RATIO
WPP3 w MASS FLOW RATE OF LASER PRIMARY PRODUCT 3 (FREF FLUORINE)

fKG/S1

WPURGE a CAVITY PURGE MASS FLOW RATE [KO/SI
WTR a WIDTH OF A TRANSITION SECTION ENTRANCE (M)

XFPP3 w MOLE FRACTION OF LASER PRIMARY PRODUCT 3 (FREE FLUORINE)
XLP a LASER PRIMARY PRODUCT MOLAR FLOW RATE (KMOLE/SI
YES a ALPHANUMERIC SYMPOL DESIGNATING A POSITIVE RESPONSE

4

I

I
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APPENnIX F NOMFNCLATURF PAGE F-37

OVERLAY SCS

RFACTANT STO)RAGF MO)DF NOTATION SCHEMF

THE STORACF MODE nFSCRIPTnR ARRAY. STmODE(ivJ). STOPFS DATA OY

CFSCRIPTOP (ROW) AS FOLLOWS:

I nrcf.,PIPTOR I DESCRIPTOR
I REACTANT A STORAGE TIMF (DAYS)
p PwASF 7 STORAGE PRESSURE (PA)
I CONTAINFR a STORARE PRESSURE (PSI:
4 STORAGF TEMPERATURE (K) 9 REACTANT CEED SYSTEM
r, STORAGF TIME CS) In MATERIAL

ANO RY FLIPII !COLUMNN) AS FOLl OWS:

I ECRIPTOR LASER RFACTAN T
7 LAqER REACTANT I I AERO-WINOOW FLUTP
3 LASER REACTANT P A COOLINA SYSTEM FLUID

4 LAER REACTANT 3 9 EJECTOR REACTANT I
5 LASER REACTANT 4 to EJECTOR REACTANT 2

SOME POSSIALE ALPHANUMERIC DESCRIPTOR VALUES ARE:

REACTANT - CM49 0?s F29 HE, H?s IRFNA
MMH. NF39 N2. NPH4
F2/sHF - F? AND ME GAS MIXTURE
NF3/HF - NF3 AND HE AAS MIXTURE

NAW- N? FOR THE AERn-WINDOW
Hpo-CS - HO FOR THF COOL!NG SYSTEM

PHASE; - GAS
L1b. LIQUID

CONTA!MkP - SPH. SPHERE
CYL. CYLINDER

REACTANT FEEP SYSTEM O LD. RLOW-LJOWN
MRS. HEATER PRESSURIYATION SYSTEM
PFS. PUKP FEED SYSTEM
pGse PRESSURIzED OAS SYSTEM
AFP. RADIATOR-FAN-PUMP

MATERIAL -AL. ALUMINUM
SSý STAINLESS STEEL
TI. rITANIUM
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APPFNDIX F NOMENCLATUQF PAGE F-38
OVERLAY SCS

NOMFNCLATURE FOR SUBlROUTINES VMAW. VMCS, V"C?4N4 VMD?.
VMFP. VMNE, VMN?* 'IMIRFNA, VMMMH. VMNFi. VMN2. vMNH4

AJF v ADIARATIC FACTOW

o a SPFCTFIC NEAT RATIO
a DO LOOP INDEX

rI a DO LOOP INDEX
v STORAGE MODE CONTROL VARIARLE

K a STORAGE MODE CONTROL ARRAY
MCS a MASS OF THE COOLING SYSTEM (KG)

MC2"4 a DELiVERF MASS or C?H& EvG)
Mnf a DELIVERED MASS OF 0? (KG)

NF? a DELIVERED MASS OF F? (KGl
MNE v DELIVERED MASS OF HE (KGI
MNP v DELIVERED MASS OF N? EKG)

MN?O a DELIVERED MASS OF H•O (KG)
MIRFNA a DELIVERED MASS OF IFRNA (KG)

MMMH a D)ELIVERED MASS OF MMH (KG)
MMT a TANK AND FLUID MASS USING MINIMUM THICKNESS EQUATIONS (KGI

MNF3 a DELIVERED MASS OF NF3 (KG)
MN? u DELIVERFD MASS OF N2 (KG)
MNPN4 x DELIVERED MASS OF NPH4 (KG)

MPGS a DELIVERED MASS OF FLUID FRO:N A PRESSURIZED OAS SYSTEM (KOI

MTAMK a MASS OF REACTANT TANKAGE AND FLUID (KR)

MTOTAL a DELIVERED MASS OF GAS MIXTURE (KG)
MTTNPS a MASS OF TANK AND FLUID FOR A HEATER PRFSSURIZATION SYSTEM (KGI

MTTPGS a MASS OF TANK AND FLUID FOR A PRESSURIZFD GAS SYSTEM (KG)

MVT a TANK AND FLUID MASS USING VARIABLE THICKNESS EQUATIONS (KG]
MW a MOLECULAR WEIGHT [KG/KMOLE)
PHE u PARTIAL PRESSURE OF HE EPA)
PS a REACTANT STORAWE PRESSURE iPAI
PO a COMBUSTOR OR NOZZLE STAGNATION PkESSUPF EPAl

RTIME = RUN TIME IS)
STAW * STORAGE MODE DESCRIPTOR DATA ARRAY FOR N?-AW

STCS u STORAGE DE DESCRIPTOR DATA ARRAY FOR H?C-CS
STCH4 a STORAGE MODE DESCRIPTOR DATA ARRAY FOR CZ84

STD? a STORAGE MODE DESCRIPTOR DATA ARRAY FOR 0?
STF? a STORAGE MODE DESCRIPTOR DATA ARRAY FOR F2
STHE a STORAGE MODE DESCRIPTOR DATA ARRAY FOk HE
STH? v STORAGE MODE DESCRIPTOR DATA ARRAY FOR N2

STIRFNA = STORAGE MODE DESCRIPTOR DATA ARRAY FOR IRFNA
STMMH a STORAGE MODE DESCRIPTOR DATA ARRAY F3R MMN

STMOVE a REACTANT STORAGE MODE DESCRIPTOR ARRAY
STNF3 v STORAGE MODE DESCRIPTOR DATA ARRAY FOR NF3

STN2 m STORAGE MODE DESCRIPTOR DATA ARRAY FOR N?

STNNA % STORAGE MODE DESCRIPTOR DATA ARRAY FOR NN4
VC!, a VOLUME OF THE COOLING SYSTEM (M31
VtANK a VOLUME OF THE REACTANT TANKAGE (M33

VTTHPS a VOLUME OF A HFATEP PRESSURIZATION SYSTEM (M3N

VTTPGS a VOLUME OF A PRESSURIZED GAS SYSTEM (M31
XFF? a MOLE FRACTION OF F?
XFNE a MOLF FRACTIIN OF HE
XFNt3 a MOLE FRACTION OF NF3

7 v COMPRESSIRILITY FACTOR

.2

2.. b .4•• • • Tt



APPFNDTX F NOMFNCLATtIPF PAG~E F-39

OvfRLAY SCS

?HE ,CflMPPrSSIRTLITY FACTnP FO HF
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APPgNOIR P NAENCLATURF PAGE F-40

FUNCTION STATemeNTS

FUNCTION STATFMtNT GFNfPAL NOTATION %CNEMP

*& 1i•tNWPOPICt COMPRESSIRLE FLOW FOUMTION FOP A/Ae AS A FUNCTION

Of MACH NUNMEP
PPfO a ISENTPOPICo COMPRESSIRL. FLOW COIATZON FOR P/Pf AS A FUNCTION

OF MAC" NUMBER

POPN a ISENTPOPIC* C0"PRFSStRLf FLOW EQUATION FOR P0/P AS A FUNCTION

Of MACH NUMBER

PKO a ODENSTY FROM THE IOML GAS EQUATION OF STATE
POP" a ISENTP0PC, CAMPQESfSRLE FLOJW EQUATION FOR RDA/ AS A FUNCTION

Of MACH NUMAR(

ToTm x !SfNTYOPIC% CO"RESSIRLE FLOW EQUATION FOR To/T AS A FUNCTION

wM a ISENTROPIC9 COmPRfSl•lLF FLOW EQUATIOW FOR THE OTMENSIONLESS

"AISS FLOW AATF AS A Ft' K110% OF MACH NUM•kf

26
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Appendix G. CHEMICAL LASER ANALYSIS PROGRAM (CLAP)SAMPLE
INPUT/OUTPUT
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APPENDIX 6 CLAP SAMPLE INPUT/OUTPUT

SAMPLE CASE i (OKAULT CASE)f INPUT

ARE NEW COMBUSTION CHEMISTRY INPUTS RE[UIRtDI

no

ARE NE" LASER DEVICE INPUTS REBLWRE'•I

NO

268
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AppzkoCI 6 CLAP SAMPLE INPUTIO4TPIJT

NOTE: Tit - .i62If$E#04 K Pi6 - .192tOSC.S7 PA
NOTE: TiS - .1621@@C.64 K PIG - .192115E#07 PA
NOTE: TiS - .162100[004 K PIG 0 .1S2ISSE407 PA
NOTE: Tit - .16218$C'04 K PiO - .1921O5E*07 PA
NOTE: TiS - .IS2IOOE*04 K PIG - .1921OSC'S7 PA
NOTE: TiS a .tS2IOOE*04 K PIG - .tI2lOSE*S7 PA
NOTE: Tit - IUIIlOE*04 K PI0 - .i$2105E*07 Pik
NOTE: Tit o .ISIISOC.S4 K PIO a .tg210SE.6? Pt.
NOTE: TiS a .1621,06C.@4 K PIG a .lI2l@SSC.@ PA
NOTE: TiS a .1621SOE*@4 K PIO a .1S21OSE#@7 PA

ARE NEW PRESSURE RECOVERY INPUTS REOUIRED?

No
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APftNDIX 6 CLAP $&NPLE INPUt~WTJPUT

[0T.Wt P3 - 04 It O0S PA is - .3 Asse[*I
MOTIE P3 - .276041240 PA I4S - -,SWU'l0
NOT E P3 3 .- P7412t.oi PA 1I4 - ,310iSSIOE.Ot
MOTMt P3 - .2714114MOI PA NIS a AsseC.tll

NMO~ P3 - .274412tlS5 PA4 on - .3asISIC'ONOTM P3 - .*?*41t(*GS PA ft - AslieScll*1S
NOT[t P3 - t?*41ltC*§S PA "s - .* 6 39111[(*61
MOM~ PS - .274i41ft[*CS Ph InS - . As"lI41E[,0 1
MOT(z P3 - .2744121*45 PA NI - .30514504V

NOTMt P3 - .27?4121(.g PA NI - .36S195O#1

ARE NE0 SYSTEI CALCULATION INPUTS R(QUIRED?

""1

II



APKMII1X 6 SCLAP SAMPLE IWPUTOOUTPUt

TO RESTART PROGRAM EWTER "'YES"

TO STOP PROGRAM ENTER WNHO

No

S271
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APPENDIX 6 CLAP SAMPL.E INPIUT/OUTIPUT

SAMPLE CASE I (DEPAULT CASE): OUTPUT (SI UJNITS)

CHEMICAL LASER ANALYSTS PROGRAb4 (CLAP)

WRITTEN BY# C*L. ADAMS

**~e MASSEY

N0r ORR
Roe. OSLUICIAW
I.J.o WALKE:R

I JANIUARY 7?

AEROOYNANTCS GROUP (OOMNI-TOK)
SYSTEM StMIJIATION DIRECTORATE

U.S. ARMY MISSILE RESEARCH & DEVELOPMENT CONNANn
REDSTONE ARSENAL, ALABAMA 3S809

PUN DATE 11/05/?S

CONMS(JTION CHEMISTRY SECTION

INITIAL DATAs

ACIP q *361935E-02 N?2 ALPHIA a .602700E900
OoroMF 9 D7 *I a 2 ATOMS C
N2 a 4AT0NSN M 3 m I ATOMS 4

N4 93 ATONS f MPG - 0. KG/S N2
vPR1 .36216K-02 KM/ CPH4 WPR2 w.172416E-01 0G/S HE
th"3 *0. KOAS NZ WP*4 .571093E-01 KG/S NIF3
WSRI * 437"S@E-02 MIS 02 VSRP .328518E-01 KG/S HE
WSR3 .0. gels N12

RESULTANT DATAI

FOAA 9 *19159ZE000 KMOLE/S-N? ONEGA w .3479O3E*02
ONIEGTRW a .3227?o7Or~ PSIC v *126"9t*E02
PSIL 0 *?2293lEG?2 PSTLTRW w .J9SSOIE.00
* 0 .216WAEa'@S Ji'KMOLE Rc a .2676GOSE'@
Pt. a ZS130IE601 RIP au ro:;r*

WrCPI 4 .1955%3f*00 CF4 XreP1 w .16@?3GE-O1 rfr4
WFCP2 9 .869017E-0I W4P XFP2p a .320476E-01 HP
VFCP3 a 1S62POE600 OF X7CP3 a .S36149E-01 op
WFCP4 q .43971C000O HE XP2P4 * a*792234tE.00 HE
W7CPS q .96.958E-01 N? XFCP5 w .269M9E-01 NZ
WPCP6 *.22f#s6oE-0I D XFCP6 w s$11199E-01 n
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APPENDIX 6 CLAP SAMPLE INIPUTIOUTPIJT

LASER DEVICE SUCTION

INITIAL DATA:

RRVRtAC a.1000O@Efl CANGLE w .174533E.00 DAD
01 .177900OE-02 " 015 a .669534iE:04 m

MEOMPN ?D GEO"MS a 20I IASE * 34925CE-O1 M "m * 34929GE-0l m
LCAV *.762000E-01 " LPNOZ a .250190E-02 m4
LSNOr .18.166SE-02 04 NSPNOZ v .163846g.Oi

PKVRAC .0*03431Eo0O Plo 0 .192105E#O7 PA
T30 *.600000(003 K 170 a .300000E#03 K

RESULTANT DATA:

POINT I PRIMARY NOZZLE EXIT - CONDOITIONS BASED ON THE NOZZLE STAGNATION
(CONSuSTORl TEMPERATURE

At a i?73246E.oo S-MZ/EMOtE AlAISE * .1?84T)E.Q2
AlAlSO a .26SS58E'02 61 a .14596&E.01
WWI a .1?4497E*02 KG/EMOtE ml 0 *491266f.01
NPNOZ a .615131(404 S5/KNOLF P1 0 .492323E#04 PA
MlO a .1921@SE607 PA REl *2.22412E.O4
Rl a .297744E-01 K6/M3 RIO a .IvT45sSoo1 KG/m3
T1 a .2?4594E4*3 K TIO a .162100E#04 K

POINT 2 PRIMARY NOZZLE EXIT - CONDITIONS RASED ON THE NOZZLE EXIT
TEMPERATURE

A2 * .ST8SSE.o0 S-42/EMOtE 02 - .153963E#01
"NW2 a .1?4497E4O? KG/KMOLE M2 m *491266E.O1

P2 .492323E&04 PA P20 w V9I216Sff*07 PA
42 e Pn"7?44E-01 gS/H3 *20 a *l7?455E.01 KO/H3

T? 0 .24?994EO03 K T20 a .1621004E04 K

POINT 3 SECONDARY NOMZE EXIT - CONDITIONS BASED ON THE NOZZLE STAGNATIONI

(COMBUSTOR) TEMPERATURE

A3 % .13SS91E*0O S-M2/XMOLF A3A35E a .131315E*02I
A3A3SG q *200000E'02 G3 a .161679E*OI
NW3 o .4005519601 KS/KMOLE M3 a .53023JEo0l
NSNOZ 9 .431104(04 S/KOLE P3 m .239S93E*04 PA
P30 a.91?S16E*06 PA REfl a .168S29E*04
R3 r .166036E-01 K03/M3 R30 a .736704E+00 KO/M3
T3 0 .6204S49402 K T30 a .600000E*@3 K
W3W1 e *49022SE4@0 X3XI 0 *1S2370E#01

POINT 4 SECONDARY NOMZE EXIT -CONDITIONS BASED ON THE 0404-ZLE EXYT
TEM4PERATURE

A4 v .1360999*00 S*-MZ/KOLr 84 as .161322to01
MW4 w .40551(4-1 KO/EMOLE M4 a .53@23IE.0l
P4 R .233093E*44 PA P40 0 *91TS16E#06 PA

R4 a .166036E-01 KS/M3 R40 a .?36704E.O0 KG/M3
T4 a .6?045*('02 K T40 a .60906f000 3 K
w4W2 0 .4902PRE40O M4XZ a .1523?0F*@I
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AP,~EOIX 0CLAP SAMPLE IMNtITOUTPUT

POINT S CONSTANT.tAREA MIXING REGION4 EXIT

As a *293579E.@o S-44ZKmoLE 05 a *ISSI?&E*Ol
"MWS a *735148E40I KG/EMOLE MS a .4694S2co-0l
PS a*.391429E.'64 PA Ps0 a .110540E*07 PA
RS 9 .26921?f-01 KG/M3 ASO a .9S3972E 400 KG/M3
Ts 0 .1265S6E'03 K T50 a .1024S4e.04
WSV2 a 0149023C4@I XSX2 a P?523?OE*Ql

POINT 6 ISENYROPIC EXPANSION REGION EXIT

A6 a .?77695E6O0 S-N?/KMOLE 66 * .ISG7UE*Ol
M"G a .73S14GE441 KS/EMOLE MS a .614393L,*Ol
P6 .I29211E7&04 PA P60 0.11@SAOE*07 PA
R6 .133599E-01 KS/WIM R60 0 .9S39?PE*00 KG/N3
T6 SSSIS17E*02 K TGO a .1024W*(04 K
WGV2 .149023E*01 X6X2 a* 252376E*01

POINT ? mIR4RN PURGE COWoITTONS,

67 v .139%262E01 MV? a *280134E*02 KG/EMOLE
T74 1 .300000E*O3 K WVYW a 0.
KX?2 10 S.

POINT S LASER CAVITY EXIT

AS a.1022S4(.1 5-942/EMOtE se a .IS?796fo0l
wei : 721149E#0~ KS/EMOtE "a a .226203E.01
PS u .11OE63E.44 PA PRO a .609213E*03 PA
RES .3792S3E*OS aS a .795892E-02 KG/M3
RSoo .36262XE-01 KS/WI TO a 5SS?161E*03 K
Too .13SIOOE*04 K WOW? a *149@23E.0I
XSXZ .257269E*01
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APPENDIX 6 CLAP SAMPLE! INPUTIOUTPUT

PRESSURE RECOVERY SECTION

INITIAL DATAI

A3A2 w .30COOE401 ATA6 a *300000e.01
EJECT v CAE ETA12 a .?S0006E.0O
as a .129000E*OI MWIS a .202OAOE.02 KO/KMO,'-E
pso v .31@2fAE&0? PA P? a .10132SE*06 PA
TsS .281460E404 K

RESULTANT DATA I

-POINT 1 LASER CAVITY EXIT ANDO NORMOL SMOCK DIFFUSER ENTRANCE

Al m .10225AE*01 S-M2t'EMOLE 61 w S79E0
Awl a *72lIAIE*O1 KS/KMW.E 041 w .226203e.o1
PI a SI11o63Eo64 PA P10 .6@9213E*0S PA
RI a .T95592E-02 K6/H3 Pie w *38?623E-01 xG/M3
TI a S55?161E*03 K TIO a .136IOOE*OA K

POINT 2 NORMA!- SHOCK DI~FUSER EXIT AND SU8SONIC DIFF`USER ENTRANCE

A2 .102?54E*0I S-42/KMOLE ETAI? = .T50000E*OO
02 a .157796E*01 MW? a .?21149to01 KO/KMOLE
m42 a .SS42SSE*00 P2 a .2315@1E.05 PA
P20 0 .?94386E*O5 PA R2 = I1ST75E-01 KO/m3
R20 w .1SAS92[-O1 KO/M3 T? w .126465E*0A K
T20 0 .1381001*04 K Vt2WI a .100000E.O1
X2XI is.10060OC*0I

POINT 3 SUBSONIC DIFFUSER EXIT AND SUDOEN ENLARGEMENT ENTRANCE

A3 a .306763E*61 S-M2/KMOLE ETA23 0 .9642SlE*0S
63 a *15?796t.oo Mw3 a .7?IlA9EO1 KO/KMOLE
M3 9 .)S?029E8-00 P3 a 9278412E.0S PA
P30 v .2S3862E*G5 PA R3 a .176106E-01 K6/M3
R30 a* 178283E-Ol KS/M3 T3 a .137123E*0A K
T30 o .I3SIOOE*@4 K w3w1 - .IOOOOOE.O1
K3X1 a *IOOOOOE*OI

POINT 4 CONSTANT-AREAt SUBSONIC-SUPERSONTC EJ.ECTOR SECONDARY NOZZIE EXIT

A4 .12OS3AE@01 S-N2/KNOLE 84 a ~I5779bEt.o
MWA u *21IA9E#0l KG/KNOLE MA = *TTsoooe.00
PA .1S3449E*O5 PA P40 a r838362E*05 PA
RA .13S21SE-el KS/H3 P40 0 .170263fr01 KO/M3
TA .11I76?E*O4 K T40 0 .138190E+04 K
wAWI .1OOOOOE*01 K411 * .IOOOOOE.O1

POINT S CONSTANT"AREA, SUBSONIC-SUPERSONIC EJECTOR PRIMARY NOZZLE EXIT

AS5 .3915A5E4;OO S-*?/XMOLE GS = *129000E.0I
MwS a .202OAOE402 KG/KNOLE MS a *36S90SE.01
PS w*lS593OC40S PA PS0 a .31026AE*0F PA
ps 0 S*714I3E-01 KS/"3 RSO w .2fSSRE.0l KS/NJ

TS a .S90936E*03 K TSO v M2t480c*04 K
wswi a .2S44A3E*O1 XSXl a .*Il2?E*001
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APPENDIX 6 CLAP SAMPLE INPUTIOIJ1IUT

POINT 6 cONSTANT-AREA. SUSSONIC-SUPERSO#4IC EJECTOR EXIT AND SUBSONIC
DIFFUSER ENTRANCE

A6 a *IS9989E'oI S-M2/KMOLE 06 w* 130S24E#01
wW6 a .13?S?*E*02 KSVKMOLE M6 a .442248E+04
P6 a *s99?20E*@5 PA P60 W .1OS32?E*06 PA

*6 *683883E-0l KGIM3 R60 a.7461a5!-ol KO/N3
T6 a .217767(444 X 160 a .?274S9,E.04 K
W6Wl a .384*43E*01 X6Xl a* 20IS27E*01

I ItPOINT 7 SUBSONIC DIrFUSER EXIT

A? n .4?996E*O1 S-AM2/ OLE ETA67 a *975S71E*00

M? .142@S2E*00 P? a .101325E*06 PA

P70 u *102786E*06 PA R? w .?3993SE-01 we/M3
R70 a *74769SE-O1 K6/N3 T7 a .226S79E.04K
y70 a .227459E+84 K Wiwi a 9364443E.01
X7XI * 20IS27E*OI
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APPENDIX 8 CLAP SAMPLE ImPuTO(eTPuT

SYSTEM CALCULATION SECTION

INITIAL DATA:

EMEAC~T JRfNi,'vww "SANW I
"NEJECT 1 RYINE w .6060900*02
VPIP3 l .e964SE*02 KSSS

REACTANT STORASE NEThO

REACT CM4A HE 3 D?
PHASE GAs GAS GAS Gas
CONI Sam gPHq SPH gPH,
STE04P 390.0 K 300.0 K ~ 3A0.0 K 361,*0 K
STINE INFINITE INFINITE INFIW'TE INFINITE

S PRE s 4.IE*07 PA 4.IE*07 PA lop.t~o PA A.lE*@? PA
46000 PSI) (6000 PSI) (1300 PSI) (6000 PSI)

Apsys 310 SLD LD OLD
HATER TI TI Ss TT

REACT N;!Aw 420-CS NMMN IRFNA
PH4ASE WA LID LIS LIS
CONT 5P04 SPI4 SP" 5PM
STEMP 300.0 K 306.0 K 300.0 v 300.0 K
STINE INFINITE INFINITE INFINITE INFINITE

SPRES 4.IE*0? PA 2*SE.06 PA l.;M*P0 1*21sopo
(6000 PSI) 4400 PSI)

Rlw3Th SLO PesPs Pos
HATER TI TI TI AL

RE3ULTANT DATA:

SYSTEM SCALE-UP FACTOR

XLP * 9SlSiTE00 t(MOLE/S

LASER DEVICE SYSTEM VOL.UME/'MASS

mmiN .SOZSS2E*02 KG
Ice .S35375E.0Z KS
MUASE *.?BSSTZE*02 KO VCONU w *92S90E-01 m43
MCAV a.232162E482 KG VCAV a O549?46f-01 43
HAW .144447E*@t KG YAW a .10OZSS(-@l m3
MOS .62G65Sr.03 K6 vcs a *6341?9E.00 M3
wOPT *.11491TE-04 KS VOPT a .10?4?3ff*O! m3

No *1384?SE*03 KS
MLRRES a 66~9*69E*9t K6
HLLINE a *2590?0t*02 K6

mIDHOw a .U56It.4 KG VLOHOW a 018339?tE0I M3
irt.RT a .08324E*04 KS VIRT a 1l318IIE042 M3

"Lo1s a .113402EoSS KG VIDS ts5iisie.* Na3
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APPENOIA 6 CLAP SAMPLE IMPuoUTIUPUr

PRESSURE SECOVERY SYSTEM VOLUI4FiNAIS

"wSupo P S04S*E*03 KS VSIJPO a %612?3X*400 '43
MU1JS7 * 941?16f*OZ XS VStJSD v .33801000S M3

MumEC *.S613SE*OS K6 VEJECT a *10137G(.@3 043
NERKGS k U,%qc*03 XG
MELIV4 * 6?5493E*01 KG

MPRIIOW u .iiI9sc*Ss KS VPW9OW - .10212V-60 M43

WERT *40?SSSE*0H KS WIERT a .390099E.S1 m43

MPRS 2094EO K8 VpRqS a .1060M*(03 m?~

SYSTEM VOLUME/mASS SUMMARY

LDS, A ~34o2E.oS KS VLDS a .Is~lisitoo M43
"mPS U .2IIS)E*EO5 go VP*s a *10602e*0*3 me3
mmISC y .362674E4,03 KG

"TIOTAL 0 .31S62SE'Os KS VYOTAL v *2ij39E.@3 M43

VSYST'4 a .24Z2?7E*03 W3

278



~P~NI~ 0CLAP SAMPLE INPUT/OUTPUT
S.Ud0LE CASE 1 EO~PAULT CASfe, OUTPUT (ENGINIEEPING UITS)

CHEOICAL LASER ANALYSIS PROSRAL, (CLAP)
rWRITTEN 

BY, Ca.t ADMlgS
AL,, ADDY

Is, ASSEY
r-.D M1KKELSEM

ReL. OGLUK&*AP)
F.J* WALKER

I JANUJARY' I?

AEROCtVNAMICS GROUP MWrnI-To)c
SVSTE04 SPIMUATION DIMETORATE

'J.S. ARWMY ISSrE AESEARCM & O#VELOPMENT COooAW$
REDSTONE ARSENAL, AL ANA A n5809

RVN DATE laloS/7S

CONSU4STION CHEMISTRY SECTION

INITIAL DATA$
AFXP 10 es61esor~o1 IN? ALPH4A - *os#?0@E.*g
NP 4 AT04S W 103 JATOWs NN43ATOM p b"' &.9. MW'RI fo &362!5117*61 So C2"4 WPR4 * .172416P.-02 aW/s HE*p3 0. Owns 42 00* -5193 SW/S WIP31USA! 0 V17'SOEaez Sw/*S 02 V52 * 33851SE'@? 0W/S HeWS03 0 e9.* SNZP

RESULTANT DATA I
FDAA V *123 607E~o. GMOLE,:S.IN2 ONESA a '.SA?91E*02OMEGOVRW., *32277SE.*2 PSIC a 0 I269W*0.2PsIL 1ý Z20931COOZ PSILTMw~ 0I9S01E*420 v .52e3zorov CAL,'49OIE PC a .207?6w*0zRI v *2513ostooi ALF p
WCPI 6 .195SW9*@@ Cr4 XfCPR a *16023E-oi Ci'4VPCP2 a .68fi 0 ?7noo NP XpcP2 a :324?6E-4I W~WCP3 0 IS6220LPOMO Dor XICP3 a *536149E-01 OPWCP4 9 *439715p*o HE XftP4 a .!9t234tooo wEwcSps v*9695%e.4z M2 XPICPS a .2495%t~-oi NZ
WTCP6 9 .?'"S60E-i01 D XCP6 a B81319w-ol 0
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APPEND I ~CLAP SAMPLE INPUTIOSTPeJT

LASER DEVICE SECTION

INIYIAL DATA:

WRC .100040RE*O CANGLE a * 00f0 E

DI 0 7AC*E4 IN DIfjIIIISE:!!I
w? S4060E-olIN 30 .2egegof-0 I

LNSNO 0 *137S006E41 IN o o03a'h*0IN

TIS o .6OOOOOEo03 K ITO a 30000K0E43 K

RESULTANT CATA:

POINT I PRIMARY NOZZLE EXIT - CONDITIONS BASED ON THE 4OZZLE STAGNATION
ICOMOLOSTOR) TEMIPERATURE

At 0 .I21BOSE*O3 S-INZJLS9MOLE AIAISE a .1734TlE4O2
AIAIS6 0 .265558E*02 61 0 *1.596E*oI
MV! a .1244 97E#02 LBM/AWAOLE "I a 04912"E".01
NPNOZ a .10830oZEO*4 S&SMOLt Pi a .36923E*o2 TRR~
PRO o .2?86825E03 PSIA PEI a 0222Q?2f*04
Rl 0 .297744E(44 GMCM) RIOP .1774S5E-02 G14/CM3
TI . 247594CO@3 K ticO *1.621O0E*O4 K

POINT 2 PRIMARY NOZZLE EXIT - CONOTIlONS BASED ON THE NOZZLE EXIT
TirPERATURE

A? *.11@7ZZE*03 S-IF42/LUMOLC 02 eISJ39%3f*o1
Mw? .12449?E*O2 LOM/LIMOLE "? a 491266E*oI

Pp *3692?3t&02 TORP P20 *2?8625E*03 PSIA
? Z~9??44E-04 GWI/CM3 R2 -*17145WE02 GM/CM)
T? .247594E~*3 K 720 a *l?I0#E*04 X

*POINT 3 SECONDARY NozTLE EXIT - CONDITIONS BASED ON THE NOZZLE STAANATION
(COMBUSTOR) TEMPERATURE

A3 to .9S3294(42 S-INZ/LSMOLE A3A3SE a .13131SE*S2
A:IA3SS .200000E*@2 63 v 11u9PO
MW3 .400`511*@I LBW,#LSW1OLE M3 w O530231E*@l
MWSNZ3 q.19S544(44 S/LIoofE P3 a 17?971ff*G TORR
Pele o .133074E4*3 PSIA RE3 a *16782'(04
R3 a -186603-04 GM/CM) *30 0 -?36704E-03 GM/CM3

T3 .620454(42 9 TIO a .60000*E*63 K
Viva 0 .49022SE0@O X3XI n O152370E#01

POINT 4 SECONDARY NL'ZrLE EXIT - CONDITIONS BASED ON TiE NOZZLE EXIT
TEMPERATURE

A4 0 *956635E.2 5-IN?/LIHOLE 64 w .161322(401
MWi4 o .*@@SgIE#@I LSN/LSNOLE 044 a .S30231E*01
P4 v .17971@E*02 TORR P40 a 9133O74E*03 PSIA

04 .186064 -04 GMICM) 040 m .7367*4t-O3 ON/CM)
T4 - .6204W#0.2 K 740 a .600060C0(3 K

W.W2 0. 4902raff00 X4M2 m* .12370(41l
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APPENDIX 6 CLAP SAMPLE IwPUT/OIJTPUT

POINT 5 CONSTANT-AREA MIXING REGION EXIT

FAS *.2O64O6E*03 S-INMOLMOLF OS * .15817E01l
"MWS .?.35148E*OI LOMAIMOLE "s * 4S9462E101
P% .*293596E'O2 TORR P50 .629117E*0A TORR
RS y 26921?E-04 GWICM3 ps0 u *939?2EP03 G*4/CM3
TS *.126558E*03 K Tso .0*S~4(*0E#4 K~

V52 *.149023Csol XSXZ a aPS23?0E*01

POINT 6 ISENTROPIC EXPANSION REGION EXIT

A6 9 .40629eE*o3 S-14M2/MOLE 66 a *ISOl7SE*0l
W96 a .?35148E401 LUN/LUMOLE Mb 9 .614393E*0l
PAt a .969160E*01 TORR P60 a 6629117f*04 TORR
Rfi v *133S95E-4* GM/*CM3 060 w .9539?2E 03 G/CM43

T6 .&SsS?Sf*@Z K TAO, v *10254S(E04 K
vw6 a .149023E*01 X6X2 0 227EO

POINT ? MIRROR KORM CONDITIONS

a? w .139962E*01 41w? a *2S013E*(02 L9MlL@MOLE
T?0 9 .300000E*03 K jI7w2 v 0.

?1I2 0 0.

POINT S LASER CAVITY EXIT

woo a *72il49E.0I LmAS9MOLE Me a 6226203E*01
*s .3833PGE.02 TORR Pee 0 .E,56947E*03 TORR

RIES 9 .3792S3E*0S PS a *795592EiOS GN/CM3
RAG * .38262X-0, GWM/C3 TO a .557161E*03 K
TaOO .13S100Eo*4 K WOW2 * 149023E*01
XSX2 a .2572691.S
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APPENDIX 6 CLAP SAMPILF. INPUT/OUTPUT

PRESSURE RECOVERY SECTION

INITIAL DATA:

A3&2 a '3040000E401 A?A6 a 360000E0r1o
EJECT a CAE ETA12 a .TSS@@E'006

6% a .129000E*'Ii Mws a *2.02046E*02 LSM/LRNOLE
PSG a .450000E.@3 PSIA PT a 76@00E613 TORO
Togo *.261460F .04 K

RESULTANT DATAI

POINT I LASER CAVITY EXIT AND NORMAL S040C1 OIPYUSEP ENTRANCE

At w.?16915E*03 S-MI~~LDWOE 61 a O15?T96E*01
*dI .?ZI1A9E*01 LSNLSMOLE "I a* 226203E'01

PT v .36332&E*02 TORO PI0 a .45%9?E*G3 TOR*
Al 6 *?9SSq2E-GS GMICM3 RIG a .382623E-04 64/043
TI a S5S?161E*03 K TiG a s136100(*04 K

POINT 2 NoRMAL Si4OCK DIFFUSER EXIT AND SURSONIC DIrfUSER ENTRANCE

A? a.?lS91SE*03 S-1N2/L8MOLE ETA12 .75@0O0E60S
6? *.15?796E*0I MW? 721fl149E41I LSM/1SMOLE

4. s644zssE#44 P2 * *1?364E*03 TORN
P20 a 22080?E*03 TOROR A2 .ISOIIE-04 ON/CWI
P20 a.1S489ftw04 GWM/CW3 t? 0 126444E004 K

Tpo * 138lS0E0t* K VW1W 100E0

POINT 3 CMONSAN-AEA SWUSSONEITCNDSUDDRENC EJECTOREN SECNDARYNOZlP XI

A3 .S49544t*S3 SIN2LMBOLE 64A3 .I5T19IEO0

*1319(O a IsomoooE 3 * .TTSOOE*G3 O
P34 v IT9ES OI 4 *212914E*0 W 9?1K03 TORM1
no a *1?82IS(-04 OW.'CN3 UT3 a 013112x,104 KNC

te 0.1IT1T4E*04 K 1r40 a .100IOOE*04K
xWqWI a .Ioooo#E.ol 41 *.0O0E0

POINT 4 CONSTANT-AREA* S4JSSOINIC-SUPERSONIC EJECTOR PRIONARY NOZflI.E XIT

A4 .*2TS?2E*03 S-1N2/LSMOE 65 0 .1577%08f*)
MW4 *7.?OZOAE#02 LSIW/LBMOE MS a .3S56§ot*OI
M* a .13S9465E03 TORO! P40 a .21@00,E*03 PTWA

R4 .1sOTIX-64 GN/cH3 R40 a .?6T2SXl-04 O4/NIC3
i# * *1169093E*0 K TS~o a 13610SO*04 K

0WIW a .2oooAoc~oI 1(XI a .100065?E04

PONTS ONT&Y-RE9 UBONC-UPRSWCEJCTR RIAR N2ZE82I



APPENDIX 6 CLAP SAMPLE INPUTiOtTPUT

POI4T 6 CONSTANT-AREA, SUSSONIC-SUJPERS041C EJECTOR EXIT AND S*JSSONYC

iaePFUSER:ENTRANCE ;8.t2U&E6 u .352EO

OfA 1 .683803E-44O/M 6 ?61S-4G/M
T6 a .21717@E*04 9 T6 0 *274S9E*04K

W6w1 a .384A43E*01 X6X1 a 20IS27EOOI

POINT 7 SUSSONIC DIFvusER EXIT

AT a .33T44SE*64 S-IN2&LSWO-i ETA67 a .9756flE*00
67 a .130S24E*01 "W? a* 1375?OE#02 L8NfL9MOLf
M7 .142CS2E*O0 P7 a .76000GEO03 TORO
P70 * .7?0956E*03 TORR R? = *73993S(-0* (SM/CM3
R70 a -74769SE-04 GMICM3 T? a *?26S79E*04 K~
Ti. a .2274S9E.OA K WVYI a*.3S4'.43E*@1
XXIi 0 20lS27E.OI

283



APPENDIX 6 CLAP SA"1PLF T*4POI/OUTPUT

SYSTEM CALCULATION SECTION

INI TIAL DATA:

EREACT ,r IPrNA/HW NOANK I 600E0

REACT C2*4 K~ NF3 02
PH4ASE GSA GAS GAS O,
CONT SP?4 5PH $PHt4
.,TEMP 300.0 K 305,0 K 300.0 K 300,0 K
STINE INPINITE INFINITE INFINITE INFINITE

SPIES 4*lE*07 PA 44jE#0? PA 1.2E#07 PA 4.jE.07 PA
(6000 PST) (6000 PSIl (1800 PSI) (6000 PST)

1rSYS 9OL0 OLD BLD SOL
WATER TI TI SS TI

REACT NZk-W I420-cs WMK IRENA
PHASE GAS Lit0 Lie LT10

STEMP 300.0 K 300.0 9 300o0 K 300.0 K
STINE INFINITE INFINITE INFINITE INFINITE

SPaRES 4.1E*OT PA 2.6E*06 PA 1.25*PO le2S*Pf
(600J0 PMI (400 PST)

APrSYS OLD Pos P65 P65

WATE.R TI TI TI AL

RESULTANT DATAS

SYSTE14 SCALE--P FACTOR

XL .9O1S67E-03 GWOLE/S

LASER DEVICE SYSTEM VOLIJMCflASS

NCO a .194169E~v3 LON
MIASE a .I7322.%E*03 LON vcome a .209271E*01 F13
**CAV a *5I1140E*02 LON VCAV a *194141E*01 FT3
HAW w .318S50fo02 LON VAW a *3823I1E*00 FT3
mcs .12Si12E*04 LOH vCs * e2239S8E*02 FT~i
"NOPT a ZS3349E#04 LON VOPT w.379S38E*02 713
Nos *31)5296E*03 1.8W

mLRREC .1475@4E*03 LON

P410*4W . e4915?2E04 L9H VLD*40W v .647661E*02 713
MIRT a .2002S2E.05 LO9W VIRT a *469017E*03 713

"Lobs a *25s0o9.S LON VLDS u .5337S3E*03 F13
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A~P"No!E (I CLAP SAMPLF ?RlUT/OuJT0UT

p*Q(StjC RECO~VERY SYSTEM VOLLmr,'nASS
msupo i -SS2167r*Ol LION 'IfkC7eloop 7T3wMIJ6O - .287613E-03 LOMVUS N~(
W-.JEC T a - 421f*r LON VSUO'D a 8256911E*O; ri
WOfREO a .26P2 3SE463 LOIBMC 3S06-0 T
NrLN F * a 146921t*62 LON

M7RT 0 -8VNS#g'E**4 Lem V~fnT a *3371e76of.S 713

aP3 .4.~4 3WE.*) I.tamWIS =-P0C0
SYSTEM VOLUW147ASS SJWMARY.3 Wo 1

04LOS a -250009E*gS LOM VIDS 0 *533703E*03 7T3Hops a .444439E.*0 LON VPRS a* 3?4419E*0A 713
"TOTAL .a Moo::::03 LO VTOTAB. 0 -2??=1 T

LPRS a .132803E*04 IN ID .?74T89E*@ IN

IRKOEV 8 -693?5E*03 IN VdDr =765I~EQ 73
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APPENDIX a CLAP SANPLE INPUT/OUTPUT

T~ANPLE CASE 71 INOUT

AK "CW CMUSTION CH(NISTRY INPUTS R(QUIRED?

.MOULD INPUT DATA S READ FROM TAPEI?

to

SELECT THi .&AiR CHEMISTRY FROM THE FOLLOWI1N0 LISTi

"ýDFO FOR A rf CHF'ICAL LASER
"H"' frG A HF CHEINCAL LASER
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APPENDIX a CLAP SAMPLE INPUTOPUT

INPUT DATA FOR THE COMquUSTIOH CHEMISTRY SECTION by HAI4CLIST.
CURRENT VALUES ARE:

HNLCCS ACIP * .361935E-02 ALPHA .110*?00E00
"I * 2 H2 * 4 H3 •
M4 * 3 MPG 0. .Pl 2 .362150C-@2
MPR2 - .I72416E-01 MPR3 0. PR4 • ,S~tOS3C-01
USRi * .4372S0E-02 WSR2 .333111E-01 MSR3 . 0.

*NLCCS WPO1-C.i1l1I7(-02 $

ARE NEW LASER DEVICE INPUTS REQUIRED'

YES

SHOULD INPUT DATA BE READ FROM TAFE27

NO

iI

I

I
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APPfENDX 6 CLAP SANK[ INPUbU',JTPUT

["PUT THE LASER PRIMARY NOZZLE GEOMETRY FROM THE FOLLOWINO LIST:

"OAK: FOR AXISYMMETRIC NOZZLES
ntDO FOR SLI(" NOZZLES

2D

INPUT THE LASER SECONDARY NOZZLE GEOMETRY FROM THE FOLLOWING LIST:

"AX" FOR AXISYIMETRIC NOZZLES
"tD" FOR SLIT NOZZLES

2D

SELECT A LASER D[VICE INPUT VARIABLE FROM THE FOLLOWING LIST:

"PIG" FOR THE PRIMARY COMBUSTOR UR NOZZLE STAGNATION PRESSURE
"TI@" FOR THE PRIMARY COMBUSTOR OR NOZZLE STAGNATION TEMPERATURE
Pie
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APPIENDIR 0 CLAP SAIMPIA INPUT/OUTPUTJ

F INPUT DATA rOR TH~E LASER DEVICE SECTION BY NAMELIST
CURRENT VALUES APE:

INLLDS sRr*AC * .lO0OOOE4OI CAROLE *.174S.3[-00@

Di .177900E-02 DIS * .661S)4E-04 D3 .137160E-02
D3S .695U@OE-04 HDASE * .3492S0E-Ol NMI .342SO2-1@E
LCAV *.762000E-01 LPNOZ * .2SOSlSE-@2 LSNOZ *.116E0

NSP14OZ *.103846E.ot PKrRAC * .S03431E.SO PIC *.SOEo

T0 -. 600000E.03 T70 * .300000E.03 S

SNILDS PIO-O.2E*07 S

NOTE: TIO - .17SS25E$04 K PIC * .200000E*07 PA

NOTE: TI - ISS2E*04 K PIlO .20000§E*07 PA

NOTE: TIO - 17SS25E*04 K PlO * .200004)[407 PA

NOTE: TIO ISS2SE*04 K PIC - .200000E*07 PA
NOTE: TIO - .17SS25E*04 K PIC - .200000E*07 PA
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AP'P(NIDN Sl CLAP SAMPt. INPUT/OUTPUT

ARE NEW PRESSURE RECOVERY INPUTS REQUIRED'

YES

SHOULD INPUT DATA 1( READ FROM TAPE3?

NO

INPUT THE PR(SSURE RECOVERY SUBSYSTEM FROM THE FOLLOWING LIST:

""0" FOR NO PRESSURE RECOVERY SUBSYSTEM
"DIF" FOR A SUPERSONIC-SUBSONIC DIFFUSER SUISYSTEM

"CAEw FOR A CONSTANT-AREA, SUBSONIC-SUPERSONIC EJECTOR SUBSYSTEN

OSSEO FOR A CONSTANY-ANCA, SUPERSONIC-SUPIRSONIC EJECTOR SUBSYSTEM

CAl

I

2 q !



APPq•l•'I4J�C tLAP SaIPLf INPUT/OUTP4IT 9

INPUT DATA FOR TNE VR(SSURE RECOVERY SECTION NY NANEfIST.
CURRENT VALUES ARE:

INLPRS A3AZ * .)O00000E*O1 A1V6 " A000otoE1

ETA$.' • .7S0oo0,00 GS . .'9O@00EO N,,S - ,02040(,0.2
PS0 .3102641.07 P! - .10132St.50 T50 • .2914*00.[4 I

SH*LPS A3A2-2.?S t

NOTE: P3 - .Z7319(40S PA MS - .33364[.401

MOTE: P3 - 207324E*0$ PA IS - 363364(001

NOTE: P3 - .287328E40S PA NS - .363364E*01

NOTE: P3 - .Z973MFO0S PA 1 MS .393364[601

4OTE: P3 - .2S732SE-iS PA MS - .3833641-01
NOTEz: P3 - .26?32(E*0S P10 MS - .39331E4[E0

NOTE: P3 - .2073!91.0S PA MS . .03364E-.i

NOTE: P3 - .287328160S PA MS o .3833641-0

NOTE: P3 - .217329140S PA MS o .303364E*01

NOTE: P3 - ,2873286E@S PA M5 * .313364E.01

4__t



AP, P'(.I4OI 6 CLAP SAMPL.E tNPUTIOUTP'UT

Alf HMCI SYSTEM CALCULATION INPUTS EQIUIRED'"

YES

AlE SYSTEM CALCULATIO4S DESIRED'

YES

SHOULD INPUT DATA K READ FROM ?TAP14

NO
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AP9INII~ *CLAP SAMP~r IhpuTOutMDT

INPUT DATA rDA THE SYSTEM CALCULATION SECTIUM IT MAMIEtIST.
CURRENT VALUES ARE:

$HLSCS "DN3wI "EJECT ¶
ITIME .6400000E.02 WFP3 l*%t94SE*01 4

SNLSCS '424"K2 I

ARE NEW REACTANT STORA4( "ODES RESUIRED'

YE S
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*1P~elfNOql 6 SCLAP SAPWLE |NPUTIOUTPUT

LASER PRIPARY I SECONDARY REACTANT STORtGE INPUT SECTION

C2N4 MAY K STORED ANY Of TH- FOLLOMING NAYS. INPUT K.

K 12

PNASE GAS GAS
COMT SPN CYI
STEMP 300.0 K 300.0 K
STINE INFINITE INFINITE

SPI•S 4.1E.07 PA 4,I[.07 PA
(6660 PSI) (6000 PSI)

rsYs 34.0 IILD
P¶ATER TI TI

l24
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APPENDIX 6 CLAP SAMPLE INPUTIOUTPUT

HK3 MAY K STONED AmNY OF TH( FOLLOWIHG NAYS. INPUT K.

K 1 2 3 4
PHASE GAS GAS LIQ LIG
CONT SPH CYL SPH SPM
STEMP 300.0 K 300.0 K 77.S K 77S. K
STINE INFINITE INFINITE 9.-6E05 S l.G(07 S

(C0 DAY) (10 DAY)
SPecS 1.2(*07 PA 1.2[-07 PA t.2SoPO 1.2SoP@

(1300 PSI) (1600 PSI)
*fSYS ILD ILD PGS PGS
HATE* SS SS SS SS

HE MAY Of STORED AMY OF THE FOLLOWING WAYS. INPUT K.

1 2 3 4PHASE GAS GAS GAS GAS
CONT SPH CYL SPN SPH
STE4MP 340.0 K 300,0 A 77.5 k 77.5
STI HE INFINITE INFINITE 8.6E*0S S I.6.E07 S

(10 DAY) (180 DAY)
SPRES 4,IE07 PA 4.1[*07 PA 4.IE*07 PA 4.1(.07 PA

(6000 PSI) (6000 PSi) (6000 PSI) (6000 PSI)
RFSYS BLD BLD BLD BLD
H4ATER TI i1 SS SS

*1
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APPENDIX 0 CLAP SAMPLE INPUT/OUTPUT

D2 MAY BE STORED ANY OF THE FOLLOMING NAYS, INPUT K.

K 1 2 3 4
PHASE GAS GAS GAS GAS
CONT SPH CYL SPH SPH
STEMP 300.0 K 300.0 K 77.5 K 77.5 K
STINE INFINITE INFINITE 3.6E#05 S 1.6C*07 S

(10 DAY) (1e0 DAY)
SPRES 4.1E*07 PA 4.IE*07 PA 4.IE*07 PA 4.IE*07 PA

(6000 PSI) (6000 PSI) (6000 PSI) (6000 rS0)
RFSYS ILD BLD OLD BLD
MATER TI TI SS SS

2

AERO-MINDOW FLUID STORPOE INPUT SECTION
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APPrNII 0 CILAP SAMPLE INPUT9OUTPUT

Mr- AN MAY K VTOCD AMY OF THE FOLLOWINlG WAYS, INPUT K.

k I 3 4

PNASE GAS GAS LI0 LI0
CONT SPM CYL SPH SPH
STrF'W 300.0 k 300.1 k 77.1 K 77.1 K
STINE INFINITE INFINITE II.SE'01 S I.,t.o? S

(10 DAY) (160 DAY)
SPIES 4.1[907 PA ',.IE07 PA !.lt'0i PA I,- lt PA

(6000 PSI) (6000 PSI) (I20 PSI) (820 PSI)

lrSYs ILD 1LD NIPS MPS
NATI[E TI TI 5s Ss

COOLING SYSTEM FLUID STORAG( INPUT SECTION

I4



APPMAKI S 1A6SMLEIT~P%

01-SMA7 V, 'ORED ANY Of THE FOLLOHIP1 eIA'S. INPUT K.

I 4

PHASE 110 ItO L10 LIQ
CONT 1PH CfL 5PH CYL
MINIP 300.0 k 300.4 K 300.0 k 300.0 g

STI141 I"FINIITE INFiNITE 11FIN INITE Im'IHIyE

spats 2S.@S*0 PA 2.1(*06 PA I ATM I A TM

0!0S PSI) 4100 PSI) A

K S
PHASE L10
CON? 1PH
STEWP 363-366 x

spatsI AT"

RFSYS RFP
HATER AL

-ta
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APPU4O!E B CLAP SAMPLF INPIJTIOUT04IT

INPUT THE [JECTOR PRIMARY REACTANT FROM THI FOLLOWING LIST!

"N2I4" FOR A MONOPROPI[LLANT DRIV(R
"IRFNA/MMMH FOR A *IPROPCLLAHT DRIVER

IRPNAll~H

14mm MAY BE STORED ANY OF THE FOLLOW•ING WAYS. INPUT K.

K I . 3 4
PHASE LI LI0 LI LI
CONT SPH CYL %PH CYL
STEEP 300.0 k 300.0 k 200.0 K 300.0 K

STIME !"FINITE INFINITE INFINITE INFINITE

SPRES 1.2S*PO 1.2S.PO I A*" I ATM

RFSYS PGS PoS PFS PFS
MATER TI TI AL AL

2I

_!._;_ I&_la



APPENOIX 6 CLAP SEowPLE INPUT/OUTPtT

I RVWA MAY It STORED ANY or TM( FOLLOWING WAYS. INPUT K.

K I 3 4
P'csCt LIG LIQ LIG LI14
CO,4T SPN CML oPH CYL
STEMP 300.0 K 300.0 K 300.0 K 300.0 9
STINE !? rINITE IhFIHITE IMFIMITE INFINITE

SPRES 1.2SvPo t .2S')?0 1 Alm 1 AT"

RESYS POS PVs prs
MATER AL AL AL AL

TO RESTART PROGRAM ENTER NVZSN

TO STOP PROGRAM ENTER ONON

NO

3'•00

!~
iI



APPENDIX n CLAP SAMPLF INPUT/OUTPUT

SAMPLE CASE 21 OUTPUT IS! UNITS)

CHEMICAL LASER ANALYSIS PRUMAN (CLAP)

WRITTEN 9YI C.L. AflAVS
A.Lo ADDY
R.o. MASSEY
CoOo MIMMELSEN
6.7l. MoRR
ReL. OOLUKIAN
G.J. WALKER

I JANUARY ?7

AERODYNAMICS GROUP IOOM9I-TOK)
SYSTEM SIMUJLATION DIREC70RATE

U.S. ARMY MISSILE RESEARCH & DEVELOPMENT COMMAmN
REDSTONE ARSENAL. ALADA14A 3S609

RUN DAYF 12106/7S

CONHUSTION CHEMISTRY SECTION

INITIAL, 5AVAt

AEXP 0 .36193SE-02 M?2 ALP44A *.602700E*00
O Um a O NI 2 ATOMS C

142 a 4 ATOMSM N N3 I IATOMS N
44 3 ATOMS F VPS .11619?E-0? KG/S N2

wPRI a .36?160E-O2 KO/S C2?4 VPR? .17?AISE-01 KG/S HE
WIPR3 a 0. KS/S N2 WPR4 a 751093F-01 KG/S 14173
vsRI 0 .4372S0E-O? KS/S D? WSR2 a.338518E-0I KGiS 'GE

wSR3 0 0. KS/S N2

RESULTANT DATAaI
7OAA a .19159?E*O0 Kl JLEIS-M? OMEGA a .34?901E.02
OMEGTRV a .3227?0E.@2 P5JC a .126969F*02
PSIL a .22@931E*02 PSILTRW a .19S801E*02i
0 a olISAIE ;08 J/EPSOLE PC a .20V6SSE.01
RI. a .251301E.o1 RIP 0 .220931E.02

WUCPI a .193609E*00 CF4 IFOPI a .159827E-01 fF-4
WvcP2 0 .se0M7E-41 W4 XFCP2 a .319653E-01 H I
WFCP3 a .1346?4E.Do or XFCP3 a .534772E-01 nF
WFCP4 w .43S361E*00 HE XveP* v .T9O200,ooo HE
wFCPS 0 .105896E@oo 42 XFCPS u .?7463ft-01 N2?
WfCP6 a .22431TE-OI 0 XFCP6 0 .809116E-01 nl
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APPENDIX 0 CLAP SAMPLF INPUT/OUJTPUT

LASER OEV!CE SECTION

INITIAL DATA:

RRVRAC a .100000E061 CANGLE a .1?A533E.O PAD
o1 a .IT77aOE-O? M4 DIS a ."9534E-0OA
03 a .1371GOE-O? w 03S a .iggsoo*-OA

r wASE a .3492Sn-0 M HMO a .3492SE-01
LCAVP a .7200[G M(*4* LO .2590[0m

T30 a.600000E*03 K * 300000E*03

RESULTANT DATA:

POINT I PRIMARY NOZZLE EXIT - CONDITIONT BASED ON4 THE NOZZLE STA6.4ATION
qCOMSUSTORI TEMPERATURE

Al a *171SZGE*00 S-MN?/KOLE AJAlSE a .I?6697f.02

*l .1 2449TEr*02 KS/KMOLE "I a .Aae0wo5El

NPNOZ u .41S138E#04 S/*KMOLE P1 w .SZ3849E#04 PA
plo 0 .200000E#67 PA REI * 21363AE*04
I ZISE0K10 JSSE0RI a .288884E-01 KS/N3 Pie :174617f#01@ KG/N3

POINT 2 'PRIMARY NOZZLE EXIT - CONDITIONS IASED ON THE NOZZLE EXIT
TEMPERATURE

A2 a .1564AE*0O S-M2/KMOLF 62 * .S3As4E*01
M42 a .I?*497E*02 KOAMOLE M2 .ASSTOSE*@1
P2, a S5236A9E*44 PA P20 -*20O0flE*O? PA
Rp . 2SSSS4E-OI KSM3 R20 -170617f.01 KGM3
TP a2 .271928E*03 K T20 I *175525(*04 K

POINT 3 SECONDARY NOZZLE EXIT - CONDITIONS BASED ON THE NOZZLE STAGNATION

(COMBUJSTOR) TEMPERATURE

A3 a .13SS91E*00 Z-142AMKOLE A3A3SE a .13131SE*02
A3A3S6 a .20OOOOE.42 63 m .1616?9E*0I
MW3 a .AOOS3lE#Ol KSMMOL.E M3 a *530231E.01
NSNOZ a .4311SAE*OA S/*KMOLE P3 a .23O9593(44 PA
P30 o .917916E#06 PA RE3 a .ISTSZ9E.OA
R3 a .1960sEr-91 K9fIN3 R30 *.?3670AE#60 KO/N3
T3 w .62@4S4E*02 K 130 a 600000E*03 K
w3wJ a 0A9@22SEo00 X3XR .1523?0E.0I

POINT 4. $ECONDARY NOMZE EXIT - CONDITIONS RANED ON THE NOZZLE EXIT
TEMPERATURE

A4 a *136095E#00 S-M2/KHOLE 64 a .161322E.01
*4W4 6 -40M0551EO WKS/OLE *44 * S30231E*01
P4 v .230S93E*04 PA P40 -. 917516E*06 PA

T4 a .620454E*02 K T40 .600000E*03 K
wWAN? * .90228E.oo EX4X - .123?OE*01
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APPEND 14 6 CLAP' SANPI~r 7WPUT/wqTpuT

POINT S CONSTANT-AREA MIRINS REGSION EXIT

AS . *92161ooS'-qVWOE 5w~i *?3Sj4**IE KS9KsOLE M5 * 686* foIEpSj a *0957@Er*04 PA P A0 .Z1,r?8lE*? *AaS *.62a52ts-al x~f"3 "o3 a 0921547E000 erO/MJ

POINT 6 isurNpopic iExPANsItiN m(6IoI4 Exy

A6 a S??095f*GG S-.4,?CwOa. 66"wWb 0 *73S148E~oj KencmoLI MG, .609c0P6 0 *139SOSE*04 PA Pile a .IlflIi:.@ PARG R -It9981@-01 KS#W3 ago .92I547ros@ KOIrSTo a -91~SS0E*G? K *G .I@sezr.@As f(
WOE .14902lE*61 XGX? .253eOf3

POINT MTRO PU "rG CONDITIONS

a.? * *996RE401 Hwy .2S0134E*02 xc.K'40LET',S -30@o00E.03 K W?v? 0192fa

POINT 8 LASER CAVITY EXIT

AS *.S?4.IS-m2/mmft Go *157692CO01ows .7?4"9lc~s1 KO/W^Hft s .226368f.0jPs5~gy. PA Pee .636011[*0S PAME& % 3?S835E.*4 48 0788S1*iE-01 KGO/30,44 * 387049t(-e KO/N3 To * *57?3Prf031,809 .143582C*0, K wow? .1@1(0rSX2 .2*s?931E.0i
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APPENDIX ICLAP SAMPLE IMPUTIOtTPUT

PRESSURE RECOVERY SECTION

INITIAL DATAs

AWA a .ZVsoOoe'S AA6 a .300000E#Ol

es .19000oo.@ MW a *ZOZOAOE*OZ KG/KROLE
PSG w .3102W40?7 PA P7 a .101325E*O6 PA
i-so a .?81480E#04 K

RESULTANT DATAI

POINT 1 LASER CAVITY EXIT AND NORM4AL SMOCK DIPUSER E4iRANCE

Al a .10t254E.0 s-44ZixwOE $I a 1S?692E*01
6 av .72Tr64#fo9 KG/KN)LE ft w rt@3S6E.ol

P1 m .5i70'TE#04 PA PIO u .636@IlE.05 PA
RI .?88141E-02 KS/M3 Rio 0* 387049E-OI KO/143
TI S?~3263E#0'_ K TIO a .143SS&EE.4 K

POINT P NORMAL SHOCK 0)IMUrSER EXIT AND S0SSONIC OIPVrUSER ENTRANCE

At w -1022W#01O S-M2/KIMOLE ETAI2 a .TS8000E*00
62 a .15?692E*01 MW? a 02t6491E.00 KO/KNOLE
M2 a .5617WE006 P? = .238891E*CS PA
P20 a* 303123E*OS PA R? a .lS$612E-01 KO/M3
Rpo a * 18446&E-01 KS/M3 Vt a .1316@3E.04 K
?to a .14358K#$## K wVtV a .l@@OOOE461

POINT 3 SUBSONIC DIEPVUSER EXIT AND SUDDEN ErNLARSWWNT ENTRANCE

A3 .t2ii'99E.@ S-MZ/KMOLE ETA23 a *9999?E.Og
63 a .17692f*$I MwS a .?t6491E*0l KO/KNOLE
43 a.1713W*E00 P3 a .2d73?SE.05 PA
P30 o ?940t9E.05 PA .43 .1?6336L-0l KG/M3
R30 ol*7S933E-0l KS/M3 T3 a *1437EM.O4 W
730 .143502E.@4 K V3Wl a .l00600c0E*

P0j1T 4 CONSTANT-AREA. SUSSONIC-Sa.PERSONIC EJECTOR SECONDARY NOZZLE EXITI

A4 w 119781E#01 S-NZ/KMOLE 04 a .1S?69Pf#0l
MW41 a .72644'IE.S ES/KNOLE M4 a .775000E@Oo
P4 a ,*I90#4(.05 PA P40 a .2%029EOOS PA
R4 w .139?04E-01 K61"3 R40 a .1?8933E-01 KtA/H3

T4 w iz23?9E*04 K T40 w .145512E.04 K
W4W1 0 .1@@OOOE*0I X4xI 0 .100000c.O1

POINT S CONSTANT-AREA. SUBSONIC-SUPERSONIC EJECTOR PRIMARY NOZZLE EXIT

AS a .368370E#00 S-MM/MOLE OS 0 .129000E.01
MWS 0 zo2o240.oz wOKNOLE Ms a .3SS364E*01
PS a .193543E*OS PA P5O 0 .31026M(.@7 PA
RS a .SP31SDE-01 KS#MS RSO a .267SSIE#01 kG/M3
T5 o .699001[.03 K TSO a .281480E.04 K

WSWI a .27266lE#01 MSx1 .9S0264EO00
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APPENDIX 41 CLAP SAMPIf 1wPUT/DUTPUT

POINT t CONSTANT-AREA, StdSO WC_5UPfQONIr (JJCTOP EXIT AND0 SUSSONIC
nIfVUSER ENTRANC[

46 IS616[90C 1 S-~wNM OLF SA .138726foIl
NW6 .13006SoolS KOVNOLE M6 *.49SP229E'@

P6 *30?IS1E*SS PA P6@ u 0163?Sf*0G PA
R6 GGprQt2-ol K61"3 R60 *.?Sa~flSO 0o/M3

T6 u.2hU39OE*0A K T68 *ff4346E*04 K

wWG u .37261GE40I MfilI *102V 1

POINT ? SUSSNIC 017PUScro EXIT

AT * 445416 S-WZNMOI..E ESAG? * 9?SS43E00
SO "w?200.APAP .1326?#KO2 KGMWL43

M? . 142491E*S0 P? .16132SE*@ PA

*~ ?*W 0 KGMl3 7? u.2*74SKf.04w

710.23W 0 K v7wI .3?2AIAE*@1
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APPENOIA a CLAP SAWPP.E IMPUTOG0JTPUT

SYSTEM CALCULATION SECTION

!NITIAL DA1at

FREACT a I RUNAMWS4 "SANK a
14EJECT a I *TIME a .600f0 4t
WPP3 a .169G45E#6I KG/S

REACTA14T S70RAGE METHOD

REACT C2W* WE W~3 07
PNASF GAS GAS $AS GAS

SUEMP 30060 K 30000 K 200.0 K 300.0 K
STINE ININIITE INPINITE INFINITE INFINITE

5PRfs c.1j~ao? PA 4*lE*0? PA 1.21.0? PA 4.1E#07 PA
06000 PST) 46000 PSI) (1800 PSI)1 000 PSI)

RVSYS sLD OLD OLD at 7s
M4ATER TI it Ss TI

REACT N2-AW 420-CS HM*4 IRPNA
PHASE GAS LTC LIO L14
CONT 5PH SP44 CYL SP14
STEMP 300.0 £ 368-388 K 3060. K 30000 K
STINE INFINITE INFINITE INF'ANITE INFINITE

SP*ES 4.1E.OT PA 1 ATM ilps*P0 10250r0
1600O PSID

Rfsys BOD RUp P13S PtbS

MATER TI AL TI ALI

V.~P a .901567'E*0O KHOLl/S

LASER DEVICE SYSTEM VOLUMEMASS

MIN4J a S*o370?E*02 KG
WcS o G65S"fIE*02 K6

PAE a .*X7&l7?E*0? KO VCOW a .592?*2ff-0I m3
mCAV a *23210fl.62 K6 VCAV a S549?46E-01 m3
MAW a .268893E*02 K6 YAW m .21G51?E-01 M3
mcs a .340163E*03 K6 VCS a *3S55OE*00 M3
04OPT v ?P2474SE*03 K6 VOPT a .190601E*01 m3

003 a .9624471E*S? KG
mL*oa .6690601.02 KG

mLLINE a LlS&933lE4*2 K6

"4.DHD a .152054C-0; KG VLDHOW a .2k47?4$e.01 si3
04LRT a .11526?Eoos KG VIM? a .134?IIE*OR m3

14LOS .1730*-7ý2*0ss KG VIOS %. .15806E*O2 U3
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APPENPIOIRf CLAP SAMPLF 1WPUTIOtITPtJT

PRESS~it RECOVERY SYSTIEM VOLU'eE/MASS

14SUPO a .?50040E.S3 K0 VSPIJP m SI23X*00.O '.3
"PSUBD w .941IGE*O? K8 VSUBO u *2338671*Og 4.3

*4JEC .10iOXO:GS K6 VF*CT a .6*SIW*02S m43
mERFWB m .I1SIAYK.@3 KG
'4ELINE a .?99647E*61 KS

Nefwo .o9,3e6t.Gs go VPNHOW a .7?*PTIE.0 '43
""T .39?195E.S4 K6 WCRT a .37762,E.O m43

wP9S * Tioii~ KS6 VRRS u .74O334E*2 m43

SYSTEM VOLUME~MASS SUMMARY

hE.OS .130477C005 K6 VLOS R .ISa96GE*02 H.3
.pps .1*49036E.GS KOt VpS a *?4033woop '43
""wIse .362874E*03 K6

mTOTAL *.2831SEGS~ KB VTOTAL a .S99326f**2 m.3
VSYSTM a .1798644#03 m43

WBASE .74S900E*01 W LLDS u .159968E*@O m.
IPPIR a .236036E*St M

LSADV a .239936E*02 N VSxoErV a .S2049@E*O1m
I4PXDfV a .601315.E#1 M V@XOEV w .I183?SE*O4 '.3

307



APPENCIE nCLAP SAMPLE IMPUT,'OUTPtJT

CWEM1CAL LASER ANALYSIS PRORA" (CLAP)

WRITTFN BY1 Co~o ADAMS
A.L% ADDY
ReDo MASSEY
C.O. MIKKELSEN

P.1. 0GUMIAN
A.Je WALKER

I JANUJARY I?

AERODYNAMICS GROUP loNOMI-TOK)

SYSTEM SImuLATIOw DIMECTOftATF
U.S. ARMY MISSILE RESEARCH & DEVErLOPMENT COMMANnt

REDSTONE ARSENAL. ALADAMA 3509

RUN DATE I1/06/78

CONWSTION CH4EMISTRY SECTION

INITIAL DATAI

AEMP a .36193`51-6? Mt ALPHA a .S2flfe.o0
nra.. a OF 4 it ZToS4Sc

42 0 AT04SN M3 1 a ATO" N
6 3 AT04S F WPS .. RG/SN?2
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APP,[NDIX 6 CLAP SAMPPLF INPUT#OUTPUT

SAMPLE CASF 21 OUTPUT IFNGINFFRP4G (PNITS)

CHEMICAL LASER ANALYSIS PROGRAM (CLAP)

WRITTEN BY: C.L. ADAMS
A.L. AODY
Q.0, MASSEY
C.0, MINKELSEN

R*L6 OGLUKIAN
6.J. VALKER

I JANUARY TT

AERODYNAMICS GROUJP (OMMI-YOK)
SYSTEM SIMUL.ATION DIRECTOPRtE

U.S. ARMY MISSILE KSEARCH L DEVELOPMENT COMNANO
REDSTONE ARSENAL, ALABAMA 35S@09

RUN DATE 12/O6/78

COMBUSTION CHEMISTRY SECTION

INITIAL DATA:

AFXP a.S61400rE'ol IN2 ALPHA a .SO?700E600
OU'ORHU a OF NI a 2ATONS C
N12 a 4AT04SH W N3 a I ATOMS N
NA 0 11 AT004S IP WP a .I1e19?E*O1 GM/S NZ
wPPI a .36216&toatO Gmt% cHm4 Wp2 0 ITp4lE.op aH/t WE
WPR3 a 0. GMFS N2 WPR4 a 9S?1O"3EO?2 GM/S NIF3
VSIRI 0 .A372SOE*Ol GM4/S 02 VIpz a .338515E*O? GM/S HE
W903 0 0. 044/ N?

RESULTANT DATA:

POAA a .12360?E08 GMOLlE'-TN2 ONE"A a 1347961C002
OMESTAW a.322?7@E*02 PSIC a *126969CO02
P511 .220931E*62 PSILYM*W a*195,861E002

* S?.23239E*04 CAL/SN4OLE PC a .2OTSSSE*0I

WCPl .193609E*01 CVA XPCP1 a .1S962?E-01 CVA4
VPCP2 *.860274E-01 WE XplCP? a .3196SX-O1 WV
VPCP3 * IS4674E*00 07 KPCP3 a S5347?2E-01 Dor

w 5f .A3s36iE.Soo HE XpCP a 17SS2@@e~g me
PcP * o1ss9E'soo NZ XPCPS a .274632E-01 NZ

wep z 2431?Lr-ol 0, x"P a .809116E-01 0
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APPENDIX 6 CLAP SAkPLE INPUT/OUTPUT

LASER DEVICE SECTION

INITIAL DATA:

BRERAC a .IO0OOOE+O1 CANGLE a XOoOOOEf*O2 DEG
01 a .?00000E-01 IN 015 a .263S96E-O? IN
Di a .54*0o0E-O1 IN 035 a .270000E-02 IN
OfOMPN a 20 SEOWSN 2
HRASE v .137500E*01 IN HNNB .137500E*0l IN
LCAV a .300000E.Ol IN LPNOZ -. 98SO000E0l IN
LSNOZ a .?29030E-Ol IN NSPNOZ w .112A4AE.Ol
PKVRAC w .80343iE4.OO PI: : .29001SE-03 P~fA

RESULTANT OATA:

POINT I PRIMARY N4OZZLE EXIT - CONDITIONS BASED ON THE NOZZLE STAO3NATION
(COMBUSTOR) TEMPERATURE

At a .120594E*03 S-IN2/LUMOLE AlAISE a .17669VE012
AiAlSG w o265556E*02 @I a 1I457S9E*01IMWI a .124497E*02 !..MLSMOLE ml a 148870SEC0l
NPNOZ a .l8b3O2E.04 5/LUMOLE Pi a 9192919E+02 TORR
PlO a .2900TSE*03 PSIA REI a .'I363A"t*4
RI a *288864E-04 GW/CM3 RIO ft.706))'EO2 GM/CM3
TI a 271528E-03 K TIO v olS525r*04 K

POPAY 2 PRIMARY NOZZLE EXIT - CNONDTIONS BASED ON THE NOZZLE EXIT
TFNPERATURE

A? a.109974E*03 S5IN?/LBMOLE 62± a 534S4E*Ol
MW? .124497E*O? LBM/L8MOtE M2 a * 0Pe705E*0l
P2 *.392919E*02 TORR P20 a .29007SE*O3 PSIA
R2 o268386&E-04 GW/CM3 R? = .170617E-O2 OM/CM3

T2.271528E*03 K T20 a .175525E#04 K

POINT 3 SECONDARY NOZZLE EXIT - COMDITIONS BASED ON THE NOZZLE STAGNATION
(COMBUSTOR) TEMPERATURE

A3 v .953294E*02 S-INZLBMOLE A3A3SE w o13:315E#02
A3A3S6 a .200000E#02 63 a o161679E*01
MW3 a .4OO551E*01 LIM/L9MOLE M3 a 0530231E#01
NSNOZ3 w *195544E*04 Ff'L9MOLE P3 w 9179710E+02 TORR
P30 v .133@74E*03 PSIA RE3 w 0I6782W*O4
R3 w .166036E-04 GM/CM3 R30 w . 73670*E-@3 GM/CM3
T3 a .6204S4E*02 K TIC a *600000E*03 K
Wiwi * .490228E*00 MIXI a 0152370E+01

POINT 4 SECONDARY NOZZLE EXIT -CONDITIONS BASED ON THE NOZZLE EXIT
TEMPERATURE

A4 a .95683SE*02 S-1N2/L9MOLE 64 m .161322E*0I
MW4 m .400551E.Ol LIN/LUMOLE M4 w oS3O231E*01

P4 a .179710E*02 TORR P40 a*.133074E*03 PSIA
R4 w .186036E-04 GM/"t3 R40 a .736704F--03 ON/CM3
T4 a .620454E*02 K T40 a .600000E 03 K
w4W2 = .490228E*00 X4X2 w .152370E*01

3.10
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AMCNO IR X CL AP IA MPL F I NPUT IOUTPUJT

POINT 5 CONSTANT-AREA NlIXING REGION EXIT

AN ZOS65PE*03 S-TPg/L6MOLE 65 o .159G3t*@I
"MWR a ?3Sl40F#OI LSM/LSWOLE "S 0 466*OlE'ot

0 .00203E.O? Top# Pig *B964S EOM6 TOR*
1 2626SN2-O4 G'l/CH3 *So 9 92IiB?E@o~ GNWC0
15 *3???31*03 x TSO * .IO2flOF'@ K
w~wz * *I9OI3E.0 X5sZ .2Sf3?O'o0I

POINT 6 ISENTROPIC EXPANSION REGION EXIT

A6 *ROBZGOE.03 S-tN2/LUMOE SB O Ii?943E*@I
'A *.?3Sl48E*OI L§MfLI4O9.E 04B 06*109931'0I
Pf .10092*t.oz TORI P66 *6.USOROE0O' TORR

RG 0 12991OE-04 ON/C143 R-bo .921%WV-03 GICH3
T6 .9156A0ofot K 160 .IO6?Iof*04 x
WGWE * 1B9023t>.oI KX6? o .2237of*@I

POINT ? MIRROR PURGE CONDITIONS

G? a .1399621t.O MW? eFOlOM~E0O2 L§N/L§1O1E
T70 0 *3060000E.03 K WTWf .1490IMWOI
X712 a 0.

POINT S LASER CAVITY EXIT

AK * .?1S9IiE*03 S-TNEARMOLE Be O Ii7B9LME'oI
"Mwe .725691E*0I L~sM/LMOL( me * *2263sa'oI
p" .3STSAOE*OR TOIR PO0O .A??O4?E#O3 TOR"
PreA .3?SO35E.Oi Re * .71141f1@i GN4CM3
"RAe .31?0lW-04 GH/C1N3 TO 47i3163E#43 K
TAO *1.I3%2tf.@4 K wSw2 .Isoslxt~oI

RUNE ,ri73IE#Ol



APPENDIX 6 CLAP SAMPLE INPUT/OUTPUT

PRESSURE RECOVERY SECTION

INITIAL DATA:

AlAi* a .2?SOOOE#Oi AA6 a *300000E*O1
EJECT a CAE ETA12 a .?50000E00O
65 a *129000E.O1 NW5 a *202O*OE'02 LSM/LSHOLE
P50 a *ASOOOOE#03 PSIA P7 a .760000E*03 TORO
TSO 0 .28l4soE.O0 x

RESULTANT DATA:

POINT 1 LASER CAVITY EXIT AND NORMAL SHO0CX DIFFUSER ENTRANCE

Ai a .7189ISE*03 S-1N2/LUWOLE s1 a * 79E0
"NWI a *726491E*01 LOMNAUNOLE Ni a *22S38GE#01

Pi a .38784OE*02 TORO R a *47704?E#03 TOAR
RI a ob6141E-@5 GM/CM3 RIO 0 .387049cE04 014/CMI
TI a .573263E*03 K TIO a *143SPE#04 K

POINT 2 NORMAL SHOCK DIFFUJSER EXIT AND SURSONIC OTFFuSER ENVRANCE

AP v .718915E+03 S-IN21LDNOLE ETA12 a o7SO@OOf~oc
6? w .!S7692f.O1 NW? a .726491E*01 LBN//.6NOLE
N? u .5&17S4E.oo P2 a .179163E*03 TORR
P?O a .227361E*03 'vORR R? a *158612E-04 GN/CM3
RO x *18446SE-O4 GN/CM3 T2 a .131603E*04 K
T?O a .1435eE.O4 K w2wI w *100000E01l
X211 a .1OOOOOE*OI

POINT 3 SUBSONIC DIFFUSSER EXIT AND SUDDEN ENLARGEMENT ENTRANCE

Al a .197702E*04 S-IN?/L9MOLE ETA23 w*.96999?E*00
03 a .157692E*O1 MW3 v .726491E*01 LSM/L8MO4~E
W3 a .17135&E#O0 P3 a 2?1SS14E*03 TORR
Ple T .220540E*03 TORR R3 a .176336E-04 GN/CM3
RIO a *176933E-O4 GN/CM3 T3 r.)14237fiEr04 K
T30 w .143Se2E*O4 K WIWI a olO0Q0OE01l
13K) v .100000E.0I

POINT 4 CONSTANT-AREA9 SUBSONIC-SUPERSONIC EJECTOR SECONDARY NOZZIF EXIT

A4 a .8A213SE003 S-IN2/L9MOLE 64 a *1157691E#01
MWA a .7?6491E*Ol LUN/LUNOLE NA a #?TSOOOE~OO
P4 w .142559E*03 TORO P40 : 220540F+03 TORR
R4 m .13S704E-04 GN/CM3 R40 .178933E-04 ON/CN3
T4 w .122379E*OA K T40 * 14358F!0OA K
w4W1 a .10OOOOEt*C1 xAXI a .100000E*01

POINT S CONSTANT-AREA* SUBSONIC-SUPERSONIC EJECTOR PRIMARY NOZZLE FXIT

AS = .258989E*03 S-1N2/LBMOLE GS a 1129OOOc*o1
NWS a .202040E*02 LUN/LMNOLE MS a 58S3364E*01I
PIS u .1A5169E.03 TORO PSO a .450000E*03 PSIA

Ps o.5?115E-OA GMq/Cp3 R50 a .267651E-O2 ON/CM3
T; a .899001E*03 K TSO a .2814SOE0OA K

WSW1 a .272616E+01 X5XI a .960?66E#OO

312

IA .



APPE:NDIX 6 CLAP SAMPLE INPUT#40UTPIJT

POINT 6 CfltS~Tf4T-AREAv "USOMTC-SIJPEISO"IC EJECTOR EXIT AND SURSONTC
DIFFUJSER ENTR&NLE

AIiO.U013E*04 S-1N2/LSMOLF2 66 mu~iED
"%W6 .1367oof*02 LBMIL8MOLf 146 a .6sS2mooo0
P6 *67T19fr*O3 TORR PG0 a 1790379C403 TORR

R6 a :676222E-04 6*trkf3 R60 0 ISS6TM504 GM/CM3
To% a .21639OE*OA K T60 * .22634E#04 K
Wl6w1 .372616E*01 1611 a .196027FE'0l

POINT 7 SUBSONIC DIFFUSER EXIT

AT 0303E0 S-IN2fL§MOLE ETA67 a VT~SS63E*00

67 u.138s'zE(.1 MW7 9 136700E*02 LSMILS"OLE
"IV 0 14269CECO@ P7 9 .?64000E*03 TO"R
PTO a o 065E.Cn TORR R? w .732439E"04 GW/CM3
R70 a .?441W*-04 GW/CM3 T? .2274SOE*04 K
T 70 w *Z?Sft346EooA K 37I 72616E*0O1
1711 a .198021c.G1
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APPENDIX 0 CLAP SA04PLE II4PUTIOITPUT

SYSTEM CALCULATION SECTION

INITIAL DATA:

EREACT a IRFNA/MN9 NNANK 0m 00[ 2
NiJECT a RYIME a 6000.? S
WPP3 a .18964SE.00 GM/5

FfiACTANT STORAGE MfTo*OO

REACT C"M HE Nf73 0?
PHASE GAS GAS GAS GA4;
CONT SPt CYL SPM CYIStEM.P, 300*0 K 300.0 K 300.0 K 30o.0 9STINE INFINITE INPINTTE INFINITE INFINITE

spaEs 4.iE.o7 PA '.IE#07 PA 1.E407o PA A.1E*07 PA
(6000 PSI) (6000 PSI) (1600 PStl (6000 P'SI)

OWSTS 310 BID 310 ILri
mATER TI TY 55 TI

REACT N2-AW HaO-CS MMM IRWNA
PHASE diks LLIO- LEO
CONT SPAI SPH CYL SP$4
AIEMP 300*0 K 368-388 K 300.0 9 300.0 K
STINE INF INITE INFINITE (N7INITE INFINITE

sowEs A.IE*0T PA I ATK !o?5*P0 I.psoPO
(6000 P511
310VS OL Rrp PGs POS

4iATER TI AL TI AL

RESULTANT DATA:

SYSTEM SCALE-UP TAeTOR

ALP a *90IS67E-03 OGOLE/S

LASER DEVICE SYSTEM VOLUMEIMASS

MINJ a .111066E*03 13w
"AC6 a -I66533E#03 13w
MRASE a .1?322VE.03 LOM VCOMS w .209325E'0I FT3
MCAV a .51169?E.02 IBM VCAV a .194l41E*01 713
MAW a .636901tE.02 (§M[ YAW a* ?646&?E$00 P13
meS a .?49931E#03 ..BM VCS a .125S68E'oi FT3
MOMT a o1597?9*E04 LBO VOPY a .7013S3E'02 713
Nos a -2121$X*E03 L3wNLRrEG a .14?SO4tE*03 L3w
IQLL14E a .570&949e02* 13w

~4LmDOW a .33iJ-*Fi3. 4- 13w VLt04OW m .STW*P*(02 113N *Y o2S4120O.Og 13w VLI1T m ý47396IP',3 713

NgOS a .26764E.O LINN VIDS a *5615IE43W. rT3
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APPENDIX 6 CLAP SAMPLE: JNPUT/OUTPUT

"PESSURE RECOVERY SYSTEM VOLUME/MASS

MSUPO a -SS?167E*03 LOM VSUPO - .I1OTO7E*02 FT3
M'iqAo v .207613E*03 Lem VSIAO - .6l25693E#01 FT3
MEJECT a ..230S09E*O5 LON VEJECT a *245474E*04 FT3
MERREG - .253855E*03 LON
MELINE *.167S16E*O2 LOM

MPRMDW *.241312E.OS LON VPRMOW a .248IIIE404 FT3
MERT .67S665E.@'. LSM VERY * 133359E*03 FT3

MPRS & 32S879E*OS LON VPRS a 9261*44E*04 FT3

SYSYFM VOLUMEIMASS SUMMARY

MIOS * .2S7642E.OS LSM VIOS u *5614S2E*03 FT3
"MPRS a .32a679E*OS LBM VPRS a &261447E*04 FT3
MMISC a *SOOOOOE.03 LOM

"MTOTAL a .6243plE*OS LIM VTOTAL v .317S92E*04' FT3
VSYSTM a .635SI4E*04 F'Y3

WBASE a .293662E+03 IN LIDS u* 7479@4E*O1I N
LPRS a .937l5OE+03 IN4

IRXDEY a .944629E*03 IN W9XD[V a*.32302SE*03 IN
MAXOEV w .236?38E.@3 IN VOXDEV a .418O48E*OS FT3
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