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FOREWORD

This document is the final report for work performed by the
Garrett Turbine Engine Company under Contract NAS3-22542. This
program, under the sponsorship of the National Aeronautics and
Space Administration (NASA) Lewis Research Center accomplished tLhe

technical effort involved in the computations of emissions using a
3-D combustor computer program.

The assistance and guidance rendered by Dr. C. J. Marek, who
was the NASA Project Manager for the program, is acknowledged.
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CHAPTER 1

INTRODUCTION

A. Background

Significant advances have been made in combustor analytical
modeling over the past five years. The use of advanced numerics
and kinetics has given the combustion engineer the ability to pre-
dict internal combustor flow field characteristics. These advanced
tools, while still in their incipient stages, offer the potential
of reducing the design and development time required for gas tur-~
bine combustors. At the same time, the analytical models increase
the understanding of the phenomena affecting combustor performance
and provide the basis for designing better combustors. The optimi-
zation of the design process will require a judicious blend of the
emerging analytical tools (correlated and updated with test data)
with the established empirical techniques.

Starting in 1970, Garrett has demonstrated a company commit-
ment to develop combustor analytical design tools and utilize them
in the everyday design and development process, In addition to
extensive company-sponsored efforts, a significant contribution to
this highly successful effort has been the USARTL Combustor Design
Criteria Validation Program (Contract DAA302—75-C-—0044}.l Among
the models developed under the above-mentioned USARTL program was
the 3-D Combustor Performance Model, which is the basis for the
present program. The present program entailed extending the capa-
bility of the model to predict pollutant emissions of nitrogen
oxides and smoke.




B. GChijectives

The objective of the program was to utilize and extend an
existing three~dimensional(3-D) combustor performance computer

program:l
o To predict pollutant emissions of smoke and nox:
o To include the influence of soot, coz, and H20 on radia-
tion heat transfer; and
4] 7o extend the two-step hydrocarbon oxidation mechanism to

a more detailed four-step scheme.
The program consisted of four ﬁaaks:
o Task I - Formulation of the Method
o Task 11 - Computer Coding
o Task IIl - Computation of Test Cases
o Task 1V - Reporting and Documentation.

In Task 1, a method was formulated to predict the emissions of

socot and NO, and to extend the radiation and hydrocarbon oxidation
models,

Iin Task I1, the method was incorporated into the 3-D combustor
program in order tO compute the emissions of NOx and soot and the
radiant transfer to the combustor walls.

3]
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In Task III, the resulting program was exercised for idle,
cruise, and takeoff conditions of a JT8D combustor.

In Task IV, reports were submitted to NASA during and at the
end of the program.

C. Summarx

This report is the Final Report of the computations of emis-
sions program, and presents the work carried out by Garrett under
the program. Chapter 1I of the report includes a brief description
of the original 3-D combustor performance computer program, pro-
vided for completeness. Chapters III and IV describe the soot
emissions model and the influence of goot on radiation heat trans-
fer. The Nox emissions model and the hydrocarbon oxidation mecha-
nism are described in Chapters V and VI, respectively. Chapter VII
includes & description of the results of the computations.
Chapter VIII contains concluding remarks. Chapters IX and X, res-
pectively, contain a list of nomenclature and list of references,
as cited in this report. Finally, Appendices A, B, C, and D con-
tain, respectively, a description of the 3-D program, the program
input, a list of FORTRAN variables and a listing of the new 3-D com~
bustor performance program.

Ny . — . . —_—




CHAPTER 11

DESCRIPTION OF THE 3~-D COMBUSTOR PERFORMANCE PROGRAM

The 3-D Combustor Performance Model Computer Program that
forms the basis of the present work, is briefly described. For
complete details, refer to Report No. USARTL~TR-55C.1

The 3-D program is general and is capable of predicting recir-
culating turbulent flow in gas-turbine combustion chambers.
Reacting or nonreacting, swirling or nonswirling, diffusion and/or
premixed flames, and gaseous and/or liquid fuel combustion can be
handled by the program. The program computes the following vari-
ables in the region of interest:

o Axial, radial, and swirl velocity components;
0 Pressure;
o Enthalpy (temperature); in conjunction with the eguation

of state, the temperature determines the density varia-
tions in the flow field;

o Turbulent kinucic energy and its dissipation rate;

0 Mass fractions of total fuel (mixture fraction), unburned
fuel, oxygen, carbon monoxide, CO2 and Hao.

o Three radiation flux vectors;

o Spray trajectory, droplet aize distribution, and evapo-
ration rates.

The program employs the following physical models to solve the
variables mentioned above:

. s




o Turbulence - Two-equation (k-€) turbulence model to
obtain turbulent kinetic energy and its dissipation rate.

o Chemistry - Two-step chemical reaction scheme:

CH, + (g + *) (05 + nN,) . xCO + -‘2! H,0 + n (1} + {) N, (1)
€0 + 3 0,—=Co, (2)

o Chemical Reaction Rate ~ Fuel and CO consumption rates
are assumed to be governed by either the time-averaged
Arrhenius model or the turbulent eddy break-up model.

o Radiation - A six~-flux model of radiation.

The transport equations for all dependent variables ¢ are
written in the following general form:

daiv (pugdp - % grad ¢) = S¢ (3)

where p denotes the mixture density, U the velocity wvector,
H, the effective or turbulent viscosity, oy the effective Prandtl/
Schmidt number, S¢ the sources of ¢; i.e,, 8¢ includes the
creation/destruction of ¢ Plus other guantities that do not fall
under the convective and diffusive terms. Table E~1 in Appendix B

includes a list of the dependent variables ¢ and their source
terms.

An iterative, general finite~difference solution procedure
suitable for 3-D elliptic flows in complex geometries is used to
solve the apove aystem of coupled, nonlinear partial~differential
equations. The solution procedure involves discretizing the dif-~
ferential equations by integration over elementary finite-~
difference control volumes surrounding grid nodes that are nonuni-
formly spaced over the flow field.



CHAPTER I1I

SO0T EMISSIONS

In this chapter, scot formation and oxidation in combustion
chambers are discussed. A general background on scot emissions is
provided first, Details of the soot formation and oxidation mech-
anisms reported in the literature are discussed next. Quasi-global
expressions for soot formation and oxidation are described, A des-
cription of the influence of turbulence on socot formation and oxi-
dation is included. The approach adopted in the present work ir
described next. This approach considers the influence of turbulent
fluctuations on soot formation and oxidation rates.

A, Background

The particulate emission of primary concern in tns combustion
of hydrocarbon fuels is soot, which is evident in the form of
exhaust smoke. The emission of smoke from gas turbine engines is
responsible for the following problems:

o Higher liner temperatures due to increased radiative heat
transfer
o Impingement of carpon on metal surfaces, resulting in

erosion and reduced equipment lifetimes

o Distortion of fuel spray distribution due to carbon
deposits, leading to hot spots

(o} Vvisible pollution and associated health hazards

0 Tactical problems in military applications.




Recently, attention is being directed toward the combustion of
alternate fuels derived from coal liquids and shale oil, Since the
use of these fuels results in significant increases in samoke pro-~
duction, a better understanding of the physical and chemical pro-
cesses governing soot productiou is needed.

The processes governing the formation and subsequent oxidation
of soot are of a particularly complex nature; and, as such, quanti-
tative models of soot production have yet to be developed. Soot is
not an equilibrium product of combustion; and, therefore, its forma-
tion is j.afluenced as much by the physical processes of atomiza-
tion, evaporation, and fuel/air mixing as by reaction kinetics.
Soot is generally produced anywhere within the combustor where
fuel/air mixing is inadequate, resulting in oxygen-deficient, high-
temperature zones,

For the pressures and temperatures normally pPrevalent in gas
turbine combustors, equilibrium calculations indicate that solid
carbon appears when there is insufficient oxygen to oxidize the
hydrocarbon to CO and H2 according to the relation:

CH,6 +

b 4
iy 0,—xCO + ¥ &, (4)

(S E

That is, the carbon-oxygen mass ratio for incipient scot formation
is 12:16; or, alternatively, the atomic C-0 ratio is unity. How-~
ever, since soot formation is essentially a nonequilibrium phen-
omenon, experimentally, soot is observed at C-0 ratios (a) much
less than unity at low temperatures (-:2000°K); and (b} greater than
unity at higher tempe:atures.2

Smoke levels are primarily dependent on the following:

o Air/fuel mixing
4] Temperature




Equivalence ratio
Regsidence time of air/fuel mixture
Pressure

©c 0 0 ©

Fuel composition,

These factors influence both the formation and subsequent oxidation
of soot and are dependent on engine operating conditions, details

of the combustor internal flow field, fuel droplet characteristics,
etc.

B. Mechanism of Soot Formation

Detailed discussions of the many mechanisms proposed to
explain the chemical and physical processes governing soot forma-
tion are available in reviews by Haynes and Wagner,3 Street and
Thomas,4 Palmer and Culliss,5 Gaydon and Wolfha:d,6 Homann,7 and
Bittner and Howard.8 Based on the information available, the pro-
cess of soot formation can be considered to occur in three distinct
stages:

o] Soot-particle nucleation

Lo}

Agglomerution and surface growth
o Coagulation,

The first stage of soot-particle nucleation is the most diffi-
cult to describe, and there is considerable contioversy regarding
this. The two most viable hypotheses advanced to date are based on
ionic and radical pulymerizations,

The theory of ionic polymerizations contends that positive
ions serve as the nuclei for carbon formation in flames.g'lo
on this theory, Howardll

Based
showed that the chain structure of carbon
particles and the uniform size of the spherical chain units can be
explained. Experiments by Howard and coworke:312 have demonstrated
this theory to bhe feasible.

~



The theory of radical polymerizations considers that fuel
pyrolysis glves rise to elementary unsaturated hydrocarbon mole-
cules (e.g9., acetylene), which polymerize via radical chain mechan-
isms. 13 Thus, soot formation is mainly due to gas-phase reactions
and is not directly due to liquid pyrolysis. This mechanism has
also been proposed by Porterl4 as the "Acetylene Mechanism of Socot
Formation." Mass spectrometric measurements of species such as
C2H2, C4H2, Csﬁg, CBHZ' etc. obtained in flamesl3
investigations

and shock~tube
tend to support the radical polymerization theory.
However, since a continuation of such a chain-reaction sequence
cannot lead directly to carbon particles,13 chain-branching and
ring-closure, followed by agglomeration and dehydrogenation,5'16
must take place at some point prior to soot formation.

In the second stage of soot formation {agglomeration and sur-
face growth), spherical units of carbon particles (about 2503 in
size) are formed by agglomeration and surface growth of the nuclei
formed in the first stage.

Finally, in the third stage, the coagulation of the spherical
carbon particles leads to the characteristic chain-like structure
of soot. Dehydrogenation continues through both the second and
third stages,

Jensenn

proposed a model that treats the various steps of
soot formation in some detail., The model agreed qualitatively with
exper imental observations in a methane flame. However, due to the
complexities associated with the detailed reaction mechanism, and
uncertainties in the rate constants, the Jensen model is not suit~-

able for gas-turbine combustor analysis,

Since quantitative descriptior of the soot formation mechan-

ism applicable to general conditions are not available, quasi-
global models as described later in this - pter are required for
the computation of soot emissions.
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C. Mechanism of Soot Oxidation

Analytical and empirical literature on soot orxidation is
extensive. However, because of the complexities inveived, consid-
arable controversy exists concerning the mzchanism of soot
oxidation, and maay basic questions have yet to be answered. Con~
sideration of scot oxidation processes is important, since soot
concentration in the exhaust gases is determined by both the rela-
tive rates of soot formation and oxidation in the flame zone and
the surface oxidation rate in hot post-flame gases. In this
Chapter, a 1limited review of the scot oxidation models and a
rationale for selecting the model used in the present work is pre-
sented.

Many studies have been reported on the derivation of mass-
transfer (oxidati~n) rates for single-carbon particles in a hot-
oxidizing ambient environment. Recently, studies on the theory of
burning carbon particles were made by Avedesian and Davidson,19
Ubhayakar and Williams,20 and Libby and Blake.21 These studies
involved simplifying assumptions with regard to the fluid-
mechanical and chemical aspects of the problem. Amundson and
coworkerszz'”'24 presented a model for the diff-'sion and chemical
reaction in the boundary layer surrounding a burning spherical car-
bon particle in a quiescent gas. The model accounted for radiation
and for the homogeneous combustion of CO in the gas phase and the
heterogeneous surface reactions of carhon with oxygen and 002. The
model predicted the distribution of the product concentrations
around the particle.

10




High-temperature soot oxidation rates were measured by Lee, et
al.,25 in the tail of propane diffusion flames. The socot oxidation
rate (Rox) per unit particle surface area was determined as a func-
tion of temperature and partial pressure of oxygen, as followsa:

5

Ry, =1.09x10 2~2/2 axp (-19725/T) kg/m®s (5)

P02
The measurements were conducted in the temperature range of 1310°
to 1670°K. Tesner and Tsibulevsky26 also measured flame-soot oxi-
dation rates over the temperature range of 1400° to 2000°K and
found good agreement with the above expression. Feugier27 measured
soot concentrations in fuel-rich ethane-oxygen flames and deduced a
kinetic expression for the oxidation of soot particles similar to
the one by Lee, et a1.25

Based on the measurements of the surface oxidation rates of
pyrolytic graphite and the similarity of small soot particles to
pyrolytic graphite at the microscopic level, Radcliffe and Apple-
ton28 proposed that the soot oxidation rate should exhibit a local
maximum (for a fixed 02 partial pressure and increasing tem-
perature) at temperatures from 2000° to 2500°K for O, partial pres-
sure in the range of 0.05 to 1.0 atmosphere. Additionally, the
soot oxidation rate should exhibit a firet -order Jependence on the
0, partial pressure for P, £0.01 atmospl.iere and, at higher pres-
sures, should asymptt:pt:1(:&:\11}3 approach a zero-order dependence. The
semi-empirical formula for soot oxjidation rate proposed by WNagle
and Strickland—-Constable29 (discussed later in this chapter) con-
firmse this behavior. The model of Lee, et al., can be derived from
that of Nagle and Strickland-Constable for fuel-lean conditions.
Therefore, the more general model of Nagle and Strickland-Constable
has been adopted in the present work.

1l
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D. Quasi-global Models of Socot Formation and Oxidation

Since the elementary steps in the formation and oxidation of
soot are not totally understood, the present program uses quasi-
global models that characterize soot production occurring via a few
overall steps. Such models have been successful in predicting socot
production.32 In this section, some of the quasi-global models
reported in the literature are described.

The guasi-global models do not predict the size of soot part-
icles, With the current state-of-the-art, it is not possible to
predict the size of formation of the soot particles in any prac-
tical flow situation. Therefore, it is assumed that particles are
produced at a known size. It may also be assumed that particles are
produced in accordance with a specified size distribution (e.qg.,
Gaussian),

Tesner, et al..33

proposed a soot production model which
grouped the complex processes of pyrolysis, nuclei formation, and
soot formation into three rate~limited subglobal steps that include
(a) a pyrolysis rate first order in hydrocarbon concentration, (b)
a chain branching and chain termination rate for scot nuclei forma-

tion rate, and (c¢) a soot formation rate.
Pyrolysis:

n, = aocfu exp {(-E/RT) (part./m3.s) {6)

Nuclei Formation:

Rn,f =n, + (f~g)n ~ 9 Nn(part./m3.s) {(7)

Soot Formation:

3
RS,[ = mp {a ~ bN)n (kg/m~.s) (8)

12



where a,, E, £, g, 9, &, and b are constanta for a given fuel; n,
is the rate of apontaneous formation of nuclei; n is the nucleus
concentration; N is concentration of soot particlea; mp ie the mams
of a soot particle; and Rn,f and Rs,f are the nuclei and soot forma-
tion rates, respectively.

Khan and Greeve334 Proposed a mingle-step global expression as

a function of the partial pressure of unburned hydrocarbons (PH
the unburned equivalence ratio (¢u}, and the temperature (T):

c)f

Rg ¢ = 0.468 P, qbg exp (-40,000/RT) gm/cmds (9)

This model is overly sensitive to the equivalence ratio and, there-
fore, is not considered in the present work. 1In addition, in both
the above models, soot oxidation rates are not considered.

Edelman, et al.,32 consider both soot formation (Rf) and soot oxi-
dation (be) and axpress the net soot formation rate as:

dCB

at " Re = AR, (10)
where At equals total surface area available for oxidation. This
model is more general and, therefore, it has been adopted in the
present work with appropriate modifications to account for turbu-
lence effects as described next in Section E. The formation step

is expressed by a modified Arrhenius type of relation:
= APNd b - 3
Rf AT CHC C02 exp (~BE/RT) gm/cm~s (11)

where Co R c“c equal the concentration of unburned oxygen and
hydrocarbon (gm/cm3) and where A, a, a, b, E are model constants.

13



For the cxidation step, Edelman, et al.,32 adop*. the semi-empirical
formula of Nagle and Strickland-chstnble29 for pyrolytic graphite
oxidation; this formula is nonlinear and non-Arrhenius in Po and

T: . 2
KAPDZ
AgRox = 12 17K, 7, ¢+ KBP02(1- W) A 9m/s (12)
2
where:
v o= [+ HT/(KBPoz)]-l (13)
Ky, = 20 exp(-30,000/RT) gm/cm.s8 atm (14)
Ky = 4.46x10"3 exp (-15,200/RT) gm/cm2.s. atm. (15)
KT = 1.51x105 exp(-97,000/RT) gm/cmz.s (16)
K, =  21.3 exp(4100/RT) atm™t (17

Shock~-tube measurementla of soot oxidation rates gqualitatively con-
firms the features of the above formula. With these expressions
for soot formation and oxidation and assuming a single-soot par-
ticle size of 2503, Edelman, et a1.32 obtained close agreement of
the predicted soot concentration (mg/l) with the experimental data
in a jet-stirred reactor. Thus, these expressions assume pexfect
mixing. In a gas-turbine combustor, however, regions of unmixed
species will exist, and tuibulence will also influence the 800t
production rates. As such, modifications to these expressions are
required before they can be used for a general 3-D turbulent flow.

E. Influence of Turbulence on Soot Formation and Oxidation

Magnussen, et al.,35'36 have proposed a model that accounts for
the influence of turbulent fluctuations on soot production rates.

14
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In turbulent flows, chemical reaction occurs when reactants at a
sufficiently high temperature are mixed at the molecular level,
The molecular mixing process is analogous to the dissipation (e¢) of
turbulent kinetic energy k and is associated with the emallest
scales of turbulence. Dissipation is concentrated in highly
strained regions of the fluid occupied by fine structures with
characteristic dimensions of the same magnitude as the Kolmogorov
microscale. The reactants are molecularly mixed in these fine
structures, where reaction occurs. Magnussen, et al., proposed the
following expressions for the mass fraction contained in the fine
structures:

-3/4
y* = 9.7 . (Ry) (18)

where R, is the turbulence Reynolds number, and the rate of trans-
fer of mass per unit mass between the fine structures and the sur-
rounding fluid is:

, -1/4

The rate of reaction is proportional to mX where X is the
fraction of small-structure eddies that are sufficiently heated to
react, It is assumed that X is proportional to the ratio of local
reacted fuel concentration and total fuel concentration. Thus, the
rate of reaction is:

~1/4

R, = 23.6 (R,) £x c. (20)
fu t k mln(kg/m3 8)

where

Cpr/(l + 1)

(21)
Cpe/ (1 + 1) + Cg,

X =

15
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Cmin is the smaller of cfu and (C0 /1) and 1 i the stoichicmetric
oxygen requirement. The temperatuéi T* of the reacting fine struc-
tures is T above the local time-mean temperature :

AR C

T = P + AT = T + .p_é_m (22)
P
where
AHp = the heat of reaction
Cp = the specific heat
and the surrounding temperature ™ is
o _ . r* X (23)
TO = T - AT Ty

Using Equations (6) and (8;, the mean rates of nuclei and soot
formation are then expressed as:

o
Ry g ® Rg,px Y*x A/P* + ng, g0 (1 - y*x ) /P

+ (£ -9 n-g, n* Nt yrx P/p*

o <

~g,n% N (1 -9yrx) P/0° (24)

and

o, 0
Rs,f & mp {(a —~ b N*) n* y*y L/p* + mp (a=-b N)n

(1L - y*x ) P/p°

Finally, the mean rates of nuclei and soot oxidation are expressed
as:

3
Rn,c = Rfu n/Cfu {(part/m~ 8) (26)
Rs'c = Re, €o/Ce (kg/m3 8) (27)
16
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Magnussen, et al,, used thia model to Tompute the soot concentra-
tions in a turbulent C2H2 diffusion flame, By adjusting the par-
ticle diameter [entered as mp, the particle mass in Equation (8),
and the constant a, in Equation (6), good agreement with experi-
mental measurements was obtained.

F. Present Approach

The model adopted for computing soot emissions in the present
pProgram is described in the following paragraphs.

The computation of soot emissions involves the solution of two
additional transport equations for the concentrations of (a)
nuclei and (b) soot. These two equations are of the same general
form as Equation (3) solved by the 3-D Combustor Program. To com-
Plete the equation specifications, the source terms and the Schmidt
numbers for these two variables are as follows:

The source term in the nuclei concentration equation is
expressed as

R - R (28)
where R, £ is given by the smaller of the two values from Equa-
r
tions (7) and (24); R, c is given by Equation (26). Thus, these
’
expressions amount to the use of the turbulent reaction rates, sub-
ject to the limitation that they cannot be greater than the rates

under well-stirred reactor conditions.

The source term in the scot concentration equation is simi-
larly expressed as

R - R 129)

17
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where Ra,f is given by the smaller of the two values from Equa-

tions (11) and (25); Rn,c ia given by the smaller of the tvo values
from Equations (12) and (27).

The turbulent Schmidt numbers 9 and ah for moot and nuclei

concentrations are assumed the same as for gaseous fuel (L.e.,
0.9).

In the computations carried out in the present work, a dis-
tribution of two particle sizes was considered: a small size of
0.025 microns as resulting from nucleation and a large size of ~ne
micron as resulting from fuel droplet pyrolysis and char formation.
The relative rates of formation of these two sizes of particles was
assumed to be 90-10 percent. The consideration of two particle
sizes leads to the solution of a transport equaiion of the same
general form as Equation (1) for the concentration of the particles
in each size. The extension to other aizes is straightforward bhut
involves extra computational effort, since an additional equation
must be solved for each additional size considered. In view of the
several assumptions inherent in the analysis of soot production,
the consideration of other size groups is not necessary at this
stage.

The calculation of soot formet:ion is bypassed if the temper-
ature is less than a value below which the formation rates are
negligible. It is also bypaased if the local carbhon~to~oxygen
ratio is lesas than the incipient soot formation limit. Both of
these limits of temperature and carbon-to-oxygen ratio are inputs
to the calculation procedure and can be varied at will.

-

A lack of data exists for computing particle coagulation.
Attempts to model particle growth in flame33°'39 have had little
gsuccess. No definite conclusions cculd be reached with these
modela. A lack of understanding of the phenomena and the absence
of data reduces coagulation computations to mere apeculation.
Therefore, this phenomenon is not addressed in the present work.

18




CHAPTER 1V

RADIATION HEAT ‘TRANSFER

A, Background

The contributors to radiation in combustors fueled by hydro-
carbons are soot, 002, H20 (vapor), inorganic particles, (O,
unburned fuel (cxﬂy)' Nox, and 802. Only the influence of soot,
C02, and H,0 (vapor) are considered in the present work. Although
CO and unburned CxH contribute to emission and attenuation of
radiation within flames, these contributions are localized and of
Secondary importance when total heat-transfer rates are considered,
The contributions of NOx and 502 can be neglected because of their
low concentrations.

The determination of the influence of 800t on radiant heat
transfer reduces to two factors: (a) soot distribution in the
flame and (b) the radiative properties of gas-soot mixtures. The
first was discussed in the preceding chapter. Radiative properties
of gas-soot mixtures are discussed in this chapter.

The radiation properties of the principal radiating species
including soot, Coz, and H,0, are significantly nongrey. Conse-
quently, the calculation of the radiation properties is a time-
consuming task. However, spectral calculations are unnecessary
since approximate calculations (by means of curve fits) are more
convenient and provide good accuracy.4°

An approximate curve-fit procedure for the calculation of
radiation properties is employed in the present work,
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B, Radiation Properties of Soot, CO,, and H,0 Mixtures

The absorptivity () of the gas-soot mixture includes the soot
absorptivity, the absorptivity due to the absorption bands of CO
and H20, and corrections for the overlapping of bands.

2

Utilizing the spectral data,‘l the gas absorptivity is calcu-
lated by taking a summaticon over the absorption bands of co, and
HZO' In the approximate calculation method adopted here, a simpler
approach is used. The gas absorptivity ag is written as‘z

(0.6-0.2¢%)
g = &g (T/Tg) (30)
where 4 A Pw/(Pw+Pc) (31)
£g = gas emiss.vity at a temperature T and path length
LTS/T
T,TS = gas and blackbody source temperatures, respec-~
tively
PPy = partial pressures of co, and H,0

eg is given by

Gg = €t €, - Aecw {32)
where €cr €y = emissivities of CO2 angd H20
Ae.y = pverlap correction factor

€ can be computed using a temperature adjusted version of

9 43

Leckner's approximate overlap correction ‘hhw' and approximating
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€q and €y by curve fitas of Pc, Pw, PL, and T to spectral calcula-
tiona. 1In the range of interest in gam-turbine combustore, such
calculations agree to within 5 percent of the spectral calculations
and the experimental results.

The temperature adjusted verasion of Leckner'a43 overlap cor-
rection A€py ! which accounts for the 2.7 and 15um overlapped

regions for mixtures of CO, and H,0, 1340

g 10.4

A = — - s

‘ew  TIoTT# I01z) TITT
2.76

{10g,,[101.3(p, + P L1} F(T)
for(Pc + Pw)LarO.l atm-m
= (0 for (Pc + PW)L<O.1 atm-m

where { is defined by Equation (31) and F(T) is given by:

F(T) = -1.0204 x 10”51 + 2.2449
1031 -0.23469 (T in degrees K)

The coefficients involved in the curve fits of € and €y to Pc' Pw,

PI. and T are given in Reference 40 and are not reproduced here.

The absorptivity (a) of the gas-soot mixture is given by

o= a8+ag-asag (33)
With ag obtained above, it remains to determine ge the soo0t
44

absorptivity. This is obtained by the method of Felske and Tien.
This method assumes that the complex refractive index of soot is
independent of wavelength and that the soot particle diameter is
small compared to the wavelength of radiation, so that scattering
is negligible. The spectrally integrated absorptivity g can then
be written in a closed-form expression to determine (Vg e
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By using the radiative property calculations of the type des-
cribed above, Sarofim‘s indicated that radiation calculations can
be made with fair confidence, and that the major source of uncer-
tainty in such calculations is s0oot concentration, rather than gas~-
radiation properties,

C. Present Approach

The six-flux radiation model incorporated into the 3-D Combus~
tor Performance Computer Program was used in computing radiation
heat transfer in the present work.

This model is based on the Schuster-Hamaker approximation.46
It should be noted that, as pointed out by Siddall,47 other flux
model approximations such as Milne-Eddington and Schuster-
Schwarzschild can be represented by the same form of flux equations
with constants being different.

The differential equations describing the variations of the
fluxes along six directions can be reduced to the following three

second-order ordinary differential equations:

a 1 ar®

“ax (-a-_-.-_-g a?“) = a (Rx"'E) *'Sj (IZRx - RE - Rz) {34)
r
% & kT ) = aRf-E) + % (2R" - R® - R%) (35)
I3

2

2 ae s B s a® -E) + 5 (28" - R* - RD) (36)
Where the composite-fluxes Rx, R and Rz are defined as

R® = 2 (1,, +1,)) (37)
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(I, + 1) (38)

-]
N W

(18+ + Ie_) (39)
where Ix+, | S and 19+ are the fluxes along the positive direc-
tions of axial, radial, and circumferential directions, respec-
tively; Ix—' I,» and 10_ are the corresponding fluxes along the
negative directions.

a = Absorption coefficient, defined as radiation
absorbed per unit length

s & Scattering coefficient, defined as radiation scat-
tered per unit length

E = Black body emissive power =od
T = The Stefan-Boltzman constant

The absorption coefficient a is related to the absorptivity o« of
the gas-soot mixture and the path length L by:

a = -~ % iIn {1~

In the original version of the 3-D combustor program,l the
radiation properties were assigned constant values. For the pre-~
sent work, the absorption ccefficient was computed locally as a
function of gas and scot concentrations by the approximate pro-
cedure described above.

The scattering due to soot particles, which are generally of
diameters below one micron, is negligible. In the present work, a
uniform value of 0.01m”l was assumed for the scattering coeffici-
ent.
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CHAPTER V
NITROGEN-OXIDE EMISSIONS

A. Background

Nitrogen oxides (uox) are formed during any combustion process
involving air within the normal range of adiabatic flame tempera-
tures and comprise nitric oxide (NO), nitrogen dioxide (NO,), and
Small amounts of nitrous oxide (N20). For turbopropulsion engines,
the NO, emissions consist mostly of NO, particularly at high power
conditions, where maximum NOx concentrations are encountered.
However, the contribution of NO to total Nox emissions decreases at
low power points. The NO, is conventionally expressed in mass
units of N02, to which the NO would eventually react in the atmo-
sphere,

The major influences contributing to the formation of NO, are
(a) high flame temperature, (b) the availability of oxygen as pro-
vided by excess air, and (c} sufficient residence time for the
reactions to take place. Formation of NO is preceded by the gener-
ation of N and O atoms. Nitrogen (N) atoms are formed by the dis-
sociation of nitrogen (Nz) in the air at high temperatures, and can
also be a product of hydrocarbon reactions if the fuel contains
nitrogen. Oxygen (0) atoms are formed primarily from oxygen (02)
dissociation. Thus, NO forms both in the reaction zone and in the
post-reaction, high-temperature gases. A super~equilibrium of o,
N, and OH concentrations (i.e., concentrations exceeding equil-
ibrium levels) in the reaction zone leads to NO formation in this
zone (often termed as 'prompt NO'). Nitric oxide formation is
controlled by rate~limited reactions, and its calculation is
dependent on a knowledge of other radical concentrations,
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The conservation equations for the radical and NO, concentra-
tions form a set of coupled 'stiff' nonlinear differential equa-
tions and their solution requires special integration procedures.
One such procedure, which has been developed by Pratt and Wormeck,48
is described next. This procedure has been incorporated into the
3-D combustor program and has been used to compute the NOx emis-
siong in the present work.

B. The Chemical Kinetics Program

The conservation equations for the species involved in NO
production form a set of 'stiff' equations. Pratt and W‘ormeck4§
have developed a numerically efficient computer program (CREK) for
the solution of such a set of equations, The CREK procedure is
briefly described in the following paragraphs.

The species and energy conservation equations for a node, P,
are expressed in the following standard finite-~-difference form:

AP¢P = AE¢E + AW¢W + AN¢N + As¢s + AH¢H + AL¢L + s¢ (40)

where A is the finite-difference coefficient containing the convec-
tive and diffusive fluxes; ¢ is the dependent variable (species

concentration, enthalpy): S¢ is the source of ¢; subscripts E, W,
N, §, H, and L refer to the six neighboring nodes of P.

The CREK program is used to solve the above finite-difference
equation. The solution is simultaneous for all the species concen-
trations and temperature at a given node P; and proceeds node-by-
node until all of the nodesa in the flow field are covered. The
solution procedure involves the derivation of a set of Newton-
Raphson correction equations for the species concentrations and
temperature. These equations are solved iteratively by pivoted
Gaussian elimination,
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The program requires as input the following information:

(1) Previous golution or estimate of ¢P and temperature at
node P;

(2) Pressure at node P;

(3) Finite-difference coefficients Ay Aps Ay Ay Ags Ay and
A;, a8 calculated in the 3-D combustor program;

(4)  ¢p* = (Agdg + ydy + Ayby + Agbg + Aydy + Apép)/Ap

(5) Enthalpy source coeffients Q, where, enthalpy source =
(@ + QT + Q1% + 0,7 + 9,14,

The outputs from the program are

(1) Mole numbers of all chemical species;
(2) Temperature at node P;

(3} Density at node P.

Further details of the CREK procedure are contained in Refer-
ence 48.

C. Present Approach

The number of species considered in the present program is 1l4:
Cx“y' cx“yGZ' co, CO,, H, Hye O Oy, OH, HZO' N, N,, NO, Nu,. Here,
any_z denotes the intermediate hydrocarbon as explained in Chap-
ter VI. Each of these speciles concentrations i3 governed by a
transport equation of the same general form as Equation (3). To
complete the equation specifications, the source terms and the
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Schmidt numbers for these variables have to be determined. The
turbulent Schmidt numbers, 04 , for all the species are assumed to
be 0.9. The computation of the source terms, S84, is based on the
reaction mechanism given in Table I. The calculation involved for
each reaction is illustrated below with reference to the reaction
A+B = C+D,

The laminar Arrhenius rate

R, = pZMAyB ATb exp (-E/RT) (41)

where MA and MB are the mass fractions of A and B.

The turbulent eddy-break-up rate for species A is
Rp = CpPMyry ¢/k (42)

where CR is a conatant, P is the density, and where MMIN is the
smaller of My and MB/i, i being the mass of B required per unit mass
of A in this reaction., The rate of production/consumption of A is

R = smaller of RL and RT

The backward rate is treated similarly. All of the reactions
l1isted in Table I and the global reactions discussed in Chapter VI
are treated in this way, and the sources due to chemical reaction
in the conservation eguations for the apecies are obtained by
summing the rates due to all of these reactions. The resulting
species eguations are solved by the computer program CREK described
above. This determines the concentrations of all of the speciles.
Modifications have been made to the CREK program in the present
work in order to treat the global reactiona and the eddy-break-up
rates for the reaction steps.
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TABLE I.

NOx REACTION MECHANISM,

Re = 107 T® exp (~E/RT)

Reaction X b E/R (°K}
1. H H M = H2 M 12,300 -1.000 0.0
2, O 0 M = 02 M 11.000 -1.000 0.0
3. H OH M = H20 M 13.850 -1.000 0.0
4. H 02 a OH 0 11.350 0.0 8400.000
5. 0 H2 = OH H 10.240 0.0 4730.000
6. H H20 = OH H2 10.920 0.0 10050.000
7. 0 H20 = OH OH 10.760 0.0 9000.000
8. N2 O = NO N $.000 0,0 25000.000
9. N 02 = NO 0 5.000 1.000 2000.000
10. N OH = NO H 9.000 0.0 0.0
11. N2 02 = N NO2 11.431 -1.000 60600.000
12, NO NO = N NO2 7.000 0.0 0.0
13, NO 02 = NO2 O 9.000 0.0 22900.000
14, H NO2 2 NO OH 10.477 0.0 0.0

NOTE: Values are in SI units.
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The conaideration of a detailed mechanism as shown in Table I
is computationally time consuming when considering a threa-
dimensional problem. The chemical kinetics solution involves a
point~by~point procedure, proceeding from one grid node at a time
to the next until all nodes are covered. At any stage, the species
concentrations at the nodes that are yet to be solved also influ-
ence the concentrations at the node currently being solved. There-
fore, the concentrationa at the nodes not yet solved, have to be
agtimated or are known from the previous iteration. Due to this
explicit (as opposed to implicit) nature of the coupling between
values at neighboring nodes, the solution has to be repeated
several times in order to achieve convergence with attendent large
computer times.

In order to reduce computer times, the partial equilibrium
assumption has been used in some work reported in the literature.
This involves the assumption that the following four bimolecular
reactions are equilibrated:

H+02=0H+0 (43)
0+H2-—=0H+H (44)
OH + OH == Hzo + 0 {45)
CO + OH = 4.':02 + H (46)

This assumption reduces the number of kinetic equations to be
golved. The equilibration of these reactions in several premixed
combustion systems is supported by the studies of References 49-5l.
Their equilibration in a CH4-Air diffusion flame was demonstrated
by Mitchell, et a1.25 They showed that these reactions are in
equilibrium over a range of equivalence ratios from little less
than unity up to approximately 2.5 for a flame at atmospheric pres-~
aure with the reactants initially at about 300°K. The equilibration
of these reactions at different conditiona, more cloasely resembling
those in gas-turbine combustors, has not been demonstrated. Thus,

29



the partial equilibrium assumption may not be valid in all regions
of a gas-turbine combustor; hence, it has not been ugsed in the
present work. The present approach, although more time-consuming,
is general and does not involve any aimplifications regarding the
chemiatry.

There have been reports of fast integrators for stiff kinetic
equations in recent literature, €.9., Reference 57. The use of
these instead of CREK (which was used in the present work because
of its availability in a well-tested form while other schemes were
still in their development and testing phases) will reduce computer
times and will make fine grid 3-D computations possible without
undue computational costs. The framework for the kinetics calcu-
lations has been provided here and the substitution of CREK for
another procedure should be a straightforward task. The use of
fast integrators will also enable the trcatment of a more detailed
reaction mechanism for uox. Thus, steps involving species such as
HCN (on fuel-rich side) can be included if reliable kinetic data is
available.
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CHAPTER VI
THE FOUR-STEP HYDROCARBON OXIDATION MECHANISM

A, Background

A successful modeling of combustion systems depends on an
adequate description of the reaction mechanism. For hydrocarbon
oxidation, a large number of species participating simultaneously
in numerous elementary kinetic steps is required to specify the
reaction mechanism. This results in "astiff" differential equations
requiring special time-consuming integration methods. For a
complex 3-D problem, the computing costs would be prohibitive.
Besides the large number of species equations to be solved, the
elementary steps and their rate constants are not well known except
for the simplest of hydrocarbons e.g., CH,. To get around this
problem, the gas turbine combustion modeling effort has frequently
been simplified by using a global approach that reduces chemistry
to the specification of an overall global oxidation scheme, which
can predict quantities of interest: fuel consumption and heat
release rates.

The oxidation of hydrocarbon fuel can be described by the fol-
lowing basic steps:

(a) Transformation of the hydrocarbon fuel into intermediate
hydrocarbons and hydrogen with little release of energy:

(b) Oxidation of intermediates to CO and “2’
{(c) Oxidation of CO to 002;

(d) Oxidation of Hz to nzo.
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Stepe (b) through (d) are exothermic and are responsible for the
release of energy and assoclated temperature rise. A global reac-
tion scheme, which is designed to correctly model the oxidation
procesas, rust include a description of these st.ps.

B. Hydrocarbon Reaction Mechanisms

One Step Scheme

The simplest global mechanism is the one-step scheme:

Cy Hy + (X + *) 0, = XCO, + % H,0

(47)
The advantage of this mechanism is its simplicity; it involves the
solution of the conservation equations for unburned fuel and the
mixture fraction. The heat release and the concentrations of the
other species are then obtained from linear functions of the amount
of fuel consumed. This mechanism, however, fails to predict the
important characteristics of hydrocarbon oxidation, i.e., the
formation of intermediates and CO, which influence the process con-
siderably. As a result, this mechanism is inadequate for obtaining
quantitative predictions.

Two-Step Scheme

A slightly more complex scheme is the two~step mechanism:

X
Cy H, + (5 + *) 0, - XCO + * H,0 (48)
o + 3 0, ~ €0, (49)

This involves the solution of one additional equation: that for
the concentration of CO. Here again, the formation of intermedi-~
ates is ignored and so this mechanism cannot predict the time delay
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between the initial disappearance of fuel into intermediates and a
significant rise in temperature.

Four-Step Scheme

The simplest mechansim which accounts for the essential fea-~
tures of the hydrocarbon oxidation is the following four-step

acheme proposed by Hautman, et a1.53
Cy Moy 4+ 2 =3 Cy Hy + H, (50)
02 H4 + 02 — 2C0 + 2H2 (51)
Co + 1/2 02-» 002 (52)
Hy + 1/2 0, - H,0 (53)

This scheme is valid only for aliphatic hydrocarbons of the type

cN “au + 2+ To accommodate a general hydrocarbon cx Hy, the first
two steps have been modified in the present work:
CXH CxH

X n y-2

This scheme involves the solution of two additional equations: for
the concentrations of Cy ﬂy-z and H,.

The rate expressions for the four-gtep scheme developed pri-
marily from propane oxidation reau1t353 are

a
_lfﬁle = -10% exp(~E/RT) [C,H _1210,1°[C 1 _,1C mole/cc-s (56)
3t P Xy 2 Xy-2
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—Ad=A - 10* e\g(-E/RT)[Cxﬂy_zlllozlbtcxﬂy]c mole/cc-8 (57)

ng%l - {-10x exp{—E/RT)[CO]a[02]b[H20]c} x 8 mole/cc-s (58)

alH,]
32~ -~ -10% exp(-E/RT)[Hzlaloziblcxﬂy_zlc mole/cc-s  (59)

where [CO), etc. are the aspecies concentrations in gm~moles/cc.
The parameters®> for (56) are x = 17,32 20.88, E = 49,500 22400, a =
0.50 *0.02, b = 1.07 $0.05, and ¢ = 0.40 %0,03;

for (57), x = 14,70 :2,00, E = 50,000 5000, a = 0.90 0,08, b =
1.18 20.10, and ¢ = -0,37 20.04;

for (59), x = 13,52 £2.2, E = 41,000 %6400, a = 0.8> #0.16, b = 1.42

and for (58), x = 14.6 #0.25, E = 40,000 +1200, a = 1.0, b = 0,25,
and ¢ = 0.50;

S = 7.93 exp(-2.484), where ¢is the initial equivalence ratio and S
cannot take values greater than 1.

The rate expressions were found to predict within reasonable
accuracy flow reactor and shock tube results on propane oxidation,
which encompass an equivalence rati> range 0.12 to 2.0, a tempera-
ture range 960 to 1540K, and a pressure range 1 to 9 atm. With
modification to the parameters, experimental flow reactor results
on the oxidation of butane, 2~ and 3-methylpentane, and n-octane
are also predicted.53

The tolerance bands on the various parameters reflect the
sensitivity of the predictions to these parameters and the modifi-
cations necessary to the values of these parameters in order to
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obtain predictions in agreement with experimental measurements for
Aifferent conditions. 1In the present vork, it was found that the
tolerance band on most of the parameters is rather wide and that
for any given flow, changing a parameter from its lower to its
upper limit can alter the predictions significantly. For the
results reported in Chapter VII, the median values of all the para-
meters were used. Further comparison with more experimental
measurements s necessary in order to narrow the tolerance bands
and obtain more certain values.

C. Present Approach

The four-step mechanism degcribed above has been incorporated
into the 3-D Combustor Performance Program. This involved the
solution of two additional differential equations of the same
general form as Equation (3), for the concentrations of cxHy_2 and
Hz. The source terms in these equations were obtained from the
mechanism given by Equation (50-55). The rate expressions given by
Equations (56-59) were modified by the eddy-break-up rate to
account for the influence of turbulence. The procedure used was
the same as that for the fuel equationl. The effective Schmidt
numbers for these two species were assumed to be the same as for
other species, i.e., 0.9.

Other modifications o the 3-D program to incorporate the
foar-step scheme were:

o The source terms for CxHY and CO were modified to be in
accordance with the four-step scheme: CxHY consumed in
Step (1); CO produced in Step (2) and consumed in
Step (3).

o Mixture molecular weight, density, enthalpy (and hence

temperature) calculation sequences were modified to

include the two new species: C,H, , and H,.
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0 Computationa of 02, coz, H20 concentrations from element
conservation were modified to include the two new
species: CyHy.o and H,.

The four-step scheme was proved to be far superior to the two-step

scheme in computations of a plug flow reactor (see Chapter VII,
Results).
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CHAPTER VII

RESULTS AND DISCUSSION

In this section, the resultas of the computations performed in
the present program are described. The results of the validation
of the four-step hydrocarbon oxidation scheme are presented fol~
lowed by computations of the emissions from a JT8D combustor.

A. Four-Step Hydrocarbon Oxidation Scheme Results

Measurements in a plug flow reactor were conducted by Hautman,
et al..53 for lean, stoichiometric, and rich propane flames. These
measurements were used to test the validity of the four-step
scheme. Computations were performed for these three cases with
both the two-step and four-~step schemes. Sixty axial grid points
were used in these computations. Reduction of the axial spacing by
a factor of two, showed negligible changes, thus demonstrating the
grid-independency of the results.

Comparison of the results with the measurements are shown in
Figures 1, 2, and 3 for the lean, stoichiometric and rich cases,
respectively. From these figures, it is clear that the four-step
scheme is far superior to the two-step scheme in predicting the
salient features of hydrocarbon combustion.

Figure 1 (a, b, and c) shows the two-step and four-step hydro--
carbon oxidation scheme predictions and the corresponding measure-
ments for the lean C3H8 flame. The four-step predictions of coz,
CyHge and temperature agree very closely with the measurements.
The four-step CO and H2 predictions are slightly higher than the
measurements, but the discrepancy is not large. Since in the pre-
dictions all the intermediates are lumped into 0294. the total
measured intermediates are shown in Figure lc for a more meaningful
compar ison; here, again, the agreement i3 good. On the other hand,
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the two-step predictions show considerable discrepancy for all the
species and for the temperature,

Figure 2 (a, b, and ¢) shows the measurementa and predictions
for the stolchiometric case. Here the four-step predictions are
not as good aa for the lean case; however, compared to the two-atep
predictions, the four-step results are in much closer agreement
with the measurements. A majo: discrepancy is the predicted (four-
step) H, concentration, which 1is considerably highex than the
measured values,

Figure 3 (a, b, and ¢} shows the measurements and predictions
for the fuel-rich case, Here, again, the four-~step predictiors,
although not in very close agreement with the measurements, are fas
superior to the two-step predictions. The four-step fuel concentra-
tion and temperature profiles are in good agreement with the
measurements; CO, CO,, and C234 are in fair agreement. Again, the
H2 concentration is overpredicted as in the stoichiometric case.

As shown by these results, a problem not resolved with the
fouc-step scheme is the discrepancy between predicted and measured
H, and H,0 concentrations, especially at stoichiometric and fuel
rich conditions. The H, oxidation rate is predicted to occur more
slowly, and results in an excess of H2 and under-prediction of Hzo,
as compared to the measurements. A similar observation was also
made by Hautman, et al.53

B. JT8D Combustor Computations

The 3-D Combustor Performance Program was set up and run for a
JT8D-17 combustor as shown in Figure 4. This combustor uses a
single pressure atomizing injector on the centerline of the can.
Air is admitted around the injector theough a 45~degree sawirler,
The operating points for the computations represent idle, cruise,
and take-off and are given below:
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Airflow Pressure Temperature Fuel/Air
Condition lbg/sec psia °F Ratio
Idle 4.06 39.6 260 0.0074
Cruise 7.87 103.0 657 0.0138
Take~-0ff 16.45 256.0 825 0.0182

The steps adopted in the esolution procedure for the JT8D com-
bustor are outlined below:

(1)

(=)

(3)

The 3-D combustor program was used to solve for the vari-
ables: velocity, pressure, turbulence energy and dissi-
pation, enthalpy (temperature), mixture fraction, mass
fractions of unburned fuel, cxHy—Z' CO, and H,. At this
stage, the soot and radiation equations were not solved,
and the solution was carried on until a convergence level

of approximately 5 percent in cumulative mass residual
was reached.

The soot and radiation equations were solved next. The
radiation fluxes appear as sources in the enthalpy equa-
tion; and this, in turn, influences the other dependent
variables. The solution of the variables in Step (1) was
repeated coupled with the soot and radiation equations.
The process was continued until a convergence level of
approximately 1 percent was reached.

The NOx equations were solved next. The solution of the
variables in Steps (1) and (2) was repeated, coupled with
the NOx equations. The process was continued until the
convergence Jlevel desired for the final solution
(~0.5 percent) was reached.
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The reason for adopting the abave stepwise procedure was to
cut down on required computer time. Since the soot is generally
present only in small concentrations, it will influence the main
flow field only slightly and so delaying the solution of the soot
and radiation (which is mainly from soot) equations resulted in a
considerable saving of computer time. Similarly, the NO,, species
have an even smaller influence on the other variables and so their
solution was further delayed. Due to the point-by-point nature of
the Nox solution, this solution had to be repeated a number of
times to achieve convergence, as explained in Chapter V.

A flow chart of the overall solution procedure is given in
Figure 5. The various steps are executed automatically by the pro-
gram from start to completion.

Computations were performed with both the two-step and four-
step hydrocarbon oxidation schemes and with a grid of 10 x 10 x 5
(axial x radial x tangential) points. Due to the coarseness of the
grid, it was not possible to simulate exactly all of the geometri-
cal details of the combustor. However, the main features were sim-
ulated as closely as possible. Due to the large computer times
required for the NOx calculations, as explained in Chapter V,
increasing the number of grid points significantly over that used
was found to be computationally prohibitive.

The central processor time on a CYBER 730 computer with the
two-step hydrocarbon scheme was 0.044 seconds per iteration per
internal node (boundary nodes that are not calculated are excluded
here) when the NOx chemical kinetics solution was not activated.
For the NO, solution, the central processor time was an additional
0.2-0.3 second per iteration per internal node. Typically 100-150
fjterations were required before the NO, solution was turned on,
after which an additional 50-100 iterations were regquired to
achieve convergence. Thus for the chosen grid (10 x 10 x 5), a
complete run required 3000-5000 seconds depending on the conditions

50




ORIGINAL PAGL 1S
OF POOR QUALITY

START

TP K eh

= NOTE: ¢ RADIATION EQUATIONS NOT
: SOLVED AT THIS STAGE
o TWO-STEP/FOUR-STEP KINETICS
(CxHy -2 AND H, ALSO FOR FOUR-STEP)
; TYPICALLY, ¢ = 5%
- -
o SOOT AND
i RADIATION
i EQUATIONS
TYPICALLY ¢ = 0.5%-1% :
' NOTE: & MULTI-STEP KINETICS i
Nﬂx EQUATIONS . _I:REK PROGRAM 1
TYPICALLY ¢ = 0.5% {

Figure §. Flowchart of Overall Solution Procedure.
51

e e e e s e . - — e e e e tma e e J




for the run (which influences the number of iterations to conver-
gence), with the bulk of the time spent on Nox calculations. Since
the four-step scheme involved the solution of additional equations
for the intermediate hydrocarbon and H,, the computation times were
about 10-15 percent higher than those with the two-step scheme.
The central memory required for the 10 x 10 x 5 grid was 173,500
octal words.

The predicted emissions index for the idle, cruise, and take-
off conditions with the two-step and four-step schemes is shown in
Tables IIa and IIb. For the idle case, the predicted smoke concen-
tration is very small and much lower than that experimentally
obgerved. The formation of soot, as modeled, is governed by the
local temperature and fuel/air ratio and also turbulent fluctua-
tions. Since the temperature and fuel/air ratio are low for the
idle case, the model does not predict significant soot formation.
Obviously, other factors that have not been modeled and that are
not precisely known, govern soot formation under such conditions.

For the cruise and takeoff cases, the emissions indices for
soot and Nox show the correct trends and are reasonably close to
the measurements that are available. The differences between the
two-step and four-step schemes are not significant in the predic-
tion of the emissions index, which represents an integrated value
at the combustor exit. ‘The differences in the two schemes are
significant in the primary zone of the combustor.

The predicted radiation flux to the combustor wall for the
conditions of idle, cruise, and takeoff is shown in Table IIIa for
the two-step scheme and in Table IIIb for the four-step scheme.
The values are reported at the primary, secondary, and tertiary
zones which are at 6, 21, and 33cm downstream of the fuel nozzle;
these correspond to the locations at which measurements were con-
ducted hy Clau556 for different operating conditions. The pre-
dicted radiation fluxes show the correct trends; i.e., the flux is
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TABLE IIa, PREDICTED EMISSIONS INDEX WITH TWO-STEP
HYDROCARBON OXIDATION SCHEME.

Emigssion lndex
Gm of Emissions/Kg of Fuel

Condition Smoke Nox
Idle 0.26 E-3 (0.6)2° x0
Cruisge 1.6 15
Takeoff 1.5 (2.8)°3 28 (24.4)34

NOTE: Values in parentheses are experimental measure-
ments from indicated reference.

TABLE IIb. PREDICTED EMISSIONS INDEX WITH FOUR-STEP
HYDROCARBON OXIDATION SCHEME.

Emission Index
Gm of Emissions/Kg of Fuel

Condition Smoke NOx
Idle 0.056 (0.6)> =0
Cruise 1.3 13
Takeoff 1.2 (2.8)3° 27 (24.4)°4

NOTE: Values in parentheses are experimental measure-
ments from indicated reference.
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TABLE IITa. PREDICTED WALL RADIATION FLUX WITH
TWO-STEP HYDROCARBON OXIDATION

SCHEME.
Primary Secondary Tertiary
2one Zone Zone
Condition (w/m?2) (w/M?) (w/M2)
Idle 2.9B4 3.46E4 1.03E4
Cruise 5.95u8 8.98ES 2.23E5

Takeoff 7.89ES 1.33E6 4.26E5

TABLE IIIb. PREDICTED WALL RADIATION FLUX WITH
FOUR-STEP HYDROCARBON OXIDATION

SCHEME.
Primary Secondary Tertiary
Zone Zone Zone
Condition (W/M42) (W/M2) (w/M2)
Idle 1.06E4 1.35E4 3.19E3
Cruise 3.78ES 9.01ES 2.13E5
Takeoff 6.40E5 1.34E6 3.72E5
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maximum in the secondary zone and minimum in the tertiary zone.
This trend was experimentally observed by c1aua.56 The level of
the flux also corresponds to that measured by Claus for slightly
different conditions. Due to the differences in the conditions for
which measurements and predictions were made, a direct comparison
of the two is not shown.

For the idle case, since the soot concentrations were pre-
dicted to be very low, the predicted radiation fluxes are also
towards the low side. The predicted radiation flux with the four-
step scheme is lower than that with the two-step scheme for the
idle case, but the soot predictions show the opposite trend, i.e.,
slightly higher with the four-step scheme. This occurs because, in
the predictions for the idle case, the radiation from the soot is
low and is due to its small concentration. The gas radiation is
important and is predicted to be higher with the two-step scheme
because of a faster temperature rise.

The computations performed for the three operating conditions
of the JTBD combustor show that the present model is capable of
producing reascnable predictions of the emissions of smoke and No
and of the wall radiation flux.
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CHAPTER VIII
CONCLUSIONS

In the present work, a method was formulated for the follow-

o computation of soot and NO, emissions from a combustor

o inclusion of the effects of soot on radiant heat
transfer, and

o extension of the two-step hydrocarbon oxidation scheme to
a four-step one.

The method was coded into the Garrett 3-D Combustor Performance
Program. A description of the program, list of Fortran variables,
and program listing have been included in the report to aid the
reader in understanding the emissions model.

The computations that were performed show that the method is
capable of producing reasonable results. The lack of accurate
experimental data has precluded more detailed validation of the
model. As reliable experimental data becomes available, further
computations will reveal the capabhilities and limitations of the
model and the modifications necessary to overcome the limitations.
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CHAPTER IX

NOMENCLATURRE

All symbols were defined in the report at the point when first
referenced. The following 18 a list of symbols used often in the

report.

@

P

FOA - S ~

Absorption coefficient

Time-mean concentration of species §
Specific heat

Particle diameter

Activation energy

Kinetic energy of turbulence
Backward reaction rate constant
Equilibrium constant

Forward reaction rate constant

Mass fraction of species i

Nuclei concentration

Rate of spontaneous nuclei formation
Concentration of soot particles
Pressure

Reaction rate

Scattering coefficient

Source term of dependent variable b
Time

Temperature
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Ej
]

Veloclty vector

€ = Emissivity; dissipation rate of turbulencs

¢ = General dependent variable

v = Rinematic viscosity
By = Effective viacosity

o = Stefan~-Roltzmann constant

s = Prandtl/Schmidt number of dependent variable ¢

# = Density

S
n

Wavelength

Subgcripts
fu = Fuel

i = Species i
n = Nuclei
0, = Oxygen
pr = Products

s
th

Soot

Dependent variable

Superscripts

* = Fine structure

= Surrounding fluid
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APPENDIX A

DESCRIPTION OF THE 3-D- -COMBUSTOR PERFORMANCE PROGRAM

The 3-D performance model is a three-dimensional recirculat-
ing~flow program that is capable of analyzing a variety of com-
bustor configurations, including can, can-annular, and annular.
The program solves for the three velocity components, U, V, and W,
species concentrations, Cy.H,, CyH, ,., C(8), CO, C0,, H, Hyy, O, 0y,
OH, nzo, N, Nz, NO, Noz, turbulence quantities from the k-¢ turbu-
lence model, and three radiation fluxes. In addition, the use of
primitive variables makes modifications to the boundary conditions
easy, allowing the user to analyze complex inlet geometries. Also
provided is a subroutine for calculating the trajectories and evap-
oration rates of a fuel-nozzle spray. The functions of the various
subroutines are briefly described helow.

Program MAIN (a computer listing has been provided in Appen-
dix D) is divided into two basic sections. Up to card MA.167, the
routine is concerned with reading the input data and converting it
to the program's internal units which are Systeme International
(§.1.). The input sequence is covered in Appendix B so only the
units will be discussed. Cards MA.7 to MA.ll are used to define
seven arrays which convert lengths associated with dimensions and
lengths associated with velocity, energy, mass, temperature, pres-
sure, and angles reapectively. By proper specification in the data
statements, the user may employ those input units that are most
convenient. The output units are always S.I. From card MA.168 on,
MAIN's function is to call the other various routines in their
proper seguence.

Subroutine INIT performs some preliminary calculations (AL.10Q
to AL.153), prints the input data (AL.156 to AL.258), and defines
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the initial conditions and some of the boundary conditions -n the
various arrays (AL.259 on). In section AL.AS through AL.78, two
arrays, JKIN and IKIN, are defined. They merely contain flags
which indicate tha locations of mass injection points. Cards
AL.261 to AL.272 contain logic for the restart option. If Tape #
from a previons run 18 saved and then made available for use dnring
a subsequent run, the program will read the initial and boundary
conditions from it.

Subroutine ALLMOD ccatains several entry points which perform
miscellaneous calculations pertaining, usually, to the boundary
nodes where modifications to the standard equation are in order.
The cyclic nature of the boundary conditions in the 9 or K direc-
tion is evident in FMOD as well as limits to the species mass frac-
tions. VELMOD allows the inlet swirl velocity to be increased
gradually over a number of iterations and assures that overall con-
tinuity is maintained at the exit plane. DENMOD makes alterations
to the density at the boundaries to maintain the correct mass-flow
rate. GAMOD specifies the wall viscosity values as calculated by
the wall functions. SOMAS i3 used to initialire an array DIVG
which is used later in the program. The largest entry point SOMOD
containg logic for modifying the equation coefficients and source
terms when cooling slots, walls, and droplet cvaporation are
present. Fach variable has its own section and accounts for trans-
fer with the walls and mass addition from the evaporating fuel,
SOMODZ deals only with the Z-direction radiation equation and is in
a section alone as the data storage is slightly different for this
variable.

Subroutine OUTPUT is used for printout purposes. The emis-
siony index of 300T and NOx is calculated and printed here. Sub-
cequently, subroutine FPRINT is called for the printout of all
depsandent. variables,
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Subroutine AUX performs the auxiliary calculations for temper-
ature, density, viscosity, and source terms. Entry DENS uses AU.ll
to AU.56 to calculate temperature. Cards AU.52 to AU.56 limit the
values calculated in order to account for dissociation and early
jteration fluctuations. With known temperature, density is then
determined from AUv.57 to AU.108. VISCO obtains effective viscosity
from turbulent kinetic energy and dissipation and calculates Y+ for
use by the wall function routine. GAMMA obtains the effective dif-
fusion coefficients. SOURCE contains all calculations for source
terms with the exception of the aforementioned modifications in
SOMOD. Again, each variable has its own section, with coding that
is quite straightforward and requires no explanation.

Subroutine AUXRAD performs the same function as AUX except
that it pertains only to the radiation equations.

Subroutine SPRAY is used to determine the evaporation rate of
the fuel-nozzle spray. A large section, from SP.1l06 to SP.269,
deals with locating the droplet, determining free-stream condi-
tions, and handling the situation where the droplet approaches a
boundary. Next, various fuel and free-stream properties are evalu-
ated (to SP.292)., The drag forces and time step are then deter-
mined and used to obtain new velocities and location. 1If the drop-
let is below the boiling temperature, no evaporation occurs (SP.340
to SP.347): but, when the boiling temperature is reached, evapora-
tion rates are calculated, and the appropriate entries to the evap-
oration array (EVAP) are made. Information concerning momentum
changes due to evaporation are also stored in their respective
arrays and later (SP.382 to SP.425) on a scratch file for use when
the three momentum equations are solved.

The coefficients for each variable are generated and the solu-
tion rontine called in subroutine STRIDE. First, equations for U,
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V, and W are handled (ST.117 to ST.632), then the pressure pertur-
bation (P') is obtained (ST.633 to ST.714) and used to correct the
velocitiea (ST.716 to 8T.753) 80 that mass errors are reduced.
Then, the remaining variables are solved with the radiation equa-
tions having their own special section (ST.91% to ST.937). The
chemical kinetice calculations are contained from NOX.230 to
NOX.342. Here the inputs to program CRER are prepared and the out-
puts from CREK are stored in the respective arrays.

STRAD is a subroutine used in the radiation model which per-
forms the same function as STRIDE performed for the other vari-
ables.

Subroutines ABSORB, ASYMP, CHEBY, DLECK, EGAS, PENTA, SOOT and
SCRTCH (from Ref. 40) are used to compute the absorbtivity of gas-
soot mixtures.

SOLVE provides a solution to the equations generated in
STRIDE. A full three-~dimensional solution would be time consuming
and would require enormous computer storage. Therefore, an approx-
imate solution is obtained by "sweeping" through the field several
times alternately solving along one direction, while holding the
values in the other two fixed. The variable ICTDMA (NV) at S0.36 ie
used to specify the number of such sweeps. As the program con-
verges, and the variables assume their final values, the solution
becomes more accurate. Due to the cyclic nature of the boundary
conditions in the 0O-direction, a cyclic tri-~diagonal matrix algo-
rithm (CTDMA} is used for this direction; the coding sequence is
contained in SOLVEZ2.

Subroutine FPRINT is used for the printout of field values of
dependent variables.

0




The last part of the program contains the chemical kinetics
gubroutines: CREK, CALC, SPECE, CREKO AND HCPS.

Subroutine CREK is the main routine called from the 3-D pro-
gram. It controls the solution strategy: equilibrium or kinetic
and problems associated with lack of convergence.

Subroutine CALC construct the Newton-Raphson correction
matrix for both equilibrium and kinetic states and golves for the
corrections by a standard Gaussian elimination procedure. In the
present work, modifications have been made to this subroutine in
order to incorporate the four-step hydrocarbon oxidation scheme and
to compute the reaction rates from the eddy~-break-up model.

Subroutine SPECE contains the Newton-Raphson iteration pro-
cedure for both equilibrium and kinetic states.

Subroutine CREKO is the {nitializing subroutine and is used
for the input of element, thermodynamic and reaction mechanism

data.

Subroutine HCPS is used for computing the enthalpy, constant
pressure specific heat and the entropy of the species.

Further details of the chemical kinetics subroutines are con-
tained in Ref. 48.
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APPENDIX B

PROGRAM INPUT DESCRIPTION

Card
Set Variable Format

1 TITLE 2074

2 TITLE2 10a4
3 LP1 8(12,8X)
MP1l
NP1l
IPLAX
MODEL
MCDER

IPAR
ITRAD

4 10 8(12,8X)

MODEN

INTAPE

Description

Fach card is a heading for a particular
three-dimensional array that is printed
out. These never change (33 cards).

Case title card.

Number of grid nodes in axial (x)
direction.

Number of grid nodes in radial (y)
direction.

Number of grid nodes in tangential (z)
direction.

01 For plane geometry;

02 For axisymmetric geometry.

0l For laminar viscosity;

02 For k-¢ viscosity model.

01 Por kinetic controlled combustion;
02 for kinetic and turbulence con-
trolled combustion.

01 For absolute pressure;

02 For relative pressure.

01 No radiation;

02 Wwith radiation; radiation properties
specified;

03 with radiation; radiation properties
calculated.

0L Input units are international
system (i.e., meters, kilograms,
degrees kelvin, newtons, joules,
radians, seconds or combinations
thereof) ;

02 User selected input units.

01 pensity is fixed at the value of
"pen" on Card Set 19;

02 pensjty calculated from perfect gas
law.

00 Initial conditions not printed;
08 Initial conditions printed.
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Card

Set Variable Format Description
IDW 00 Iuner boundary is axis of symmetry;
01 Inner boundary is wall.
IRES 00 This is a new casge;

01 This is a restart of Previous case.

5 TSOLVE 6(12,8x%) An 01 in proper field indicates that
this particular varjable will be solved
for; an 00 indicates that it will not
be. Order of variables: u, v, w, p',
K, € @ mfu, MCH. MCO, MH,, n, 81,
82, 14*0 (14 species solvea by CREK),
Rx, Ry. Rz.

6 ICTDMA 8(r2,8x) Indicates the number of "sweeps" made
in the solve routine for each variable.
Order of variables as in Card Set 5.

7 . IPRINT 8(12,8%) An 01 indicates that this variable will
be printed, an 00 indicates that it
will not be. Order of variables as in
Card Set 1.

8 RELAX 8810.4 Relaxation parameters for each vari-
able. Order of variables as in Card Set
5. In addition, pressure, density,
effective viscogity at end of the set.

9 PR 8E10.4 Laminar Prandtl numbers for each vari-
able. Order of varjables as in Card
Set 5.

10 PREF 8E10.4 Turbulent Prandtl numbers for each
variable. Order of variables as in
Card Set 5§,

11 X 8E10.4 X-coordinates (LPl values).

12 RI 8E10.4 Radius of inner boundary.

Y Y-coordinates as measured from inner

boundary (MPl-l) values. Since Y (1)
is always 00, RI is read in its place.

13 Z BELOD. 4 Z-coordinates (NPl values).
14 IWET 8(12,8%) I-node at which upsatream inclined wall
ends.
JWIO See Figq. J-node at which upstream outer inclined
B-1 wall starts,
76
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Card

Set Variable Format Description
IWEO I-node at which downstream inclined
wall starts.
JW00 J-node at which downstream outer

inclined wall ends.

15 IWLI 8(12,8X%) Starting I-nodes of the calculation
domain when inclined wall is present.
(Skip if IWEI = 2).

16 JWLO 8(x2,8X) Ending J-nodes of the calculation )’
domain at upstream outer inclined wall.
(Skip if IWEI = 2),

17 IWLO 8(x2,8x%) Ending I-nodes of the calculation
domain when inclined wall is present.
(Skip 1if IWERO = L).

18 JWLO 8(12,8X) Ending J-nodes of the calculation
domain at downstream outer inclined
wall. (Skip if IWEO = L).

19 PRESS BE10.4 System pressure.
DEN The value of density if option MODEN =

0l is selected.

ABSOR Absorption coefficient in radiation
model (if ITRAD = 2).

SCATR Scattering coefficient in radiation
model (if ITRAD = 2).

AKFAC Internally defined turbulent Kinetic

energies are AKFAC time the appropriate
velocity squared.

ALFAC internally defined turbulent length
scales are ALFAC time the appropriate
distance.

20 CcxX 8E10.4 Carbon atoms in fuel modecule.
HYY Hydrogen atoms in fuel molecule.
HFU Heat of formation of fuel.
FUMCO Initial value assigned to Mco.
21 PREXP1 8E10.4 Preexponent of lst reaction.

ARCON1 Activation energy divided by gas
constant of lst reaction (E/R).

CR1 Constant in turbulence controlled

reaction rate of lat reaction.
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Card

Set Variable Format Description
PREXP2 Pre-exponent of 2nd reaction.
ARCON2 Activation energy divided by gas
conatant of 2nd reaction (E/R).
CR2 Constant in turbulence controlled

reaction rate for 2nd reaction.

22 PREXP3 8E10.4 Pre-exponant of 3rd reaction.

ARCON3 Activation energy divided by gas
constant of 3rd reaction (E/R).
CR3 Constant in turbulence controlled »
reaction rate for 3rd reaction,
PREXP4 Pre~exponent of 4th reaction.
ARCON4 Activation energy divided by gas
constant of 4th reaction (E/R)
CR4 Constant in turbhulence controlled
reaction rate for 4th reaction
23 AA) 8E10.4 Exponent on gpecies concentration
BBl in the reaction rate for 1lst
CCl reaction,
AA2 Exponent on species concentration
BB2 in the reaction rate for 2nd
cC reaction.
24 AA3 8E10.4 Exponent on species concentration
BR3 in the reaction rate for 3rd
CC3 reaction.
AAA Txponent on species concentration
BB4 in the reaction rate for 4th
CC4 reaction,
25 Cl 8E10.4 Turbulence model constant.
C2 Turbulence model constant.
cb Turbulence model constant.
AMU The value of the viscosity if option

MODEL = Q) is specified. Also the
laminar viscosity used in the "wall
functions®.

ERROR Program will terminate if total error
in mass becomes less than this value.
TCYLW Temperature of cylindrical portion of
combustor and of dome.
TLIP Temperature of cooling slot lip. 3

26 LASTEP 2(I3,7X), Maximum number of iterations.
1JUMP 6(12,8%) Number of iterations between array
printout.
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Card

Set Variable Format
JSW1
JSW2

NUINJ
NVINJ
27 USW

VSW
SWNO

BE10.4

AFSHW

FSW
TSW
28 NFNZ 2(I2,8X),
6E10.4
ISPRAY

TFUEL

29 X0 8E10.4

YO
20

ALFA
BETA
DELTA
THETAL
THETAZ2
RNSL
WFF
SMD
VFUEL
RFUEL

30 IUINJ 8(12,8X)
31 JUINJ 8(12,8X)
32 UINJ 8E10.4

33 WUINJ BE10.4

Description

J-node at start of dome inlet,
J-node at end of dome inlet.
Number of axial injection points
(cooling slots).

Number of radial injection points,

Axial velocity of dome inlet,

Radial velocity of dome inlet.

Ratio of tangential to axial velocity
at dome inlet,

Flow rate of fuel and air through
dome inlet.

Flow rate of fuel through dome inlet.
Temperature at dome inlet,

00 No liguid fuel nozzle;

01 Ligquid fuel nozzle present.

Droplet evaporation routine is called.
every ISPRAY iterations.

Initial temperature of liquid fuel,

X-location of origin of fuel nozzle
spray.

Y-location of origin of fuel nozzle
spray.

Z-location of origin of fuel nozzle
spray

Nozzle cone angle,

Nozzle back angle.

Nozzle down angle.

Initial spray cone segment angle,
Final spray cone segment angle.
Number of spray cone rays.

Fuel flow rate.

Sauter mean diameter.

Initial fuel droplet velocity.
Radius of fuel nozzle.

(Skip Set 29 if NFNZ=0)

Skip Sets 30-35, if NUINJ=0.
I node location of cooling slots

J node location of cooling slota.
Cooling slot axial velocity.

Cooling slot tangential velocity.
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Set Variable Format Description
34 AUINJ 8E10.4 Cooling slot mass flow rate.
35 TUINJ 8E10.4 Cooling slot temperature.

Skip Sets 36-43, if NVINI=0.

36 IVINg 8(12,8X%) I node location of radial injection.

37 JVINT 8(12,8x) J node location of radial injection »

k1] KVINJT B(I2,8X) K node location of radial injection.

39 VINJ 8E10.4 Radial injection velocity.

40 EVINJ 8E10.4 Radial injection turbulent kinetic
energy.

41 DVINI 8E10.4 Radial inijection turbulence length
scale.

42 AVINJT 8E10.4 Radial injection mass flow rate.

43 TVINI 8R10.4 Radial injection temperature.

44 NSQOT 8(12,8X%) =0, SOOT calculations not per formed:
=1, S00T calculations performed.

IS00T soot calculation started after ERROR

falls to SSO0T or after ISOOT number
of iterations.
MPART Number of soot particle sizes.

Sip Sets 45-48 if NSOOT=0.
45 SSCOT 8R10, 4 See 1SOOT.

AQ Constant ag in soot nuclei formation
rate, equation (6).

ARCONN Activation energy divided by gas
constant in soot nucleus formation
rate, equation (6).

AARA Constant a in soot formation rate,
equation (8).

BBR Constant b in soot formation rate,
equation (8).
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Card

Set Variable Fcrmat

FMG

GO

RHOP
46 PREXPS 8E10.4

ARCONS

ALPHA
AAS
BBS

DHR
CINCP

TINCP

47 NPART 8E10.4

48 FRACP 8E10.4

49 IRAD
SRAD

Iz;ex'
E10.4

50 NNOX 3(1r2,8x),

INOX 2E10.4

ITNOX

SNOX
TNOX

Description

Conatant (f-g) in soot nucleus
formation rate, equation (7).

Constant go in soot nucleus formation
rate, equation (7).

Particle density.

Pre-exponent in soot oxidation rate,
equation (1l). »
Activation energy divided by gas
congtant in soot oxidation rate,
equation (11l).

Temperature exponent in soot oxidation
rate, equation (1l).

Exponent on fuel concentration in soot
oxidation rate, equation (1ll).
Exponent on oxygen concentration in
soot oxidatjion rate, equation (ll).
Heat of fuel combustion reaction.
Incipient carbon/oxygen ratio for

soot formation.

soot calculation bypassed if
temperature «TINCP.

soot particle diameters (in miurons}.

Relative rates of formation of soot
particle sizes.

Radiation calculation started after
ERROR falls to SRAD or after IRAD
number of iterations.

(Skip if ITRAD=1).

=) NOx calculations not performed;

=1 NQyx calculations performed.

NOx calculations started after ERROR
falls to SNOX or after INOX number of
iterations.

Number of iterations of NOy solution at
final iteration of flow solution.

See INOX.

NQy calculation bypassed if tempecature
- TNOX.

After these 50 card sets, the input to the chemical kinetics pro-

gram CRERK must bhe prov.ded.

B~-2 and B-3.

This is described below in Tables B8-~1,
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TABLE B-1. ELEMENTS INPUT CARDS.

= I8
OIGINAL PAGE |
OF POOR QUALITY

Card
Order Contents Format Columna
First ELEMENTS 3Aa4 1l to 8
Anv One card for each distinct
element present in the chemical
system. Each card contains:
1) 2tomic symbol of element--
must agree with that used
in THERM@ data. A2 1l to 2
2) Atomic weight of the element F10.6 10 to 19
3) Values of oxidation state
of the element (positive, .
negative or zero). Fl10.6 20 to 29
Last Blank Card - -~
—————— |
1 2 3 4 868 6 7 8 9 10 11 12 13 14 15 16
19 i i ACTUAL WALL
:'; A TC SIMULATED WALL
|
16 { ), IWEl -~ (8
ckF4-1 T¢ W0 = 09
= 15 783
1 4 ¢ WLl = 3,3,3,5,5,5,5,
886408
13 —
12 JWLO = 9,9,12,12,
! 16,16 16,19
1 LU
- WEOD = 1
10 _ [ 1
g W00 = N
8 WLO = 11,11,12,12, 1],
13,14,14,14
JWLO = 19,18, 16 14 11, 11

R2

Figure B-1. Definitions of Inclined Wall Indices.




TABLE B-2., THERM@ INPUT CARDS.

Card
Order Contents Format Columns
First THERM@ 3a4 1l to 6
Any Sets of four cards in sequence for
each species in the chemical system.
The card formats for each set are,
in order:
First 1) Molecular symbol or name of K}V | l to 12
in set species
2) Date 2A3 19 to 24
3) Atomic Symbols and formula 4(AR2,F3.0) 25 to 44
4) Phase (gas only, letter G) Al 45
5) Temperature range, deg K 2F10.3 46 to 65
6) Integer 1 I15 80
Second 1) Coefficients (zjy, 1=1,5) for
in set upper temperature range.
See Note A. SE15.8 l to 7%
2) Integer 2 I5 80
Third 1) Coefficients zg and z7 for
in set upper temperature range, and
z3 for lower. See Note A, S5E15.8 1 to 75
2) Integer 3 IS5 80
Fourth 1) Coefficients (z3, i=4,7) for
in set low temperature interval.
See Note A. 4E15.8 1 to 60
2) Integer 4 120 80
Last Blank clard ~ -
Note A: The coefficients (zj, i=1,7) are those which appear

in the polynominal expression for the constant pres-

sure specific heat.
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i?
ii
3 TABLE B-3. MECHANISM INPUT CARDS.
i card
_ Order Contents Format. Columns
EE Pirst  MECHANISM 3A4 1 to 9
Any one card for each distinct forward
: (or optionally, reverae) reaction
_ step in the mechanism specified.
Each card contains: ]
_ 1) Molecular symbols of up to three i
Ez reactant species. See Note A. 3 (2A4) 1 to 24 »
lg 2) Molecular symbols of up to three
= product species. See Note A. 3 (274) 25 to 48
= 3) Exponent Bj‘ See Notes B and E. F8.3 49 to 56
= 4) Exponent Nj. See Nnte B F8.3 57 to 64 :
EE 5) Activation temperxature T., deg K.
See Notes B and E. J F8.3 65 to 72
6) Options:
a) for forward reactions, date or
comments, etcC. 2A4 73 to B0
b) for reverse reactions, REVERSE.
See Note C. 2AA 73 to 79
¢) for global oxidative pyrolysis
of hydrocarbon fuels, GLOBAL.
See Note D. 2A4 73 to 78
d) for rate data in cgs units, CGS. |
See Note E. - ——
Last Blank Card - - )
= NOTES : ,

A. Symbols must be jdentical to those used in THERM@ data cards.
B. As used in modified Arrhenius expression

B, N,
ky = 10 T3 exp (-T4/T), with units

3

m kg-mole-l s”! for bimolecular reactions, and

g
L3
e
E

m6 It:g-moleﬁzﬁ'"l for termolecular reactions.

lumms 1 to 48 are jgnored. Card
therefore follow jmmediately the
jated forward reaction, and must

c. 1f REVERSE is apecified, Co
with reverse rate data must
card with data for the aasocC
ra in game units.

a4




TABLE B-3. MECHANISM INPFUT CARDS (Contd.).

All GLOBAL cards musat precede other cards in MECHANISM
data deck.

If CGS is punched in Columns 73-75, Bj must correspond
to em3 gmol~-l s~1 or cmé gmol-2 g-1, and T4 must be the
activation energy, kcal/gmol.
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APPENRIX C

LIST OF FORTRAN VARIABLES

In this appendix a description of
the Fortran variables is provided.
Table C-1 contains the variables in
the 3~D Ccmbustor Program and Table
C-2 contains the variables in the
chemical kinetics program CREK.
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TABLFE (=}
LISY OF FORTRAN VARTABLES IN 3=D COMBUSTOR PFROGRAM

FEELEE400 0000000000000 000 000000000000 4000000008000 R0 4000 000002 0 R 44

FORTRAN  SUARDUTINE DEFINITION
VARTARLE WHERE
DEFINEN OR
USED NFTEN
FEEELL40 04 4000300000080 0 0002008080 0000 0004008008800 82 2408080004040 08400430 001
A STRAD COFFFICIENT IN TOMA SOLUTEON,
AAA AUXsNAIN CONSTANT IN SNOY FORMATION (SEE INPUT).
AAS AUKpMAIN EXPONENT ON FUEL CONCENTRATION IN SO00T OXIOATION
RATE (SEE INPUT).I
AAL AUX+MAIN EXPONENT ON SPECIES CONCENTRATION IN FIRST STEP
INIT 0Ff HYDROCARRON OXIDATION SCHENE,
AAk2 AUNsMAIN EXPONENT ON SPECIES CONCENTRATION IN SECOND STEP
INITY OF HYDROCARBON OXIDATION SCHEME,
AA3 AUXsMAIN EXPOMENT ON SPECTES CUNCENTRATION IN THIRD SYEP
INITY OF HYDROCARGBON OXIDATION SCHENME,
AAb AUXsMAIN EXPONENT ON SPECIES CONCENTRATION IN FOURTH STEP
INIT OF HYDROCARBON OXIDATINMN SCHENME,
ABSOR 'AI: ABSORPTLON CNEFFICIENT (IF ITRAD=2},
IN]
AUXRAD
ARSP INIT ARRAY TO STORE ABSORPTION COEFFICIENT.
AUX
AUXRAD
ALOEF AUXsDATA CDEFFICIENTS TO LINIT TENPERATURE TO ACCOUNT
FOR DISSOCIATION.
ACOND SPRAY COEFFICIENT IN THERMAL CONDUCTIVITY CALCULAYION,
AEXP) INTT EXPONENT NN SPECIES CONCENTRATION IN FIRST STEP
NF HYDROCARBNAN OXIDATION SCHEME(»AAL),
AEXP2 INIY EXPONENT ON SPECIES COMCENTRATIOM IN SECOND STEP
OF HYNROCARADN OXIOATION SCHEME(nAAZ),
ACYRY INITY EXPONENT ON SPECIES CONCENTRATION IN THIRD STES
OF HYNROCARRON OXIDATIAN SCHENE(=AAZ),
ARNPA INIT EXPONENT ON SPECIES CONCENTRATION IN FOURTH STEP
OF HYDROCARRDON OXIDATINN SCHEME(=AAAY.
AFsu PAIN AIRAFUEL FLOW THROUGH DONE INLET,.
INEY
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TABLE C~1 (CONTD,)

Ty N Y P Y A Y Y X Y Y R Y ISR NI YIS RS YRS TSI SRS L L 3

DEFENITION

SRELENPRP PP AP0 b 0200200202200 0 0400 0040000000 0800008000000 0 000000 400000004

FORTRAN SUBROUTINE
VARIANLE WHERE
DEFINEN OR
USED OFTEN
AK DATA
ALLNOD
AV Ag AKB AUX
AKFAC PAIN
INTT
ALLMOD
AKK p KT ALY
AKZ AUX
Al INlTY
ALFA PATIH
SPRAY
ALFAC ®AIN
INIT
ALLNOD
AlLIN vt Y
ALNGHT mIT
ALPHA AljX e MA TN
ALPHAS AUXRAD
ALXeALX™ STRINE
ALXP,ALYL STRIONE
ALYsALYM  STRIDE
ALYPRALYL STRIDE
AL2sALTH  STRIDE
ALIELALTL STRINE
AMAGE INEY
AHT CPRAY
PRI AT
ity
ML LMND

e

VON KARNAN CONSTANT,

RATE CONSTANTS SN SANT OXIDATION EXPRESSION,
INTERNALLY DEFIMED TURBULENT KINETIC ENERGIES
APE AKFAC TINES THE APPROPRIATE VELOCITY SQUARED,
ARATE CONSTANTS EN SOOT OXEIDATION EXPRESSION,
RATE CONSTANT IM SOOT OXIOATION EXPRESSION.
TURAULENCE LENGTH SCALE.

NO7ZLE CONE ANGLE.

INTERNALLY ORFINED TURBULENT LENGTH SCALES ARE
ALFAC TIMES THE APPRAPRIAYE DJISTANCE.

INLET TURBULENCE LEMNGTH SCALE.

LENGTH OF CORBUSTOR,

TEMPERATURE EXPONENT IN SOOT DXIDATION RATE
(SEE INPUT),

ARSORPTION COEFFICTENT.

CONVECTINN FLUX IN X DIRECTION.
CONVECTION FLUY IN X DIRECTION,
COMVECTION FLUX IN Y DIRECTIDN,
CONVECTRON FLUX IH ¥ DIRECTION,
CONVECTION FLUX IN 2 DIRECTIDN.
CONVFCTION FLUX TN I DIRECTION,

TOTAL AIR FLOW RATE,

TUFL EVARORATION RATF FNR INE TINE STES,
LaMINagk VISCASTTY (SEF INPUT),

CRICINAL FAeT 19
OF POUR QUALITY




TABLE C~1 (CONTD.)

CELPPEBELP 0250000040000 000000000000 00 0000000080000 0 00 0000000000000 00 4000001

NEFEINITION

FLEPEEPPELB 0000000000000 0000000000000 000000080000 00 800000008082 00020000000000:

FNRTRAN SURRQUT INE
VARTABLE WHERE
DEFINED DR
USED OFTEN
AND AUY
ANOD Atix
ANTISTR AUX
ANUC ALL
AD AUXsMAIN
AP SOLVE
APP SNLVE
ARCONRN MUXsNALIN
ARCONS AU, HATN
ARCONL AUX,MALIN
INIT
ARCON2 AUXaMAIN
INTT
ARCON? AUXs MALIN
INIT
ARCONG PUXpMALN
INIY
ARFA ALLNOD
STRINE
ARFAY AUX
ARG AU
ARG SPRAY
ARRHEN A
AS SPRAY
ASYH ALL®=AD
ASUR CRFK

L e Wt

SONT NUCLEUS FORMATION RATE AT MEAN TEMPERATURE.

S00T NUCLEUS FORMATION RATE IN FLUID SURROUNDING
FINE STRUCTURES,

SONT NUCLEUS FORMATION RATE IN FINE STRUCTURES.

SONT NUCLEUS CONCENTRATION,

CONSTANT IN SOOT NUCLEUS FORMATION RATE (SEE INPIIV).
COEFFICIENT IN TOMA SOLUTION,

COFFFICIENT IN CYCLIC TDMA SOLUTION.

ACTIVATION ENERGY DIVIDED 8Y GAS CONSTANT IN SODY
NUCLEUS FNRMATION RATE {SEE INPUTI,

ACTIVATION ENERGY DIVIDED Ay GAS CONSTANT N $90F7
OXIOATION RATE (SEE INPUTY,

ACTIVATION ENERGY TN FIRSY STEP OF HYORQCARBON DXINAYION
SCHEMEs DIVIOED BY GAS CONSTANT,

ACTIVATION EMERGY IN SECOND STEP OF HYOROCARBON OXIDATION
SCHEME, DIVIDED BY 6AS CONSTANT,

ACTIVATION ENERSY IN THIRD STEP OF HYDROCARBON OXIDATION
SCHENE» DIVIDED BY GAS CONSTANT.

ACTIVATION EMERGY IN FOURTH STEP OF HYDROCARGON OXTDATION
SCHEME» DIVIDFD BY GAS CONSTANT,

AREA OF CONTROL VYOLUNE SURFACE.

SO0OT PARTICLE SURFACE AREA,
TEPPORARY USAGE,

SQUARE OF OROPLET DIAMETER,
ARRHENIUS RFACTION RATE,
DROPLET SURFACE AREA.
ABSOLUTE NF CONTINUITY EAROR,
SEE TAMLE C~2.
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TABLE C~1 (CNNTD,)

EPEFLEIPLEPPRER 404050040000 00000 0000000400000 0000000000080 00000000 0000840000014

FORTRAN

SUARNUT INE

VARTARLE WHFRE

PEFINFD OR
USED OF TEN

DEFINITION

PR REE 0000000000000 000800000000 000000000800 000008 480300200000 088 38000000041

ASW
ASWRLR
AT
AUINY

AVINY

AXM

AXNK

AXP

AXPN

AYM

AYNK

AYP

AYPK

AIM

INIT
INLY
CPRAY

FAIN
ALL®ND

PAIN
ALL™MOD

STRIDE
STRAD
ALLnON
SOLVE

SOLVE

STRIDE
STRAD
ALLNOD
SOLVE

SOLVE

STRIDE
STRAD
ALLANN
SNLVE

SDLVE

STRIDE
STEAD
ALLMON
SNLVE

SNLVE

TIRINE
STPAD
ALLHND
“OLVF

FLOW RATE OF AIR THROUGH OOAME INLET,

NANME INLET AREA.

QUANTITY USED IN THERMAL CONDUCTIVITY CALCULATION, ),
MASS FLNW RATE THRDUGH FILM CONDLING SLOT,

MASS FLDW RATE THROUGH DILUTION HOLES.

FINITE=DIFFERENCE COEFFICIENT IN X= VIRECTION,

FINITE=DIFFERENCE COEFFICIENT IN X= DIRECTIOMN,
USEN IN CYCLIC TOMA,

FINITE~DIFFERENCE COEFFICTIENT IN Xe DIRECTION,

FINITE~DIFFERENCE COEFFICTIENT IN Xe DIRECTION, ;
USED KN CYCLIC TDMA, )

FINITE~DLFFERENCE COEFFICIENT IN Y~ ODJRECTION,

FINITE=DIFFERENCE COEFFICIENT IN Y= DIRECTION,
USED IN CYCLEC TOMs,

FINITE~DIFFERENCE COEFFICIENT IN ¥e DIRECTION,

FINITEF-DIFFERENCE COERFICTIENT IN Y& ODIRECTION,
USEw IN CYCLIC TDMA,

FINTTE=DLIFFERENCE COFFFICIENT IN I~ DIRECTION,

Urein Yo A, v,
OF PG QUAMITY



TABLE €~1 {CONTDSY

\AAAAAL LA LT R R Ty Yy Y Y Y Y Y Y Y I L T e LA AR AR L S Y T Y Y Y AR YTy

FNRTRAN SURRNUT INF DEFINITIAGN
VARIARLE WHERE
D1 FINED OR

USED NFTEN
MAAAAAARAA LA AR RIS A LAY T I I T I Y Y T Y YT Y Y Y TY Y Y YT ¥ Y VOO U U

AZMK SOLVE FINITE~DIFFERENCE COEFFICIENT IN 2= DIRECTION,
USED IN CYCLIC TDMA,

AZP CTRIOE FINITE~DIFFERENCE COEFFICIENT IN 2+ DIRECTION,
STRAD
ALLNOD
SOLVE

AIPK SNALVE FINITE~DIFFERENCE COEFFICIENT IN Z¢ DIRECTION,

USED KN CYCLIC TDMA,

Al=AE )X TEMRORARY USAGE.

A4 INIT TEMPORARY USAGE DF FLNOW AREA,

8 STRAD COEFFICIENT [N TDNA SOLUTIONS

AAB AUXyNAIN CONSTANT IN SNOT FORMATION (SEE INPUT),

BRS AUXoMATIN EXPONENT ON 02 CONCENTRATINON IN SOOT OXIDATION
INITY RATE (SEE INFUTI,

an1 AUXsMATN  EXPONENT ON SPECIES CONCENTRATION IN FIRST STEP
INIT OF HYOROCARNOIN DRIDATION SCHEME,

AR2 AUXe MATN  EXPONENT ON SPECIES CNNCENTRATION IN SECOND STEP
INIT NF HYDROCARANIN OXIDATION SCHENE,

RR) AUX,MAIN  EXPONENT NN SPECIES CONCENTRATION IN THIRD STEP
INIT OF HYORNCARRON OXIDATION SCHENME,

ARA AUXaNAIN  EXPONENT ON SPECLES CONCENTRATION IN FOURTH STEP
INIT NF HYDROCARBON OXIDATION SCHEME,

RCOND SPRAY COEFFICIENT IN THERMAL CONDUCTIVETY CALCULATION,

BEE SPRAY DRIVING FORCE FOR MASS TRANSFER,

BETA PAIN NCOZILE BACK ANGLE,
SPRAY

BEYPY INIT <XPONENT ON SPECIES CONCENTRATION IN RIRST STRP

OF HYDROCARMIN OXINATION SCHEME(=RB11Y,

BEXP2 INIT EXPONENT ON SPECIES CONCENTRATION IN SECOND STEP
DE HYBROCARBNN OXIDATION SCHENE(=RB2),

RE¥R] LIS EXPONFNT NN SPECIES CONCENTRATION IN THIRD STEP
NF HYOROCARBIN DXTIDATENN SCHEMEL=%A3),
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TARLE C~=1 (CNNTD.)Y

PEPEPERPP PR AL O P P PP RO RE PO Pt PRt R PP 0220202000000 40008000000 00000040000

DEFINITIDN

I Y Ry R Y R R XA Rl I S S AL I A R IR s Al el

FORTRAN  SURRDUT INF
VARTAALE  WHERE
PEFINED OR
USED NETEN
REXPA INIT
RK $OL VE
Be <OLVE
ape SNLVE
AT SPRAY
CANG MATN
CARN Alx
cc AUX, MATN
INIT
cc2 AUX s MAIN
INIT
(] AUXsMAIN
INTT
cCe AUNHNAIN
INIT
ch AUX
ALLMYD
CDSsCDL  SPRAY
cerul INIT
CEMU2 INIT
CENNY INIT
CERUA INTT
CENER palN
ceery AL INTT
a4

EXPONENT ON SPECIES CONCENTRATION IN FOURTM STEP
OF HYDROCARADN ORIDATION SCHEME(=ARA),

TEMPORARY USAGE.

COEFFICIENT IN TD#A SNLUTION,

COEFFICIENT IN CYCLIC TOMA SNLUTION.

QUANTITY USED TN THERMAL CONDUCTIVITY CALCULATION,
CONSTAHT TO CONVERT UNITS DN ANGLES.

NASS FRACTINN NF ELEMENTAL CARADN,

ENPONENT OM SPECIFS CONZENTRATION XN FIRST STEP
Ff HYORDCARAON OXIDATION SCHENME.

EXPNNENT ON SPECLIES CONCENTRATION IN SECOND STEP
NF HYDROCARAON OXIDATION SCHEPE,

EXPONENT ON SPECIES CNNCENTRATEIDN IN THIRD STEP
NF HYDRNCARAONN OXIDATION SCHEWE,

EXYPONENT DN SPECIES CONCENTRATION IN FOURTH STEP
NF HYDROCARBON OXIDATION SCHENE,

CONSTANT IN TURAYLENCE MODEL.

DROPLET DRAG COEFFICTIENTS

EDDY-RAEAL=UP CONSTANT FOR FIRST STEP
OF HYDROCARANN OXT0OATION SCHEME,.

EDDY=RREAM~I® CONSTANT FOR SECOND STEP
OF HYDROCARADN OXIDATINN SCHEME,

EODY~-AREAN=UY® CONSTANT FOR THIRD STEP
OF HYDRAOCARADN NREDATION SCTHEME,

EQDY-RREAX-1)P CONSTANT FOR FRURTH STEP
AF HYDRDCARBIN OXTOATION SCHERE,

CONSTANTS TN CONVERT UNITS ON ENERAY,

EXPOMENT N SPECIES CONCEMTRATION IN FIAST STER
NF MYDROCAPANY NLIDATENN SCHEMEIRCCLY

ORIGINAL PALT (5
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TARBLE €~1 (CONTD,)

00#00#0#00000*00000000000000000#0.000‘09000&00000010000000’*00#0000*0*00000*0#'

FORTRAN SUARDUT INE DEFINITION
VARIARLE WHERE
NEFINED NR
WSED OFTEN
MAALd A AL SIS A2 A A Ly Y Y Y Y I L L T YO YT T oYY YO
CEYP2 AUXSINET EXPONENT ON SPECIES CONCENTRATION IN SECOND STEP
OF HYDROCARBAN OXIDATION SCHEPE(=(C2),
CEXP) AUXS INIT EYPONENY NN SPECIES CONCENTAATION IN THIRD STEP
OF HYDRACARAON OXIDATION SCHEME(CCAY,
CEWP& AUKs INIT EXPONENT ON SPECIES CPNCENTRATION IN FOURTH STEP
OF HYDROCARARON OXIDATION SCHEMECRCCA),
CFR sLLnnn SHIN FRICTION COEFFRCIENT,
AUX
INTT
CINCP AUX,MAIN INCERPZENT CARBON/DXVGEN RATID FOR SNOT FORMATION,
Cx SOLVE TENPORARY USAGE,
CLEND MATN CONSTANTS TO CONVERT UNITS OM LENGTHS,
CLENY FPAIN CONSTANTS TO CONVERT UNITS ON VELNCETIES,
CHMASS MAIN CONSTANTS TO CONVERT UNITS ON MASS,
CND NUTAYT NOX EMISSIONS INDEX,
CNNDl SPRAY THERMAL CONDUCTIVITY DF FUEL VAPORS,
CONS SPRAY TEMPOQRARY USAGE,
CONS?2 AUX TEMPORARY USAGE,
CON2 SPRAY FRACTION NF FUEL EVAPNRATED,
Casa SPRAY COSINE OF HALE THE NNYILE CONE ANGLE,
Cash SPRAY COSINE OF NOZILE BACK ANGLE.
casn SPRAY COSINE OF NOZZLE DNWN ANGLE,
cnsy SPRAY COSINF OF CURRENT SPRAY CONE SEGMENT ANGLE,
ce AUX CONSTANT PRFSSURE SPECIFIC HEAT.
ALLNOD
cey INIT CONSTANT PRESSURE SPECIFIC HEAT,
AUX
CPLF SPRAY SPECIFIC HEAT QOF LIQUID DROPLET,
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TAALE U=) (CONTD.}

(AR RS AR X AR RS A R A R Ry Y Y Y Y Y Y RN S R X

FORTRAN SUARDUT NG DEFINIYION
VARTARLE WHERE
NEFINED OR
USED OFTEM
R Yy Y Yy Yy Y Y Yy Y YT Y Y YN YR
cPp sux CONSTANT PRESSURE SPECIFIC HEAV.
CPRESS HATN CONSTANTS TO CONVERT UNTTS DN PRESSURE,
cpsum ALLMOD CONSTANT PRESSURE SPECIFIC HEAY 0OF GAS MIXTUPF,
L1H
»
tPl “PRAY SFECKFIC HEAT,
CR1 AUXe"AIN EDDY~AREAK~UP CONSTANT IN FIRST STEP
NF HYDRDCARADN OXIDATINN SCHEME(ACEAUL),
cR2 AUXpNAIN  EDDY~AREAK-II® CONSTANT IN SECOND STEP DF
AF HYDROCARAON OXIDATION SCHEME(WCERNZ),
wR3 AINsMATN  FODY~RREAK=IIP CONSTANT IN THIRD STEF
OF HYDROCARRON OXINATINN SCHEME(=CFRAYRY,
CRe AUNSMAIN ENDDY-RREAK=UP CONSTANT IN FOURTY STE#
DF HYDROCARSON NXINATION SCHEME(mOERUS),
csn ouTrUT SHOKE EMISSIONS INDFX,
CTEmP MAIN CONSTANT TN CONVERT UNITS OW FTEMPLRATIRE,
cx STRIDE TEMPORARY STARAGE FOR COMVECTIVI DAFFUSKIVE FLUY W

Y DIRECTION,
CXILeCXUP STRIDF TERPORARY STORAGE FOR CINYELCTIJIE LLUY IN X BIRFCTION,

CxXx INIT HiUMBER OF CARARDN ATOML IN TV FUEL.
ot

cy STRINE TEPPORARY STRRAGE FOR “OMVACTIVE/DIFFUSTVE FLUY IN

Y DIRECT i,
Cyo MY uRED,
CYUC Yt STRINE PLPUPARY SINRAGE FOR CONVECTIVE FLEY 1IN Y DFenT RN,
€2 STRINE TEMBGARLY STYAGE K% COANVF .3 IVE/RIFFUSTVE FlLux IV

? QIR ¥,
cie NPT USED,
LMty TIRIDL TEMSORARY STMRAGE FOR CONV-ZTIVE Frhd §N ¥ DIRc VTON,
. Ao MATa M ET2-F TN FURARYLENCE "0ODIL. .

e,

ORIGINAL. Panr 15
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Ly Y Y T Y YT E Y Py Y Yy TRy Y Y S I R R I I R R R 2]
SUBROUT INE
WHERFE

DEFINED OR
USED OFTEN
Y Y T T Yy Ty Y Y Ty Y R Y Y Y R Y S S P Yy Y Y S LIS Ry

FORTRAN

VARTABLE

c2
DANG

DELTA

DELTAT
DEN
DENOH
DENST
DENSTY
DEVAP
DFAC

DFtTW
DHR
DIA
DIAY
DIST

nive

oK
oLI™
DN
oot
Dp
DPART

AUXSMALIN
SPRAY

SPRAY
MAIN

AUX
AUXsMAIN
SOLve
AUY
STRIDE
SPRAY

MAIN
STRIODE

TROLVE
AUXp MAIN
SPRAY
SPRAY
ALLANOD
AUX
STRIDE

STRLIOE
ALLMOD

SOLVE
SPRAY
SPRAY
nuUTRuUY
SOLVE
AUX s MAIN

TAALE C~-1 (CONTD.)

DEFINITINN

CONSTANT IN TURBULENCE MOOEL.
DELTACANGLE),
FUFL NDZ2XLE DOWN ANGLE,

TEMPERATURE RISE,!
OENSITY (SEE INPUT),
TEMPORARY USAGE,
DENSITY,

NENSITY,

FRACTION OF FUEL EVAPORATED IN ONE TIME STEP.

QUANTITY USED TO GRADUALLY INTROOUCE
1 DIRECYION DIFFNSION,

OIFFERENTIAL DF MEAT TRANSFER W R.Te TEMPERATURE,

HEAT OF FUEL CONBUSTI™ REACTION.
INSTANTANEQUS DROPLET DIANETER,
INITIAL DROPLET DIAMETER.
TNTERNDCAL DISTANCE.

WASS IMBALANZE AT A CONTROL YOLUNME,

TENPORARY USAGE,

CONSTANT TO LIMNIT TINE STEP,.

DRNPLET MASS.W

MASS FLOW RATE.

COEFFICIENT IN CYCLIC TDMA SNLUTION,
SODT PARTICLE DIANETERS,

ORIGINAL PACT [
OF POOR QUALITY
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TABLE C~1 (CONTD,)

FEREELPL LG L4040 04 0000000000000 0080000000080 00000000000 0000 0040000 00000000001

FORTRAN  SUBRDUTINE DEFINITION
VARTABLE WHERE
DEFINED DR
USED OFTEN
LT T Yy Y T Yy Y Ty Yy Y Yy Y Y Y Y N T L oy
DQCH TSOULVE HEAT TRANSFER CORFFICIENT.
DaRH TSOLVE DIFFERENTIAL OF RADIATION HEAT TRANSFER W R.T.
TEMPFRATURE,

DRHONP STPIDE PARTIAL OERIVATIVE OF DENSITY WeRoT, PRESSURF,

psSnCo AuX TENSQRARY USAGE IN CO SOURCE TERN,
DSOFY a1y TEMPL,RARY USAGE IN FUEL SDURCE TERN,
DSDH AUy TEMPORARY USAGE IN ENTHALPY SOURCE TERM,
0sSO0T rUTeUT TEMPORARY USAGE,.
asose AtiX TEMPORARY USAGE IN CXMY=2 AND W2 SQURCE TERNS,
psSun SPRAY RATIN OF DROPLET OLAMETER TOD SNHD.
DY STRIDE TINE INCREMENT,
DTF CPRAY TENPERATURE REISE OF DROPLET.
OTHETA SPRAY WIFFERENCE BETWEEN INITIAL AND FINAL SPRAY
CONE SEGMENT ANGLES,
nT! SPRAY LIRIT ON TIME STEP TN AVOID NUNERICAL INSTAATLITY,
07117 SORAY LINITS ON TIME STE® TN AVOID NUMERICAL INSTABILITY,
n STRINF PRESSURE~VELNCITY CNEFFICIENT FOR U=VELOCETY.
A
punxe AlIX PARTIAL OERIVATIVE OF U WeRaTa X AT T LOCATION,
HI AKX PARTIAL OFRIVATIVE OF U Wk, T, ¥ AT 41 LOCATINN,
otipY™ Aty PARTIAL DERIVATIVE OF U WaReTo ¥ AT I LOCATION,
ohaye (10§ PARTIAL DERIVATIVE OF U WeRale ¥ AT Tel LOCATION,
pub e ALY PARTIAL DERIVATIVE OF U WeReTs I AT I LNCATION,
aune AUX PARTIAL DERIVATIVE NF U WaRhaTa 2 AT T4} LDCATION,
(IR & AUX PARTIAL DERIVATIVE NF UT wWeR.T, KJ,
nv STRINE PRESSUSE~VELDICLTY COEFFICTENT FOR V-VELOCITY,
e
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URIGINAL PAGE 1S
Of POOR QUALITY TARLE C~1 (CONTD.)

POPPPLP0 0000000000000 000 0000000000000 0000000000000 0000008000000 000000000000

FORTRAN  SUBROUTINE NEFINITION
VARTARLE WHERE
NEFINED 010

WSED OFTEN
FEEPITHERREP000 00000000000 00000000 000000000000 000000000 00000000000 00400000441

VO XN AUX PARTTAL DERIVATIVE OF V WaRsTe X AT J LOCATION,
ovAXe AUX PARTIAL DERIVATIVE OF V WeRaTs X AT J¢1 LOCATEON,
pvoY AUX VELOCITY GRADIENT NEAR A WALL.
ovOYN AUX PARTIAL DERIVATIVE OF V WeReTe ¥ AT J LOCATION,
DVOYP sux PARTIAL DERIVATIVE NF ¥ WuRaTe Y AT Jel LOCATION,
DVOZN AUX PARTIAL DERIVATIVE OF V WeRoTo I AT J LOCATION,
ovoze aux PARTIAL DERIVATIVE OF V WeReTs I AT J¢1 LOCATION,
DVINS INIT RADIAL INSECTION TURSULENCE LENGTH SCALE.

FAIN
oW STRIDE  PRESSURE=VELOCITY COEFFICIENT FOR W=VELOCITY,

SOLVE

AlIX

ALLNOD
WD XM AUX PARTIAL DERTVATIVE OF W W.R.T. X AT X LOCATION,
OWD XP AUX PARTIAL DERIVATIVE OF W WeRaTa X AT Kel LOCATION,
DWOYM AUX PARTIAL DERIVATIVE DF W WeRoTs Y AT K LOCATION.
DWDYP Aty PARTIAL DERIVATIVE NF W WoR.To Y AT Xel LOCATION,
DD ZN Ae PARTIAL DERIVATIVE NF W W.R.T. 2 AT K LOCATION,
ounZP aux PARTIAL DERIVATIVE OF W WeRoTo Z AT Kol LOCATION,
0¥ Aux INTERNODAL DISVANCE TN X DIRECTION,

- oX SPRAY DISTANCE TRAVELED BY ORNPLET TN X DIRECTION,

DY ey INTERNNDAL OISTANCE IN Y ODIRECTION,
oY SPRAY DISTANCE TRAVELED AY DROSLET IN Y DIRECTION,
| 02 AUX INTERNODAL DISTANCE TN 2 DERECTION,
. 133,
¥ 02 PRAY DISTANCE TRAVELED MY DROPLET IN 2 DIRECTION,
3 ALLAOD  CONSTANT £ 14 LOG=LAY OF THE WAL,
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TABLE C~)1 (CNTD,)

COOEPHEPRRE AR RRRERR 2R RRR RN RRR R0 R 000000 R 2R 0000000000000

FORTAAN SISKOUTINE DEFINITION
VARIARLE MHERE
DEFINED CR
USED OFTEN
P R Y P Y Y Y Y T Y T I I Iy Yy Iy rI Iy Y
EDX STRINE DISSIPATION DIVIDED AY TURAULENCE ENERGY,
AUX
goxtd STRIOE DESSIPATION DIVEOED AY TURBULENCE ENERGY AT
NODE lesdaK,.
EDK2 AUX DISSIPATEON NIVIDED OY TURBULENCE ENERGY SQUARED,
EE SPRAY CONSTANT IN DROPLET BOILING POINT CALCUI ATION,
EMONTY AUR RATE OF MASS TRANSFER BETWEEN FINE STRUCTURES AN
SURRNUNDING FLUID,.
ENDOTR AUX TENPORARY USAGE.
ENT INIT aEMISH /L2, 0-EMISH),
AUY
TSOLVE
ALL™DD
ENTSIN INIT THLEY EMISSIVITY.
EMISR INIT GAS EMISSIVITY,
ALL MDD
EMISH ALLMAN WALL ENISSIVITY,
INIT
EMeIN (14} 4 TEMPORARY USAGE,
EMp AUXx MASS OF SO0T PARTICLE.
EMPR AUx NASS FRACTION DOF PRNUCTS.
Eny STRINE TOTAL CONVECTIVE AND DIFFUSIVE NASS INFLOW INTN
A FINITE~DTFFERENGCE CELLs SEE TABLE C~2,
NY ALY MEAN SOOT PARTICLE CONCENTRATION,
ENND AUX SOOT PARTICLE CONCENTRATION IN FLUID SURRDUNDING
FINF STRUCTURES,
ENNRHD AlIY ENN DIVIDED AY GAS DENSITY.
ENNSTP Aty SONT PARTICLE COMCENTRATION M FINE STRUCTURES,
ENN A SONT NUCLEHS CNNCENTRATION TH FLULID SURRNUNATNG

FINE STRUCTURES,
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TAALE C=1 (CONTD.)

00000000000000000‘#00000000000000.0000000000000‘000‘0000000000}000000000#000‘01

FORTPAN SUARNUTINE DEFINITION
VARIABLE WHERE
NEFINED OR
uSFD OFTEN
000000000000000000000000000#00000’00000000000000000000000000’0000§00#0000000001
ENRHOD ALY MEAN SNOT NUCLEUS CONCENTRATION DIVIDED BY GAS
DENSITY,
ENSTP M SODT NUCLEUS CONCENTRATION IN FINE STRUCTURES,
ENSTR]Y Ay TEMNPORARY USAGE.
ENSTR2 Ay TENPORARY USAGE.
1 SOLVE COFFFICIENT TN CYCLIC TOWA SDLUTION.
£R CREX EQUIVALENCE AATIO» SEE TAALE (-2,
ERROP MAIN PROGRAM WILL TERMEINAYE 1F TOTAL ERROR IN MASS
BECOMES LESS THAN THIS VALUE,.
ER1 N1y ACTIVATION ENFRAY FNR THE FIRST STEP OF
HYCRNCARAON NXIOATION SCHENEp DIVIOFED AY GAS CONSTANY
{=ARCONL1 ),
ER2 INLY ACTIVATION ENFRGY FOR THE SECOND STEP 0OF

HYDROCARAON OXIDATION SCHENE,OIVIDED AY GAS CNNSTANT
{=ARCONZY,

ER2 INEY ACTIVATION ENERGY FOR THE THIRD STEP OF
MYDOROCARSON ININATION SCHE“E,DIVICED 8Y GAS CONSTANT
{=ARCONDY,
ER4 INIY ACTIVATION ENERGY FNR THE EOURTH STE® OF

HYDROCARSON IXIDATION SCHENE,DIVIDED AY GAS CONSTANT
CaARCONG),

ET SPRAY VAPTIABLE IN OROPLET ROILING POINT CALCULATION,
EVarP SPRAY EVAPORATION RATE OF LIQUID FUEL.
ALLSND
STREDE
fVAPII-Y SPRAY INTERPHASE NOMENTUN TRANSEER IN X, Y2 DIRECTIONS,
EVING INt Y RADIAL INJECTTION TURRULENCE ENERGY,
AN
EVSsu CPRAY ARRAY USED T STORE INTERPHASE MOMENTUN TRANSFER,
ALLAOD
F AL ARRAY USED TO STORE NEPENDENT VARLARLES,
FAC SPRAY TEMPORARY USAGE.
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FORTRAN

FACP
FAY
FCH
FOFU
FEND

FEVAP

FEXIT

art 4

FH2

FK
FXFU
FLO

FLN

FLOWIN

- FLOMOT
F1.PCO2

FLPE

FLPH20

FlL.pN2

FLPOY

10z

SUBROUTINE

VARTARLE WHERE

DFFINED Ne

USED OFTEN
AUXRAD
AU

ALl

SOLVE
SPRAY
INETY
Lt
TNIT

INIT
nuteyt

INIT
ALLWND

ALLMDD

INTT
AUX
ALXRAD

AUX
AUXRAD

INIT
ALIX
AUXRAD

INTTY
AUX
AUXRAD

INLY
AUX
AUXRAD
SPRAY

TAMLE C=1 (CONTD.)

CEPRR PR RIRPEP RO PR PR R0R Rttt tR Rttt RO RN IR RRRRR L0000 000000

DEFINITION

SEPLEBPRPPE 0000000080 0000000000000 0000000000 0000000000000 000000000000 0000 0

TEMPORARY USAGES

AVERAGE RADIATION FlLuX.
INTERMEDIATE HYOROCARBON CONCENTRATION,
NOT USED.

QUANTETY USED IN CYCLIC TOMA,
FPACTION NOF FUFL EVAPORATED.
UNRURNT FUEL NASS FRACTION,
HYDROGEN MASS FRACTION,

TNLET TURBULENCE KINETIC ENERGY.
NOT USED.

FLOW RATE AT EACH AXTIAL STATION,
MASS FLDW RATE,

INLET MASS FLOW RATE.

FLOW RATE AT EXIT PLANE,
C02 MASS FRACTION.

EMISSIVE POWER.

H20 MASS FRACTION.

N2 MASS FRACTION,!

02 RASS FRACTION,!

ORIGKNAL P L3
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TAMLE C~1 (CONTO.)

0000000‘000000000000000000000000500000000’0’0000QOO’QO YT I I TR I T I L

FORTRAN SUARQUTINE DEFINITINN
VARTAMLE WHERE
DEFINED OR
USED OFTEN
¢00000000000000000#0000000.00000000000000000000000000000000000000.0#00000000001
FLPTE Al TENPERATURE,
AMINRAD
FLIP SOLVE € VALUE AT NODE LIP.
FMA NOT USED.
ENG AUXSMAIN CONSTANT TN SNOT NUCLEUS FORRMATEION RATE (SEE INPUT),
FMGF AUX TEMPORARY USAGE,.
FQ CREX SEE TAALE C-2,
FRACP AUXsNAIN NRELATIVE RATES OF FORMATION OF SO0T PARTICLE SI2ES.
FRACY SPRAY CUNULATIVE NASS FRACTION OF DROPLETS IN DIFFERENT
SIZE GROUPS,
£S ALL ARRAY USED TO STORE SPECIES MASS FRACTIONS.
FSLP STRIODE TENPORARY STORAGE FOR FSILPY,
FST INITY STOICHIOMETRIC VALUE OF WIXTURE FRACTION.
FSTDIC INITY STOICHIONETRIC VALUE OF WIXTURE FRACTION.
AUX
FSw INIT ELOY RATE 0OF FUEL THROUGH OOME INLET.
FaIN
FTv TSOLVE RAOTA™SYE+COMVECTIVE HEAT TRANSFER,
FUARAT INIY FUEL/alx RATIO.
Fus INIY NASS FRACTION 0OF RURNT FULL.
AUX
AIXRAD
FUEL INTT FUEL FLOW RATE AT EACHM AXTAL STATION,
FURLF INIT NASS FRACTION NOF UNAURNT FUEL.
FUFL] INgt MINTYRE FRACTION,.
FURLS IN Y LIOUED FUEL FLOW RATE AT EACH AXTAL STATION.
Furcn INIT WNITIAL FSTINATE OF CN MASS FRACTION,
FAIN
Chinmer o 103
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00#0000000000000000000*#0000’0&0&0000#0000000000000000004000000‘00000#00000000!

FORTRAN
VARTABLE

00#000##0#b000000000000#00000000000000#0#00000000000’000000000000000000’0000QOC

FUnSY
FUOX
Funeswy
Fut
FUTOY
X

FXN
Fxe

FY

FYN
Fyp

F2

FIN
F1e
GAM
GAMAS
GANDDL
GANLP

GANLXN
GANLYN
GAMLTN
GANNM
GANP

GAMPT2

104

SURRQOUT INE
WHERE
NEFINED OR
USED OFTEN

INLTY

INLY

INIT

STRIDE

INITY

SPRAY

ALL

ALL

SPRAY

ALL

ALL

SPRAY

AtL

ALL

ALl

AUX

ALL™OO

AUX
STRIDE

AUX
AUX
AUY
Aux
Alx

Aux

TABLE C=~1 (CONTD.)

NEFINITION

FUELZATR RATID AT DANE INLET.

NIXTURE ERACTION AT EACH AXTAL STATION.
MIXTURE FRACTION AT DOME INLET.

MIXTURE FRACTION,)

TOTAL FUEL FLOW RATE,

NRAG FORCE ON DROPLET IN X DIRECTION.

INTERPDLATION FAZTOR FOR X= DIRECTINN NODAL ODUSTANCES.
INTERPOLATION EACTAOR FNR X DERECTINN NOOAL OISTANCES.

ORAG FORCE ON OROPLET IN ¥ DIRECTION,

INTERPOLATION FACTOR FOR Y~ DIRECTION NODAL DESTANCES,
INTERPOLATEON FACTOR FOR Y+ DERECTION NODAL DISTANCES,

DRAG FORCE ON DROPLET IN I DIRECTINN,

INTERPOLATION FACTOR FNR 7~ DIRECTION NODAL OISTANCES,
INTERPOLATION FACTOR FOR 2+ DIRECTION NODAL DISTANCES.

DIFFUSION COEFFICTENT,.

HASS FRACTION OF FLUED IN FINE STRUCTURES.
TENPORARY USAGE.

OIFFUSION COEFFECTENT AT NODE LP,

DIFFUSION CNEFFICTENT AT NROE LXM,
DIFFUSION COEFFICIENT AT NODE LYW,
DIFFUSINN COEFFIZTENT AT NODE LIN,
AVERAGE OIFRUSTION CMEFFICTENT,
AVERAGE OIFFUSTON COEFFICIENT,
AVERAGF DIFFUSION COEFFICIENT,

ORIGHIAL PAGE S
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TABLE C~1 (CNTD,)

0000000#00000000000000000&000000000000000000000000000000’0000000000000000000000

DEFINETION

0000#0#0’0&QOOOOOOOQOO000000#00000000000000000000#’000000000!’0000000000000000‘

FORTRAN SURROUTINE
VARTARLE WHERE
DEFINED OR
USED OQFTEN
GASCON AUXOMATIN
GFNR AUX
G0 AUXsMATN
GPS1 AUX
GPSTP AUX
H ALL
HCO INLY
HCRAT INTT
HDORFt ALLNDD
HEIGHT IMT
HEVAP SPRAY
HFU MAIN
INIY
HFUEL SPRAY
HPI ALLNOD
AUX
INIT
HSURC STRIDE
HSUM AliX
ALLNOD
INIT
STRIDE
HT SPRAY
HTC ALLNOD
AN
HTCEXT
HT TS0LVE
HYY INTT
FAIN
AUX

UNIVERSAL GAS CONSTANT DIVIDED v NOLECULAR WEIGHT OF AIR,
GENERATION RATE OF TURBULENCE EMERGY,

COMSTANT IN SNOT NUCLEUS FORKATION RATE (SEE INPYT),
SGANASPST,

GPST DIVIDED AY DENSITY GF FINE STRUCTURES,

ENTHAL MY,

HEAT QF comMausTEINN NF O,

TEMPORARY USAGE,

TEMPORARY USAGE,

CHANNEL HEIGHT OF COMBUSTOR,

HEAT OF VAPORIZAT,ONR OF LIOUID FUEL,

HEAT OF FORMATION OF FUEL,

HEAT OF COMBUSTION OF FUEL,
TENPORARY USAGE FOR ENTHALPY,

MIXTURE ENTHALPY,:
ENTHALPY OF GAS WIXTURE,

HEAT TRANSFER CDEFFICIENT FOR OROPLET HEATUP,
HEAT TRANSFER COEFFICIENT.

EXTERNAL MEAT Ti NSFER COEFFICIENT ¢(NOT USED).
HEAT TRANSFER COEFFICIENT,
MUMRER 0F HYDROGEN ATONS IN FUEL,

ORIQITINY rrem s

OF P Qi ity




TASLE C=1 (CONTD.)

Y Iy ey Yy Y Y R Y I Y R XSS IS SIS L L R R A A Al A

FORTRAN  SUBROUTINE DEFINITION
VARTABLE WHERE
NEFINED OR
UTED OFTEN
I Y Y Y Y Yy Py Y Y Y Y YTy R Ty T P A TR Y R YL LYY YL LRI I LS R gy
HlsH2 INLY ENTHALPYITENPORARY USAGE).
I8 SPRAY INDEX TO DFNOTE LOCATION OF I ADUNDARY,

ICONVG STRIDE «0pCHEMTCAL XINETICS SOLUTION NOT COMVERGED,
o leCHENICAL XINETICS SOLUTION COMVERGED.

ICTNMA SOLVE WUMBER OF SWEEPS FOR EACH VARIABLE IN SOLVE (SEE INPUT),
PAIN
IDCH PATA, INIT INDEY FOR INTERMEOIATE HYNROCARGON MASS FRACTTON,
AUx
nco PATA» INIT INDEX FOR CD NASS FRACTION,
AUYX
1ocn2 PATAs INIT INDEX FOR (02 NASS FRACTION,.
AlIX
IDFY PATAs THET INDEX FOR FUEL MNASS FRACTION,
AUX
SPRAY
STRIDE
ALLWDD
10HL PATA INDEX FOR 4 ATON MASS FRACTION,
1002 DATAP INIT INDEX FOR H2 MASS FRACTION,
21X
fOH2N CATA» INIT TNDEX FOR HZ0 RASS FRACTION,
AUX
0K Aux Q) FOR RATE CONTROLLED COMAUSTION:
=02 FOR MINING CONTROLLED CONBUSTINN,
IDND CATA INDEX FNR NO MASS FRACTION,
1NO2 NATA INDEX FOR W02 ®ASS ERACTION,
1NN} CATA INOEX FOR N ATOM MASS FRACTION,
10N2 PATALINIT INDEX EOR N2 MASS FRACTION.
ALLNAD
AUY
STRIDE
1IN CATA INDEY FOR O ATON %aSS FRACTION,
106
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TASLE C=~) (GONTD.}

0"t!'t0000000000000000000000&0000000000000#00’00000#0000000000000000000000000000‘

FORTRAN  SUBROUTINF DEFINITION
VARIARLE WHERE
NDEEINEN DR
UEED OF TEW
‘, 0-00-0000#00t0QO00040000000000000000000’0000000000000000000000000000000000000000‘
) 100K DATA INDEX FOR OM MASS FRACTION.
1n02 DATASINIT INDEX FOR 02 MASS FRACTION,
ALLMDD
ux
STRIDE
{11 MAIN TYPE OF BOUNDARY AT Je)(SEE INPUT),
ALLNDD
STRIOE
AUX
1E ALl ENDING VALUE NF TCLOCAL VALUE OF IwWLO),
L1EHD FPRINT ENDING VALUE OF I FOR PRINTOUT,
16 TPRAY NO=LOOP INDEX FOR DROPLEY SIZE GROUPS.
1GAMI=2  DaTa INDEX TO DEMOTE TYPE OF AOUNDARY CONDITIOM FOR
ALLNOD A DEPENNENT VARIABLE,
IGPNT SORAY INDEX FOR DIAGNOSTIC PRINTOUT.
THCPS [TPE INDEX EOR CALCULATING THERMODYNANIC PROPERTIES,
1 JumMp PUTPUT NUMRER 0OF ITERATIONS BETWEEN PRINTOUT,
FATN
IKIN INET INDEX FOR BOUNDARY CONDITIONS,
ALLMOD
AUX
STRINE
It STRIDE TEMPORARY USAGE.
IL SARAY NO=LOO® INDEX FOR OROFLEY RAYS,
(K« CREK SEE TABLE C=2,
ILH CREX SEE TASLE C=2,
oc SRRAY £ INDEX FOR OROPLET LNCATION,
IMAT CREX SEE TABLE (=2,
LY FAIN T LOCATION OF MAXIAUM CONTINUITY ERROR,
ALLMAD
INC OMP INDEY 70 DENITE CONPRESSIBILITYL(NOT USED),
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TABLE C~1 (CONTO.9 }

CREOEEP LR E R0 0000000000000 0000000000000 000000000ttt Ptert bttt bt bttbottey

108

FORTRAN  SUBROUTINE DEFINETION
Ny VARTABLE WHERE 5
" DEFINED DR
HSED DFTEN
000000004000000000000000000.0000000000’000000000000000000000000000000000.’00001 4
IND STRIOE INDEX USED IN RADIATION CALCULATIONS, i
INDX ALLMAD a1 TF U VELOCITY 1§ NEGATIVE AT EX1Ts
NTHERWISE =0,
INDY SPRAY INDEX FOR TYPE OF BOUNDARY,. » ]
IND SOLVE DO=LOOP INDEN, J
INOMAX  SOLVE NUMRER OF TOMA SWEEPS.
3
INOX FAIN INDEX TO OECINE DN NOX CALCULATIONS(SER SNOX), i
STRIDE i
INTAPE  MAIN INDEX FOR INITIAL FIELD PRINTOUT(SEE INOUT),
INV INIT TENPORARY USAGE,
STRIDE
1oL SPRAY PREVIOUS Tt LOCATION OF DROPLET.
TONE FPRINT FIRST VALUE 7F I FOR PRINTOUT, ;
1, STRIDE TENPORARY USAGE. :
IPAR PAIN INDEX FOR ABSOLUTE NR RELATIVE PRESSURE(SEE INPUT).
STRIDE
IPLAY MAIN INDEX FOR PLANE OR AXISYMMETRIC FLOVISEE INPUT).
STRIDF
; ISRINT  FPRINT INDEX ROR PRENTOUT NF DEPENDENT VARIAALES
g PAIN (SEE INPYTI,
} IRAD MAIN INOEX FOR RADIATEON SOLUTTONCSEE SRADY.
5' IREF MAIN I LOCATION NF REFERENCE PRESSURE LOCATION,
4 IPES PAIN INDEX ROR PESTARTEING SOLUTION(SEE INPUT).
& INIT
- CTRIOE
ﬁ AIX
§
%ﬂ 15 ML STARTING VALUE OF T{LACAL VALUE NF TWLID,
g 1SNLVE STRINE INOEX FOR SOLUTION NF DEPENDENT VARIABLES (SEE INSUT).
wALN
= ALY

- - . R
L”‘,i,‘ DR [

OF POUR GHUALITY
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ORICINAL TACS IS
TARLE C~1 (CONTOD.Y
OF POOR QUALITY

YR Y I I e e e R Y P R TR R Y T Y T AR T R TR I RS S KL A d A sl a

FORTRAN

VARIAMLE

SURRUT INE
WHERE
NEEINED OR
USED QFTEN

DEFINITION

0000000&&#0000000#}00000000000000#‘0‘00000000‘0000&000000000000000000#00000#000

Isnny
Isp
ISPRAY
ISTARY
ISTEP

IsTQe
I15TR
IsTRY

ISTR)

ISTUK
psue
ISuM
fsum)

154pP

TTER

ETNNY

IT#
TR

LTRAD

ITWALL
iryet

FAIN
FAIN
MATN
FPRINT
MAIN
STRINE
MY
uTPUY
FRRINT
STRIDE
FPRINT

TOLVE
STRAD

SOLVE
STRAD
SOLVE

SOLVE
STRINE

CREX

SYRIDE
PAIN

SIRINE
TSALVE
TSOLVE
MAIN
auy
AUx

SPRAY

INDEX FOR SOOT SOLUTION(SEE $SSOOT).

TEMPORARY USAGE.

NUMBER OF ITERATIONS BETWEEN SPRAY SOLUTIONS,

STARTEING VALUE OF T FOR PRINTOUT, »
NUMBER OF CURRENT ITERATION,

ENOING DEPENDENT VARIABLE INDEX FOR PROINTHLUT.
FIRST I LNCATION,

STARTING DEPENDENT YARIASLE IMDEX FOL PRINTOUT.
al5=1,

INDEX FOR STEADY/UNSTEADY FLOW(NDY USEDI.

=I1STReL,

=1Se¢1E, .
slSeIE, :
INDEX USED FOR Y~TDNA SMEEP DIRECTION,

NUMBER OF CURRENT ITERATION OF CREK SOLUTION.

NUNBER OF TTERATIONS OF NOX SOLUTENN AT FINAL
TTERATION OF FLOW SOLUTION,

NUMAER OF CHEMECAL KINETICS ITERATIONS.
o1 IF RADIATION IGNORED, »2 IFf RAOIATION CONSIDERED. i
INDFX FOR RADIATION SALUTION(SEE INPUT),

INDEX FOR WALL TEWPERATURE SOLUTINN{SEE INPUT),
a)l ENR HEATING DROPLET, »2 FAP AOKLING OROPLET.
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TABLE C=) (CANTD.)

CEEBPRPPP PG RE0 0000088008000 0000080 0000004000000 000 0040000008800 00004000080000041

FORTRAN

SUBRNUTINE

VARIAALE WHERE

NEFINED NR
WSED OFTEN

PEFINITION

CRAEEBR000 040000000400 00 00000008000 200 0000000000000 000 000800000000 00 0400400004

Iv
Iu
IVINg

IVING

IWEI
INED
Iwtl

I4Ln

Tryy

8
JE
4
44

J4

JKIN

"n
3NN
am

JMa v

1%

MATN
SPRAY
ALLMND
FAIN
INIT
INTTY
RAIN
ALLEND
MAIN
PATIN

AlL
ALL
TCLVE
TTRINDE
TPRAY
sl
NIT

eny gE
“TeAD

SEeInf
ALY
ALEMOD
[}
LTRIOE
CIRALNE
CPRAY
ALl

PATN
ALLM N

INDEX FOR TYPE OF UNITS (SEE INPUTH,
*JUTNI~),
P NODE LOCATION DF COOLING SLOTS.

I NODE LOCATION OF RADIAL INJECTIUN HOLES.

T NADE AT WMICH UPSTREAN INCLINED WALL ENOS,
T NODE AT WHYCH DOWNSTREAM THCLINED WwALL STARTS,

STARTING 1 NODES OF CALCULATION DOMAXN WYEN
INCLINED WALL IS PRESENT,

ENNING T NODBES OF CALCHLATION DOMAXN WHEN
INCLINED WALL IS PRESENT,

INDEN FOR NDIARCTINN OF TOML SWEEPS,

INDEY TN DENITE LOCATION NF 3 ROUNDARY,
LECAL VALYE OF JWLO=1.

TEMPORARY USAGE,

Diteg NP IUNEX,

qimake OF REACTION STEPS (3J NIF JRIK, SEE TaRLEI C-21,
INNEL £ TYPE NF BIUNDARY,

TE¥PUPARY USAGE.
3 IACETIaN NF DRIPLET,
ali=LieIRAY,

J OUDCATION F HAFI®N CONTINULITY ERRD9,

CRITMAL PACE 1S
OF 2000 QUALITY

-



TAALE C=1 (CONTD,.) Cour gL

L T AN QU,““..‘
PEELLLAEL PG LRE P00 000 000ttt ettt ettt bttt ot bttt ottt tttstttstd
FORTRAN SURROUY INE DEFINITION
VARTARLE WHERE
NEFINED OR

USED OFTEN
AR A AR LA R AN L L L T Ly Ty Yy Y Y Y Yy Y Y Y Y Y Y T Y Y YT Ty Y Y]

JNOX MAIN TENPORARY USAGE,

40 SPRAY PREVIOUS J LDCATION OF OROPLETY,

JONE FPRINT FIRST J VALUE FOR PRINTOUT,

Jr STRIDE TENPORARY USAGE.

JPLANE AUXRAD VALUE OF J C(INDEX FOR ¥ LOCATION) WHEN
STRAD SOLVING 2 DIRECTION RADTIATEON FLUX,
ALLNOD

JREF MAIN J LOCATION OF REFERENCE PRESSURE NDOE,

5 ALL LOCAL YALUE OF JuL1#+},

JSTR STRAD STARTING J VALUE.
SOLVE
STRIDF

JSTRL SOLVE *JS=1,
STRAD

JSim SOLVE s JSTReN,

JSUM STRAD o JS+dE,

JSum FPRINT s JONE+NP].

JSum] SOLVE wJSeJE,

J5wP SOLVE INDEX USED FOR X=~TOMA SWEE® DIRECTION,
STRINF

J5¥W1 INITHMAIN J NODE AT STARY OF DOME TNMLET,
ALLNOD

JSw2 TNITAMATIH & NODE AT END OF DONME INLET,
AlLLMOD

JTRAD BAIN TENPORARY USAGE,

Ju SPRAY aJUNTJ,

JUINY INITsMAIN § NODE LOCATIONS OF COOLENG SLOTS,
ALLNOD

JYINY INTT,NATN J NODE LOCATEONS OF RAOKAL INJECTION WOLES,
ALL™OD
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LR W

PP ARRE2 BR300 3000000000000 0000000 0000040000 8206002000000 00000800000 00 00041

FORTRAN
VARTARLE

CPEPF 0040003800800 00 0000000008000 0 0008000000820 000 008000000000 00 00800000 04

Wil

LI
JuLT

JL0

JWN1

JW00

JllJZ‘
KEND
KENON)
KENDM2
KJC
KJK

KJin
KK
KLOC
L}

KMAX

KMIN
KOLo

112

SUARGUTINE
WHERE

OEFINED ON
USED OFTEN

INIToNAIN

INIT,NAIN
ALl

aLL

INET»MALIN
ALLMOD
At
STRIDE
INITIMAIN
ALLNND
AUX
STRIDE
INIT
SOLVE
SOLVE
SOLVE
SPRAY

ALLNOD
ruTeUuY

aLL
STRAD
SPRAY
ALL

MAIN
ALLNOD

UK A
SPRAY

Y

ORIGINAL PAGE 15
OF PQCR QUALITY

TABLE C~L (CONTO.}

DEFINITION

d NDDE AT WHICH UPSTREAN INNER INCLINED WALL
STARTS,

4 NODE AT WHICH UPSTREAM DUTER INCLINED WALL STARTS,

STARTING J NODES OF THE CALCULATION DOMAIN AT
INNER INCLINED WALL.

ENDING § NODES OF THE CALCULATION DOMAIN AT
OUTER TINCLINED WALL.

d NODE AT WHICH DDWNSTREANM INNER INCLINED WALL ENDS,

d NOOE AT WHICH ODOWNSTREAN DQUTER INCLINED WALL ENDS.

TEMPORARY VALUES FOR JWLI AND #WLO.
VALUE DF X AT LAST I LOCATION,
nKEND=],

sKEND=2,

TEMPORARY USAGE,

TENPORARY USAGE.

sKMIK}+INE D),
TEMPORARY USAGE,

* LOCAYION OF DROPLEY.
n{Kel) *NJ*NK,

X LOCAION OF MAXINUN CONTEINULTY EQROP,

nKSTR41,

PREVINUS X LACATION OF DROPLET,

I
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(1)

e e, qn .
G A B

TAM.E C=) (CONTO. ) o (}fh“h.'—ti‘(
0000001‘0’000000#00’000”.00’...0.00.0.‘ﬁ’.’..”’.’.‘..0.‘0’0..’0.0’..0..0.0‘00"
FORTRAN SUBRNUTINE DERINITION
VARIABLE WHERE

OFFINED QR
USED OFTEN
0000.000000000’00000.0.000.....’Q#Q‘.”00.’.’000..000‘..0.‘0”...‘ﬁ”’."..’....‘
KNNF FPRINT FIRSY X VALUE FOR PRINTOUT,
KANTRO AN CONTROL INDEX =1 ON FIRSY LTERATION, OTHERWISE 2,
KONTPO STRAD CONTROL INDEX olp2+3 WHEN NYsLYRY ) LYRY,LYRZ,
KOUNT TSOLVE HUMSER OF ITERATIONS ON WALL TEMPERATURE .
KREF PAIN K LOCATION OF REFERENCE PRESSURE NODE.
KSTH® STRIODE FIRSYT K LOCATION.
STRAD
(11}
SOLVE
KSUN SOLVE eRENDIKSTR=2,i
KSUM STRAD n24N,
RVINS INIT %X NODE LNCATINN OF RADIAL INJECTION HOLE .
ALLNOC
MAIN
L ALL wlPl=1,
LADIAR CREX SEE TABLE C-8,
LASTEP MAIN MAXIMNUN NUMBER OF ITERATIONS,
¢TRIDE
LCONVG CREX SEE TABLE (-2«
LCv STRIDE NUMBER OF CONTROL VOLUMES EN X DIRECTION »L~1]),
LDERUG CREK SEE TARLE C=2,
LENEF CREX nEALSEqr ENERGY FQUATION COMPLETELY DFCOUPLED FRON

SPECIES EQUATIONS AND SPECIES CONCENTRATIONS
NBTAINED AT SPECIFIED TEMPERATURE,
5w TRUE¢s CONPLETE ENERGY EQUATION XS USED.

LEQUIL CREX SEE TABLE (=2,

L1 LA ale Nt ).

LTJINY SNLVE INDEX FOR VALUE AT Kel PLANF IN F ARRAY,
L2 CTRIDF alfdexnt2),

113
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= ORIGINAL PAGE 1S
- TABLE C~1 (CONTD.) OF POOR QUALITY
A
T R T Yy e e oy Y P T Y T Y T Y Ry T Y T Y Y YT Y Y Y TR S TR T Y SIS S Y Y]]
FORTPAN  SUAROUTINE DEFINITION
VARTARLE WHERE
DEFINED OR
USED OFTEN
; FEEIPLPEL L4 ERRRBR LR RERE PR RR0 8000000020000 0000800000000 00 0000000000001
i LIX AUXRAD  =IeKM(K),
! STRAD
° LNOPHLNPD ALIX TENPORARY USAGE OF LP TYPE OF INOEX.
| LNRG CREX SEE TABLE Ce2,
- LONPSLOSH AUX TEMPORARY USAGE OF LP TYPE OF INDEX.
- Lnes Aux TENPORARY USAGE DF LP TYPE OF INDEX.
' e aLL I LIFIT LIS
LPh STRIOE  INDEX TO REFER TO Z~ LOCATION,
LPC AL TENPORARY USAGES
LPCE SOLVE TENPORARY USAGE.
LPCH AUX INDEX USED YO REFER TO INTERNEDEATE HYOROCARADN
AUXRAD  WASS FRACTION,
STRIOE
SPRAY
- LPCH) STRIDE  [NDEX USED TO REFER TO INTERNEOIATE HYOROCARBOW
5 NASS FRACTIMN,
- LPCD sux INDEX USED TO WEFER TO CO NASS FRACTION,
o AUXRAD
STRIDE
SPRAY
Lecn1 STRIDE  INDEX USED T REFER YO CD WASS FRACTION,
LPCSTR  SOLVE TEMPORARY USAGE,
LPD aux INDEX USED TO REFER TO DISSIPATIIN RATE,
LPE STRIOF  INDEX TO REFER TO Xe LOCATION,
LPE SOLVE TNDEX FOR REFERING TO VALUE IN £ ARRAY,
STRIDE
STRAD
é LPF FPRINT  DO=LONP LIMIT FOR PRINTOUT,
LPFAY AR INDEX USED TO REFER TO AVERAGE RADIATION FLUX,
S TRT0E
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elal Ul oY
TAMLE C~1 (CONTO,) ORICNAL

S O A AR I

000000000#00000#00000000000000000000000000.0000000000000000000"0’0&0000*’00001

FORTRAN
VARLABLE

SURRQUTINE
WHERE

DEFINED OR
USED OFTEN

DEFEINETLON

0000‘00#00000000000#00000#00000000000#t##f‘#tif’000#000#0#0000000000000000.0004

LPFU

LPFUOX

LPFUL
LPF1
LPH

LPHP

LPH2

LPH21
L PK
Let
LPND
LPN
LPN
LPN

LONP)

LPON,LPDe
LPO2
LPRDY
LPRFF

AU
AUXRAD
STRIDE
SPRAY
AUX
AUXRAD
STRIDE
SPRAY
STRIDE
SOLVE

AlIX
STRIOE

AUX
AUX
AUXRAD
STRIDE
CPRAY
YTRIOE
AUX
FPRINT
AUX
AtLNOD
STRINE
AuX

ALLMOD
STRINE

AUX
STRIDE
Aux

STRINE
FAIN

INDEX USED TO

INDEX USED TO

INDEX USED T
sLPF+ISTRE,
INDEX USED T9

INDEX USED 70
INDEX USED TO

INOEX USED TO
INDEX USED TO
N0=LOOP LEINIT

REFER TD UNBURNT FUEL MASS FRACTION.

REFER TN MIXTURE FRACTION,

REFER TN UNBURNT FUEL MASS FRACTION.

REFER TO ENMTHALPY,

REFER TO ENTHALPY,
REFER TO HZ MASS FRACTION,

REFER TD H2 MASS FRACTION,
REFER TO TURBULENCE ENERGY,
FOR PRINTNUT,

TEMPORARY USAGE NF LP TYPE DF INDEX,
TEMNPORARY USAGE,

INDEX TD REFER TD Yo LOCATION,

ENDEX USED TO

REFER TO SOOT NUCLEUS CONCENTRATION,

TERPORARY USAGE,

TENPORARY USAGE OF LP TYPE OF INDEX,

INDEX USED TO

REFER TN 02 WASS FRACTION,

TERPORARY USAGE OF LP TYPE DF INDEX,

LOCATION OF REFERENCE PRESSURE NODE.
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TAMLE C=1 (CONTD.) ORIGINAL PAGE 1S
OF POOR QUALITY

00000000000000000000000#000000000000000000‘0000000000000000#000000000000‘#00004

FORTRAN  SUAROUTINE DEFINITION
VARIARLE WHERE
CEFINED 0
USED NFTEN
0000000#0##&00’0!0000000000000000000’00#000000000000#005000000000000000‘00#0000
LPRX AUX INDEX USED TO REFER TOD X ORRECTION RADLATION FLUX,
AUXRAD
STRIDE
LPRY Aux INOEY USED YO REFER TN Y DIRECTION MADIATION FLUX.
AUXRAD
STRIODE
LPRZ AUXRAD INDEX USED TD REFER TO 7 DIRECTION PADIATION FLUX.
STRIDE :
LeS AUX INDEX USED TO REFER TO SONT CONCENTRATION,
LPS STRINE INDEX TO REFER TO Y~ LOCATION.
LPSTR SOLVE TERPORARY USAGE.
LPs] AUX INNEX USED TD REFER TO SOOT CONCENTRATION OF SIZE 1,
LPs2 AUX INDEX USED TO REFER TO SOOT CONCENTRAYION OF SIZ2E 2,
LPT STRIOE INDEX YO REFER TN 2+ LOCATION,
LPTE sux INDEX USED T3 REFER TO TENPERATURE,
AUXRAD
EPRAY
LPW ALLNTD INDEX TO REFER T X-~ LOCATION.
STRIOE
LPL L NUNBER 0OFf GRID WODES IN AXIAL (X§ DIRECTION.
LPL11 STRIDE TENPORARY USAGE,
LP2 ALLMON TENPORARY USAGE,
STRIDF
LREACT CREK SEE TABLE C-2,.
LVCH PATA INDEX FOR INTERNEORATE HYDRNCARBON MASS FRACTION,
ALiman
ALY
STRINE
LYCHY PATA INDEX FOR INTERMEDIATE HYORNCARMIN MASS FRACTION,
STRIDE
Lven PATA TNOEX FAR CN MASS FRACTION,
ALLMOD
Y
STRIDE
116




CEEELEILB000040000000000440 0000000
SUARNUT INE

FORTRAN

VARRARLE WHERE

DEFINED QR
USED OFTLN

LA XTI Y Y P EYY YY S
Lvco DATA
STRIOE

LvCnz DATA
LvD CATA
ALLNAD
AUX
LVFU PATA
ALLNOD
aAux
STRIDE

CATA
ALLMOD
AUX
STRIDE

LVYFUOX

LVFUl DATA

STRINE

LVH TATA
ALLmOO
AUX
*TRIDE
LVH] DATA
AtLNND
dyux
STRIDE
LvH2 CATA
sLLNOD
A
STRTIOF

LvH2o DATH

Lv42) FATA
STRIDE

LV CATA
ALLNOD
AL
STRIDE

LVN DATA
ALLNOD
Ayx

}000’0‘0000000000000000000000000#00000&000000000000000000001

"

ORIGINAL PACT !‘r'u'
OF POCt QUALLFY

TAALE C-) (CANTD.?

DEFINITION

TNDEX FOR CO MASS FRACTION,

INDEX FOR COZ MASS FRACTION,

INDEX

INDEX

INDEX

INDEX

INDEX

INDEX

T MOE X

INDEX

INDE Y

INDEX

INDEX

Far

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

DISSIPATION RATE OF TURAULENCE.

UNBURNT FUEL MASS FRACTION.

NIXTURE FRACTION,

UNBURNT FUEL NASS FRACTION,

ENTHALPY,

H ATOM NASS FRACTION,

HZ MASS FRACTION,

H20 MASS FRACTION,

H2 MASS FRACTION,

TURRULENCE XKINETIC ENERGY,

ST NUCLEUS CONCENTRATION,
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TABLE C=1 {CONTD.)

*h

ORIGINAL PAGE IS
OF POOR QUALITY

CEEGECERERE 0000000000000 08000000000 0000000000 040000 000080000000 0000000000041

FORTRAN

SUMROUT INE

VARIABLE WHERE

DEFINED OR
USED OFTEN

DEFINITION

FRPEREPEPER 4R R0 0000000000000 000000000 000000000 0000000000000 000000044

LVND
LYNN2
LVYN]
LVN2
Lvo
LVYOH

Lvoe

LVRX

LVRY

Lvag

LVS1

Lvs2

LX»

LXnC

LXM1

Lx?
Lxr}

Lym

DATA
PATA
CATA
MATA
DATA

DATA
STRIDE

PATA
STRIDE

OATA
ALLMNOD
$TRLDE

CATA
ALLADD

CATA
STRIDE

DATA
ALLMND
AUX
CATA
ALLMOD
AlX
ALL

ALLMOD
SPRAY

At
STRIOE

Alo

AUX
STRIDE

ALL

INDENX
INDEX
INDER
INDEX
INDEX
INDEX

TNDEX

INDEX

INDEX

TNDEX

INDEX

INDEX

FOR
FOR
FOR
FOR
FOR
FOR

FOR

FOoR

FOR

FOR

FOR

FoR

NO MASS FRACTION,

NO2 MASS FRACTION,

N ATOM MASS FRACTION,
N2 MASS FRACTION,

O ATON MASS FRACTION,
OH MASS FRACTION,

02 MASS FRACTION,

¥ DIRECTTION RADIATION FLUX,

Y OIRECTION RADIATION FLUXS

7 OIRECTINN RADIATION FLUX.

MASS FRACTION OF SOOY PARTICLE SIZE 1.

MASS FRACTINN QF SOOT PARTICLE SIZE 2.

INREX TO REFER TN X~ LACATION,

TENPORARY USARE,

aLXPp=NT,

INDEX TO REFER TO X+ LOCATION,.

wlXP=N],

INDEX 70 REFER TN Y= LOCATIDN,
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1 f.‘n_r'-_'r' =
TABLE C=1 (CONTD,) omcmpk 'x..... o
0O pPOLE o

FEPPEECERE 0000000ttt 000 0000000000 0000000000000000000000000000000000000004

FORTRAN  SUBROUTINE DEFINRTION
VARTAALE WHERE
NPEFINED NA

USFDP OFTEN
A L Yy Ty Yy Ly Yy Yy Y Y Yy YR Y Y YYYYYYY Y

LYNC ALLMND TENPORARY USAGE,
SPRAY
LYNL AUX WLYNmY
LYP AL INDEX TO REFER TO Ye LOCATION,
LYP) AUX aLYPm),e
STRIOE
Lzm ALL INOEX TO REFER TD 2= LOCATION,
LIMC ALLNOD TENPORARY USAGE,
SPRAY
LM AUX L INn],
Lze AL INDEX TO REFER TO 21+ LOCATION,
LZP1 AUX sllP=},
STRIDE
M ALL oHP1=1,
MAY AUX LOCAL WVALUE OF JuLO=1.
STRIDE
NCY STRIDE NUNBER OF CONTROL VOLUNES IN Y DIRECTION,
NIN pUX LOCAL VALUE OF JuLIel,
ANl STRIOE SAME AS MmOV,
L) | ALLNOD TEMPORARY USAGE,
NANEL AUXsMAIN INDEX FOR TYPE OF VISCOSITYCSEE INPUT),
HNDEN AUXsMAIN INDEX FOR TYPE OF ODENSITY(SEE INPUT),
NANER SUXsMAIN INDEX FOR TYPE OF REACTION RATE(SEE INPUT),
STRINE
NPART AUXsMALN NUNBER NF SONT PARTICLE SIZES,
nel ALL NUMBER OF GRID MODDES XN RADIAL (Y)Y DIPECTIGN,
ny SPRAY ARRAY TO STORE MOALECULAR WEIGHTS DF VARIQUS FUELS.
MNCOND SPRAY CONSTANT USED IN ROLECULAR WETIGHT CALCULATION,
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TABLE C=1 (CONTD.) ORIGINAL P.".R'.-'-.’IS
OF POOR QUALITY

00000000'00000000000’000#000’00‘0000000900000000000000000600#000094000&00000000‘

FORTRAN SUAROUT INE DEFINITION
VARTAMLE WHERE
ODFFINED OR
USED OFTEN
btb&bb#’#’#t#00000000+00#+00§000+006000000000’00000000000000000000000000001
L) SPRAY MOLECULAR MELGHT OF FUEL VAPORS,
Mlom2 ALLNOD TEMPORARY USAGE,
N ALL elpla],
NA cRg SEE TABLE (=2,
NCV STRIDE NUMBER OF CONTROL VOLUMES IN 2 DIRECTIONIsN=13d,.
NDERUG CREX SEE TARLE C=2,
- NFNZ SPRAY INDEX FOR WHETHER LIQUID FUEL NOZZLE IS PRESENT
FAIN {SEE INPUT),
ALLMND
STRIODE
INITY
NG SPRAY NUMRER OF DROPLEY SIZE GROUPS,
NGAM PATA INDEX FOR OTFFUSION COEFFICIENT,
STRIDF
Alx
NGLOS CPEK SEE TABLE (-2,
NGLORP CREX SEE TAQLE C=2,
NGATO CTRIDF INDEYX WHICH TAKES VALUES 10293 WHEN sV, W REING
SOLVE TOLVED, NTHERWISE IT MAS A VALUE 0IF 4.
L ST24AD
' ALLNGD
At
NI ML MAXTRMUM NUMBER DF NODES IN X DIRECTICN,
- NINJ STRINE NI®NJ,

NINJNK STRIOE NEIONJI®NK,

NITER STRIODE MAYTNHM NIUMAER OF CHEMICAL KINETICS JTERAYIANS,:
: NJ ALl MAXTIMUN NUNRER OF NODES IN Y DIRECTION,
; Nk ALL MAXINUN NUMRER OF NODES IN 2 OIRECTINN,
é Hiw (Rex SEE TAALE C~2,
i NN CPRAY IN-LAC® INDEX OVER FUEL NDTZILES,

L p———




TAALF C-1 (CANTOD.)

Y tre . o
L & 1 N

OF PLOl QUALITY

CEELRERRRE R0 0000000000000 000000 0000000000000ttt Rttt bttt

FOARTRAN
VARIABLE

NNOX
NHY

NP

NP}
L1y

NRHO

SURROUTENE DEFINITION
WHERE
DEFINED OR
USED QFTEN
Y Y Y Y R Y Y Y Y Y Y Y XY Y N T LY R Y YT RIS I IR ISP SS I I A RIS I X S S X2 a gl
PAIN INDEX FOR NOX SOLUTION{(SEE INPUTI,
NATA HAXIRUR NUMSER OF OEPENDENT VARIABLES.
STRIDF
DATA INDEX FOR PRESSURE,.
STRIDE
M NUMRER NF GRID NODES fN TANGENTIAL (I} OXRECTION,
CREX SEE TABLE C-=2,
DATA INDEN FOR DENSITY,
AUX
ML NUNBER OF SPECRES.

NS
NSKIP
NSL

N5L2
NEN
NSONT
NS1sNS2

nte
NTPY

NTP}

NTR2

NTPY

NUTINJ

FPRINT TENPORARY STIRAGE FOR IPRINT,

SPRAY NUNAER OF SPRAY CONE RAYS,

®AIN

SORAY aNSLINN),

CREK SEE TABLE (=2,

MAIN INDEX FOR SOOT SOLUTIONC(SEE INPUT).

ALL TEMPORARY USAGE OF DO-LOOP LIMITS ON SPECIES
CONCENTRATIONS,

outRurt INDEX FOR TAPE NUMBER,
STRIDE ANTPYIeNTP2,

STRIDE INDEX FO& TAPE NUMBER,
MALN) INIT
AN

STRIDE INDEX FOR TAPE NUNARER,
MAINs INIT

SPRAY INDEX FOR TAPE MURAFRR,
FATN
MWD

PAIN, INIT NUMAER OF CONLIMG SLOTS,
ALLMOD
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ORIGINAL PAG™ IS
TABLE C~1 (CONTD.)
OF POOR QUALIT

0*’0#0*000000&0000*0&000000#00!0000000000}0000000’0!0000000#000000000000000’0#!

FORTRAN SUARDUT INE DEFENITION
VARRABLE WHERE
REFINED OR
USED OFTEN
000#0000000000000*000000000000”000‘00000&0000000000000#0#00000’0’Q’.‘QOO#OOOOO
NV AL DEPENDENT VARIADLE INODEXK,
NVCH FATA» INTT INDEX FOR INTERMEOTIATE HYOROCARBON MASS FRACTION,
ALL %D
STRIOE
AUX
NVCO DATAL INIT INDEX ROR CD MASS FRAGCTION,
STRIDE
ux
NYCpa DAYA INDEX FOR C0O2 MASS FRACTION,
NVD DATA»INIT INDEX FOR OISSEPATION RATE OF TURMULENCE,
AUX
RVE INDEX FOR EMISSIVE POWER,
NVF ML INDEX FOR IDENTIFYING LOCATIDN IN F ARRAY,
NVEAY NATASINIT TNDEX FOR AVERAGE RADIATION FLUX,
STRTOE
AUX
NVFF ALLMOD ~NVF INY),
NYFU DATAR INIT INOEX FOR UNBURNT FUEL MASS FRACTION,
ALLMOD
ALX
STRIDE
NVFUMX DATA INIT INDEX EOR MIXTURE FRACTION,
AtLmOD
STRINE
AtIx
NYH DATA» INIT TNDEX FOR ENTHALPY,
STRIDE :
Atix
NYHP AX INOEX FOR ENTHALPY,
NyHe FATA, [NIT INDEX FOR M2 MASS FRACTION,
STRIDF
AUX
NY+20 NATA INDEX FOR M20 NASS FRACTION,
NVINY FAIMN NIMAFR DF RADIAL IMJECTION HOLES,
INTY
LLLAND
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TABLE C=1 (CONTY.)

t’§00000000f00000t0000¢00000OOOOOOOOOOOOOOOOfOOOOOQGl#*00000&00’000!QQOQQ’0.0QC

FORTRAN
VARIABLE

SUMROUTINE
WHERE

NEFINED On
USED QFTEN

DEFINITION

0’00&000000400000’0*0000&00000000000000’0#0000000000000#00000000000000’0000&0%4

NVJIH
NvK

NVKN

NVHM

NVYN

NYyN2
NVAX
NVRX

NVRY

NVR}

NV5S1

NVS2

NVLE

NVV

NVVYY

N)
N2
N3

STRAD

wIN{ )2 HVNINYR LY,

PATA, INIT INDFX FOR TURBULENCE KINETIC ENERGY.

ALLMAD
AUX

SOLVE
STRAD
FPRINT
AL

PATALINIT
AUX

0ATA
PATA

DATA»INIT
STRIDE

DATA» INIT
SYRIDE

DATA, INIT
STRIDE
ALLNOD

DATA, INIT
Aux

NATAs INIT
alx

PATALINIT
AUX

FORINT

FPRINT

CREX
FREX
CREK

ARHCKD o NYNEINVFINY Y,

" {NV=1) SNIO#NJ®NK,

INDEX
TNDEX
INDEX

INOEY

INDEX

INDEX

INDEX

INDEX

FOR SOOT NUCLEUS CONCENTRATION,

FOR M2 NASS FRACTINN,
FOR 02 NASS FRACTION,
FOR X DIRECTION RADIATION FLUX.

FOR Y OIRECTION RPADIATION FLUX,

FOR Z DIRECTION RADIATION ®LUX,

FOR MASS FRACTION OF SOOT PARTICLE SIZE 1.

FOR MASS FRACTINN OF $DOT PARTICLE SIZE 2.

FOR TEMPERATURE,

NR=LONP COUNTER,

FIRST

DEPENDENT VARIABLE TO BE PRINTED ON

A CALL TO FPRINT,

SEE TABLE C-2,
SEE TAMLE C-2,
SEE TABLE (=2,

123




ORIGINAL PAGT IS

TABLE C~1 (CONTD.) OF POOR QUALITY

A AAAA Al Rl I LR Y R R I Y I Y Y YTy Ry Y Y Yy Yy Yy Y Y Y Y Y LIy

FORTRAN

VARTABLE

SUARNUTINE
WHERE
BEFINED QR
USED OFTEMN

DEFINXTION

CEOLLERE R LB PR 000 0000000000000 000 000000000000 0000000 Rt R bttt ot

06PST
0GPSIR
p

PA
PATH
PRAR
PCO2

PEXP)

PEXP2

PEXP3

PEXP4

PHT

pu2n
Pl
PJAY

PLAYHK]L

#REF

bt
'

PhPRT
P2

pe
PPLN
PR

AUX
AUX
ALL
CREK
AUXRAD
tuTeUT
AUXRAD
INIT

INIT

INLTY

INIT

IMNITY

ANy

AUXRAD

SPRAY

ALLMOD
FAIN

AL
STRIDE
CPRAY
AuX
ALL
CPREK

AU, MATH
ALLmnn

TEMPORARY USAGE.

TEMPORARY USAGE.

PRESSURE.,

PRESSURE,

PATH LENGTH FOR RADIATION CALCULATIONS,
TEMPORARY USAGE,

€02 PARTIAL PRESSURE,

PRE=EXPONENT FACTOR IN FIRST STEP {IF HYDROCARANN
OXINATION SCHENE,|

PRE=FXPONENT FACTOR IN SECOND STEP DF HYDROCARBNN
OXIDATION SCHENE,

PRE=EXPONENT FACTOR IN THIRD STEP DOFf HYDROCARAON
OXIOATION SCHENE,.

PRE=EXPONENT FACTOR IN FOURTH STEP? OF HYDROCARADON
OXIDATION SCHENE.

FUEL MASS FRACTINN/STOICHIOMETRIC MIXTURE FRACTINN,

H20 PARTIMNL PRESSURE,
=3,141%9,

PJAY FURLTINN FOR HEAT TRAWSFER WALL FUNCTION,

TFLAX»),

PRESSURE AT REFERENCE PRESSURE LOCATION,
CONSTANTS IN BOILING POIMT CALCULATENN,
NXYGEN PARTYIAL PRESSURE,

PRESSURE CNRAECTION,

SEE TARLE Cmp,

LAMINAR PRAMDTL/SCHNINT MURBER,
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ORIGINAL PG 1S

TASLE C=~1 (CANT .} OF POOR QUAL[TY

000000000#0000000000000000000000#0000000000000000’000000000000000000#000000000!

FORTRAN
VARTARLE

SUARDUTINE
WHERE
DEFINED OR
USFD OFTEN

DEFINITION

000#0‘600000000000000000000000000’000000000000000000#&000000000000000000000000(

PREF

PRESS

PRERPS
PREXP)

PREXP2

PREXP)

PREXP4

PRRATY
PR3
PSt
PSIC
PT2
acH
opny
QRH
00-04
R

RAD
RADIN

RADSIIR

AUXsMATN
ALLMND

HAIN
INIT
STRIDE
AUX
AUXeMAIN

AUXsNAIN
INLT

AUX»NAIN
INITY

AUX» MAIN
INIT

AUXP NAIN
INIT

MAIN
SPRAY
AUX
AUX
SPRAY
TSOLVE
SPRAY
TS0V Ve
CREX
ALL
TS50LvE

INLT
ALLSND

INIT
ALLNOD

TURBULENT PRANDYLZSCHAIDT NUNBER,

SYSTEM PRESSURE,

PRE~EXPONENT FACTOR IN SOOT NXEDATION RATE (SEE INGUT),

PRE=EXPONENT FACTOR IN FIRST STEP OF MYDROCAROON
AXIDATION SCHERE( «PEXPL),

PRE=EXPONENT FACTOR IN SECOND STEP OF HYDROCARAON
OXIDATION SCHENME(=PEXP2),

PRE=EXPONENT FACTOR IN THIRD STEP NF NYOROCARBON
OXIOATION SCHEMEC«PEXPAY,

PRE=EXPONENT FACTOR IN FOURTM STEP OFf WYDROCARBON
OXIDATION SCHEME(SPEXP4),

RATIG OF LARINAR AND TURBULENT PRANDTL NUNRERS,
PRANODTL NUNBER,

FRACTION OF FINE STRUCTURES HEATED ENOUGH TO REACT.
TENPDRARY USAGE IN SOOT OXIDATION RATE,

2001,

CONVECTION HEAT TRANSFER,

HEAT TRANSFER RATE TO DROPLET,

NET RADIATION HEAT TRANSFER FRON WALL,

SEE TABLE (C~2,

RADIUS +

RADIATION HEAT FLUX TO MALL,

INLET RADIATION FLUX,

RADIATION FLUX AT EACH ARTAL STATIDN,

125

-




ORIGINAL PAGE 13

OF POOR QUALITY
TABLE C=~1 (CONTDW)

FEEEE0004 0000004000000 0004004000800000¢ CEEEEERR 0000000000000 000080 80808000008

FORTRAN SURROQUTINE DEFINITION
VARIABLE WHERE
DEFINED DR
USED OFTEN
000000&00006000000#00000000000000000000000000000000040oooQooooggggooooooooooooq
RATE SPRAY DROPLET EVAPURATION RATE,
RATIOL=9 INIT CONSTANTS USED IN ELENFNT BALANCE EQUATIONS,
ALLNDD
AUX /’
RATO10=~12 INIT CONSTANTS USED IN ELEMENT BALANCE EQUATIONS.
MLNOD
AUX
RDT STRIDE ALMAYS EQUAL TO 2ERQ,
REI SPRAY OROPLET REYNDOLDS NUMARER,
RELAX SOLVE UNDER=RELAXATION FACTORS (SEE INPUT). A
HAIN
STRIDE
AUX
RELAXNM SOLVE ol.=RELAY,
AUX
RET aux TURRULENT REYNOLDS NUMBER,
RFUFL MAIN RADIUS OF FUEL NOZZLE,
SPRAY N
RF1»PF2 AUx SOOT FORMATION RATES,
RGAS CREX SEE TABLE C=2,
RGASIN CREK SEE TABLE (~2,
RHA ALL DENSITY,
RHNA ALLnNAD DENSTITY®ARES S
STRINE
RHACNN PAIN PRESSURE OIVIDED AY (INIVERSAL GAS CONSTANT,
Al

RHOTIMY ALLNAD OENSITY OF DILUTION JET.

RHALP AUx DENSITY AY NODE LP,.
RN AUX NENSITY OF SURCAUNDTING FLULD.
AUGP Alrx SONT PARTECLE DENSETY,

FALN

INIT

”Jéf:Eji:ﬁz:::jAA;AAAAAAAJ.-‘l:;Aggjgggj:t;gggjtgf444:]!!-.-‘ﬁ-iﬂﬂ‘ﬂ.HIHEEEGHZEEIILELE&E:HEEu-n—n-—ua—Qﬁ—-
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TABLE C~1 (CONTD.) ORIGINAL PACT (S
OF PCCR QUALITY

000000&000000000’#00000000000000000&00000000000000000000’#000000000.0000000000‘

FORTRAN  SUBROUTINE NDEFINITION
VARIASLE WHERE
DEFINED OR
WSED OFTEN
R RN R 00 RN IR0 00 46400000004
fHOPP STRIDE DENSITY AT MODE P,
INIY
RUOSTR AUX DENSITY OF FINE STRUCTURES,
RHOSW INIT INLET DENSITY,

ALLMOD ¥.d

RHO4 INIY NENSITY,

R STRIODE INNER RADIUS OF CONAUSTOR,
FPAIN
RM TTRIDE RADIUS AT VeVELOCITY LOCATION,
RMY STRIDE RADIUS AT V-VELOCITY CNNTROL VOLUME SUREACE,
RNC AUX TEMPOARARY USAGE,
RNG SPRAY NUNBER OF OROPLET SIZE GROUPS,
RNSL SPRAY =NSL2, NUMBER OF SPRAY CONE RAYS,
PALIN
INIT
ROA ALLNDD NENSEITYSAREA,
ROF SPRAY DENSITY OF LIQUID FUEL AT BOILING POIN.
ROFQ SPRAY INITIAL DENSITY OF LIQUID FUEL,.
ROST SPRAY GAS OENSITY,
RTCD INIT SOUARE #*DOT OF CD,
ALLMNOD
Aux
RTCO® AL wan TURBULENCE ENERGY®SQRT(CO),
RVAYV CTRIDE TEMPORARY USAGE,
RVFCH=? SRRAY CODRDINATE TRANSFORMATION QUANTITIES,
SRAR aureut TENPORARY USAGE,
SCATP ALIXRAD SCATTERING COEFFICTENT (XF ITRAO=2),
it
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ORIGINAL PAGE 1S

OF POOR QUALITY
TABLE C~1 (CONTD.)

FEEEPPLR R LR P00 000 000040000000 8000 0880005000000 0008000000080 0 000 04800000 441

FORTRAN  SUBROUTINE DEFINITION
VARIARLE WHERE
DEFINED OR
USED OFTEN
FEPRERRR L R0 220000000000 000000000 400044000 082000 40000 200040 4000000041
SCTR AUXRAD ARRAY FOR SCATTERIMNG COEFFICIENT,
sCa SPRAY SCHMIDT NUMBER,
SECTUR INIT ANGULAR SECTOR.
SEXIT ALLROD EXIT MASS FLOW ERRDOR,
SFAC AUX TENPORARY USAGE IN CO REACTIDON RATE,

SHRSTR ALLMOD SHEAR STRESSa

$16 TSOLVE STEFAN=BOLYINANN CONSTANT,
SIGm AUXRAD STEFANSROLTZIMNANN CONSTANT,
DATA
ALLNOD
INIT
AU
SINA SPRAY SINE DFf HALF THE NOIILE CONE ANGLE,
SINA SPRAY SINE NME NDZZLE 8ACK ANGLE,
SIND SPRAY SINE OF NDZILE NOWN ANGLE.
SINT SPRAY SINE OF CURRENT SPRAY CONE SEGMENT ANGLE,
SKE ALLNOD TURBULENCE ENERGY AT CDOLING SLOT,
SLM ALLMOD LENGTH SCALE AT COOLING SLOT,
SM CREX SEE TARLE C=2,
SMASS INIT TEMPORARY USAGE,.
SMAY LMD MAXTNU® OF CONTINUTTY ERAORS,
PAIN

Smucnng PUTPUT SMIKE CORCENTRATION,

SHO SPRAY SAUTER MEAN DIAMNETER.
HALN

SHINY REX SFE TABLE (m2.

SMOND rytTeut SPOKE RUINAER,

SHv CREX SEE TABLE (-2,
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TARLE C~) (CONTD,.) OF POOR QUALITY
MAOSIAA IOttt ttaataad X I T AT Y Y Ty Yy Y Y Y Y Y Y LT v rrrem
FORTRAN  SURROUTINE DEFINITION
VARIABLE WHERE
DEFINED OR

WSED OFTEN
FEOLREER P00 0000000000 00000000000 00000000000 0000400000000 0000000000044

SN0 CREX NOT USED,

SNOX PAIN NOX SOLUTION STARTED AFTER ERROR FALLS TO SNOX
OR AFTER INDX NUNBER OF [TERATIONS,

$00TK AUXRAD  SOOT CONCENIRATION. A

»__ $O0T1 ALL MASS FRACTION OF SOOT PARTICLE SIZE 1.

S0UT2 L MASS FRACTION OF SOOT PARTICLE SIZE 2.

SOR AUX PART OF SOURCE TERM,

SORCO Aux PART OF CO SOURCE TERM,

SO AUX LANINAR SOURCE TERN,

- SOR2 AUX TURBULENT SOURCE TERN,

SOR3 AUX LARINAR SOURCE TERW,

SDR4 AUX TURBULENT SOURCE TERW,

sp AL PART OF LINEARIZED SOURCE TERN,

SPCH AUX PART OF LENEARIZED SOURCE TERM (SP) FOR INTERMEDIATE :
HYDROCARBON NASS FRACTION, ’

SPC1sSPC2 AUX $OOT DXIOATION RATE.

SPFY AUX PART OF LINEARIZED SOURCE TERM (SP) FOR FUEL,

SPFLySPE2 AUX TEMPORARY USAGE.

SPE2F AUX TENPORARY USAGE.

SPK SILVE PART OF LINEAPIZED SOURCE TERM USED IN CYCLIC TODMA,

SaF« INTY SQUARE ROOT OF FK,

SRAD PATN RADIATION SOLUTION STARTED AFTER ERR(R FALLS TD SRAD
OR AFTER IRAD NUNBER OF ITEMATIONS.

SRET tORAY SQUARE ROOT OF RET.

ss007 FAIN SOTT SOLUTION STARTED AFTER ERROR FALLS TO SSONT

GR AFTER LSOOT MUPRER OF ITERATIONS,
L33 AUX TEMPORARY USAGE,
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ORIGINAL PAGE 18

TAALE C~1 (CONTD,) OF POCR QUALITY
PEEPEPRPP LR A PR PRERPERER R 00000000000 4000 PR RRRRRARRRRERERREEREIEII R ORIty
FORTRAN SUAROUT INE DEFINITION
VARIARLE WHERE
NEFINED NR
USED QFTEN
FRGPEREEP LRGPP R0 P00 0000200000000 0000000000400 R00 R PRRIEEE RLLEOREEREY
SSuUn ALLNOD SUN OF ABASOLUTE CONTINUITY ERAQARS,
MAIN
STORE SOLVE TENPORARY USAGE.
STRAD
ST INLY s SIGMA®TENP SRS,
su ALL PARY OF LINEARIZED SNURCE TERMNM,
SUCH AUX PART OF LINEARIZED SQURCE TERN (SU) FOR INTERMNEDIATE
HYDROCARBON NASS FRACTION,
SUFY AUX PART OF LINEARIZED SOURCE TERNM (SU) FOR FUEL,
SUFY,SUFZ aAUX TEMPIRARY USAGE,
suK SOLVE PARY (F LIMEARITZED SOURCE TERM USED IMN CYCLIC TOMA,
Sum ALSX TENPORARY USAGE,
sum} *AIN TEMPORARY USAGE,
Sump MATN TEMPORARY USAGE,
SHND MAIN RATIO OF TANGENTIAL TN AXTIAL VELODCITY AT DOME INLET,
sl CREX SEE TABLE C-2,
52 CREX SEE TARLE C-2.
T INIT TEMPERATURE.
AUXRAD
ALY
TAN INITY ANNULUS TEMPERATURE,
TAueP auy WALL SHEAR STRESS.
TR SPRAY LIQUTD FUEL AOTLING TERPERATURE,
TCYLY ALLNOD TENPERATURE OF CYLIMORICAL PORTION OF COMAUSTOR MWALL,
FaAIN
TEmP ALL TEMPERATURE,
THHPYW ALL™OD TERPERATURE,
TEMT™ INIT MASS AVERAGED TEMPFRATURE AT EACH AYLIAL STATINN,
110




ORIGINAL PAGE iS
TABLE C-1 (CONTO.} O POGit QUALITY

6000000000000000000#000000*000000000#&0000000#00‘00000000#060000000000000’00001

FORTRAN

SURROUTINE

VARIABLE WHERE

ODEFINED OR
USED OFTEN

DEFINITION

00##00000000’00000000000000QOOOO’GQOQQOOQ0.0Q#OO000’00’0000000’0000000000000‘01

TF
TfU
TRUEL

TGAS
THE TA
THETAL

THETA2

TINE
TIN
TINCP

TINLW

TITLE

TITLE2

™
TKINY
TLIP

TLN
THAX

TNEW

SPRAY
SPRAY
FAIN
ALLNOD
SERAY
TSOLVE
SPRAY

SPRAY
PAIN

SPRAY
#AIN

STRIDE
INIT

AUX
FAIN

ALLNOD
PAIN
INITY

FPRINT
MAIN

ouTPUT
FAIN

CREX
CREX

ALLNOD
FALIN

CREX

INITY
Aux

INIT

TENPERATURE OF CONBUSTION PRODUCTS.
LIOUID DROPLET TENPERATIRE,
INLET TENPERATURE OF FUEL,

GAS TEMPERATURE,
CURRENT SPRAY COME SEGMENT ANGLE,
INITIAL SPRAY CONE SEGMEMT ANGLE.

FINAL SPRAY CONE SEGMENT ANGLE,

TINE,
INITIAL TEMPERATURE AT EACH AXLAL STATION,
SCOT CALCULATION AYPASSED FOR TENPERATURELELTINCP,

TERPERATURE OF INCLEINED WALL PORTION OF CHMBUSTOR
AND OF DONE,

HEADING FNR DEPENDENT VARIABLE,

CASE TITLE CARD,

SEE TABLE C~2,
SEE TABLE C-2,
TEMPERATURE OF COOLING SLOT LIP,

SEE TABLE (=2,
MAXIRUN TENPERATURE,

TERPERATURE ON MEN TTERATION,
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ORIGINAL PAGE 13

TABLE C~1 (CONTD.) OF POOR QUALITY
000000+G§0t000G&Q0000000000000000000##000’00000.00000000’0000000000006000’00+§1
FORTRAN  SUBRDUTINE DEFINITION
VARIABLE WHERE
DEFINED NR
B USED OFTEN
- 000000000000tbti#.#ttt’#’&t000040&0#00§0+00+00§0OQOOOOOOG#O#QOQOOQ#O400#000+001
= TNOX PAIN HOX CALCULATION BYPASSED IF TENPERATURELLE.TNOX,
: STR10E
T AUX TENPERATURE OF SURROUNDING FLUID. »
Tout NUTLET TENPERATURE (NOT USED).
TS AUXRAD  TEMPERATURE.
TST SPRAY GAS TEMPERATURE.
TSTR AUX TENPERATURE OF FINE STRUCTURES.
TSW INIT TEMPERATURE AT DOME INLET, .
- FAIN
= TU Nl ALLMOD  COOLING SLOT TENPERATURE.
- INLTY
=5 TVINY PAIN OILUTION JET TENPERATURE.
INDY
™ TSOLVE  WALL TENPERATURE. .
THN TSMVE  WALL TEMPERATURE AT MNEW ITERATIONS :
Tv2 TSOLVE  sTues2,
TXsTXl  STRIDE  OIFFUSION FLUX IN X DIRECTION,
STRAD
TY»TYL  STRIDE  ODIFFUSION FLUX IN Y DIRECTION,
STRAD
T2 STRINE  OIFFUSTON FLUX XN 2 DIRECTION,
STRAD
T2EAC STRINE  FRACTION QF DIFFUSEON FLUX TN 2 ORRECTION,
T SPRAY AVERAGE OF TA AND TF.
T4 INLY TEMPORARY USAGE
u ALt U=VELOCETY,
vaor ALLHOD  CORRECTION TO EXIT VELOCITRES.
uF SPRAY DROPLET VELOCITY IN X DIRECTION AT CURRENT LOCATION,
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ORIGINAL PAGE I3
TABLE C=1 (CANTD.) OF POUR QUALITY

FEPEERERPELRRF PRt b 0000000800000 0 00 0000000000 4000000000 0000000000 80000000041

FORTRAN
VARIABLE

SUARQUT INE
WHERE
DEFINED NOR
WSED DOFTEN

DEFINITION

FERRERPE PR 4R R IR0 00 0000400000000 0000000000000 00000 00000000000 00000000001

UFN
UIN
UING

ULIN
UNASS
UME AN
UNTCON

usT
USw

uYn, UYp
Urm,uze
v

VCs VEC
VECK=]
VF

VFD
VR
VFUEL

vVIN

VISC

SPRAY
INITY
ALLMOD
MAIN
INIT
SPRAY
INIY
ALLMGD
PATA
ALLNOD
STRIDE
aUx
INIT
SPRAY

INTY
MAIN

AUX
AUX
ALL
aux
CORAY
SPRAY
SPRAY
SPRAY

SPRAY
PALN

INLT
ALL®OD
MAIN

ALL

DROPLET VELOCITY IN X DIRECTION AT PREVIOUS LOCATION,
MEAN U~VELOCITY AY EACH AXIAL STATION.
CODLING SLOT AXIAL VELOCITY,.

LINEIT ON DROPLET VELOCITY CHANGE BETWEEN SUCCESSIVE STEPS,
NONENTUM FLOW THROUGH DOME INLET.

MEAN EXIT VELOCITY.

UNIVERSAL GAS CONSTANT,

GAS VELOCITY IN X DEIRECTION,
AXTAL VELOCITY NOF DONE INLET,

AVERAGCE U VELOCITY BETWEEN NEIGHBORING NODES.

AVERAGE U VELOCITY BETWEEN NEIGHBORING NODES,
V=¥ELOCITY,

RESU"TANT VELOCIYY,

UNIT VECTORS IN Xo¥sl DIRECTIONS,

ORDPLET VELOCITY IN ¥ DIRECTION AT CURRENT LOCATION,
AROPLET VELOCITY IN ¥ DIRECTION AT PREVIOUS LOCATION,
RESULTANT DRNPLET VELOCITY AT CURRENT LOCATINN,.
INITIAL FUEL DROPLET VELOCITY.

RADTAL VELOCITY OF QTLUTION JET,

vISCOSITY,
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ORIGINAL PAGE 1S
uF POOR QUALITY

FEEPEPEPLE LB 000 000000000000 000005 0000000080800 000000 4000000000000 00000000001

TABLE C=1 (CONTD,)

FORTRAN SUARDUT INE DEFINITION
YARTABLE WHERE
DEFINED Nk

WSED OFTEN
Y Y Yy Y Y Ty YR Y R R Y Y Yy Yy Y Y Yy Yy Yy Y Y P Py YR YR IRTR L L 2

VISCOD SPRAY GAS VISCOSTYY,
vISCcns AUX VISCOSITY,
VNLY AUX RECIPROCAL OF AVERAGE MOLECULAR WEIGHMT,
JUXRAD
VMT2 AtX AVERAGE V YELOCITY BETHEEN NEIGHRORING NOOES.
voL STRIODE VOLUNE OF ELENENTARY CONTROL VOLUNE,
vp AUX RESULTANT VELNCITY,
vPT2 AUX AVERAGE V VELOCITY BETWEEN NEIGHNAORING NDDES.
VR SPRAY RESULTAMY RELATIVE VELOCITY BETWEEN GAS AND DROPLET.
vsY SPRAY GAS VELOCITY IN Y DIRECTION.
Vsw INIT RADIAL VELOCLITY OF DONE INLET,
MAIN
VXN VXP AUX AVERAGE ¥V VELOCITY BETWEEN NEIGHAQRING MNODES,
YIn, V1P X AVERAGE Vv VELOCITY BETWEEN MEIGHBORING NOODES.
] ALL WeYELOCETY,
WALKE ALLNOD WALL TURBULENCE NINETIC ENERGY,
WCH :::T MOLECULAR MEIGHT OF INTERMEDIATE HYDROCARBON,
wee INIT,0ATA MOLECULAR WEIGHT OF CQ.
AUX
wCoz INIT,DATA MOLECULAR WETGHT OF CO2,
AUX
w244 INIT,DATA NDLECULAR WEIGHY OF C2H4,
wF SPRAY DROPLET VELOCITY KN 2 DIRECTION AT CURRENT LOCATYION,
WFF SRRAY FUFL FLOW RATE,
MATN
INET

L1 SPRAY FUEL FLOW RATE ON A PARTICULAR RAY,
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ORIGIAL AL 1S

YAALE C=1 (CNNTOD,) .
’ OF PGGR QUALLIY

COREBREPE P04 4 000000000000 0000000000 000000000000 0000 00080000080 80000000000084

PEFENITION

FREGEEPEPB P00 F R AR RRR 00000000000 00000 RRREERIPEPORRONSR IR RERIIRIIOIRY

FORTRAN SUBRDUTINE
VARTABLE WHERE
OEFEINED Nk
USED OFTEN
WENY INIT
WFD SPRAY
WFU INIT,DATA
AUX
N2 INIT+DATA
AUX
WH20 INIT» DATA
AUX
WIN ALLAND
wLTP STRIDE
WHNPLWNNP 40X
WN2 INIToDATA
AUX
Wny INIT»DATA
AUX
WsT SPRAY
L} ] INITY
ALLNOD
NUINS ALLNOD
PAIN
INIY
WXMs WXP AUX
WYH, WYP AUX
X ALL
XDIF STRIDE
XF SPRaAY
xn SPRAY
L] AUX
X0 FAIN
SPRAY

TOTAL LIQUED FUEL FLOW RATE,
OROPLET VELNCITY EN 2 DIRECION AT PREVIOUS LOCATION,
MOLECULAR WELIGHT OF FUE),

MOLECULAR WEIGHT OF w2,

NOLECULAR WEIGHT OF H20,

W~VELDCITY TAROUGH OOME INLET,

TENPORARY USAGE,

AVERAGE w VELNCITY BETWEEN NEIGHSORING NOOES,
MOLECULAR WEIGHT OF N2,

HOLECULAR NEIGHT OF 02,

GAS VELOCITY IN 2 DIRECTION,
TANGENTIAL VELOCITY OF DOME INLET,

COOLING SLOT TAMGENTIAL VELOCiTY,

AVERAGE W VELOCITY AETWEEN NEIGHBORING NODES,
AVERAGE W VELOCETY RETWEEN MEIGHBORING NOODES.
AXIAL DISTANCE,

INTEANODAL DISTANCE IN X«DIRECTION,

® LOCATION OF OROPLET,.

X LOCATION OF CONTROL VDLUNE SURFACES,

X DISTANCE AT X~ LNCATION,

X LOCATION OF DRIGIN OF FUEL NOZZLE SPRAY,
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TASLE C~L (CONTD.)

ORIGINAL PAGE 1S
OF POOR QUALITY

SEEEGEAEEP000000 0000000000080 000000 0008008000000 0000000000000 00 0000000000

FORTRAN

VARTARLE

SUARDUT INE
WHERE
NDEFINED OR
USED OFTEN

OEFINITION

R YT Y Y P RS P Y ST R R R YT X XIS R XL ST ISR RS RIS ISR A Lol add)

xp
xS
XSy

YDIF
YF
M
YM
Y0

Yp
YPLUS
¥s
YSR
Ysv
YSVR
Yis¥2

IDt¥
IF
4,
I
43}

zp
13
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AUX
STRIDE
STRIDE
MLL
STRIDE
SPRAY
SPRAY
AUX

MAIN
SPRAY

AUX
ALLMOD
STRIDE
STRIDE
STRIDE
STRIDE
INTT
ALL
STRINE
SPRAY
SPRAY
Aux

HALIN
SPRAY

AUx

STRIDE

X DISTANCE &Y

X+ LOCATION,

MATN CONTROL VOLUME WIDTH KN X DIRECTION,

U=VELOCITY CONTRDL VOLUME WIDTH IN X DIRECYION.
RADIAL DISTANCE.
INTERNODAL DISTANCE IN ¥ DIRECTION,

Y LOCATION OF
¥ LOCATION OF
Y DISTANCE AT
Y LOCATION DF

¥ DISTANCE AT
YPLUS IN WALL

DROPLET,

CONTROL VOLUME SURFACES.

Yo LOCATINN,

ORIGIN OF FUEL NDZILE SPRAY.

¥+ LOCATION,
FUNCTIONS,

MAIN CONTROL YOLUKE WIDTH IN Y DIRECTION.

MAIN CONTROL VOLUME AREA NORMAL TO X DIRECTION.

V=VELOCITY CONTRNL VOLUME WIDTH IN ¥ ODIRECTINN,

V-VELOCITY CONTROL VOLUME AREA NORNAL TO X ODIRECTION,

TEMPORARY USAGE.

TANGENRTIAL OTSTANCE.

INTERNDDAL DISTANCE [N Z OIRECTION,

I LOCATION NF
I LOCATION OF
? DISTANCE AT
I LOCATION OF

I DISTANCE AT

DROPLET,

CONTROL VOLUME SURFACES.

I~ LOCATION,

ORIGIN OF FUEL NDIZLE SPRAY,

I LOCATION.

MAIN CONTROL VOLURE WIDTH KN 2 ORRECION.
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ORIGINAL PACE {3

TASLE C=1 (CONTD.)
OF PUOR QuaLITY

TN Y Yy Y Y Y Y Y N Y Y Y T XY Y XY R Y AT A R R T Y XY X Y Y Y YT TN S LIRS S R AL Al

FORTRAN  SUBROUTINE DEFINITION
VARIABLE WHERE
PEFINED QR
USED OFTEN
I R Y T T YT Y Yy Y YT T T T Y Y X A R LR IR R L IR E L
ISMALL SPRAY NNE HUMDRETH OF AVERAGE ANGULAR GRID SPACING.
15w STRINE WVELGCITY CONTROL VOLUME WIDTH IN X DIRECTICH,
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TABLE C-2, LIST OF FOPTRAN VARIABLES IN THE CHEMICAL
KINETICS PROGRAM CREK.

Thia 1list is adapted from Ref. 48 to which the reader 18

referred for further details.

Definition

Routines
Fortran Where Defined
Variable Or Used Often
A CALC
AL CREKO
SPECE
CALC
ATOM ERATIO
(SPECE)
CREKO
ASUB CREKO
BO SPECE
CALC
BX CREKO
CALC
BX2 CREKO
CALC
CPSUM CALC
CRERO
HCPS
EMV CRER
CALC
ER CREK
ERATIO
(SPECE)

Elements of Newton-Raphson correction
matrix.

Atomic stoichiometric coefficients,
AL(I,J) = the number of kg-atoms of
element I per kg-mole of species J.

ATOM (1,K) = atomic symbol for element
K. ATOM (2,K) = atomic weight of
element K. ATOM (3,K) = valence or
oxidation state of element K.

Molecular symbol of each NS species
(e'g'f co' HzO' etc.)a

Atom numbers for reactant mixture,
BO(I) = kg-atoms element I per kg
reactant mixture.

Exponent-on 10 on pre-exponential
term of extended Arrhenius forward
rate expression, when read from
MECHANISM data cards. Later, BX is
set = BX*(logel0) to avoid repetitive
exponentiation on ten.

Same au BX for reverse rate
expression.

Non~dimensional mixture constant
pressure specific heat capacity.

Total convective and diffusive mass
inflow rate to the control volume,
kg m~3 g-1,

Fuel/air eguivalence ratio.




TABLE C-2 (Continued).

Routines
Fortran Where Defined
Variable Or Used Often Definition
ETA SPECE Self-adjusting under-relaxation
parameter.
FQ CREK Scaling parameter for Q.
CALC
HO CREKO Non-dimensional, ideal~gas enthalpy
CALC of each chemical species at given
HCPS temperature.
HSUBQ CREKO Convective and diffusive net enthalpy
CALC influx rate to the control volume,
divided by EMV (i.e., mass-averaged
specific enthalpy of reactants
entering the control volume), J/kg.
HSUBO must be set by the calling
program.
HSUM CREKO Working variable wherever used.
CALC
1D CREKO ID(K,J) is the species index number
CALC (i=1, NS) of the K~th species (K=),4)
in the J-th reaction (J=1,3J).
IDCO, IDCO2 CALC Index number (i=1,NS) of the parti-
IDH2, IDH20 cular species in the variable name.
IDN2, IDO02
IHCPS CRERO Value of IHCPS controls whether or
CALC not subroutine HCPS calculates values
HCPS of non~dimensional one-atmosphere
entropy for each species.
ILC, ILH CRERO Index number of the elements carbon
CALC and hydrogen, respectively.
TMAT SPECE Number of rows in Newton-Raphson
CALC correction matrix; set in CALC.

IMAT=N2 if LEQUIL=.TURE.: TMAT=NQ
if LEQUIL=.FALSE.
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TABLE C~2 (Continued)

Routines
Fortran Where Defined
Variable Or Used Often Definition
ITER SPECE Current value of iteration counter,
ITMAX SPECE Controls the maximum number of iter- i’
ations permitted by each call to
CRER. Set by DATA statement in
SPECE.
JJ CREKO Number of distinct forward reactions
CALC considered in reaction mechanizm:
must be less than or equal to the
dimensions of labeled COMMON block
REACTS.
LADIAB CREK LADIAB must be set by program calling
CALC CREK. If =.FALSE., enthalpy source
term Q is non-zerc, and calling
program must specify values of QO0, Ql,
Q2, Q3 and Q4 in enthalpy source term.
LCONVG CREK Initially = .FALSE.; set = ,TRUE. .
SPECE in SPECE if convergent solution
achieved. Controls solution strategy
in CREK.
LDEBUG SPECE If LDEBUG is set = ,TRUE. by the
CALC calling program, intermediate output
is written on the output record.
Default value ia .FALSE.
LEQUIL CREK LEQUIL must be set by calling program.
SPECE If = .TRUE., equilibrium states are
CALC calculated; if = .FPALSE., kinetic
stationary states are calculated.
LNRG CREK For LEQUIL = .FALSE. problems only.
CALC If = .TRUE., fully coupled energy
equation is used.
LREACT CREER LREACT = ,FALSE. on entry to CREK
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TABLE C~2 (Continued)

Routines

Fortran Where Pefined
Variable 0Or Used Often

Definition

NDEBUG CREK

When LDEBUG = .TRUE., NDEBUG set
SPECFE from 1 to 5 controls increasing
CALC detail of debug output. Default »
value of NDEBUG = 5.
NGLOB CREKO Number of finite-rate global hydro-
CALC carbon pyrolysis steps onsidered.
NGLOBP CREKO NGLOB + 1.
CALC
NLM CREKO The number of distinct elements
SPECE considered. Must be less than or
CALC equal to corresponding dimensions of
labeled COMMON block CEQUIL.
N1l,N2,N3 CRERO Nl = NLM + 1, N2 = NIM + 2,
CALC N3 = NLM + 3,
NS CREKO Number of distinct speces considered. »
SPECE Must be less than appropriate '
CALC dimensions in labeled COMMON blocks
CEQUIL, CMATRI, CPARAM and CSPECE.
NSM, NQ, NA CREKO NSM = NS +1, NQ = NS + 2,
CALC NA = NS + 3.
PA CREK Presgure within control volume,
SPECE N m~2. Must be set py program
CALC calling CREK.
PI CALC Lagrange multipliers in reduced Gibbs
iteration correction equatations.
PPLN CREK Loge (P/Pg).
CALC
Q CALC Negative of non-dimensional enthalpy
source term, determined by values
of Q0, Q1, Q2, Q3 and Q4 set by the
calling program.
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TABLE C-2 (Continued)

Routines
Fortran Where Defined
Variable Or Used Often Definition
Q0, Q1, Q2, CALC Coefficients for enthalpy source
Q3, o4 term, -Sg = Q? + QT + Q272 + Q373 «+
Q4T4, IJm-3 s-1. These values must y
be set whenever LADIAB = .FALSE. is
set by the calling program.
RGAS CREKO Universal gas constant,
CALC 8314.4 J/(kg-mole) (R) .
RGASIN CRERO Inverse of RGAS.
CALC
RHOP CREKO Mass density , kg m-3,
CALC
RT CALC L
3log T
14) CREKO One-atmosphere, ideal-gas entropy
CALC of species {.
HCPS
Sl CREKO Inlet mole numbers of species i.
CALC
S2 CRERO Mole numbers of species i, kg-moles
CALC i/kg. Calling program must set these
values as estimates; on return they
are solution values,
SM ALL Reciprocal mixture molecular weight.
SMINV CREK Reciprocal of SM, therefore the
CALC mixture molecular weight, kg/(kg-mole).
SMW CRERO Molecular weight of species {.
SSAVE CREK Array for saving current values of §2.
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TABLE C~2 {(Continued)

Definition

Routines
Fortran where Defined
Variable Or Used Often

TACT, CREKO
TACT2 CALC

TEN, CREKO
TEN2 CALC
TK ALL
TKINV CREK
CALC

TLIN CREKC(
CALC

HCPS

X CREKO
CALC

X1, %2 CALC
Y CREKO
CALC

YA CREKO
HCPS

Activation temperature (activation
energy divided by gas constant) for
forward and reverse reactions
respectively, degrees K.

Exponent-on~temperature in pre-
exponential term of rate constant in
forward and reverse reactions
respectively.

Temperature T, deg K. Estimate on
calling CREK, solution on return. If
set equal to zero by program calling
CREK, causes CREK to establish
estimates for T and S2.

Reciprocal of TK.

Logarithm of the temperature.

Current values of the correction
variables: Also used as working
variable in subroutine CREKO.

Contact index for forward and reverse
reactions j. Dimensionless.

Logarithms of variables. Also used
as working variable in subroutine
CREKO,

Coefficients for calculation of
thermochemical data.
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APPENDIX D

LISTING OF THE 3-D COMBUSTOR PERFORMANCE PROGRAM

This appendix contains a listing of the 3-D combustor perform-
ance program. In order to identify the changes made to the origi-
nal program of Ref. 1, various correction idents appear at the ends
of the changed or newly inserted statements. The meanings of these
correction idents are given below:

CREK
CALC
SPEC } -
CRRO
HCPS

ABSOR -

SooT

NASAX
CTDMA
NOXXX

S0 f

NOX

NOXX

4STEP
COMMENT

JAN14
JAN1S| _
FEB2 \

MAR2

Chemical kinetics program CREK

Radiation-property subroutine

Soot-~emissions updates

Corrections to the original program
Cyclic TDMA updates

Updates to make the chemical kinetics
program CREK CYBER-Compatible

Radiation updates

NOx-emissions updates for 3-D program
NOx-emissions updates for CREK program
4~Step-mechanism updates

Comment cards

Some additional modifications

Prose Do bl BEANN NOT FRMED
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1 AUINJI2005 TUINJE20) 0 IVINIC20)» JVINSC20) s RVINIC201, VINIL20S, CONGEN 14
2 EVINJL20),DVINSC20), AVINIC20), TVINIC20) o NUSNISHYENDp JSWLS J8H2s  COMGEN 15
3 USWeVSWaAFSHAFSHo TSHa WS SHND,RHOSH COMGEN .8
COMPANZCSDOTZNYNSNVS1, NVS 2, TSOOT. SSOOToNSODNTsADs ARCONNSAAA P8R, FNG SOOT a
LeRDs PBART s DPART(21aFRACPL2)sRHOP, ARCONS o PREXPS, ALPHASAAS2 R8S,DMR  $0OT 9
PeLVNSLVSL,L VT2, CINCS) TINCP, FUTOT saoy 10
COMMON/CRAD/TPAD . SRAD soar 11
CONNON/CFOUR/PRENPA, ARCONISCRI 4+ PREXPASARCONASCRAARL#BBLICCY, ASTEP 15
1 AAZsNA2oCC20AA3e BB CCAr ARAPRRA,CCALRATEO SRATIONIRATLAT, ASTE® 36
? RATLOAIRATICO)RATOLO,RATO1L,RATOR2)MCHIWH2 S UC2HAS LYCHILYCHL 9L VH2L 4STEP 17
DINENSEON CLEND(23sCLENVI2)oCENER(2)oCRASS(20,CTENPIP)CPRESSI2) WA 7
DINENSTON CANGER) nA a
NATA CLEND/14Csoa02%47s CLENY/1000230487pCENER/LLCr20547 "A 9
NATA CHASS/1.0s o038/, CTENS /1,00 33955/ 9CPRESS/14023013294/ nA 10
DATA CANG/140s 4017457 nA 11
B CHAPTER 1 PARARETERS AND CONTROL INDICESmmmnmmen NA 32
; NTPLen MA 13
L] NTP2e0 nA 14
E NTORe1] na 13
z READ 183,300 TITLE A 16
=4 READ (95310 TITLE2 MA \?
= 31 FNAMAT (20A4) wA 18
4 30 FORWAT (10A4) "A 19
- READ (551000 LP1,HPLsNP1s IPLAXs NODEL » NODERs IPARS ITRAD nA 20
-3 READ (551000 1U,PODEN, INTAPE, 10Ws IRES 7 21
= 100 FORWAT (8(12,00)) A 22
= RFAD (5,100) ISOLVE " 23
READ (3,100) ICTHNA " 24
READ 15,2000 IPRINT "A 29
AFAD (%,101) RELAX LT 26
READ (5,10%) PR na 27
READ (501010 PREF nA 2e
101 FORMAT (BE1C.4) nA 29
PLAXMISFLOAT(IPLAK=L) nA 30
CHAPTER 2 GRID AND GEONETRY A 31
Ctnpmtminpmintetatoiniajapnpstricintrimpnpapmiminjuiajnicdnintntninpat=s LT 32
CarL STRING "A 33
Clmtuimi-tmbpmimininteinintnimiminintotniniatatntntainintainpniuiniatasas NA 3
READ (553011 (X(T¥eledrLOl) nA 1)
READ (35,1010 (Y{J)pdelsAPY) "a 16
READ (9,100) (Z(N)pXnloNPY} "A 37
00 200 Tel,LP2 N 3e
200 X{T)=X(TIOCLENDL TUY A 30
00 208 J=1e P .A 40
205 YUIIaYCIIOCLENDITUD nA a1
00 220 KelsNP) nA .2
€0 TA (210521%)) TALAX "A a3
210 7¢x a2 (K)SCLENDETU) NA “h
&N TO 220 "a 45
2319 T(X)eZ(NIOCANG(IV) nA A6
220 CONTINUE na Ay
RTeY{1) na ‘0
¥Yi11=0,0 "A 49
€ mmemee  TNCLINED WALL OATA A 50
N 22 JelyPP) " )
IWLiidaale2 na 52
21 TWLOCIs4)mL mA 53
PO 28 JnlslPl A LT
INLTCd, 400 A 39
26 JULOLJs8)mnY NA 56
IVENaL nA 57
Wi ) %
Jungey "a 59
JNNDaNPY OR na 60
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OF POOR QUALITY

READES, 100 ) INEL, JWI0, IXWED, JWNN NASAX 3

IF LIMET.FQ.2) GO T a2 LT [ ¥
READ (843000 (INLICI 40, dndulD, NP1 "a 63
READ (951€0) (JWLD(To4)alal,INED) LT 64

A2 CONTINUE "A 1)
TFCEWFDLFOLLYGO 10 02 NASAY 4
READER 21000 CTWLDE S0 4) s Jn g0, MPL) NASAY )
READLS» 2021 CINLOLT o4 o TnIWEN,LPY) NASAX 6

P3 CONTENUE NASAY H
GO TO (23,240, IPAR HA LY

24 IRFFay aA a7
JREFnN "a Y]
KREFaN nA X
LPREFaKMIKREF)SINIIREF )+ IREF ' LT 70

23 CONTINUE LT 71
00 25 J=1,Mp} NA 72

GO TOD (260,265)s IPLAN LY 73

260 RIJIn],0 LT T4
&0 T0 2% nA 14

206% RUJIeRISYLY) NA Té
2% CONTTINYE aA 77
Comtmtotntmtmtnintnimpmimbnsnpmpmbnpal rémbatmintntnintotatmbatebniataimt MA Te
CALL STRID) "A 79
Compmiajujmimpninpuinin tojujupniainpotvinpmpmpnpo pnfm tnpninajminberimias N) 80
CHAPTER 3 = NEPENDENT YARIAGLES - NA a1
READ (5+101) PRESSoOEN2ANSOR, SCATRS AKFAC) AL FAC LTY 82
READ (95301) CHX,HYY,HFUsFUNCO "y 03
READ (5,201) PREXP1,ARCONINCRY,PREXP24ARCONZ,CR2 nA ne
READI 3,101 )PRERPA,ARCONDSCRI) PREXP 4, ARCONA S CR4 (333 19
READ(Ss101)AAYS BRL#CCLoAA2SBR2,CC2 ASTEP 20
READCSo2020AA0,0R2,CCOpANAs ARG CCH 4ASTEe 21
PEAD €55101) ClaC25C0s ANUSERROR, TCYLW»TINLWoTLEP A (1]
READ (32103) LASTFP,TJUNP,JISH1e JSH2NUTNS, NVINY A 86

103 FORMAT (2(I3,7X)s6122,8X)) A a7
READ (5,101) USWsVEWsSWND,AESY FSHs TSY LT ae
ConwwnaflEL INJECTION DATA. CORNENT 1
READ (5:102) NFNZ,ISPRAY, TFUEL LT ng

107 FORMAT {2812,0%),6E10.4) LT 90
TF (NFN?.LE.C} GO TO 110 LT 91

00 115 FulsNFN? MA 92
READ (8,100%) YOUTY ) YOUT)a200) o ALFACT)oBETACT)pDELTACT}eTHETALET ), NA 93

1 THETA2UT)sRMSLoWFF(I ) SNDET ) VFUEL (T Yo RFUEL (T LT 94
115 NSLETYeTFIRIRNSL) nA 9
0N 120 ITe14NFENZ LT 94
YOUTTY=XOUEFIOCLENDITUY A 97
YOUTLVaYOUITIRCLENDLTUY MA LT

60 TD (129,13C)s TPLAN LT 99

125 TRDUTTI=QOUINIOCLENDCTIY) A 100
GO TO 13% LT 101

130 PC(IIDmPOCITIOCANGLIVY NA 102
12% ALFALTTImALFALITIOCANGLIU) MA 103
RETACII)=AETACTTISCANGLIUY LT 104
DELYACIRI«DELTALTT}RCANGETY) LT 103
THETALC(ITI Y THETALCTT IOCANGLLY) NA 106
THETARLIT)aTHETAZLTITISCANGE I LT 107
MEFE AT I mEFCRTIOCRASS (LU} LT 108
REUEL (1T aRFUELATTIOCLENDLTUD A 109

120 VFUFLATITY-YFUELATT)OCLENYITY) AA 110
110 CONTINUE LT 111
TROEL »TEUELOCTERPC(TUY) A 112
AMURANUSCMASS(TUTZCLENYITU) NA 1113
PRESSmPRESSOCPRESS( TN LT 114
DENRDENSCRASS(TUN ZCLENDIRUNZCLENDEIU) ZCLENDCSY) MA 118
TCYLWaTCYLWeCTRMPITUY ) NA 116




TINLW=TINLWO " TERPILIU)
TLYPTLIPOCTFrPLTUY
USaUSHICLENVITUY
VeV SuRCLENY(IUY
AFSH=AFSWOCHASS(LIU)
FSunFSyeCAASSLIUY
TSWaTSUOCTENPITY)

Comee=fFILN CODLING DATA.

21

TF (NUTNJLLELCY GD TO AS

READ (9,100) [TUINJUT) TnlsNUINE)
READ (5200} CJUINICIY,TndaNUINSD
READ (591010 (UINJITDs ) eNUTND)
READ (523010 (WUINJCL)sTmLoMUTHI)
READ (951000 (AUINJ(T)pRndo NUTINI)
READ (5,101} (TUINJ(R}sT=2sNUINS)
Do 239 TInlaNUTN)
UINJELEInU TN TTISCLENVIILY
WUENJC TR < MUTINICTTIOCLENYVITU)
AULHJCIT imAULNJAITIOCRASS (RU)
TUTNILIT o TUENICTTISCTINP(TY)

CommmmDILUTION JET DATA.

240
L

TF (NVIN{,LELQY GO TO B8

REAN (5,700) (IVINJCIDplndoNVINS)
READ (9,100 CIVINI(I),I=1pNVINI)
READ (9,000 CRVINJRIDI=1sNVINS)
READ (5,101) EVINJ(T)» Tl NVINSY
READ €5,101) (EVINIC(IIIn]sNVINS)
READ (5,101) (DVINJUT}SInloNVINJ)
READ (89,1010 (AVINIC(ID»JedeNVIND)
READ (9,101) (TUINJ(I)pEndsNVINIY
DN 240 II=1.NVINJ
VINJETIVoVINJUITISCLENVIIUD
EVINJOITYoE VINJCTTIOCLENVITUIACLENYIIV)
OVINJCTITIaDUTINJ(TTYOCLENVITIV)
AVINICTIInAVINJCITISCHASS (TU)
TYINJ (D)o TVINJCIT)OCTENPLIVY

RC D5 100INSC0T»1S00T ) MPART

CommanSONT NATA,

910

TF{NSOOT,.FQ, Q16D TO 910
READ(R,1011SSCOTsACs ARCONNS AAASBOD s FNGe SO NHOP
READ(»1C1)PREXPS ) ARCONS s ALPHA9 AAS» BBSoOHR 9 CINCP, TINCE
READCR 101 (DPARTIT o=l HPART)

READCH 101V LFRACPUL) o Tu)s NPART)

RHAPARKHNPOCHASSCTUN/ (CLEND(TUYG@ D)

OHR s DHRSCENERLIUY JCHASSITU)

CONTINUE

Crmen=RANTATION DATA,

10%

TFCITRADMELLIREAD(D 2105 TRADS SRAD
ENRPAT (T2, 8X5EX044)

CmmamaNOt DATA,

104

CHAPTER & MATERTAL CONSTANTS

)

i 1= T W B AW . TN L e et m - mRerRE s te L

READLT S, 204 INNCY TNOX, L TNDX, SNOX,» TNOX
EORNATLI(T2»00)2C1044)

TNNR= TNNNSCTEPP( V)

CALL CREND

WEUS] P OC RRANYY

ISTRPmIRES

NFACe]) 0

SuUn1»,01

suUN2n,08

PRFELLVD)SARCGAR/LC2=CLI/SORTLCO)D
N0 93 NynlaHNY
PRRATAPRINVI/PREFINY)
PIAYINYISEO L PREAT ] ) 7PRRATOS 23

C s 4\".-9‘!\' A pu

MA
LT )
LT
nA
LT
AA
A
CONPENT
LT
)
LI
na
LT
LT
nA
L]
na
NA
naA

A
CORNENT
na
NA
LEY
nA
NA
L]
MA
LI
L1
NA
NA
A
NA
L1
A
s00t
COMNENT
soor
5007
SO0t
s00Y
007
sooTY
soot
soo?
COMMENT
RAD
RAD
CONMENT
nox
NOX
NOY
NOX
LY}
A
NA
A
nA
A
NA
A
NA
MA

138
138 )
119
116
121
122
122

124
129
126
127
128
120
130
an
132
133
134
133

136
137
130
139
140
14l
142
143
144
143
148
147
140
149
130

193
1%4
189
1%¢6
197
156
159
160
181

151
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RHNENNSPRESS JUNTENN nA 142
GASCONRUNTICONS(G,232/W0N+0,TOA/WN2) NASAX )
CHARTFR 8 mmemam-a INITTIAL VALUES ~ - " 164
CALL STARY A 149
TFCINTAPEHF.CICALL AUTPUTLINTAPE) NASAX 9
ATRADRITRAD L noY 22
TTRAD] s607 23
JHnNel nanr 26
SSUMnY ,OE30 sont 24
‘ (mmmmammnmmae HATN LODP STARTS N 187
‘ Y CONT I NUE nA 148
TFINSOOTLEQL0V60 TO 64 sapnt 25
ComemmSTARY SOOT CALCULATION, COMMENT ?
TRUISTEP LT ISOOTAND.SSUNLGT.SSONTIGO TO 44 s00t 26
0N A IXI=1,MPART s00T 27

ISOLVE(LVS141T~1)m]) 007 20 ,.,
oA TPRINT(2%4111m2 sony 29
= TSOLVE(LYN) =} soor 30
‘ 6N TO 63 007 31
- 64 N} 6T TI=L,NPARTY 5007 32
Y TSNLVE(LYS1¢IT=1)0a0 soav £ )]
- 67 IPRINTI27411)0D soot 34
i ISOLVFILYN) =0 saer a8
- IFRINT(23)20 s00Y 1.3
- 43 IF(JTRAD,EQ,11GO TO 6% RAD ’
e CovonaSTART RADTATION CALCULATION, CARRENT ]
- TFOISTFPLGELIRADORGSSUMGLELSRADIITRADJTRAD sooY an
TFCLTRADLEQLYIIGD TN &5 RAD ]
TSOLYE(LYRY D e} RAD 9
ISOLVECLYRY )e) RAD 10
ISOLVE (LYR? Vo] RAD 11
TPRINT(11) =1 RAD 12
IPRINT(12)=] RAD 13
TORINT(13) =) RAD 14
TPRINT(14)e] RAD 15
&0 TN A9 RAD 16
= 4% CONTENUE 5007 39
= ISOLYE{LYRXY)aC RAD 17
ISOLYECLYRY )nE RAD 10
ISOLVECLYRZ )0 RAD 19
5 tPRINT(111a0 RAD 20
tPRINT(12) =0 RAD 21
E TPRINT(13)=C RAD 22
e IPRINT 14000 RAD 23
_ 89 CONTINUE RAD 24
- TELINNY,EQ. Q)60 TD 70 NOX 27
- CmmmmeSTART NOX CALCULATION, COMMENT Q
- TFINNDY LEQ. 0060 TD 60 nay 28
TECTSTEPLLTJINDRAND,SSUNLET,SNOXIGO TO 60 NOX 29
TSOLVE(LVFUY=Q NOX 20
TSOLVECLYCO =0 NOX 11
1SALVE{LVCH)I=D ASTEP 22
ISHLYELLVHZ el 4STEP 23
T1SOLVECLYH] ) aY NOX 12
FLULET NOX 33
INOXATSTEP HOX 24
. 60 ™A 70 NOX 35
3 AR TSPALVELLVHI IO NDX 16
70 CONTINUE HOR 17
Comt—tmb—bmbmpmbmpmbmbmimpmpmpnpupntapinpmpodntatndapninpnpmpmpmpminpnss §A 169
E 1F (ISTFP.FO.100) ISOLVEI(LYR) % nA 170
= IF (ISTEPLEC.100) ISCLVECLYD) G nA 17
= CALL DENS MA 172
3 150l CPRAY MA 173

= 162
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TF CISTFP=TRFS.LE,5) ISPal v GUALITY nA 174

1F (MAOLISTEP-IRFS, ISPILEQ.0) CALL SPRAY (QF POON QUA- LT 178

CALL visco NA 176
Combmpmpmpmbpmpmpmpmpmimpmpmpmpnpninpuppnpnpninpnpnimpnn o jnjojajapmjasn ) 177
CHAPTER 4 e SINGLE LINE PRINTAUT ———— WA 178
IF CISTFP.FOLIRES) GD YO 14 LT 179

WRTTE (60001 ISTEP SNAX SSUMSEXTTaP(2oMa2) P (Lola2}, "A 180

1 UCTRARG JMANSRNAR) sV CTMARS JNAR ) KNAKR S oW EENAR e JRAN ) KNAX Do MA LA

2 TEWMPAIMAN s JFAXSRMAX) s RHOTTMAX s SMAXS KNAXD 5 TNAX s SHAN S KAAX MA 182

10 FORMAT €1X,14,10C1PE1140)p1Ne3L]) ol 183

16 CONTINUF "a 104
Comembpmiminpmbntmdntminirimpnpmpmpmbpmppmpmpmpmpmfmpmpmpmbpmpmgmpmgmpmpmpn NA 1a5
CALL $TRID2 nA 164
COmtmpmmtm b mtmbmmbmmbmpmmpmmatmp pmpmpmpmpmbmpmpmfmpmpmpmpmpmpmpmip= Wi 187
CHARYER 7 = - aurTeut - MA 1688
IF (ERRCRaGT4SSUMY TSTEPRLASTEP "A 189
OFACHANANL (0. s LSUN2=SSUMDZ(SUNZ=SUNLY ) na 190
DFACAAPINL (1.0sDFAC) LT 191

CALL OUTPUT (NTPY) MA 192
CHAPTER A memmms mmemmnccs-eTERNENATION A 193
IF (ISTEP=LASTER) 60,8080 MA 194

80 WRTTE (6s10) TSTEP,SRAX,SSUN MA 199

£ dutmpmimpnipmimpmpnpnjapmpnpnpmpnpnpmpmpmpmpmpmtndndajnaapapmpnpnsas K5 196
sToP LT 197

ENN LT 198

RLACK NATA nA 199
COMMANZCYL/REI0OIsRNEI0I»RNVIIOISYSREIOI$YSYREIOD, IPLAX CTINNON 2
COMMON/GRIDZX(40)Y (3012 2030V NSCA0DYS(30)228030) 9 XSU(40), LI 3

1 YSYER0)p 7SNE0 Do XOIFLADI,YOTR{0)» 20TF(30),FRPIAD) s FANLAON, COMNON 4

2 FYPUIO),FYP(I0I9FIR(I0)FINII0) oDT,TINE CORRON 5
COonmIN NOX 2
1/7CINDEX/TDCO» TOFURDD2s TON24 TOM20s [NC0O2s LOHL» KOH2» TONL, JOND» LONDB2  NOX 3

1o 1000 1OOH, THCPSo TLES TLH) IMATIITERSJIJoNL1oN2 o N A NAL NGLORSNGLNAAP, NOK 4

2 NLASNO,NSM NS1,NS2, INCH ASTEP 3
T/COHEMT/CPSUPs HSUNSFOsPPLNsRGAS )RGAS INs SHINVTKINVS TLNs LNRG NOX 6
C/CPARAN/ASUBEZDS 3]s ENVoERpHSUROsNDERUGHNS»PAS00,01450200%,04, RHOPP, NOX ?

& 3. pSAUE30)+5M0,81(30),52¢30)s TRy LADTABSLDEBUGSLEQUILSLREACT, NOX s

& LENERLEONTJSLCONVG NaX 9
DOUKLE PRECISION CPSUM,EMYERs FQp HSUROs HSUMsPAy PRLNs Q09 01, 02,030  NOX 10

1 QMo RGASIRGASINGRHOFP, SM, SHINVISANsS1oS2s TR THINY, TLN, SR NOX n
2+FNTLFST ASTEP L]
CONNON/STERA/PERPL,PERP2oPERPISPERPLsERLIER2IERIIERGSCEDULSCEAUZ, ASTESP 5

1 CEBUB,CERUA, AENPIIAEXP2,AEXPISAERPALRENXPL,AEXP2,RENPY, ORN P4, ASTEP 6

2 CENPI)CFRP2,CEXPA+CEXPASFUTHFST ASTES 7
LOGTCAL LADTABLCONVGLOEMUG,LEQUILILNRG,LREACT,LENER NOX 12
COMMONZINTIL s MaNo LYo NCVIREVALOLy NP o NP L NT s NI NN NINI, NENJINKS NV,  CONRON [

1 NNVSNGOTOpKpTSTR JSTRoNSTReNYM(I5)KNE30) 5 INL30), ISTEP, ASTES )

2 OISOLVECIZ Yo IPRINTIAIJaTETLECLOS Ao RNY, ISUP JSWPoRELAN (2514 NPy ASTEP 9

T NRHOSNGAM, IWLI €20, 315 TWLD(I0» 31 o JNLOIA0s B)s INLTIA05) 2 IWEL, COMMON 9

4 IWEQsPPYIs WL JWI0S JMDT o JWOCS TONe JKINC20, 3C) ¢ ININ{ 400 20) CONMON 10
COMMONZINDEX/EPAR LPREF, TSTUN) TNCONP o TTRADSNVRXpNVRY NVRZ) JRLANE  CONNMON 11
Lo®LARMYL L VN, LYCs LVEUNXSLVFUSLYCOo LVHILYAX o LVATSLVRZaNVR{32), ASTEP 10

P OTJUMPTRES,TITLE2(20) s TMAXe JHARSRAMAKSNYCOs FUNCD, NVHZD4NYCO2, CONPON 13

3 NYND G NYCH NN ASTEP 11
CONNANZCNCR /I VH1pLVHZ s LYNLsLYNOS L YNO2s LVOo LVDH LYH200 LUNZS LV (2, nax 14

1 LVCO2,LVFULeLVCOLINNOKs INGXs TTNONS SHORs THROX NOX 17
CONMONTHERNZNVH NVFU ) NYOX s NYFUDY pNVTE» NOOEN FOX» FSTOICsHFUS CPy connnn A3

1 GASCONGRHPCEMsURTCONPRESSsMVRAVL TCYLV TINLW TLEPS ACOEF(AY, ConrON 16

? T4, OFACsWFULMCO2oMCO» O N WH20 WN2 ) HY Y, CXX9RATINLIRATIOZ» canmnn i?

A RATICIsRATICAHCO) TANS TTWALL comrmpn 10
CO™RON/CTOMA/NEND TCTOMALA2Y ASTEP 12
CHMMONFHIS/ARUSOFN) SMAKSSUMPLASTEP S HTCENTo CFRp ENLSUPEMIS TN, COMGEN 2

1 OFNISETOUT, RTCOFNEoRADINSRADSURSFRALFR, SAFN, COMGEN ]

7 FWFULFDFU ) TRURL s MFNI,FLO(AD) o TERTALAD) s HUACT FUELIADY»FUOXTIAQ) » COMGEN 4

153
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2 UINI#O].TIN(QO|pFUFLS‘§0!.SE!lToIGAHI!ZQI.IGAHE(ZQ,
CU*Fﬂ“ITUFBIN\';ﬂVD;ClJC?lCDiAKlDUIDxll30Q’DA“FACDQlFACD
) MODELsPRIIZVSPREFII2)pPIAYLNZY,E
CU"HDNIRlDIN"EDS’G"‘plGSQRDSCITR
Cﬂ"ﬁﬂNIRFACFIARCHFIpPRE!PI.CRileCUﬂ!-'lEKP!JCI!.HGDEI
CD‘HBHIOROPlIFUAPCIOZl-NTPQ:NFNI.lﬂ(!.s?ﬂl!'-?Blii.AlFll!ln
1 HETAl!)vDElTIC!‘pTHETA!‘aiofﬂﬁflzl!erSl(!loUFFI3!-5"0!3)-
2 VEUFLUADoRFUFLIA}»EVSULOA) s HEVAP
CﬂNHDNl!NJECIFlﬂHIN;lUlNJllO'oJUINJlZODlUlNJUZU'oHUlHJIZOID
1 AUINJ(?O’.TUINJIZO'pl'lNJ(20!|JVIH41203|IVINJ(ZO'OUINJIZO'O
? EVINJ(?OlnDVIUJ(?OerVINJ(!O'oTVlNJI!O)-NUINJ-NUINJoJSUltJSUZl
3 O USH YSWAAFSWIFSHs TSW WS, SHND R HOSW
Cﬂﬂﬂﬂ!ltﬁﬂﬂ‘thN;NVSlpNUS?nISUDTISSOUTQ“SOD'S!O!ARCON".All.ﬁllpflc
loGﬂoﬂ.AlTQDPARTlR!oFRACPl1lnRNDP-*ICONS’?QEIPSQALPHA:‘AS.!BSODHR
2ehVNSLVS1aLWS2,CINCP, TINCP,FUTOT
COMMDNJCRAD/IRAD,SRAD
CO“HUNICFDURIPREIPﬁplRCDN!-CR!.PRE!PQ.ARCUNQDCIQ-AllollloCCli
1 AI!.llZlCCZill!pBﬂ!iCC!nIi&lﬁﬂﬁoCCQvllTlD’nllflﬂbpleIO?-
4 RATIDG.QITIOQpRATUIOpRATOIIQRATOIEDHCHOHHEDHC!N"lVCHthCHliL'HZI
OATA NIsNJoNKNNVZI011005,297
DATA AN E/,42,9./
OATA UNICON,STGMA/B314,,5,049E=08/
DATA NVHONVDJNVFUﬂ!oNVFUDNVCH.NVCU!N'H!DN"E!NUN!“UN’"VSlIN'SZ
1760508555 1400515:099,110125137
DATA NYEAVSNVYRX, NYRY, NVRZ/10s1s25 37
DATA IDFU’IDQ!-IDNE-lOCO'IDCHnloﬂznIOHZU-IDCU!nlDHl.IDNloIDNO-
1 IDNOEDIDDQIﬂﬂNIli?.3-Qp50697.399010011lerl!llﬁl
DATA HIFII:?-S.4.§:5:‘-9'lki!.l!o9nllol!n13.lbol?:llnlﬂn!ﬁ-tls!!o
1 2%02402%,28,27920:295142,3/
DATA lVKolVDnlVFUOI:LVFU.LVCN:L'CG.L'HZ-L'H'LVNoLVSIOLVSZISO6:
1 7:859:00+1201251%514,15%7
DATA lVFUlnLVGZ-lUNZ.LVCUIerCHIDlVHZIoLVH?O;lVCUZntUHIlLUNI!
1 lVNDolVND2|LVF.LVOHIIG.IT-IO:l’-?ﬂn!l-22-2!.2#029.26-27.20.2"
DATA LVRXsLVRYsLVR2/30,31532/
DATA NYHZOINVEXs NVCN2s NYN2ZZ/1025 3547
DATA NpsNRHDNGANSI3 34,357
DATA U902DUCﬂoﬂﬂ'iﬁHZﬂl'“!'ﬂHZ’Uc2""‘Qo.2..!’!.!10.!20..2.'2!.'
OATA TGAPYsIGAMZ/1900391924%0:0,4¢1,524407
DATA ACTEF /=1300,0108620,37+=61567,00,1338.,05¢
END
SUARQUTINE INIT
Cnumnn F500,71,DUC1052005)50V010,10,5)00M¢10,1C,9),
1 ANUC(lerlﬁn5InSUOTl(lODlGl!l03007201001095’9FCH(IO!100’||
2 FH2U1G»105)9FS1500014),
1 lﬂﬂlIC’IC!SlDVISCiloalOnSlolBSl(lO!lOnSioSC'R(IO.IO!B]:
1 {10201, SPL10s20)DRHNDP (L0, 10,5),
1 AXP(10,2001+AXP(10,10)2AYPI20020)sAYN(10,10),A2P (10210},
2 ATRE10210)»C7420020),CY10)»C2UL10510).CYUCLLD) s
3 CIPL105300,CYPCL0DNSDTVEI{L02 100 s NTRLNTP2
1.llFKIIQZIOAIPK(IQEIQATNK(IQZliAYPK(lQ!lnllﬂlll'!lnll'ﬂ(li!l-
2 SUKL162),8PK(192)
OITENSION UEIC 10551 VE20,0005)oWi2001055),PP(10,10,%)
DIMENSION PU10»10,5)sTENPLL0,10,0006AR10010,5)
EQUIVALENCE (F Lol U Lo Lo 00 (Rt 2)oVilo o200 o (FlLls3)oWidslsll)
FOUIVALENCE CFC1sa)sPPILs1sdd ) tFILsB)sPI15101))
FOUIVALFNCE (FC1p0)s TEMP(Loda X dsdFtLsT)sGANtLr1s1))
CONMONZCYL/RTI0)sAMEII0 ) o PUVII0) 2 YSR:S0) o YSYREI0), T PLAK
CnllnﬂlﬁﬂlﬂIIIQODpVGSODp?liﬂln!S(ﬁOlnYS(IOlllSl!DiilSU(Qﬂ..
i VSV(SO!p?SHt!O’pIOIFIQO|-TDIF(SOF'PDIFQSO|0FIP(40i'FIN(QGio
b4 FYPLA0I,FYPUI0)FIPCA0)FINEA01,DT, TINE
ULLT]
1!C|NDEIIIDCF.IDFU-IDDE:lDNZplO"?UnIOCOl.!ﬂF!!lDN?olDNllIDNO-IDNOZ
lolﬂﬂolﬂnﬂpl"CFSo!LC.lLleﬁﬂfnlTERrJJJ-NIQﬂ?nﬂQp”A:NGLﬂﬂpﬂGlﬂl.-
? NLMyNQsNSMNS1NS2, IDCH

ASTEP
CORGEN
ASTEP
CONGEN
CORGEN
CONGEN
CONGEN
COPGEN
CONGEN
COMGEN
COMGEN
COMGEN
soor
snor
$00T
soor
ASTEP
ASTEP
4STEP
4STEP
MaA

NA
4STEP
ASTEP
NA
4STEP
ASTEP
4STEP
ASTEP
&STEP
ASTEP
ASTEP
ASTEP
ASTEP
A
ASTEP
ASTEP
ASTE®
LT}

MA
NASAX
COMFA
4STEP
4STE®
RAD
RAD
COME
CONFA
COMFA
CToMA
CTOMA
COMEA
CONFA
COrFA
COMFA
COnFEp
COnRAN
coOnmON
cammon
COreON
NOX
nOx
NOX
45760

-
re ©

-
WaWRNBRIWUNDOD AN ARS N D

-



C

AFCCHENT/CPSUP s HSURy FOy PPLNsRGAS ) REGAS THs SHENV, TRINV.TENS LHRG
AICPARAN/ASUBIIN D)o ENVIER G HSURD) NDEBUG,NS» PA» Q02 Q1202+ Qs 0ns RHOPP,
A S SPNI0)s5P0282C200 520000 TRoLADTARLOERUGLEQUILILREACT,

4 LENERFDXTJdLCONYE

DAUALE PRECISION CASUNENVIERs FRoHSUBDsHSUNSPA, PPLN, Q0 Q1o G200,
1 Q4oRGASIRGASINGRHOPP, SMy SHINV, SAUr 31282, TR TRINY, TLN, SHO

2o FUTHFSY

COPRON/STFPA/PERPY 2 PEXPZ o PEXPR ) PEXPASERLLERZIERDERA»CEAUL,CERUR,
1 CFOUISCERUAAEXP Y AEXP2ZoAERPI o AEKPASBENPL AFXP2,BEXPI AEXPA,

2 CEXPLICENP2)CENPACENPALFUT, EST
LOGICAL LADTAR2LCONVG L DFAUG,LEQUIL o LNAGILREACT oL ENER

CONMONZINT/ZLoPsNoLCVsNCVINCVILPLo NP LoNPLINT o NIs Ny NINI o NENINK NV,
1 NN NGATOpRp ISTRYJSTR I KSTRONYNEISI,KA(B0) 2 JR{BO0),ISTEP,

2 ISOLVEUIZVo TPRINTIANIHSTITLECLO» B30 o ERY o LSHP» SSHPHRELANIII I, NP,

3 NRHOGNGAM AWt X302 50 INLOUI0s 3V 0 dWLOLAO) B ) o JWLIL 400 B3V IWET,

& TVEOsMN Yo Wit duIfte dW0ITo dW00s E0OMs JNIN(B0,30), IKINL40,20)
CONPAN/INOER/IPARGLIREF o ISTUN INCORPo ITRADS NVRX s NYRY o NYRT, JPLANE
1o PLANRY LYK LYDp LVFUDX s LVFULVCOs LYHSLYRR A LVRY, LYRT,NYF(32),
2 TIURPHTIRES,TITLEZ(ZO) oL NARy JNAR S KNARo NV Do FUNCOs NYHRO0L NVCDR,

3 NYNZ,NVCH:NVHE

COMNONZCNOX 2L VHLp LYHZ) LYNLo LYNO2 LYNOZoL VO, LVOHp LYH20,LYNZ, LYVD2,

1 LYCO2,LVFULSstYCOLaNNON, INO¥, § TNDXs SNOK, THOX

CONRMON/THERNINYH  NYEU s NYD X NYFUOX o NYTEs NOOEN: IDK» FSTOICsHFU CPy
1 GASCONSRHDCONSUNICONGPRESSsNVYFAV TCYLWs TINLWo TLIP,ACOEF( &)
2 T4 rNFACsWFUsWCO2oMCO»WOX s WHED s WNEs HYY»CANSRATIQLRATIO2,

3 RATIODRATICA»HCO»TANRITWALL
CONRNNCTOMAZREND, ICTONAL32)Y

CONPONZRTS ZAPUSDENe SHAX s SSUMILASTEP o MTCEXRTCFRy ENESWIENISIN,

1 EMISRITOUTARTCOD RIS RADIN,RADSURSENALFK) SOFK,

T FRFUSFOFU» TFUELoWENToFLOCA0 Y TENTNEA0 ) o HEAD Y, FUEL L A0)FUOX(AD) »

2 UTHEAC),TINCAOY o FUELSCAQ)»SEXTTo IGANLE29) 5 ICANZLILY)

COMMONZTURB/NVK, NYDsCLpC2oCOs AR DUTORJIU 39312 AKFAC, ALFAC,

1 PODELSPREZ2VLPREF(I2),PIAYIIZ),HE
COMNONZRAD/NVE 2 SIGMASABSOR SCATR
COMMONJREACT/ARCONYI»PRFXPIoCRY2ARCONZ,PRENPZ,CR2»NODE

COMMONZDROPLZEVAPTILI92) o NTPALNFNT RO YOL S, 20U ALFEALYY,
1 AETAUY),DELTACI}»THETALCAD2THETAZ(D)oNSLUD) A MFFL{D)oSHD(D),

2 VFUELCIDsRFUFLOIDSEVISULOADHEYAP

COMNNNZINJEC/FLOWIN, TUINJ(20)+ JUINJCZ0V2UINIT20),5UINIL20),
1 AUTNGLZ0)TUIRJL20) o IVINJ Q20D IVINJLR0) o MVINJL20) VINJ(20),
2 FVINJI20),DVINJL20) » AVINJL20) s TYINJ(20 ), MUTNIGNVIND, JEWL 2 ISW2,

T USWo USHpAFSHoFSHsTSH WSW, SHND RHOSW

CORMONZCSOOT/MUNNYS1NVS2, IS00T»SSOOTo NSODTADs ARCONN, ARABBB, FNG

LeGNaMPART) DPARTE212FRACP (21 )RHOP ARCONS « PREXPS o ALPHAP AAS,BBS » OHA

ZelWNoLUS1pLVS2,CINCP, TINCPsFUTODY
COnRAN/CRAD/IRAD S SRAD

COMRBRONFCFDUR/PRENPI)ARCONICRIPREXPF AP ARCONA,CR 4 AAL,BB),CCly
1 AA2,R02:CC2oAAR PN, CCA AAGI ARG CCALRATTINGRATIDG,RATINT,

2 RATIOARATIOQRATOLOPRATOLL)RATOLIZ»WCHpWHZ pHC2ZHAS LYCHILVCHLLYHZ]

S0 85 S0 06 2% s B 05 A6 06 S0 46 kb 49
ENTRY STARY

"

fosmaaSUARNUTENFE INIT(ENTRY STARTI TS USED FOR INITIALIZATION PURPUSES.

c

memeoncenens SOME PRELIPMINARY VALUES

HiNel,0112F¢7
RATIDL=WOXSICRRGHYY /4 ) /WFY
RATIN2e,2232

RATTQR=wONe0, 5/MCD
PATIQAaWCQOC XX/ WFL
WCHal?,019CHK41.L009(HYY~2,0)
SN L INCHI=NEM
RATEDSm(CNNACHYY=~2,010,29100W0K/INCH
FATINA=0,280u0Y
PATIOT=LNYY=2,0) Ju(H
®ATIORaNCH/WFY

OPIGINAL prnr

v ;l;:"l_'.: .

ORI, € o v ey

nox
NOX
NOX
NOX
MOX
NEOX
ASTEP
ASTER
ASTESP
ASTEP
NOX
CORNON
ASTEP
4SYEP
CORMON
COMNON
CONRON
ASTEP
CONNON
+STEP
NOX
nox
COMMON
CONNDN
COrNON
CONNON
ASTEP
CONGEN
CONGEN
CONGEN
4STEP
CONGEN
ASTE®
CONGEN
COMGEN
CONGEN
COMGENM
COMGEN
CONGEN
COMGEN
COMGEN
COMGEN
soot
s00r
SO0T
sooY
ASTEP
4STEP
ASTEP
AL

AL
COMRENT
AL

AL

Al

AL

AL

Al
4STEe
ASTEP
ASTESP
ASTEP
4STEP
ASTER

-

s
D LD NNOIRISI DO D

10
9

10
11
12
13
14
19
40
4]
LT
(3]
L 1)
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ORIGINAL PACF IS

RATIOOWHYYOWH2 /(2 ,004FU) OF POOR QUALITY
RATNLO0EHYY=2,0 1OWH2/(2,000CH)
PATOL2aCXRONCLINCH
RATORZ2mWH2/MFY
FSTOICARATIC2/(RATIOLSRATIOZ)
HEURHFY/Y . 907
CFR=,003
EnfSu=,0
ENISINe],
ENIShel,
UrASSal,
SN SSal =30
ASNeAESH-FSY
FUNSWaFSH/AFSK
FUNXSWeFUNSY
WSWaSWNOPUS W
UNASSeAFSVOUSY
SPASSeAFSH
FROARAXL(104s AKFACOIUNASS/SHASS )92 }OFLOAT (MODEL=1)
SQFKSSORT (FK)
ASWURLR 0,
0N 10 J=JSWledSH2
10 ASURLRSASURLAGYSRIS)S(ZINPL)=2(1))
ALTMe g SOALFACOIY(JISH2ZI4Y(ISH2Z4L1 =YL JSHL) Y (ISHE=]))
RHASW=AFSW /ASWRLR/USH
RTCO=SQRT(N)
D0 40 Tel,lP}
40 FUELS(I)=0,
ComenaFUFL TNJECTION,
IF (NFNZ.,LE4Q) GO TD 40
NO 143 TI=1,NEN?
N0 165 Te2,L
TF (XOUTT)4GTo0a50(XCTDeNIT41IY) GO TO 1069
FUELSEIIPFUELSET)eNRRITT)
169 CONTINUE
AR FUELSCLPII=FUELSIL)
WENZaFUELS (L PY)
ComeachNINOARY CONDITIONS,
ne 80 Kel, NP}
DO 82 Jul,rpl
B2 JKTNLJ, k)=
0N A0 Inl,.LP)
A0 IKINC(T,K}ed
NO AS Kal,Np)
NO A6 J=JSW1,dSW2
RS INIR(SeK) el
A4 CONTINUE
ComemmDILUTICN JETS,
AN IF CNVINJLLE.O) 60 TO 92
NO 94 T1e1,NVINJ
E=IVENJLTT)
JOIVINGCITY
KaKVINJ(IT)
IF 1J.EQeJWLL(124)) 60 TO 96
IKINCToR) o IRINCTaKD 42
60 TN 94
96 TKIN(TSRININEINCT 0D 42
94 CONTINUE
Lom~==F LN CORLING SLOTS,
92 IF (NUENJ,LELC) 60 TO 199
NG 198 II=1.NUINJ
TatUINJET10-1
JedUTNItLTY
. TF (.60 JuLEtRsa)e2) €O TO 197
156

ASTES
ASTEP
ASTEP
ASTE®
AL
NOX
At

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

Al

AL

AL

AL

AL
COmRMENT
aL

Al

AL

AL

AL

AL

AL

AL
CORMENT
AL

AL
AL
AL
AL
AL
AL
AL
AL
COMNENT
AL
AL
AL
AL
AL
AL
18
AL
AL
AL
COPRENT
AL
AL
AL
AL
AL




195

197
108
199
199

mmnwm  CONPUTE TOTAL FLOW RATE

"

499

108

E1Y

ORIGINAL PACE _;_3
00 196 Kel,NP} Li
THING T oM I INDINCT K] 02 Of POOR QUA
G TO 168
no 194 K=1,NP)
IRENCT RImIRIN(T D41
CONTINUE
CONTINUE

0fn 499 InslsLP]

FLOCT) =0,

FUEL(L)=0,

TENTH ({110,

ELN(1)=AfSY

FUEL () )aF5SW
TENTHLLIoAFSHOTSH
=== AXTAL IMJECTYION

IF (MNINJLLELG) 6D TO 104
00 106 11s]l,NUINJ
ToluINICI])=]

FLALI) sFLOLTI4AUINILTT)
TENTH{TIeTERTR{T)+TUINJETTICAUINSIRT)

104

110
108

1%

149

TF (NVINJ.LELC) RO TO 108

DO 110 ITs1,NVINJS

TetvinNgill)

FLOCTI=FLOCT I 4AVINIILTY

TENTHET ) =TENTH{D)STYINMIT)CAVINICITY
CONT TNUE

 meweses FLOW RATE AT EACH I-SVITIUN

o0 138 Ja2,LP)

ELOLTIeFLO(T=1)+FLOLT)
FUEL{T)=FUELCI=1)¢FUELITY
TERTNCTIaTENTN{I=10¢TENTHIL)
FLOMIN=FLNLPY Y +WEN]

NO 143 I=1:LP1

FUNK (T ¥=FUELLTDZFLOLTY

FUTNT=FUEL{LP1} +¥FNT

ANASSmELOILPL)=FUEL{LPL)

FUARATaFUTOT/AMASS

no 150 I=1,LP1

FUELT= (FUELII)#FUELSCTIIZCELO{ TR ¢PUELSILY)
EUELFeAMAXI (FUELT=RATTO2* () ,=FUELLI}/RATIOL» O6)
PHT=FUELT/FSTOLIL

TREPSm)

NS1=IDFU

NSPaION2

THeTSW

THINYa1,0007TH

SH TOFU)IFUELEZSMLIDERUD

S2LIN02)e (], CoFUELEIORATIOZ/SNMLTIDOR)
$2({10N210(1,0=FUELTI® (1 ,0=RATIOZ)#SNULIONEY
CALL WCPS

HInHSUMAUNTICONSTK

TINET ) aTSH

FUNFUELTI~FUELF

FLPCO2eMCOPE (CRROFURINTU=CANOFUACD/ANCH-FURCO/WCD)
FLANY=RATIDLOFUELESRATIOISFUNCOSRATIOZ~(RATTOLSRATIOZ) OFUELT
1+ (RATTOO+RATICOHIOFUNCO

FLEDY mAMAXLIFLPON,0,)

FLPHENSC, SONHENSLHYYSFUB/HFU=({RATEIOT+1, 01 *FUNCO)
Ft'n?ll.0~FUElF-FLlCO!-!.O‘FunCﬂ—FLPnI-FLPH!O
tHCPS m 4

NS1atnFU

NE2RINC2

100
109
ito
i1l
12
113
114
49
30
31
52
2
94
35
56
ar
50
7
118
49
126

121
3
32
39
L1
41
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ORIGINAL PAGE IS

S2010FUDaFUELF/SPNITDFU) NOX 62
S2(INN2)aFLAON/SHWI IDO2) OF POOR QUALITY NOX 83
S2(10NZ aFLPN2/SEW(TON2) NOX 84
$2010C L) »FUNCN/SHN{ IDCA) NOX 63
C2(100HI=FUNCCISPNETDCH) ASTE® )
€20 IDHZ)FURCT/SHWL TON2) 4STEP 4
S$2LTIDH2N )= FLPHZN/SHMT 1DH20) NOX o6
$2010C02) ~FLPCOR/SNV(10CO2) NOX e

CommmmlGNITION SEQUENCF. COMMENT 19
00 183 T1e1416 AL 124
TaTIN(1) AL 129
TRt NOK 88
TRINY® 1,000/ TK NOX 69
CALL HCPS - NOX Y0
W2 =HSURSUNTCONSTK HOX n
£PTaCPSUNEUNTCAN NOX 2
THEWST  (H1=HZ ) /CPT AL 130
THANSACOEF (1) ¢PHISLACOEF (2)4PHES(ACOEFI3}+PHISACOEF(4) 1) AL 131 A
THAX=ARAX1(THAXs 2000, ) AL 132
THEW=ANEN] ( TNEW, TPAX) Al 113
IF (ARSITINCI)=TNEW).LT,10.) GO TO 150 AL 134

181 TINCI)=TNEW AL 135
WRTTE €6,190) AL 136

156 FORMAT (¢ SOERAOR=1860) AL 137

190 CONTINUE AL 138
TA=TINILPY) al 139
THCPS ] NOK 23
NS1a1002 HOX 74 .
NS2e1DN2 NOX 18
TeT4 NOX 76
TRINV=1,000/TK NOX 7
$2010N2)=RATIC2/SANELIDO2) NOX Te
SPCION21a(1.0-RATTO2)/SHW(TON2) NOX 10
CALL HCPS NOX 80
CPeCPSUMSUNICEN NOX 81

(mm=m=AVERAGE U=VELCCITY AT EACH I~SECTION. CONMENT 16
nn 231 fa3.trl AL 14]1
J1edutT{t, 1) AL 1602
320 JNLEATSY) AL 143
RHO*SRESS/GASCON/TINCI-1} AL 144 5
44u.50(Z(NP1I~TL1)IR(RN(IZ)062aRN(J1+1)002) AL 148 .
1F (1PLAN,EQ.2) 60 TG 231 AL 1¢8
Yiea 8 (YEI1)eV{I1+T1) AL 147
1F (J1.EQa1) YLa¥{41) AL 148
¥2a.88(v(42)4¥(J2-7}) AL 149
IF 132.FQsMP1) Y2aY(42) AL 130
A4n (7 (NPLI=7(1))80Y2=Y1) AL 151

231 UINCTVefLOCT=1)/RHDG/AS AL 192
ENTEMISH/{20~ERISH) AL 153
RANTNERTSINOSTGMASTSUeo AL 194
RANSIRAENTSROSTGNASTASOA AL 159

C  —momamme  PRINTCUT INPUT DATA AL 136
WRITE (8,20C4) TITLE2 AL 151

1004 FORMAT(1H1 524K 2044723 %001 1Hm)) FES2 1
MCRAT =HYY /CRK AL 199
WRTTE (0520100 HCRAT,WFUSHFY AL 160

2010 FORNAT (2Ke00s  PHYSTCAL TNOUTY/8Ks1A{LH=1/10%Ks 1o FUELY/ AL 181
& 10Xe IHYDROGEN=CARBON RATIN memeeemanty 1PEL120 40/ AL 162

3 30, 'HOLECULAR WETGHTmmammmemmenea—ento 1PE12e4s? (KG/KGNOLE} '/ AL 163

3 A0%. 'WEAT OF FORMATION~ by APER2oAst (CAL/GMOLEI ) AL 144
1401 AL 188
YRTTE (6420140 JJoFSH AL 166

2014 FORMAT (10%s VIMLET-*oT20? AASS FLOW RATEm—rm—————*, 1PEX2.4s AL 187
10 (RGISYY At 168

158
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w}
ORICE, . :
OF P’:}‘J:: '-»._L 1.\-- 4 ﬂr
MRITE (46,2020} PRESS AL 166
2020 FORMAT (10X, 92, A1R -7 Al ir0
3 0. *"PRESSURE PolPEL2.42"  (MEM/SQ.M)T) AL 1r
WRITE (8520240 JJoASHaddotISH) J4p SHND AL 172 i
2024 FORNATY (30X 'INLET=0,11," MASS FLOW RATEw—rmeamaeme=l, 1PE12, 4y AL 178
1V “MGISYVIR0N VINLEY=0,T0s" ANTAL VELOLITYmmmanmeema t, IPEL2.4s AL 174
2 0 (WS N0N Y INLET=, 15t SWHIRL NURBER=—mcmanea=an!, AL 175
3 1PEL12.4) AL 176
HETRHTR 2,0 {Y(NPL1)mY (1)) AL 177
ALNGHTaxLEPY)=X{1} AL 170
SECTOR=ZINPL)~TI])) AL 179
MRITE (6020259 HEIGHT ) ALNGHT SECTOR AL 180 ]
2029 FORMAT (2,11, GEOMETRICAL INPUTYZOX,10(1H=)/ AL 18l
1 30%, tCHANNEL HELGHT OF COMBUSTORm=wmmwly IPEL2.45° (M) Y7 AL 182
O A0ALLENGTH UF COMAUSTOR~==anmmeramoest s 1 PEL 2,400 (A) Y/ AL 18} 1
2 V0%, *ANGULAR SECTOR Y1PEL12440 (RAD~NDY) AL 104
WRITE (8,2029) JJoASWRLR Al 14%
2029 FORMAT (30X, 'INLET=', 11, FLOW AREA Y 1PELZ A AL 188
1 v (s5a.,mv) AL 187 [,
TF (NUINJENVINJENFNZLGTL0) WRITE rop2(30) AL 108 }
2030 FORMAT (2X,*111. ALIR INJECTICNS'Z8Xo14(3H~)) AL 1090 i
TF {NUINJLLELO) 60 TO 770 AL 190 )
WRITE (6,2¢31) AL 191 b
2031 FORMAT (10X»"1.FILN COOLING AIR=?) AL 192 i
WRITE (6,2033) AL 193
2033 FORMAT (25Ks9SLOT NO'AXs I 5X a0 54X "N BN, =YELOCITY?, AL 194
1 % VyaVELDCITY 3% 'u=VELNCITY Y 8Xe *NASS FLON® AKX, YFUEL FLOW?/ AL 195 X
2 AU,V (MISI S LOXs Y INISH 10N YINISI 10N (KG/S) 9N IKG/S)Y) AL 194 {
00 772 IIe1,NUINJ AL 197
LI RTINS ] AL 198
JeJUINJCITY AL 199
TT2 WRITE (692090) 11512 ds RUDEFSUINJCTIR Yo UDEFWUINJC(TT ) » AUINJCTTY AL 200 !
TT0 TF (NVINJ.LE.C) GO TO TT4 AL 201
WRITE 16,2034) AL 202 1
2034 FORMAT (/710X,%2,DILUTION AND SECONDARY AIR=¢} AL 202
WRITE (&,201%0) Al 204
00 7784 ITswl,NVINY AL 205 1
TeIVINJI(ITY AL 204 4
L IS AL FIS SR AL 207
JRIVINJ(ITY AL 200 .
TTO WRITE (6:2090) IIsXsdsKoUDEFsYINJCITIUDEF,AVINJILLITY AL 209 .
TTe CONTEINUF AL 210 .
2900 FORMAT (27X»13:4%31303%0e1302R01300Xp 1 PE10.354(3N1PEL0, 310 AL 211
A10 TF (NFN2.LE.Q) GO TO B13 AL 212
MRLTE (6.018) AL 213
1A FORMAT (710Xs %3 FUEL NOZ2LES='/12Ks"XD"» 0%, *YO 08X %Z0% 8K *ALFAYy AL 214
1 ANy "BETAY BN POELTA Y AR "THETAL AN YTHETA2 I, TN, INSLY 2N YUHF Y, AL 212
2 OTHRVSHD S AN, WRUEL Y 211X UMt o TR Y EN) 150X, Y IR=R) T 4K, H(RAD) Y, AL 2146
T Y HIRADD Y5 BXa Y(RAD VIR TIRADI*» 3N VURAD)I S BN '=t 36X *{KG/IS)I "y AL 217
& NS TVINMICRINIE 2R, (M S E) AL 218
DO B1A I=lpNFN? AL 21¢
FNSLeaFLOATINSLITY) AL 220 ]
A1N WRITE (6,010 XOD(TVsYOUI) s POC0E o ALFACTI Yo NETALLYLOELTALLY, AL 2n A
1 THETALIT I »THETAZUT) »RNSLOWFF(T ) +SADLT Y YFUELITD AL 222
R19 EORMAT (A%, 1P12E10.2) AL 44
R1Y CONTINUE AL 224 l
WRITF (6520370 FUTOTSARASSoFUARAT AL 228
2037 FORMAT (72%,'1V, ATR~FUEL BALANCE*/BXo10(1H=)/ AL 224
1 10X 'TOTAL FUEL FLOW RATEwermaccacmeeal I PEL244"  (RG/50 47 AL 227
2 YOns*TOTAL ATR FLOW RATE YBIPEI2.4et (RGISIY Al 220
A 0%, 'FUFL TO ATR RATIO- 11PEX2e00 /) AL 229
WRTTE (e 20000 CPosARCONL»PREXPLSCRASARCONZ S PREXPZ,CR2, AL 230
1 Chel22CD saot 49
72040 FNRMAT (2%,%, SONF IRPORTANT QUANTITRES'/OR,24(1H~)/ AL t3 ¥4
159




10X s *SPECIFIC HEAT=~ Yo LPELZ, 4y
30X VACTIVATION ENERGY (1ST) wmmmememl, 1PEL2,4,°
10K p "PRE~EXPONENT (15T) ~emmcsmmcemmmal, 1PEL 2,4 /
3074 *FOOY ARFAKHP CONSTANT (18T) =mew®p 1 PpEY R 4,/
AOK, VACT IVATION ENERGY (2ND) mmmmemmenit  APELR.4y !
30N+ tPRE-EXPONENT (2ND) mommocmmmnmast g 1PEL2 440/
0%, YEODY ARFANKUR CONSTANT (2N0) ===, APEL 2,44/
10N, *TURS, CONSTANT {()) mmwommcmmment A PEL2, A0/
30K *TURR, CONSTANT ((2) wemmmnemanent, LPEL2,4A)/

[ O O - BT R

MRTTEC(A 2002)PREXPIIARCONIICRISPREXPA ARCONA,CRS
2062 FORMAT(I0X,SPRE~EXPONENT (3R0O)

JOR,)OPRE=EXPONENT (4TH)

B et i Db b

0K 8TURR, CONSTANT (LD} enecoanemmm=d, | PEL2.4+/)

(JIRG=K)*/
(K)o g

(nKyrs

®pIPEL2. A/
20X SACTIVATION ENERGY (IRD) ~emoemcad, JPEL2,4/
30X, 0E00Y AREAKUP CONSTANT: (3R0) =omed  1PELR2.4/
2 1PEL2, 4/
30X, OACTIVATION ENERGY (ATH) cenemmeed, 10£12,4/
20N, SEDNY AREAKUP CONSTANT (ATH) ===t ;1PEL12,4)

WRITECOs2004)AALABL)CCLIAA2SB02,CC2sARs BB LCIrAALARACCH
20064 FORMAT(IOX,*SPECTES EXPONENTS,AsB,C{1ST) ===0s1P3EL2.4/

1 30X, #SPECTES EXPONENTS»Ae8,C{2ND) «=et) 1P3EL2.4/

1 30%s *SPECIES EXPONENTS,ApRsCCIRD) =amdy 1PIE12,4/

T 30, #SPECIES EXPONENTSoA»RoCIATH) ===d, 103E12.4}
Comam=t/NIT CONVERSICN FCR 4=STEP RATE CONSTANTS,

PREXPYsPREXPIO(HFUIS(] ,0=ARL) ) 7CCWOXOOBRLISENCZHACSCCLY)

12010, 009(=3,COCAAL4ARLSCCLID)

PREXP2ePREXPZIINCZHASELL.0=AAZ )7 LINOXEeBA2) {INFUSSCC2))

12(10,008(=3,Co(AA24BR2+CC20 Y)Y

PREYPISPREXPAS(WCNGALL,0=A43) )/ ({NDXOSARI IS {NH2QW*CCI})

19110,00%(=2,09(AA3+RA3+CCI) )}

PREYPASPRETPAS(HHZOS (L. 0=AAAY Y7 LIWOXSSABAI#INC2HA®SCCAY)

10010, 008(=3,000AAL+BR4+CCH)))

PEXPLoALDG(PRENPIC(WFUSR{AAL=1.0) )0 (NOKe£ABL)¢(WCHERCCLY)
SEXR2oALOGIPRENP2O(WCHOS (AAZm],0) JS{WOXEOBR2 IS {WFUSI{C2))
PEXPAmALOGIPREAPIO(WLOSS(AAD~]L,0) )0 LWOXIORAIIS(YH2O®CCAN)
PEXPARALOGIPREXPAS{WHIOR(AAR=],0) I {WAX*SARAI S (WCH(CADD

ERl=ARCON]L
FRZeARCDNZ
ERACARCOND
ERA=ARCONA
CEpUL=CR]
CERU2ACR2
CEAUIaCP?
CEAtIdnCRA
AFYPLleAd])
AFXBZaAA2
YA LERFTY |
AEXP& = A AL
NEXPL=RRY
AEXP2eAN2
REXPIefnl
ARXP &= PR
CFupl1=CC]
CFYP2mCC2
CEXP3In(C()
CEXYPAaClY
FST=ESTONC
TFUITPACLEFQ2INRTITE(OL204 1) ARSNIR, FCATR
2061 FNARMATI
B 0%, *ARSCRPTION COEFFICTFNT~mmeameaemy 1 PEL2 o 40/

A 0N *SCATTERING CNEFFRCIFNT—mmmmmee—t g | PEL2. A0/ )

TR{TTRADLEQIIWRTTF LA, 204230

2081 FARNAT{ION, CAASORPTION AND SCATTERING COEFFICTENTS CALCULATEN®/)

TRINSONT,FOLCIGN TO ADY
WETTELA 704 INPART{T) e Tm}e RPART)
1 A1)

CRIGINAL PAGZ 15
OF POOR QUALITY

AL

AL

AL

AL

AL

AL

AL

AL

AL
S00TY
ASTER
ASTEP
ASTEP
&STEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
aSTEP
ASTEP
ASTEP
CONMENT
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASVEP
ASTEP
ASTEP
ASTEP
ASTEP
4STEP
4STEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTE®
ASTEP
ASTEP
ASTES
ASTEP
ASTEP
ASTE®
ASTES
ASTEP
ASTEDP
4 STEP
ASTEP
snotT
$007
AL

AL
sont
soot
so0t
SO0T

233
234
239
236
237
238
23
240
241

30

5%

56

50
59
60
LY
o2
63
.1}
63
1.3
17
47
L1}
69
T0
T
T2
T3
T4
75
T6
L4
T8
79
80
L)
a2
83
LT
L1
L1
L2
e
a9
90
91
92
93
94
9%
L1
97
98
99
51
32
243
240
Lk}
94
85
%6

o



2045 FORMAT(ION,#S00T P RTECLE OTAMETERS(MICRONS)®» 1PSEL2440 /) soar 57

MRIYECAs20ATIEFRACPAIT oI ), HPART) soov se
2047 FORMATIIOY; ORELATIVE FORMATION RATES m=wmmme® 1P3E12.4,7) soav 4
NG 2049 T1e1,PPART so0or 80
OPARTIIX)a) JOE~S¢0PARTIII) saor 3]
2049 FRACPUITI=Q,CASFRACPLLIT) soot ¥4
WRITELO) 2054 A0 ARCONNS PREXPSp ARCONS s ALPHAS AAS»BBS o AAAL BBBSFNG, sonr a3
1 CNRHCP s00%Y (1)
2096 FORMATEAOX, SPRE~EXPONENT (NULLEI) mocwnmmnnaby)PE12:.40/ $o00T 6%
1 ICX o ACTIVATION ENERGY {NUCLEI) emme=t  1PF12,4s/ $0nY LY
? AOX, $PRF=EXPINENT (SODT) memammmaanmaty IPE12.40/ soot a7
3 FONOACTIVATION ENERGY (500T) =ememw=t)1PEL2.4s/ soov Y]
4 JORSTEMPERATURE EXPANENT (S00T) ww==by JPEL2,40/ soor (.1
L 30X, SFUEL EXPONENT (SO0F) wewmemawaaby JPEL2.40 ¢ soov 70
[ 0N OCRYGEN EXPONENT (SNOT) ~ewamcaaaat; JPEL2,6:/ snot 71
7 0N, OCONSTANTS IN SO0V FORNATION =8,/ soot 12
L 35NN A u $p1PER2,45%K0008 0 S )PEL2.4s/ SO0Y 73
9 30X s *CONSTANTS IN NUCLET FORMATION =8,/ soot T4
1 ABX eF=G & B, PE12,4p3%p0G0 » #, ) 0E02,40/ suor 75 j’
? 30N *PARTICLE DENSITY 8o1PEL12,4»9 KEIN3S, /) SOOT 76
HRITE(OACRITSONT,SSOOTsCINCPoTINCP s00T 11
402 FORNAT(30X,*S00T CALCULATION STARTED AFTER ISTEP.GE.*+13s soov T8
1 * OR SSUMJLE.®,1PF0,2/20X,0S00T CALCULATION RYPASSED IF €/ RATIO SOOT L]
1 LT.*31PEB,2,% OR IF TEMPERATURE LT.#:1PEB.2) 5007 80
401 CONTINUE $00T al
IFUITRADSNELIWRITE(S2 365 IRADSSRAD 5007 n2
163 FORNAT (30X, ORAOIATION TNCLUDED AFTER ISTEP.GE.*plds soor 83
1 ¢ 0OR SSUMLLEL®,1PEA,2) saot LY
TFOHNDR NELOIMRITELA, 403) INOK, SHOX, TNOX NOY a2
403 FORNATU30X,®NCY CALCULATIONS STARTED AFTER ISTEP.GE«®sIDs NOX LF]
1 ¢ NR SSUNSLEL*p1PES,2/30%,9NOX CALCULATION BYPASSED IF TEMNPERATUR NOX 04
1E LT, %,1PE08,2) NOX (1]
WRITE(6,2042 1 C(RELAX(T ) Te1439) 4STEP 100
2042 FORMAT (/7RY,¢RELANATION PARAMFTERS'/OXs2X (1H=)/ (X, 1P1QEL2.3)) Al 240
GO TO (20%€»,2C31)s MODEL AL 247
20%0 WRITFCA»2052)1(PR(TIV»1I=1432} ASTEP 101
R0 FO 2093 AL 249
2081 WREITE(L,2052)(PREF{TI,I=1+32) ASTEP 102
20%7 FORMAT (/8% 'PRANDTL NUMAEAST/BXs19(1H=)/{3%,1P10EL2.3)) AL 251
72093 CONTINUE AL 292 (
WRITE (£52044) (X{I)plui,stPl) AL 253 :
2044 FONMAT €768Xs " X=COORDINATES? 7%, 13(1H-}/ 15X 1P10E12,.30) AL 254 .
WRETE (€s2046) RE1VI(YLIRodo2,NPL) AL 258
20486 FORNAT {/8X,'Y=CONRDINATESY /70X 13C0H=)/(30,1P10E12,3)) At 2%6
WRTTE (£,:2040) (2(R)pK=],NPL) AL 257
2040 FORMAT (78X, *7=CONROTMATES*/AKs 1241H~17{3K,s 1P10E12.3)) AL 258
C t=tmintmbmiatntnis CREATE INITIAL DATA TAPE tmpmnpmpmimimb=tete AL 259
€ woname==  RESTART OPTIONS Al 260
TE C(IRES,FO.C) ¢n 7O 201 AL 241
REWIND NTPY AL 202
np 202 11e1,2 Al 263
202 READ (NTP)} Al 264
C me—m=wa HEAE PP TS PHTs ¢ TS PFUs OU IS NCO AL 265
READ (NTP1) BP, PNy AL 266
C mmmmmee HERF OV TS ENTHAL®Y, DW IS FAV At 267
READ (MTR1) DVeDM AL 268
Premmammee HERE U 1S FNe ¥V 15 FYs W 18 F2 Al 269
RFAD CNTPLY UeVeM AL 210
READ (WTRL) TEWPLAH] Al 21
READINTPLIFCHFH2 ASTEP 102
READ(NTPLIANUC, SODTY,500T2 5007 L]
READINTPIIFS HOX 89
CmmmmmARNSAPEICN AND SCATTEREING COEFFECIENTS, CUNMENT 10
N0 202 Kel,NM) *AD 29
161




0

00 203 d=lskP)

ORIGINAL PAGE 18

DN 203 1e1,LP1 OF POOR QUALITY

ANSR{TpdaM)napSOR
SCTRET wdeNI=SCATR
RETURN

£ memmee=e TERQ ARRAYS

201

204

00 204 W¥n),d)

00 204 Helyghp)

NO 204 Jds)php)

L PLLLLEL SEF] I
on 204 t=),LP1
ABDSP({T dex ) iRSOR
SCTR{T»dsXInSCATR
LPar jNel
EtLPNY)=D,

00 72008 Ka2,N

00 205 Ja2ym
KJMaKM(KISIPLL)
00 205 l=2,L
LPeKINe]

ConenaSPECTES CONCENTRAVINNS,

207

209

00 207 INVsLVYOZ,LVOM
FILPs INV)e], F=19
FILP,NVS))e], E~3
FILPpNYS2) =], E=b
FILP,NYN) =] EQ

¢ tebmpmpmpmpmbndmind=  Yp¥pd AND PRESSURE

452

491

209

NO 491 Ksl,NP}

0N 4%Y Je2,8
1S=IWLItdsa)
TE=INLOtIsA)

on A4%1 I=1S5,1¢

IF (1.EQ.15) GO T] 4952
UilsJpRY=UINITY
Wi{ledakin0.0

TF (J.EQuIMLTI(I4)¢l) GO TO 431
¥ilsden)a0,0

CONTINUE

IF (IPAR.EQ.2) 6O TO 299
no 209 X=),NP1

DO 209 Jel,mP)

1S=TwL 14,50
1€alWiCidn5)

DN 209 I=1S,1E
PiTsdoRInPRESS

{ me=en=e ROQUNCRY KCDES

255

247
141

TV
rar

748
1h2

D0 240 Ws]l,NP)

1F {IDW.EQLL) GO TO 241
DO 242 I»3sLP)
JnduLIdl,4)

UtTedaRim INLIT)
CONTINUF

COANTINUE

00 244 JaJSWlyJdSw2
TalwiItdrtd=]
UlTel,sdpK)muUsSH
VitedarI=ysy

Vils deleMbaysy

CONT My

NN 24% JelsRP)
Taful Nl Jpd)eld

IF CJalEdwnT O, 2.GE. W00 GO TO 2493
WiTedeMbati{TmLpdp)
COANT INUF

stmtejetninjatatateiotatnd

RAD
RAD
'AD
RAD
AL
AL
ASTES
AL
AL
AL
AL
RAD
RAD
AL
AL
soor
3007
soor
soor
oot
CORNENT
NOX
NOX
so0oY
soor
soaor
AL
AL
AL
AL
AL
AL
AL
AL
s00T7
AL
Q07
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
Al
AL
AL
AL
AL
AL
At
AL
AL
AL
AL
AL
AL
AL

1]
27
2
29
2712
s
104
75
276
217
278
10
31
19
280
90
91
92
93
94
19
91
92
9
9%
97
201
202
283
204
289
284
a7
280
98
290
9%
292
293
294
295
296
297
290
299
300
301
302
303
304
209
306
307
100
309
310
m
n2
n:
314
3114
ED Y]
317
11




t ----—-l-"tzgsc:mnsog%:rs ORIGINAL P02 13
CremmmF1 LING SLOTS, o
1€ (NUINJJLE.O) 6O TO 240 OF POGR QUALITY
0N 246 IF=],NUINJ
LTI YIS
JRJUINILEY)
UETe e bnUINILTNY
UtT=1sdoR)ng,
a5 WEI=LoJeX)nWUINILLTY
240 CONTINUE
CmmmanOILUTTON JETS,
IF (NVINJLLE.O) €0 TO 249
PN 250 TI=l.NVINY
IoIVINJUIT)
JAIVINILITY
KaKVINJLIY)
VITodoK)sVENJEIT)
IF (JaFQudWLT(Ts4)) VITsdedok) oINSt
350 COANTINUE
249 CONTINYE
REVIND NTP1
WRITE (NTPL) UsV¥slsP
£ tmtmomtesnte  TURPULENT KINETIC ENERGY AMD DISSIPATION mtotmpmimiums
D0 437 Kel,NPl
DO 418 Jel,ep)
LTI Y LI
I1SeIWLItds5)
IEstWtn(d, %)
00 4310 IsIS.IE
INITFLTY!
E{LP;NYK)ufK
DYYLIWLOCT 4N N=Y ()
IF (IDHLEQLLD DY=APINIIYLIWLOL o4t h=Y{d) oYt di=YLSWLE(T 40 ))
DY=ANARIEDYoC0)
AL=ALFACODY
A1N FILPoNVO)uCDOFRSSL, 5/ (AL+1.E~30)
00 775 JdnJdSWlsdSW2
LPeRM(RheJNEIIoTHLIL Jp &)~
TTS FALPNYDIsCDOENG®), B/7ALLN
CommsnTNJECTION PDINTS,
Commmaf [L® COOLING SLOTS.
TF (NUINJLLE.O) GO TO 437
N0 270 II=1,HUINJ
ToIUINJETT =1
JJUINJEIT)
LPesKM{X)ejNld)a)
FILPsNVRISARFACSIUINILIT 10024 RUINI(IT ) 902)
AL*ALFACOYS(J)
270 FILPoNVDIOCNOFILP ,NYKI®®L, 3/ (ALSLE=30)
437 CONTINUE
Comme=mDILUTION SETS.
IF {MVINJGLELC) GO TO 212
DN 274 JIelsw¥INg
ToIVINJCIT)
JnIVENJETTY
RaRYINJCTT)
LPapmiK}e JNtJ)e]
FLLPs HYRIREVINICTTL)
PT6 FALPoNVOIOCOSFILA,HVKIONL 5/ COVENJCITICLEnS0)
*73 CONTINUE
€ monmmee HERE PP IS KEs P 1S DISSIPATION
WRITE (NTPL) PPsP
C tmtmtmbpatntrtmtatntadss PHIZFUELSCD AND TEXNP mimimpmtmbnbobmintminins
N0 A0A Ea],NPY

AL
CONNENY
AL
AL
At
AL
AL
AL
AL
AL
COMNMENTY
AL
AL
AL
AL
AL
AL
AL
AL
Al
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
Al
AL
AL
AL
AL
CONMENT
COMNENT
(18
AL
AL
AL
AL
AL
AL
AL
AL
COMMENT
Al
AL
18
AL
AL
AL
(18
AL
AL
AL
AL
AL
AL

e e e o s . ey g eecmey o kit By .

119

320
LT3
22
323
324
s
324
327
23
328
229
s
331
LY T
233
124
335
33
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NO 404 Ja),MP)

Olitunin PAQGE IS
OF POOR QUALITY

4046

404

NJRaKM(KIeINLd)
IS=IWL1t2,%)
TEnTWLRLd, %)

N0 4056 IeIS,1E
LEmK Mol
FILLO,NYTFITINIT)
ISeTHLILI 4
TEnIwlOtde )

N0 404 In1S,IF
LPeKJNeR

FILP s NVFUOX)Y=EUDRLT)

F!t’nﬂVFUI-l'llllO.sFlanNVFUﬂll*lAllﬂf‘lla‘FIlPiN'FUD!lIIIA'IUll

FILPs N¥CHI=FYNCH
F(LPy HYH2 b o FUNCO
FLLR NVCCHeRUPCD

=annAUNDRY NODES

21?

214

L1 L]

206

212

164

DO 495 Kx]l,NP)

00 2006 Is1sLP}
JeJULT(T4)
LPakNIKI«JN(d)e]

TF (IDWMLEG.0) 60 TO 217
TEMP(Todam)mTCYLY

If (J.EQs1) GO TO 200
TEMPLTpdoK)uTINLY
FILP,NVFUDX ) =Q,
FILPyNYFU) e,
FILPsNYCD) =0,
FILOPyNYCHI=0.0
EILPaNYH2) 20,0

G0 TO 216
TENPLT o ¥aTINGDY
FOLP, NVFUOX ) aFUAXIT)

FEVITOFUQXCTI=RATEO20{1.=FUOR{T) I FRATIODL

FILPaNVFUImAMAXLLFEXTIT0,.)
FILPoNVCD )20,
FILPONVCH)uQ, 0
FILPsNVH2 1 00,0
JoJuil0tIs N
LPeKNtKY+INLI) o]

TEMP (T, dpR)=TCYLN

TE (JLEQ.MPY) GO TD 444
TERP(TsJdaX}=TINLY
FILPyNYFU)=Q,
FiLP,NyCO0) g,
FILPaNYCHIRQ,0
FlL®aNYHR2)=0,.0

FIL® ,NYFUDX ) =D,

0N 210 J»1smp)
ToIWLT(Jsb)=]
LPaR{KIeJN(J) 0T

IF (SofFedSWLILAND JLELISH2) 50 TO 212
TENP (1o JdeW)nTINLY

FILPy NYFUDK ) =0,
FILPaNVYFU)=Q,

FLLP NVCDI =D,
FILPaNYCH) 0,0
FILPoeNVYHZ) 80,0

Go TN 213
TENR{Tpdan)nTSW
FILPaNVFIDOX Y oFUDXNSY
FULPoNYFUISFUNSY
FELP,NYCD )G,

FILP.NYCH )00

AL

At
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
ASTEP
4STEP
AL
At

AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
4STEP
ASTEP
AL
AL
AL
AL
AL
AL
ASTEP
4STEP
Al
AL
AL
AL
AL
AL
AL
ASTEP
4STEP
AL
AL
AL
AL
At
AL
AL
AL
AL
ASTEP
ASTE®
AL
AL
AL
AL
At
ASTEP

7
1re
80
sl
Sa2
389
04
158
LE )
a7
Ane
109
190
103
106
am
192
393
%4
398
396
397
390
199
400
401
402
403
107
100
404
409
406
A07
400
409
109
110
410
411
412
413
414
415
416
111
132
417
4)0
419
420
421
422
423
AZ24
425
113
114
A26
a27
420
429
430
115

A el mnt




(Nllil'ﬁllfﬂiﬂufll
FILPoNVH2) 20,0 or p ASTE® 116
213 TATULN(Js4)¢1 OOR QUALITY AL ast
LPaKN(RIe ML) 4T AL 432
IF (Je€TedW0TaANDdeLTodWO0) GO TO 214 AL an
TENP(T,oda¥)mTTINLY AL A34
FILPaNVELOX) =, AL 433
ECLP,NYFY) n0, At A36
FILPsNVCOY =0, AL 437
FILPNYCH) =0,0 ASTE? 117
FILPyNVH2 ) 00,0 ASTEP ile
Gn T0 210 AL 430 }
214 E(LPsNVFUOX)AFUOX(LPL) AL 439 i
FER!T-FUOICtPIl-latlnzttloﬂiunltlrll)lllllnl At 400 4
FOLPoNVEL) nAMAXI(FENTT 04 ) AL A4l
FCLPSNYTE)nTIN(T) AL A42
FILPsNVFO)Y =0, AL 443
FILPYNYCH) 0,0 4STE® 119
FILPaNVH2)e0,0 ASTEP 120 »
210 CONTINUF AL ey
C ====TMJECTION POINTS AL 'Yy 4
; CommeaF LN COOLING SLOTS. CONNENT 25
g TF (NUINJLLELO) 60 TO 495 il reYs
- NG 218 TI=1,NUINY AL VY
: IeIUTNI(IT )= AL 1Y 1
; JRJUINJILT)Y AL 449 .
i LPsKNEN)4IN{J)4T At 430
5 EILP NVEUDN D a0, AL 451
E(LPsNVFU) 0, AL 452
FILPNVCO) =0, AL 453
FILPsNVCH) w0, 0 ASTEP 121
E(LPyNYH2) =040 ASTEP 122
218 TENP(T»dsRIsTUINJILIT) AL 54
49% CONTINUE AL 433
Ceea=eDTLUTION JETS, CORMERT 26
TF (NVINJLLE.C) GO TD 220 AL 496
DO 222 TTel.NVINJ AL 437
I=tVINJ(TD) AL ass
JedVINJLIT) AL 459
K=KVINJOIT) AL 460 )
LPaKM{KIeJN(J) 41 At 481 :
FLP ) NVFUOX ) a0, Al 462 .
FILPANVEU) 0, AL Y
FILPsNVCD) =0, AL 264 ,
ECLPsNVCH) =040 ASTEP 123 i
_ FELPoNYH2) 00,0 aSTEP 124
i 222 TENPLTsdaR)eTVINS(IT) AL Yy
: 220 CONTINUE AL 406
( ~ewnaen~ HERE PP IS PHEs P 1S MFU AND DU IS NCD AL Y
WRITE (NTPL) PP,PyDU AL YY)
f dopatmdatnintmipminpnininp ENT"AL'T dmpmipmpabafnbafsjupninisiobnind AL 4869
DO 276 Hm1,NPY AL .70
N 276 dulsnp) AL a1
ISeINLI(ds %) AL 412
TEIWLOCI0%) AL 473
KMk N (K DN Ed) AL a74
DN 276 I=IS,TE AL 478
LPeRJIMeT AL 4T
TRTERP(Toda¥) At ar?
' FURRE CLP s NVFUDX 1=F (L Ps NVRUD AL at0
; FLOOXaRATICIOFILP o NVFUISRATIOISF(LAoNVCON+RATIOZ-(RATIOLGRATIOR ) AL A79
b 3 FULPSNVFUOXISRATIOSOF (L P NYCH ) SRATIOOOF (L PoNWH2 ) ASTEP 128
¥ FLPOX=APAXL(FLPOX:0,) AL 40}
: FLPH2N80, 30WHZ0S (HYYOFUR/WFU-RATIOTSFILO JNVCRIF (LD, NYH2) ) ASTEP 128
‘ FLPCNZaMCO2# {CXXAFUR/WEUCRROF (LP s NYCH) FNC H-F (L P, NYCO) 2WCD ) ASTEP 127

+

: 165




276
C +=s

79}

c - omve

FLPnr-l.wFlLP.NVFU)-Ftrcuz-FlLﬂgHUCOI-FLPOI-Flﬁnza
1~F{LPoNVEHI=FLLP,NYH2)
THL RS wY

NSL=IDFU

NE2mIDCOR

TKaT

THINVY®) 00077

FSULM TDFUI=FLLP,HVFY)
FSCL®, ID02 YuFLPDY
FSILPo IDN2 InFLPN?

Fiti P, I0CO)aF(LPaNYCOY
FRILP.IOCH) mF (L Pe NYCH)
FSULP o IDH2 ¥nFLLPoNYH2)
FSEL®, TDH201=FLPNH20
FSULPRIDCC2I=FLPCO?

0N 27T I1T1eNS1,N82
CS2LII)nFSELPL TN /SMULTTD
CALL HCPS

HPI«HSUMSUL ICCNOTK

FILPp NYR)sHIT

CONTINUE
mémpmbnjnimpntepudatn EXSFYIFE AND FAV ~tmputmimbmpntatmpmbmtns
00 79) Ka),pNP}

DG 791 J=1,0P}

KMk MiK)e Pl y)
ISaInLItd,5)
T1EsIWLO( 4, %)

N0 791 IsIS,It

LPak Mg
STAaxSTGPAVTERR{I  JyK) 004
FILP) NVRX)}nSTY
FILPaNYRY)uSTH

FILPsNVR? I=STA

FILPy NYEAY ) «STS
mmnan HRERE NV 1S ENTHALPY, DM IS FAV -
WRITE (NTP1} DVaDW

( w=wmcoc=s HERE U IS FX, ¥V IS KY, ¥ IS FIZ

Covam

166

£\ . .\

WRITE (NTPL1} Us¥,¥

WRITEENRTPIITENP,RHD
=SPFCIFS AND SCOT CONCENTRATIONS,
WRITFUNTPYIJECHe FH2
MRITF(NTRPLIANUC,SCOTL,SOOT2

WRITE(NTPYIFS
RFTURN

END

SURROUTINE ALLAQD
UL L DL FIS00,THo0UCLORP 10050 ,0¥{10,20:550WC10,1055),

AMUC (100 10+21,S0072(20,10+50,500T2C2001005)¢FCH(10s10:5}»
FH2110»102815F5(500514),

KHACLC1C» 5o VISCIY0p10»3) s ABSRE20510s3),SCTRE105100%) s
SU(IO.IQlp"(lOoIO'pORHﬂD’IlOllQ!"'

ANPELOL 10N AXM(L0 201 AYP(R0,10)5AYN{L0s1010ATP(10,100,

ATHE10+20),C21200200,CYE300,C2ZULI0210)+CYU(L0,

A CIP(10+201+CYP{10)»DIVELL0s10) s NTPL,NTP2
loAlHK(1023ollPK(lQZl:AYHK(192'oAYPRC192'0AlﬂK(lCl'iAlPKIlﬂilp
? SUKi192),S5PKE192)

DIMFNSICN UL10:,10:90V 1021009009 820220,%0,PP12C,10,9)
DINENSION POICs1Co%)IaTFNP 10,105,500 GAN(202000%)

FOHIVALENCE CFCLeddoUths s )b ptREXR 2D oW iLetsd i datFllsdd)oMtlrnl))
EQUIVALENCE (FUYoA)pPPILsds D)o lFI2s8)sPllsleld)

FQUIVALENCE (FOLsB), TEMPILp Lo X ) dp (R{LaTIsGARI 101 D)
COMMNMACYL /RIS MAEI0) s RAVEION ) PSREIO) S YSVREAOD 2 T PLAN
POﬂnﬂNIGFIDIXl‘Oer(10'07(30'0IS(QO'p"t’ﬂ’oZSIIO'lRSUI§°il
1 YSV(!G!p?Su!!Oln'an(§0|aYDlF(30"!0!Fl$0lo‘l?(40lnF!NIQOlo

Sw e ek P b

ORIGIM/ L | Ag™ o
OF POGR GUALITY

Al
ASTESP
Nox
NOX
L1} |
NOX
NOX
NOY¥
NDX
NOX
NOK
ASTEP
ASTE®
NOX
NDX
NOX
NOX
NOX
NOX
il

AL

AL

AL

Al

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL
saor
COMMENT
4STEP
5007
NOX
Al

AL

AL
COREA
*STEP
ASTESR
RAD
RAD
CONFA
COnFaA
COPFA
CTOmA
crYoma
CONFA
CONFA
COMFA
CONFA
COMEA
g LLL
Comnnn
ComMON

404
128
L} ]
9%
1L
L )
L b
98
9e
100
101
129
130
162
102
104
109
108
107
47
L1
489
490
491
492
493
494
A49%
496
497
498
499
200
301
302
503
504
505
100

i
101
104
306
107
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2 FYP{IO),FYN(MDDIFIPLAO)FINEAO) 4O T4 TINE CONRON 3
CAMmNN NTIX 2
llClHDFIIlDCﬂ-lDf“plDﬂZlIDNZJlﬁ"lnnlDCﬂ!nlDHlpfoﬂlnlDNIOIOﬂﬂllﬂ"ﬂ? NOX 3
IDIDOO!nv“.l"c".lLCDll"l[”A"!TE'D“JD"[’"!).’."."Glnalnﬁlnn'i NOX 4
? NLA NCINSPFaNSY o NS2,1DCH ASTEP 3
QICCHFNIICPSanHSUHQFOnPPlNilGlSp.ﬁlslﬂn‘ﬂlﬂ'nfllﬁ'nflﬂol“l‘ NOX [
AICFARAFIA5U3|3013'ofﬂ'lE'nﬂSﬂﬂﬁl"ﬂlﬂUGnlSo’l;ﬂo.ﬂl:ﬁ!:ﬂ'.“ﬁn“ﬂﬂ". NOX 7
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TFINY,,NELLVFUOX)GO TO 1010
CowaaaMIXTURE FRACTION,
06N 1020 velshfl
Nno 102€ JelsrPl
KJunNNiK)eJHL Y
no 102C 1a),tF1
L.nﬁjlq]‘
FALP,NYFF ) nANAXLI(FLLPoNVFF)0,)
FLLPsNVFF)=APINLCFCL P, NVFFIL1,0)
1320 CONTINLE
G0 TH 1834
1010 IF(NV WELLYFUIGO TO 1030
Pemea=FIFL COMCENTRATICN,
no 1031 wel,yie)
00 103) Je=l,rP]
I FLELY NS SR N IR ]
DO 1031 1=1,L°P)
X1 FLYY;
FILP s NYFEInARINLEFILPSNVEEI R (LPp NVFUDX ) )
10%) CLLPaNYFEImAPANLLR{LI o NYEF)20.0)
s T 1C34
1030 TRENV,NELLYCHIGOD TO 1032
FoammelHTERRENTATE HYOROCANBOM CONCENTRATION.
0N 1033 Fal,hp}
nn 1033 Jslphe)
S L LR SR FLIN]]
no 10%3 Te), P

164

ORIGINAL PAGE 1S
OF POOR QUALITY

saot
$00T
$00°Y
soov
COMNENT
sanrv
soot
soot
soo0t
snarv
SO0
sooY
sany
COMMENT
NASAY
NASAX
NASAX
HASAX
NASAX
NAS AX
HASAK
MASAK
NASAX
NASAX
NASAX
NASAX
AL

AL

AL

At

AL

AL

AL

AL

AL

AL

AL
4STEP
CANNErT
AL

AL

AL

AL

Al

AL
A5TEP
AL
ASTEP
45TEP
CORMENT
4STE®
45TEP
ASTEP
ASTES
ASTEP
ASTEP
4S5TEP
4STEP
ASYEP
CORMENT
ASTES
4STEr
ASTEP
ASTF®

106
107
100
109



wPagafe ]

FLLPANYFE D sANANLUELLP o NVEF ), RATEQOSIFLLP NVFULKRI-FLLP,NYFUDD)

1033 FULPINVFFIANARLLFILPINVFF )2 0E-2)

wl T0 luids
AUA2 LFINV NEss YeUbel Tu LQde
gr=mmmyld CONCEMTRATEION,

DG AV3Y K=)aNP)

FIVIN T RS, [ 1

FLELG IV EFLINY

vO 1035 InlsLP)

LPeRINe ]

FULPoNVFF B nANLNLIF LLP o MYFF ) pRATEODASLFLLP RYFUDXI=F(LPsNVFU) )

LA=RAIULLOFLLPANVLH )

1039 FALPHINVEFISANAKLIFILPINVEF ) 140E~D)

el TO Ledo
1034 LFINVeNELLYHZIGL TO JUIG
emmmnmdd CUNCENTRATIUN,.

JU 1037 KegsnPl

00 4037 JdelafPl
KRINaKMIKE ¢ JNLJ)

JO J93T L=islP)

LPaR JAe]

FILPoNYFFIoANINLUFLLP o NVFF I pRATIDVSIFILPANVFUOR I=FLLP+NYFUD)

L=RATOLU®FLLPINVCH))

4037 FULPoNVEF)2ANAXLLIFALPINVFF ) 140E=2)

1036 CONTINUE
RETURN
C %6 00 49 s 40 ¢ et w0
eNTRY VELNOD

vemmeabNTRY VELNUD LS USED Fudk VELOCLITY ROODEFLICATLONS,

[

cmmmna {NTROOUWCE 3uIRL GHRADUALLY,
JO L0J0 KelsNP]
JO 1000 Je=JdSwlrdsne
wIN=wSueR{SIINCISNE)
LeldLitdral-i
RllsdaR)oallrpdsK)eeQ2®i]N

afF (ASSIMELsdoR)DaiToABSEWINID WlIndok)muiN

4000 CUNTLINUE
1303 CUNTINUE
QU 2005 JmgeN
JU 2uvd L1=2yt
nilsdo2innllrdanNrPl)
2007 OWilodalheOutlsdsNPL)
200% CONTInuUe
C -
AHJA=D . 0
FLdnDlay, )
INIX =D
JU T2 Kel,N
JynduLlinrarkls]
JreJuLllL?Lrb)=}
U T2> Jegypdt
RHJILPYpd o KIaRHOLLP JeK)

AUARYSKES IS ESIK P ORHQILPLLIIR)

RHIAsKHUA+RQA
FLINUTSFLInITeULL »dsRIORUA

A LULLsd s M) GkeVev) Wl TO 732

LT LT

3% wunTlinue
JAJUsLF LI IN=FL U 0T ) 7RALA
SEALTela~tL0ndTZ7FL IniN
JALANSE LI NIN/AAIA
JuU 1H50 Rel,N

-

SATISFY CONTLNJITY AT ERIT PLANE

'

[ 2]

L L]

"

ASTEP
A5TEP
NAR2
ASTEP
ASTEP
COMMENT
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
ASTEP
“afEp
MAR2
4STEP
A5TEP
COMMENT
&3TEP
4STEP
ASTEP
43TeEP
ASTEP
45T
ASTEP
HAR2
ASTEP
AL

AL

AL
CONMENT
COMBENT
COMMENTY
At

Al

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

Ag

AL

AL

AL

AL

AL

AL

AL

Al

13

AL

AL

AL

AL

AL

AL

AL

AL

AL

AL

149
1350

132
153

kL
154
133
158
137
154
159
160

le2
1¢)

ar
164
145
Y1)
1o7
led
1469
170

172
5136
537
538
L)
39
A
339
%4C
541
542
543
Bas
545
540
247
SRR
249
EE1)
551
552
5%3
hoe
555
4 3-1.)
257
5%4
5%%
500
el
362
563
+1-1}
3¢5
b1,
-1-34
Sen
309
5t
169



an

JS=JWLTILPLA0e)
JEnJWiO(LPL 8 )~)
NN T34 JndSedf
UELPLodp ) mARAXLI0.0,UILs deR}+UADD)
756 CONTINUE
RETURN
C o0 o5 8 W 56 4% 00 B9 66 S8 S0 40 % S 8 ¢ S0 @
ENTRY DENMDD
(mema=fNTRY DENPOD IS USED FOR NODTFYING DEWSITIES AT RADIAL
C INJFCTINN WOLES, INLET SWIRLER» AND FILN CONLING SLOTS.
C
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I=IVINJIID)
KeYINJLITY
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IF INVLEQ.1) AYATTWNR)m 3%AYN(LsN1)
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IF (NV,GT2) AYRLI=1,N1)n0,

TF (NVLNEQL) ARP{TI=2,J)a0,

IF CNVLEQ.LVRY) AXNII+d)n0,

49 CONTINUE

4

CONTINUE

C dmtmibmpmpmiminpnimin PRESSURE PEATAAATION bmmpmpmpmpmpmpmpmpmw

TF{NV.NF. 4} G0 TD 200

ComawaSint MODIFICATIONS,

99
99

TF (NUINJLLELD) 80 TO 99
DO 94 IIsleNUTNY
TefUINILIT =)
JeJUINJ(IT}

Sull,dte=0.
SP{Ted)n=]4EDD

CONTINUE

CONE HERE ENR DROPLET FVAPORATION TERNS

146
144

Tf (NFRZLLELQ) GO TO 344

NO 340 Ju2,n

KINa(K=2 )0 (NI=2)8{NJ=2)¢()=2)0(NI=2)
IS=IuL1(J, NGOTD)

IE=IWLOCJ P NGOTO)

NO 345 I=IS.1F

LPConJIKe(I=1)

SUCTod)aSULTo J)EVAPILIC)

CONTINUE

CrovanalALCULATE THE NAXIMUN AND SUN OF CONTIMUITY ERRORS,

101

100

102
200

TFIK,NEL2) GC TN 101
SHAYe0Q,

SSUMeD,

COANTINUE

00 100 Jae2,N
IS=Iwl T(Js NGOTYO)
[EaIwWLOtIa NGCTOY

N0 100 I=1S,.1E
ASUsARS(SULTS ) )
SSUMeSSURSASY

tF (ASULLT.SPFAXY GO TO 100
IMAXsT

JNAY= )

KMANa K

SNAX=ASU

COMTINUE

IFIKLNELN) &0 TO 102
SMAX=SMAX /FLONIN
SSUNaSSUN/FLOMIN
CONTINUE

CONTINUE

C tmtntnbnbmimtntnta  TURBULENCE D(SSTPATION totectatatatatapatnini=

IF NV NE.LVD} GO TO 300

CNME HERE FOR CYLINDRICAL WALL SOURCE YERNWS

10
1204

0N 201 I=24L

JrNLNLTeNGCTC )=

TF (IRINCToRaEQa2.0R, IKINCIAR)LEQ.D) GO TO 1202
DISTe 20YDTIF(Je])

TF (J.EQ, M) DISTaYOLIF(NPL)

LeaN{K)eJN{J)el

RICORaRTIDOFILPaNYK)

SULT» J)e) JETDORTCONSSORTIATCOK) ZLARKODIST)
SPtisdde=], FOC

IF (IPM) 201,20101200

JoIWL T U NGOTR) 4]

TF CININETanYoFQadeORAIKINITXI.EQ.3) 60 TO 201

ORIGINAL p
“ AGE
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CONNENT
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AL
AL
AL
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At
AL
AL
AL
Al
AL
AL
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AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
Al
Al
AL
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AL
AL
AL
AL
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TA9
750
131
792
5
754
755
798
57
L L]
738
759
740
T8)
T62
763
T64
169
60
767
TOh
T49
170
m”m
TT2
173
TT4
L]
778
776
™Y
178
779
To0
81
182
783
T84
85
TAL
Ta?
768
TH9
190
191
192
793
794
799
796
197
798
799
000
201
aQ2
8013
rOG
e0s
AL
a7
408
809
ALO

173

[



DISTm ,88YDIFLJ)

IF (J.EQ.2) NISTaYDIFL2)
(R LT IR AR IR R
RTCOKRTCDSF LA, NVK])

$PUTeddn-1,FE20
201 CONTINUE
COME HERE FOR SLOT MODIFICATIONS
1F (MUINJLLF.C) &0 YD T10
00 709 ITR1,NUINJ
T=IUINJLII)~Y
JJUINILEIT)
Mle =]
IF (J.EQeJWLE(ToNGOTO) 4L} Nindel °
NZaAPAROLIP] s J)
LPakN{K) o JN{NLI&]
RICHNRTCOSF{LP s NVR)
SKE=AREACO (UINJEIT)Oe2oMUINILTT I OO2)
SLMedLFACSYS (Y]

SU(TsJhol s FAOPCOPSKENSLS/{SLN+L,E=30)

sPtT,4)e=1,.E30

SUCTsM1Iel, £3CORTCOKSSORT(RTCOK} 7 (AKS,S*YDIF(R2))

SPIIsMN1)ea], k20

709 CNNTINUE

710 CONTINUE

CONE HERE FNR INLET WALL SOURCE TERNS

N0 202 J=25MF1
T=IWt TU{JsNGCTO)
IF (JKINLJsR)4EQL)) GD TD 1202
LPsToINLII+NRLIND)
RTCOK=RTCDSE(LPs NVK)
NISTa.5¢XDIF(TY
TF (1.60.2) OIST=XDIF(2)

§PUTadle=], E3C
1202 {=INLOCIs NGOTEY

TF (Jo6TodWCTANDed LT.JW00} 6O TO 202

LPaTeJRiJhenm(N)
RTCOR=RTCDOF (L P NVK)
DISTe,3¢XDIF(I+])

TF {(14FO0.L) DISTaxDIF(LPIL)

SP{TsJle~] E30
202 CONTINUE

f dmbpupmpmim [T T YTy L U=¥EL nctf' pmbpmpmgnpmpadrdn tmpmjutmipnimpojute

300 TF (NV.NE,1) GO TO 400
CAME HERE FOR SLPY NOODIFICATIONS
1F (NUINJLLELLY 61 TN 720
NN 719 11=1.NUINJ
T=IUINJIIT)
JRJUINGLTT)
SULT s J¥nl . FAQOUINJSLIR)
SPEYydyem) E2C
719 SP(T=1,J)n=1,E30
120 CONTINUF
COME HERE FNR NROPLET EVAPORATION TERAMS
1F (NERD,LELC) GO TD 321
IF (N,EQ0,2F REWIND NTP4
REAN (NTPAD EVSV
00 322 d=2.¥
HIKatRmZ IO (NI IN{NImZ) ol J=2)0{NI-2)
1S=IwLItIeNGOTI)
Thatut CHJuNGOTO)
nn 322 t=15.1¢

CRIGINAL PAGE 1S
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SUETe J)el EI04RTCONOSORTIRTCOK) 7L AROOLIST)

SULTsd1ml EI0PRTCOKOSARTIRTCOK) 7L ANSDIST)

SULTs J)®) 4 EACWRTCOKOSQRT(RTCOR )/ (AKSDIST)
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81l
12
a3
414
L3 ]
L )
arz
L 31 )
819
820
131
L1414
a2y
024
L} 3]
a2é
az?
s2e
02e
e3¢
el
LT
333
834
8348
836
217
838
839
840
041
842
LY
844
048
LY.}
a7
840
1L
830
835)
052
832
834
455
8s3e
a37
as3e
A9
860
a5l
LT
LLY
ad4
8653
LT
867
LY}
AAG
aTo
AT1
arz
aTH
ATA

1
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1”22
k14!

LeCan INe(T~1)

LR LI TR )]

LEdald=2)¢(NI=2)e(1~1)

SUCT+J1aSUlTsdeFVSULLTY)

SPIIpd)nSPLT d)=FXNEL=1)OEVAPILYNCI=FXPC(IICEVARLLAC)
IF (1.F0.3) SPUTed)aSP(Tpdt=FAPL2)10EVAP(LENC)

TF (1oF0aL) SPUTodVaSPCLsd)~FRALL ISEVAPILIC)

CONT INUE

CONTINUE

C dmbpmpmpmpmetmbnimpmipni~e HW=YELOCITY tmpmpmpmpmpmpnpmpnpopainpas

400
CORE H

714
%02
COME M

147
124
32N
C =t
100

IFINVNFe3) GL TN 500

ERE FOR SLOT PODIFICATIONS

TF (NUINJLLF.0) GO TN 802

D0 718 JIsloNUTNG

ToTUTNJLIT ¥=2

JeJUTNJUIIT)

Nls)=1

IF (JoEQsJWLTI(IoNGOTOI L) Nlmje]
N2aANARCIJs ™YY

SHRSTR=CERD SOIRHOIIs M1, K)SRNOU Lo NLoR=1) 1SN IToN1K)
SHRSTReANS LSHRSTRY
SPITsN1IaSP{LoPL)I=SHRSTRORA(NZISISHIKIOXS(I)
SHRSTROCFROSPIRHOLT=L1sJo X ) +RHOII =2 o oK=L} )0UIT=1pdpX)
SHRSTRaABS (SHRSTR)

SPII=1,J10SP{Iols J1=SHRSTROYSR(JIOLISWIK)
SULT»J)ol ER0ONUTNILIT)

SP{TsdVun]l 620

CANTINUF

ERE FNR DROPLET EVAPORATION TERNS

TF {NFN2,LE.Q) 60 TO 323

READ (NTPA) EVSU

PR 326 Ja2,HN

RIKa [ K=210(NT=2)0(NJ=2)8{J=2)0(N]=2]}

1S IMLI(J« NGETOE

TE«TWLOI(I» NGCTO)

no 126 f<1S,»1f

LPCexJre(I=1)

LZMCa L PC=(NI=210(N)=2)
LT1datd=218(N]=2Ve(Te1)
SULT»d)aSUIT»d¢EVSULLTIS)
SP(Isd)oSPUIsd)=FINIK=11¢EVAP(LINC)

IF (RJEQuNPL) R0 YO 347
SPiLsddaSPiled)F7P{RIPEVAPILPCH

G0 TN 328

SPITodInSPITedd=FIPL{2)1EVAP(LLJ)

CONTINUE

CANTENUE

tmtmpetmimtnd TURBULENT KINETIC ENERGY tnbmimpmpnpniatated
IF {NVLNE.LVR) GO TO 000

COME HERE FNA SLCT NDDIFICATIONS

1

1131

1F (NUINJLLELO) GO TO 602

PO TAL TTe1,MUINY

T=IUINJ(IT)~1

JeJUTNILLTY

nya g1

TF (J.EQ.JNLT(T,NGOTOISLY Ninged

WALKE=CER® 250 L{UCTsMLsK)eUCToLoN1,K)IOO24(NIT N1 KD W ToNL K1)
S92 )/RTCD

WALKEmAMARL(WALKE ] a)

SHEaANFACOCUINIITIO020WUINI(TTIOO2)

SUCTod1a) FIOOSKE

SPUTed)e-1,630

SUCTeMLIn], EACRWALKE

SHLTsmLIne1,F20
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aT9
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602 CONTINUF AL 939

C tmbmpmpmpmpnpmpapnimpm V=VELUCITY t=tmbmimpmpmpuimimfapapmimpmpn AL 950
~00 TE{NV,NF.2) GC TO 700 AL LL} )
COMF HERE FOR SLOT MODIFICATIONS AL 942
TF (MUINJLLE.0) GD TO 732 AL 941

DO 730 IX=1,NUINY AL 944
T=TUINJLIT)=] AL L LY.}
JoJUINSILT Y AL LLY

SPUYs d4))mn]l, E20 Al 947

T30 SMTedin=1,E30 AL 943
733 CONTIRUE Al 949
COME WERE FOR DRCPLET FEVAPORATION TERMS Al 930
IF (NFNI,LEQQ) GO TO 322 AL M

READ (NTR4A) EYSU . AL 992

NO %24 Jei,nN AL 933
HINm{Ke2 )8 (N2 }0(NJ=2)e(in2)0(N]=2) AL 954

1S IWLTICJsNGCTO) At 955
1EeIWLO(JIH NGOTOY At 9%

no 324 1e1S,1F AL 957

LPCaK jrel]=]) AL 98

LYM o fpl=(NT=2) AL 959
LIJetJa2 )0 (NT=2)¢(1=)) AL 60

SUTT, 31 =SULTsd) +FVSUILTS) AL 961
SP!IgJ!-SP(IoJ!-FYH(J-I!‘EV!'(LYNC!-FY’!J!‘EV‘P!LPC) AL 62

TF (JoEQu3) SPUIsdIaSPITed)=FYO(2)0EVAPILYNC) AL 9463

IF (JoEQuP) SPLI;00=SPLY,J)=FYR(M)QEVAP{LRC) AL 944

Y24 CONYTINUE AL 9465
227 CONTINUE AL 946

€ tetmpntnputatninintatntos= ENTHALPY Ll D DA LT 2 TV T Y T T S S sy e AL 947
700 IF INV.NE,LVH) GNI TO 800 AL 268
COME HERE FOR CYLINDRICAL WALL SOURCE TERNS AL 9469
00 AD1 122, AL 970

JeIWL T NGOTOY~] AL 971

TF (IRINGToR)oFQQ2,0R ININITIsKILEG.3) 60 TD 1801 AL 912
HTC'.S‘SORT('UIIlJ:K’OH(IOIDJnKIl“l*l!(l:J'K'OH(IDJ'KGI’I"Zl AL 913

1 #RHN{Is JsKIGCER AL 974
SU(!oJl-SU(toJiOHYC‘!HlJOIlOZSIKltlS(Il‘CPOCICVLH-tEHPI!-J;K‘} AL 975

EF (10W) 8015001+1R01 Al 976

1901 J=JWLTI(I,NGNTD) 4] AL 9?7
IF (IKINGTo®)oFA.1.0R, IKINITKV.EQ,D) GD TO 801 AL e
HTC'.!‘SQQT((UlaniKlQU(l‘l!JoK'".ZQ(U‘IDJDNl’“llll.ﬂ’l"‘.a’ AL 919

1 SRHNLTe JpKDeCER AL 900
SutloJI-SUGIpJloHTC‘INlJl‘ZS(KlOIS(lI.CPOlTCYLH-FElP(!nJ-lll AL a1

L) CANTINUF Al N2
CTME HERF FNR SLOT WMNDIFICATIONS AL 981
IF (NUIMNJSLELC) GO TD AD2 AL Qa4

N 736 JI=1+NUINJ AL 98%
ICIUELFASQ LS Al 986
JeJUINJLITITY AL 987

Hie )=y AL 988

TF (JoEQ JWLITT,NGOTO)+1) Mlajeld AL 989

Hre NMAXCLJoPY) AL 990

HTC R R0 (M IT=1sda ) owilml s Je KoL) )BRHDLT~1s Jo K)SCFR Al 991
HTCaAMAXTCABSIHTCYs1.E=20) AL 992
BUCT=10d)aSULT=1s JDSHTCOYSRUJIOTSIRDOCPO{TLIP=TERP(I~LsdaK}] AL 993

HTC = SOSQRTEIUCT oMLK SUCTeLoML KIS0 (NIT )Mok en(TsNLak41)) At 994

1 S92 )0RHO(TsMI K PRCFR AL 998
ﬁutl-HliosutloﬂlIONTCCRHCRZDOZSCN)OIStll‘CPO(TLIFHTEFPIInHl-KIl AL 9%a

THEPS =] LD 109
NS1=1T002 NOX 10
NS2winNN2 NOX 111
TesTUINJIITY N 112
THINY»l.000/1x NOX 113

176 S2010021=RATI02/SMNLIDG2)Y L1 ] 114

N
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S2¢010N2)s(1,0-RATIN2)7SANELLON2) nox 113
CALL HCPS L 1] ] 116
HPAT o SURBUNTCONS TK nNOxX 17
SULT, 3=, ET00HP] AL 9%
T34 SH{lsd)a=1,EN0 Ak 999
AQ2 CONTIMUE AL 1000
CORE HERE FOR INLET WALL SOURCE TERMNS (18 1001
00 20Y Je2,n AL 1002
I=IWLTLJsNGOTO) AL 1009
IF LJKINCIoKDeFQALL) GN TO 1803 AL 1004
HTCR 38 (M ITodpK)¢WITp 3o ReXDIERHO( Lo Jo KD OCFR AL 10095
HTCmARSINTC) ) (18 10006
AREAaYSR{JVI®2S(K) AL 1007
SULT s IV mEN{Tod I AHTCOAREASCPO(TINLWTENP (T o Joit)) AL 10098
1803 T=TNLQOLILRGOTOY AL 1009
IF (JaGTa NN AND,J.LTLJW0T) GO TO 803 AL 1010 i
LEnledm{d)entiin) AL 1011
] HTC=, 304W Lo dsn ot dsRe1)IORHOI I JoK)OCFR AL 1012
3 HTC=ABSEHTC) AL 1013 j’
: AREA=YSRIJ)OZS(X) AL 1014
' SUET s J1oSULTS JVIHTCOAREASCPH(TENLU=TENP T, JoK)) AL 1015
. 803  CONTINUE AL 1016
CNNE MERF FOR CROPLET EVAPORATION TERNMS AL 1017
IF (NFRILLE.O0) GO TO 319 AL 1010
DO 31& Ja2,0 AL 1019 ‘
NIRo(K=2)SINL=2)0(NJ=2}+(J=2)8(N1=2) AL 1020 L
[S=INLItdeNGOTO) AL 1021
TE«IWLOCS s NGLTOD) AL 1022 i
DR 316 I=IS.1E AL 1023
LRCoRING(T=1) AL 1024 i
THCPSes NOX 118
; NS1eTDFU NDX 119
' NSZ2elnFU NOX 120
i TR=TFUEL NOR 121
! TRKINV=],0N0/TK wox 122
. SZLIDFUI=1,000/SPRLIDFY) NOX 1213
s HORFU«HSUNSUKICONS TX L1 124
SULT»d)eSUITs JICEVARP(LPC)ISHDRFU NQxX 123
. M6 SPII»dNeSPUI»d)=EVARLLPC) AL 1024
315 CONYINUE AL 1027
c totmbntniatatntatasr PHI (TOTAL FUEL) totmtatnpnimtmimindntntasn AL 1028 .
A00 IF (MV.NE.LVFUOX) G0 TG 650 AL 1029 s
COMF HERE FOR SLCT PODIFICATIONS AL 1030
IF (NUINJLLELO) G0 TO 051 AL 1031
ne 737 TIs).NUTHY AL 1032
TaftiINS (I )=]) AL 1033
JJUINJIITY AL 1034
SULT»d)m0, AL 1033 1
TAT SPIIpdlem] B0 AL 1036
ABL CONTINUE AL 1037
COME HERE FOR DROPLET FYAPORATIDN TERNMS AL 1038
IF (NFNZ.LEWQ) 6N TN 317 At 1039 5
D0 318 Ja2,Fk AL 1040 1
KINA (K2 O {NL=Z ) (NI=2ho{J=2)0(NI=2) AL 104} '
1S=Twt 1t ds NGETY) AL 1042
TEe WL LI, NGOTO) AL 1043 i
00 318 I=]S,1IF AL 1044
LPCoaKJKe(T~1)} AL 1049
SUT T JInSULTJI*EVAPLLPC) AL 1048
3118 SPUTLJInSPITsJ)~EVARILPC) At 1047
217 CONTINUF AL 1048
C dmbmtmpmgmpmbmpopmbmdmbmpntnd FUEL Smbmbmdndntnpmpmbmbmpmbmpmta AL 1049 {
A0 TF (MY NFLLYFUY 60 TN 941 AL 1050
COME HERFE FAR SLNAT PORIFICATIONS Al 1051
1717
l
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1F (NMUINJLLELO)} GO TO M99 AL 1052

DO T42 1=, NUINJ AL 1093
I=TUINJITII=] AL 1034
JaJUINI(IT) AL 105%

Ta42 SP{T,4)n=1,F20 AL 1036
899 CONTINUE AL 10487
COMF HERF FOR DROPLET EVAPORATION TERAMS Al 1058
TF (NFNZ.LE.G) GN 70 319 AL 1039

NN 320 Jd=2.NM Al 10460
RIKANmZ IR (NI~2)I0INI=Z)e(J=2)0(N]=2) AL 1061
IS=IWLICJNGOTN) AL 1042
TE=IWLD(I» NEOTYD) AL 1043

na 320 I=1S,1E AL 1064

LPCax ixe(1I=]) . AL 10465

SULTo JuSULTsJ)¢EVAPILPC) AL 1064

320 SP{Tsd)nSPOId)=EVAPLLPC) AL 1087
119 CONTINUE AL 1068

c tmpatuimbatatnieintninds ca tatmpniniminpatatnpnpadn AL 1049
41 TFINVNELLVCOJAND SNV NEJLVCH  AND NV NELVH2 LAND NV NE,LYH1)GD TO  &4STEP 173

1 950 4STEP 174

COME HERE FOR SLOT MODIFICATION AL mon
TFINUINSLELQ) GO TO 959 AL 1072

D0 952 JTs=],NUINg Al 1073
I=TYINJ(IT)=] AL 1074
JeJUINJIIT) AL 1018
SUtI»Jing, AL 1076

952 SPUTsd)m=], E3 AL 10717
953 CNNTINUE AL 1018
COME HERE FNF OROPLET EVAPORATION TERNMS AL 1079
%51 IF (NENTLLE.O0) GO TO 950 AL 1080
DO 937 Ja2,p AL 1081
KIKe(Ka2)0(N=2 )0 (NJ=2)¢(J=2)0(NI=2) AL 10082
TSelIvLICdoNGOTOY AL 1083
IFaTWL LU, NGOTD) AL 1084

0NN 987 Ie1S.1E AL 1045
LPCeNJFe(I=]1} AL 1086

Q57 SP(I+sJ)aSP(TsJ)=EVAPILPC) AL 1087
Cimtmtmpmpmpntmtmtmtnmt= NUCLEY CONCENTRATION s=tsitmbmtatwtntaseintatss SOOT 118
50 IFINVNFLLYNIGD TN 1200 sart 119
CANE MERE FNR SLOT MODIFICATIONS soor 120
IFINULIKILLF 0360 TO 1203 saor 121

on 1207 ITe)l,NUINJ soot 122
ToTUINJ(t] =] soot 123
JRJUINJLTITY soor 124
SUllsJ)aC,0 saor 125

1207 SP(t,Ste=]1,0E30 soov 120
CNOME HERF FOR DROPLEY EVAPORATION TERNS saor 127
1207 IFINEND2LELCIGO TO 1205 soorv 120
00 1208 Je2sP sooT 129

Ko {2 ) {NJa2 )0iNI=2)¢{ Ju2 ) 0{NI~2) saot 130
ISeInL It I, NEOTO) soot 131
IFaIWLL{J)NGCTDY saor 132

00 1204 t1-15:1F soov 133
LPCeKJrel~] S00T 13s

1206 SP{Ts)eSPUTsdi=EVARLLPC) soov 135
1205 CONTINUE SooY 13¢
RETURN sqorv 137
Ctotmbpmpmpmpmpntnsn SOOT CONCENTRATION osrmimtmbpatmpotatminbnintmintnins SOOT 118
1200 TFINV LT LVSL.DR. NV GT.LYS21GN TN 1300 soont 139
CNUE HFRE FOR SLOT FODPIFICATIONS soort 140
IFIMIENILLELQYRD TD 1303 seor 141

N 1308 TIn)eNUEINY so0ot 142
TetutNIitt =) snor 143

FLY LG NI soort 144

(PR}




SU(Tsdim0.0
1308 SP{1sd)n=],0£00
CNNE HERE FOR DRLAPLFT EVAPDAATION TERNMS
1301 TFINFNTLLE.CIGO TN 1305
N0 1306 4o2sN0
KR Km2 O (NT=2)0(NI=2) sl d=2)0INI~2}
1S«IMLIt I NGNTD)
TEaIWL Ot 4, NGOTO)
nn 1304 I=IS.I6
LACRKIKSL~)
1308 SPUTsJ)nSPUTad)I~EVAPILPCY
1908 CONTINUEF
RETURN
€ tmtmbmpmbpmimimpning Xx=DIRECVION RADTIATION Gmpmimpmpmbmbmpmpmpupn
1300 IF(MV NE.LYRXIGO TD 930
Crem==INLET B0UNDARY,
no 901 A=2,0m
InIWL T¢I NGOTC)
TF (JKINCIeK Y, EQal) GO TO 902
TEMPYSTENP(T=1sdrK)
SULTs JIoSULTSJISENTOSIGHASTENPHESG
SPIIsd)nSPildl=EN]
G0 0 1901
902 COMTINUE
SULTIsJImSULTsJd)+RADIN
SP{Tsd)eSP(Isdi=1l.
CemaaaUT_ET BOUNDARY,
1901 I« .WLO{JeNGCT(Y
10 (JeGTedWOTLANDL JaL T4 W00} 60 TO 1902
TEMPWATEMP (T4, 40K}
SUlLadteSULTaJY4ENTRSTGRANTENPR®® S
SPLIsd)nsSPLIrd)=FPL
&0 TQ 90}
1902 CNNTINUE
SULL» J)eSULL»JI+RADSUR
SPiLd)=SP UL, d)~-1,
901 CONTINUE
CNNE HERF FOR SLOT PODIFICATIONS
IF (NUINJ.LELC) GO TO 903
DO 743 IIelp,NUINJ
TelUINJIL[TI =]
JaJUINJLIT)
SUCT4YoJVoSULTHL S J)¢ENTSROSTSNACTENP (T ds K004
SPIT+1,Jd)sSPiTesd)=]
TENPWeTLIP
SUIT=1; 305Ul JICENTASIGNASTENPHR®A
743 SPtTal s l)nSPlI=1s d)=EN]
Q901 CONTINUE
¢ snpmpmpmpmbrdmb=grd Y=DIRECTION RADIATION mpapninindntaimpminis
910 IF (NV.NELLYRY) GO TO 920
0N 911 Ie2sL
Cromaat(P WALL,
JudulLO{I+NGOTE)=]
IF (ININCToR) o FO,2,0R.IKINCTSRIEQaD) GO TO 904
TEMPUSTERP(LIsdele)
SULT, JIaSUCTs JI+ENTOSTGNASTENPUOSASRNTIS])
SPETJInSPLIJ)~ENTORNTJe])
G0N TN Q0%
Q04 SHIL+JIoSUCToJIoRADTINORNLJ4Y)
SPLLsdImSPLTs)~PRLJeL)
Q0% TF (10W) 911,911.19))
(anma=ANTTAN WALL .
1011 J=INLTLTNGDTD)e]
IF FIMENTTs N aFQalaDR IKTNE oK) EQaD) GO T0 90¢

-

Wit D
ORIGINKL, 1T o L
of POOR QUALITY

sant
L0017
sn0T
1007
saoy
soor
s00v
sony
$007
1007
soor
snor
soor
AL
saar
COARENT
AL
AL
AL
AL
AL
AL
AL
(15
AL
AL
COMMENT
11
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
Al
AL
AL
AL
AL
COMMENTY
AL
AL
AL
At
AL
wl
NASAX
NASAX
AL
COMRENT
AL
AL

149
148
147
148
149
110
151
132
153
194
15%
1%
157
2009
138
60
1091
1092
1093
109%
109%
10946
1097
1098
1099
1100

1101
1102
1103
1104
1105
1106
1107
1100
1109
1110
1111
1112
1112
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124

62
1125
1126
1127
1120
1129
1130

24

25
1132

63
1134
1138

179



TEL v

e T Y bR I A

1

TFMPHATENPL T, J=1,K)
SUTT» J)oSULT LI )+ENTsSIGRAYTENPUORASRN(D)
SPUTs d)=SPUd)~ENTeAN( L)
G0 TN 911
06 ST e d)aSULIpJIeRADINFRM( L)
SPIXed)mSPiTnd)=RN])
911 COANTINUF
Comm=mSLNT MOBIFICATIONS,
TF (MUINJLLEY) 6N TO 912
RO Tas ILm)WUINS
InTUEINS(TD)=~]
JuJUINJLRT)
Alnjml
IF CJEQ IWLTtTNGOTOeL) Ninje]
M2aMAXOtIs )
T( ‘WaTLIP
SU.ToNIINSULT,MLICENIRSTICGHARTENPHORASRN{ND)
T44 SPUT M1 ImSPLIp ML I=ENTORNIN2Y
912 CONTYNUF
920 CNNTINUE
RETURN
C &0 B0 2t 40 30 02 20 48 0 0 0 E5 69 9 EE BB B
C mtmtmtrtntntntmtatrint 7=DIRECTINN RADIATION we¢mtmimtmivpatminimins
ENTRY SamO02
(rmewaStT NCOYTFICATIONS,
TIF (NUINJLLE.C) GO TN 1100
NG 1102 TT=1,NUINJ
TF CIUINJTTITY NE L JPLANEY GO TO 1102
I=fUINStITY=])
00 1104 Ke2,N
SUtls¥)=l,
1104 SP{I,K)==),E30
1102 CONTINUFE
1100 COMTINUE
(em===CY0L IC BOUNDARY CONDITIONS.
00 921 I=2,1
LP2=T4dM{JPLANE)+KN(2}
LONST+ JNCIPLANE ) +KMENY
GAMDIL ma B0 {GARUT s JPLANE s 2)0GANL{I» JPLANE» M) ) /RUJPLANED/({ZDEIFCNPL) S
1 InLFt2h)
SULT»2)=SUCEs2}4GAMDODL*F(LPNsNVYRZ)
SPIYp2)eSPLE,2)=GAMDDL
SYLToNIeSULTsNISCANDDLOELLP2,NYRT)
SP{ToN)aSPLINI=GANDDL
921 COANTINUE
RETURN
FND
SURRDUTINE QUTPUTINTP)
COMMON FIB00, 719 NULLO 10,50, 0V110»1043)oDM {105,009}
ANUC (10510031, 500T181041053),50072¢20210:50FCHC20010:%0,
FHZUL1C+10,5),FS{ %00+ 14),
PHNE10s1C»3 ) VISCUL0,1045)5ABSR(10210+30sSCTRELC,20:5),
SUHT10+1C)»S5P (10,2019 DRHODP(105100%)»
AYPLL0 0V e AYRLL04 20V oAYPLLI0 10, AYR{L0, 1002 A2P{ 0510,
ATRE10,10),C7000»20)sCY(103,CZULNO»10),CYULLIO),
CIREX0»200,CYPLL0YDIVGULLI0- R0V NTP),NTP2
Lo AXAKL1G2), ARPREZG2))AYNKCLIOZIAAYPRIAG2ISAINE{L1G2),ATPR(192),
2 SIML192)1,5PKIL92)
DIMENSECN UL1Cs10,5)0 V11002005, WC10,10,9),PP(20510,9,
NEMFNSTION PUI0A10B) s TENPILO 100 5Y,6ANCL0,120:+5)
FOMIVALENCF CRIL1o0oUCYelol b dadFedo20eVEdadsl ) otFElodd oNllnlsl})
FOMEYALFNCE (FE2aaboPPULalo)¥ e lFtReB,Pllalspld))
FQUIVALENCE (F(L»0 s TFRR(Le ol 0 ) o (FULL»TIsGAR{LLs1))
COMANNZCYLZRCIOIsRPEAO I s RMYIAD I s YSREAG o YSVYRIID Y i PLAX

tad W) b gk P o) Bk
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AL
AL
AL
AL
NASAR
MASAX

AL
CORNENT
AL

AL

AL

AL

(19

AL

AL

AL

AL

AL

Al

AL

AL

AL

AL

AL
COMMENT
AL

AL

AL

AL

AL

AL

AL

AL

AL
COMMENT
AL

Al

AL

AL

AL

AL

Al

AL

AL

AL

AL

AL

ou
CONFa
4STEP
ASTEP
RAD
RAD
CONFA
CONFA
CONFA
CTO™A
CTOMA
canra
CORE,
CONFA
COnMFaA
CORFA
comrnnn

1134
1137
1138
113%

24

27
1142

44
1141
1144
1148
1146
1147
1148
1149
11%¢
1151
1152
1151
1154
115%
1156
1157
1138

1159
1160
1161
1162
1163
1164
1165
1166
Al6?

&b
1164
1169
11710
unn
1172
1173
1174
1175
1176
nr
11728
11719
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"‘ _ ialuliaid v o BB
I i S i

CUH”QNIGIIBIICQO)o'l30!’ZI30'.‘5(#0'.'!‘30')1"30'.'$U'§0|p cCOonnan 3
1 V?Vl30'lISU(!°lolﬂlF(‘O]DVﬂlflﬂoinlﬂlF'aolpfxf“O'nrlﬂlQolo COPMON 4
2 FYP(!O'sF‘FfQOlnFl’l’oinffﬂtio'nolpllﬂﬁ COMNON 4

CUOMMON NOX 4
lICT"ﬂF’IlﬂCﬂpIﬂfUllDﬂ?lInﬂloIDNZUJIDCGIQIONIDIDHZIlﬂNlllDNDilﬂ"ﬂz NOX 3
lp[ﬁﬂn!DﬂH.lﬂC'Qp!lClllHlIﬂllpI'ElnJJJo"l.N?oﬁ!;ﬂloﬂﬁlﬂﬁ.“ﬁlﬂl'- NOX 4
2 Nlﬂ.NQpNSHpNSIoNSPnIOCH ASTEP 3
3/CCHE'71CP§UP.usu'-f0-PPLN.lGAS;lﬁASln-SHINU-IKlNVnTlN.lNIG MOx [
QIC"Q‘FIA‘U"!Qn3'DFHVQFR-HSURQQNDESUGlNSpPlnﬂﬂ!anQZo03.05.!"0?" NOX T
4 ‘H-SHNlSOi-SHO-Slt30!.SZ(iolotknLADIAO-lnFGUG.LEOUIl-Llfltr. NOX 8
A LENER,EDXT )i CNNVEG NDX 9

DOUNLE PRECISINN CPSUH'EHVDE“.FalHSUQOOHSUHIP!OP'lN’°°D°1a91l°3t NOX 10
1 ﬂ‘i"l’t"ﬂ"“l'ﬂﬂ"p’ﬂ.snlﬂ'lSNUD,lszltK.TKINVD‘l”lSﬂo NOX 11
2:FUT, FSY ‘ ASTEP 4

CD'HﬁN!STEPQIPEXPI.'F!PQoPEIPBoFEIP‘-ERI.ERZQFl!rfl#nCEIUlnCFﬂuzo ASTEr L]
1 CF'UQoCFRUQ.!FKPI-lEIPZ.AEl'!-AEl'ﬁoHEIPI-HFIPZ:BE!'!.BFKP&. SSTEP [
2 CE*PllCF‘PZ!CFIFS.CF!'Q-FUTpFSt ASTEP T »

LORICAL lADIABptCCNVGpLﬂEﬂUG-lEOUlLilNIGDtlEACT!lENER NOR 12
CO""ONIIN'ILpﬂ-ﬂ.lCVnﬂC'oNC'pLPloHPI.NPR.N!#HJ.NR-thJ;NlHJNKoNV. COomMmanm ()
1 ”"Vo"GOTDoKDISTQDJSTRokstipNVHISQltlﬂtﬂﬂ’pJHGSO}pISTFPD ASTEP 8
? !90&'F(32lleIINT(QQ'JTlTLE(10033’ill70[SHP.JSNPrIFllK(!ﬁl-NPp ASTEP ¢
3 NQHﬂoﬁﬁlﬂplULll!o:ﬁ)-l“l0(3009l'JHtU(QOD”lJHtI(QOo51l!HEIO COAnON 9
4 IUFO!FHInJHlInJHlO:JHUI-JHUDDIDUIJKIN'3°I30':!!!"(60030' COMMON 10

CU"NONIINDEXIIPARpLPREFQISTUN‘XNCUH'.ITRID-N'II’NVIY.NU?Z’JPLANE COonmpy 11
1.Ptl'”lpLVﬂol'DOLVFUD':LVFU.(VCUDLVH.LVFlvtVRT#&VRZ-NVF(!Z). ASTEP 10
? IJUNP-IPFSITITLFZ(20’0lﬂlloJHlloKHAI'NVCOnFURCﬂnNUNQUQNVCHRQ CONMDN 13
3 NVNZ,NYCH,NYH? ASTEr 11
CUNNQNICNOIILVHIlLVHZDLVNIDLVNﬂpLVNDZQLVOslVOH!LVHED.LVNZ.lVQG. NOX le
1 LVCUZO&VFUIDLVﬁUlONNDIllNﬂl-[TNUI.SNBI.TNOI NOX 17
CO‘NDNITHERHINVHrNVFUoNVO!iNVFUﬂleVTﬁ.NDDEN:!DK.FS?UIC-NFU:C’- CONADN 13
1 GASPPN.RHUCON.UNICONu’RFSS.NVF&V:'CVLH;Tl“lﬂlfll?nlcﬂfht‘il I LLIE] 18
2 749nFlC-UFUrUCEalUCDDUOIDHﬂ?ﬂoﬂNZlHTT»CKXIRITIOIDRRTIUZ- ConmOn 17
a RIT[U!-RATIC*-NCOQTANQITIALL canmncn le

CF'HONICTPFAI'ENB-ICTD“ACBZ) ASTES 12

CO"'O“IFISfR"UDDanSHAlnSSUH:LASTEP:HTCEKT!CFR’EH[SH.E"[SINO CONGEN 2
1 ENISl.TnU'p'TCDoEﬂlnlADlNoIADSUliFHAiFK'SQFID COMGEN 3
? F‘FUnFDFUnVFUStnNFNZnFLﬂ(QDItTEN?H(QD'.NIQOlpFUELI‘0':FUDII§0! # CONGEM 4
2 UTNIQO'-tIN(‘GlpFUFLS{Q0l|SGIIT|!GRNI(ZQ)QIGAHZIZQ’ ASTEP 13

CUHNﬂNITUﬂBIN\HpNVDOCIlC?!CDoAKpDU!DlJI3-3’.AKFQC!11FAC9 CONGEN [
1 'UDFL'P“(32'!‘95?132);?JAY(32!9£ 4STEP 14

CD"IONIRIDINVEDSIGHAlABSDR.SCATR CONGEN [ ]

CO'HUNIREAC'IARCQNI!PlElPliCRl!ARQQN!rPlEIPEQCR?lRQDER CONMGEM 9
CG““GNIORUPIIEVAPfiqzi5NTP‘.NFN!.I0(3”70(3’910‘3'-!&FA!3'p COmGEN 10
1 ﬂETIl!loDG&'A(!'.THETAI(QIQTHETAZI!’:NSt(SinUFFlallSNﬁ(S’Q COMGEN 11
2 VFUFL(BIQQFUELIS)rEVSUlb#l’HGVIP CORGEM 12
CUN"““IINJFCIFLDHIND‘UINJtaﬂlnJUINJ(20'DUIHJIZO'OHUINJ(20" COMGEN 13
1 QUINJIZOl-TUINJ(20)~IVINJ(ZO'.JVINJIZOIQKV!NJ(ZO!!VINJ‘zolo CONGEN 14
2 FVINJ(EO'IOVINJ(ZOIO‘V[NJ(ZO’nTVINJ‘?O’DNUINJDNUlNJDJSHI;JSHZ! COMGEN 13
3 "SUIUS“DIFSUIFS“'TS'.'S“.SUNODRHBSU COMGEN is
CnNNDNICSDU'INVN-NVSloNV329ISODT.SSHOTQNSODTDADiARCONﬂnAllrﬁﬁsnFHG saor A
1.60.HPAQT’ﬂP‘RT(Z},FR‘C'\2’.““0'.lnceﬂs.’REK’S’AlPHl.lASlRGsODﬂR soor 9
Z'lVNuLUSI'LVSZOCINCPoTINCﬂvFUTOT Soor 10
Cﬂ"“ﬂNICHADIIRADoSRAD s0pT 11
CO".U"ICFUURIPREIP3.IRC0N30CR39’!El’4oARC0NQ!CRQ!AAI.GO!OCCI. ASTES 15
1 ll?vRO?.CCZ.IAQiSBS;CC!oAAQnUSQIQC‘ilelG’.RA?!UQ&RA'IO?O 4STEP 16
2 RATI"B;RAY!DQ.RITUIO-RATnl1-RATHIZ-UC“;UHZQVC!HG;l'CH-L'CNI-LVNZ! ASTEe 17

(omemnSURARCUT INE CUTPUT IS USED kR PRINTOUT PURPOSES., CNMMENT 67
¢ CONMENT Al

IF (NTP.LF,0) GO TO 16 qu ]

TF (ISYEPLEQLLASTFP) &0 T0 12 au T

TF {MNOCISTEPs T aUMPY) 20+11,20 oy 8

11 CANTEINYE ou 9

REIINND NTp 111 io

READ (WTP) Us¥auep a 11
181

ORIGIMAL Paco g
OF POOR QUALITY




CAtL FPRINT {153,1) au 12

CALL FRRINT {9,:5,4) au 13
IFLISTEPLEQ,O0)G0 TN 300 HOx 127
TFE(NSOCT.FQ.00GD TO 227 s00a71 1%¢
Cmamm=GONT FRISSTIONS THDEX AND SHNOKE MURKER. COMMENT 69
FLOWaN 0 soery 160
PRAR=0,0 s007 181
SBAARD,LD saot 162
0O 225 Ne2aH soot 163
NN 229 Jde2,0 soor 164
IS LTI SRR IFILIN s0or lo9%
: AROOTRROILP Lo oK IoYSREJIGISIKISUILP L S0 K) $007 164
; FLOW=FLOW+DNOOT soov 1a7
; 0SO0T~ONONTOULSNOTIIL»doR)+SOOTZIL»ds KD} soot 160
SBARSSOAPHOSNCT snot 169
275 PILAR=PAARSOSCOTORHO(LPL,d0K) soorT 170
PAAR=PRAR ] (0F=30 s0oY 171 ,0
FLNOWeFLLW+1,.06~30 soorT 172 :

CSMO=1CC0. 09SOARIFUTAT soor 173
SACOMCel, LEGOPRAR/ELOW sooT 174
SHIINNe12,50ATOALOGISNCONC) +12,045 snar 175
SHAONO=APAXKIC(SPONDL0.0) p{il) 178
227 TFENNOXL.FQLO)E0 TN 300 NDX 128
Co—onad(X EPISSIONS INDFX, CORNENT T0
PRARRD .0 NOX 129
00 101 Ke2,¥ NOX 130
00 30) J=2,M NOX 13)
LPexM(xYeJPEd)el L1} 132
301 PRARGPRARGRHCILPLpJpKIOYSRIJIGZSIRIGUILP Lo Jo XIS {FILPLYNOI®45,. 730, NOX 133
14FILPOLYNU2YE L[] 134
CNNNe10C0,00PRARZFUTDT NOX 139
300 CNANTINUE HOX 136
£ ==e= HERE PP IS ACTUALLY KEp, # IS ACTUALLY DISSIPATION oy 14
READ (NTP)} PF,P v 15
NN 25 k=],NAr] ov 16
NN 25 Jel,np) ou 17
LI L SRYLIF)] U 1?
20 2% Is=],t0} ou 19

LPeximel ou 20 .

25 FILPoNYDIsCD2F{LPsNYK)®o) S/{F(LPsNYD)+1.0E~30) ou 21 .
CALL FPRINT [NV, NYD,%} ou 22
C eree=w+ HFRF PP IS PHI, * IS NFUs, DU 1S MCO ou 23
READ (NTP) PP,P0U ou 24
CALL EPRINT INVFUQXsNYTE,T) ou 25
CALL FPRINT (NVCOsNVCO,15) ou 26
an 56 welyhPl ks [F) r44
0t 50 Jel,me} oy 28
KJManWip)e Jut ) ou 29
N0 50 TalsL®l ou 30
LPnK gRaY av 31
FURSFLLP o RVFUOXI=F{L B NYEWY) ou 32
FILP NV ESELP,10002) LT} 137
ClLE, HyOX ) mFS{L Py I002) HOX 138
FLLP o NVHZN =FSILPLTION2D) NOX 13¢
FLLPaMUN2 ) aFSE{ P, T0N2} nox 140
50 CAMTENUE ov 40
CALL FPPINT (NVH20,NYN2,16) ou 4]
TF (NENZLF,C) GPM TN 25 o 42
nn 17 wn) NP, oy 43
DO 37 Jdmlpme) ou L]
L F L L LS FIIFY ou LY
nn AT =110t av 46
LemkMat ou A7
AT FILP,NYFUDX I, au 4A

TR
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Comm==SPRAY EVAPORATION RATES,
0N 19 Ke2, N
DN 39 Ja2,n
KinagMin)e it}
K m K2y (N2 )0 {N)=2)¢{J=2)0(N]=2}
DO 29 Isp,l
LPajHaY
LPCaKIrelI~])
39 FELP+MYFURN)=EVAPILPC)
CALL FPRINT (MVFUDR,NVFUNX,22)
33 CANTINUF
C memcoea HERE DV 1S ENTHALPY, DN 15 FAY
RFEAD (NTP) DV,DW
CALL FPRINT (NVH NVFAY,10) )
( o=mem- HEGE U IS Fle V IS F¥Y» W IS FI
READ (KYP; UsVod
CALL FPRINT (NVWRN,NYREI,12)
( =ssassn RHD AND YISCOSITY
CALL FPRINT(3C,30,20)
Nyes é
00 54 KslpnPl
00 %A Jelpnpl
KJMalHiK)+JM (I}
DO 56 Is=1,iLP}
LPukJNe]
58 FIL®; T)e0,
CALL GAmmg
CALL FPRINT (77521}
REVIND NTP]
00 46 I1=),2
45 READ (INTPY)
C rimanaas HERE PP IS PHT, P IS MFU, OU IS NCO
READ (NTPI) #PuPeDU)
CALL FPRINTI(1I1,+13.,2%)
CALL FPRINTIZ4,29,20)
CALL FPRINT(14,15%,32)
1FEISTEP G0 ARNNSOOT NELOIWRIYELS2226)SAON0, SNCONCLCSND
226 FORMATULIHO JOLIHO S, X SSMOKE NUNBER = o5 EL1042+5%2100109) 710,
1 1001H® Do 5KsoSNOKE CONCENTRATION = 03E10.251XsONG/N3 s ORO,ELD, 2,
? 1X, 0GP, 0F SNDRE/XG,OF FUELS, 37, 1011He)Y /)
TFCISTEP.GToCoAND NNDOX JNEOINRITELG, 302)CND
302 FORMATIIHO»10(1H®) SN, 0NDK FNISSTONS INDEX = #,E10.251%0
1 SGR,(IF NOZ/ING,OF FUEL®s5Xs 1011HR) /)
15 CONTINUE
YRITE( 190
19 FORBAY (AHO»AHSTEP» SKo SHSHAKs TRo4HSSUN» &R e SHSERTT» 3K,
1 OAHRR A2 N BHP (L oMe2 Yo INSOHULT»doR I AN BHY LT, do KDy 3N,
2 AHULYpdo X o 2Xp OHTUT o doK)p 2N LONRHOIT 2 Do X Vp 22U THT & R}
20 CONTIMUE
RETURN
ENN
SUBROUT INE AULX
CONMAN FUISQ0IpUIS00N,DVIS00),0WI500),
ANUC (3001, 50CT1€5001,500T2¢300)» FCHEB0O0, FH2UB001FS1300, 141,
RHOCR00) »YISCLBO00)sABSRIBO0D)»SCTRI300),S5UL100.SP 1100,
DRHLAPEADOD Y,
AP DOYoARPER00)AYPLL00VsAYNIL00)AZPLY00),
ATHEAI00) C2€000),CY 10N, C2UL000,CYUCRODN,
CI®PRI00)+CoP{10Y.DIVGIL00)NTPINTP?
TroAYMRLLIG2 ) pARPR{IOZ) o AYARLLIQ2Y,AYPRILOD }HAZARIINZ Do AZPRELI2),
2 oSuni192),5PR(192)
DIMENSTION ULS00) V(3001w (300)PPI300)P {500}, TERPIZOD)
NINFNSION GAN{300)
FOUAINALENCE (FELI UL Do tFESOL VUL I UFELO0R )N )Y

[T RN

ORICr e eano g

OF P o .“\LlTY

CORMENT
au
ou
a
o
ou
au
nu
ou
Ul
ou
o
o
1)
ou
ov
av
ov
ASTEP
ou
ov
ou
a
ov
au
ou
v
o
oV
ov
oy
ou
ou
$007
ASTEP
ASTEP
soor
scot
s0o7
soot
NOX
nNOxX
NOX
o
w
ou
ou
ov
o

o

ou

AU
COnFS
CSTEP
RAD
RAD
CORER
CONRES
COnFe
CYOmA
CTOMA
CORFa
CONER
CNNEN

n
49
50
51
52
1
54
s
56
87
56
39
60
61
62
63
o4
63

175
67
1.}
69
70
n
72
73
74
75
T4
12
70
79
80
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176

177

180
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FOUIVALENCE (FC1AC13,PPLLIISLF (20010 2P (L))o CF(2301),TENP{L))

EQUIVALENCE (F(2001),GANEDY)

COMMANZEYLIREION o FMII0)RAVIZ0) 2 YSREB0) 2 YSYRIBO)» IPLAK
CONMONZEREDZREAGI, VA0 20301 XSCADY YSLB0D,75050)»XSULAD),

1 YSV(I0) e 25WE30 ) s XNTFE (A0 YDIFLAO) o ZDIF(BOV FXPLAD) » FRNT4DY,
2 FYPUI0)I,FYN(A0)+FTPLI0)FINLAGL,OT»TINE

CONnON

17CINDEXZTDECC, INFU,INN2, FON2,TOHZ0» JDCO20 TDHL, XOH2Z» Z0ONL s IDNDs TDONN2

15100 T00H, THCPS s TLCo ELHs IMATR ITER JIJo NIpNZpNDp NAS HGLORSNGLNBP,

2 NLM NONSPNSIpNS2; IOCH

VICCHEMT/CPSUPSHSUP s £ Q) PPLNp RGAS s RGAS INs SHINY» TINY TLNsLNRE

AJCPARAMZASUD (3052 s ENVERoHSURONDEBUGHMS s PAS00, 015020030 Q49 RHOPP,

& SH,SHW(A0)sSK0,81{301,S2(30)sTRILADEAB,LOEBSUG,LEQUIL,LREACT,
& LENER,FDOXTJ,LCONVS '

NOYALE PRECTISIAN CPSUN CHVER)FApHSURDIHSUNSP A, PPLN» Q05 C1# 02500,
1 QAsRGASIRGASTN,RHOPP» SHe SNINVe SAW» S1oSZo TR TRINY, TLN, SN0

2, FUTHFST

COMMNN/STEPAZPEXPLIPENPZ s PENP I PEXPAIERLERZ,ERI ERM 9 CEBUL,CERUZ,

1 CERUBSCRRUASAEXPL,AEXP2,AEXPISAERPALAENPLIBENP2,BEXPISBEXPA,

2 CEXPL,CENP2,CEXPALCEXPALFUT,FST

LNGTICAL LADTARLCPNVGyLDEMUG LEQUILSLNRGILREACT,LENER

CONMONZINTZL PN LCV oMY N Vo LPLo NPLoNPL,NT o NI WK NENS» NINJNK NV,

1 NNV NGOTO e ISTHeJSTRAKSTRINVMEITDoKNCI0)» dN130)» ISTEP,

2 1SOLVFE32) s IPRINTEI)sTITLECL102 23] INY ISWUPJSWUPLRELAR{IGI, NP,

2 NRHOSNGAM, TWLTE30, 5 pTWLOID0+3) o JWLOLAO 3D JWLTL 403D, INET,

& INEDS NP IWTT o dWI0s JWOT+ JN00s TONs IKINC20030), IKINLA0,20)
COMMINZINDEX FIPARGLPREF TSTUMy ENCOMP» TTRAD, NYRXoNYRY ;YR JPLANE

1o PLAYML L VKL VD LVFUOGNSLVFUSLYCNs LYHALVRX oL VRY,LVRI,NVF (32},

2 TJUMP,IRES,)TITLE2U20) s THAN, JMAXsKNARe NVCD, FUNCOs HWHZNHNVCN2,

3 NVN2 o NVCH,NVH2

COMMANZCNDX ZLVHLpLVH2 s LVNL) LYND, LYNO2sL VO LVOH LVH2D,LYN2,LVO2,
1 LYCOZHLVFULsLYCOLs NNOX, THOXs ITNOX SNDXs THNOX
COMMANZTHERF/NVH, NYFUo NYOXs NVFUOX sNVYTEs MODEN, TORKp ESTOICHHFUS CPy
1 GASCON)RHOCON)UNICON,PRESSaMVFAVs TCYLMs TINLW TLIP» ACOEF(L),

2 ThaNEACWFURWCOZsMCNs WX WHEZD WN2p HYYs CRYSRATIOLJRATINZ,

2 RATIOASRATICA.HCOsTAN»TTWALL
CNUNONRICTORAZREND,TCTDMALD2]

COMMONZRTSZAPUS OENs SHANs SSUMa LASTEPoHTCEXToCFROEMISWLENISIN,
1 EMISRyTOUTRTCOSENI,RANTN.RAOSURIFNASFK) SAFK,

S EXFUSFOFUS TEUEL oWFNZFLD(A0) » TENTMLAD) o HEAO) » FUELI 4D} sFUDXL{A0) &

2 UINCAD) s TINCADD s FUELS 140} ) SEXTIT+ IGANL(290, IGAN2(29)
COMMONZTURB/NYK s NVD #C1oC2,CNo AR OULDXIE 30 31 p AKFACS ALFACS

1 SANFL,PRETZIHPREFII2Z)pPIAYII2)+E
CNMMON/RAD/NVE s STGHAIABSORs SCATR

CONMNNJREACT/ARCONY s PRENPL,CRL o ARCON2oPREXP2,CR2oNCDER
cn"“"’nﬂﬂ'lfEVA"lQ?'nl"ﬁ’”F"lrKut31"0‘3"10'!||ALFI"|0

1 RETAC3),0ELTALI I, THETAL(3)»THETAZ(DisNSLIBIpWFF{2)+5H0E3 Y,

? VRUFLEAYSRFUEL () EVSUL G4 HEVAP
CONNONZINJEC/FLONIN, TUENI(200, JUTNJL20,UINI(20),WUINI120),

1 AUINJI20) e TUINJL20), IVINSC20 ) s SVINJL20) o KVINI(20Y, VINJIC20)»

? EVINJU20)sNVINJIC20) s AVINSC20) s TYENJL20) o NUTNIoNVENSS JSHL»ISH 2,
T USHIVSHARSHaRESH TSHo WS W SHND, RHOSY

COMMOM/CSONTINYNNYSEsNVS2, TSO0T s SSONToNSOOTs AD ARCONN ARA 8RR, FAG

LeGNa WPART s DRARTE2) s FRACPLZ) o RHOP, ARCONS s PREXPS s ALPHASAASHAAS s OHRA

20LYN L VS, L VSZ,CINCP TINCPFUTAT

CAMMNN/CRADZTRAD, SRAD
AOMMNNFCROUP FRRENPISARCONI,CRASPREXPASARCANA, CRASAALSBALICC],
1 AAZIMA2,CC2 AR AR TCTe ARG B4 CCALRATTOSRATIOA, RATTIOT,

? !AT!ﬂaoﬂﬂ!|HQpﬂAIGIOolATUIIo!ATﬂlzoUC“.HHZp‘CZH%.LVCﬂslUCHllt'ﬂll

cnmmOusCLnKZFOK

1o

NIMENSLON GENR(SEO),SUFLI{B00), SPFUIS0Q), EDR2(1092)

NIRENS JON SUCHINOO)+SPCHEB00!

P tmpmbabmpmimdn b

a4

REWARE OF FAUIVALENCE STATEARFNTS tmpapnpupmimie
EQUIVALFERCE (RENRIIIDUCL I ESUFIELI+DVEL) Do LSPFULCLIL0NTLD)
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NOX
ASTES
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[ 11} ]
NOX
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o
4STEP
4STEP
4STEP
4STES®
NOX
CONPON
ASTEP
4STEP
CONNDN
COMMON
conmON
45STEP
CORMDN
ASTE®
NOX
NOX
CORNON
COMNON
CONRON
CORPON
4STEP
CONGEN
CONGEN
COPGEN
43TEP
COMGEN
4STEP
COMGEN
CORGEN
CONGFN
COMGEN
COMGEN
CONGEN
COWGEN
COnGFN
COMGEN
soot
spov
st
$007
ASTEP
ASTES
ASTEP
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NiX
ASTEP
Al
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£ tmtmbpmtmtminimtntndminjajajuintmintotadmiapmpapmpapadapapapopopnpspn
ENTRY DFNS
CrmrmmmfFNTRY DENS IS USED TOD CALCULATE TEMPERATURE AND DENSITY,
¢
RELAXM=) ,~RELAXINRHD}
XONTRNe?
TFUISTEPLEG.IRFSIKONTRO=]
HYHPaT
CmmmmnFNTHALPY,
0N 1040 Kal,Np)
PO 1040 JslaMP)
KIN=KHIRISINLYD
NN 1040 T=1¢LP1
LPeRJNeY
LAY PeNYNENVE)
LPUPal PONVH{RYHP)
1040 FILPMP)mFLL PHE
TFCISOLVELLYFUILEQ.O0IGD TO 1034
GO TO (1034.1044,1034%, MODEN
1044 DO 1080 Ke),NP)
CALCULATE GAS TEMPERATURE.
00 105C Je24M
L FLD LT SR FTIF]]
1SeTWi1{d, &)
TEsIWLOMJ» &)
N0 1050 I=15,I1¢
LPanJjiel
LOHPa L PENVYRINVHP)
LPEUS)L PeNVRINVEFY)
LRCO=LPeNYNINYED)
LPCHuLPENYNINYCH)
LPH2eL PENYRINYHEY
LPRUNYSLPeNYL{NVFUDKX)
TeTERP{L?)
FILPFUISANTNLIIFLLPFU)» FLLPFUDXY)
EURSF (L PEUONI=FLLPFU)
FLOCO?oNCO2¢ LCXRSFUR/MFU=CXXSFILPCHIZNCH=F LLPCOYINCO)
FLOON=RATINIOF(LPFUISRATIOIGE(LPCOI+RATIDZ=(RATIOL#RATLIO2)®
1 FILPFUDK Y «RATIOOSF(LPCHI+RATIOSOELLPHE)
FLPNY s APAX I CFLPOX 200}
FLPHZNS0, SOUHROO(HYYOFUB/NFU=RATIOTOF{LPCHI=F({LPH2)}
FLPMZ o]l O0=FILPRUI=FLPCO2=FILPCOI=FLPOX~FLPH2O=F(LPCH)~F{LPH2)
FSILP,TORUIaF{LPEW)
ESLLP, TODN2) mAPINILFLPOX,RATIDE)
FSILPION2 ) oAPAXLUL1.E~1%s FLONZ)
ESLLP, I0COI=FLLPCD)
ESILP, TOCH)»F (L PCH)
ESILP, T10H2 )oFILPHEY
FSOELPL IDHZN I =FLPH20
ESILP,IDCO2)mANAXL(L,E=)5,FLPCOR)
THCPS ey
NS1=TOFY
N§2e10C02
THaT
TRINY1,0007TH
NO 1011 TI=NS]1,NS2
1011 S2LTTInESHLPITRZSNNLLT)
CALL WCPS
HPL oHSUPSUNTCONOTN
CPInCPSUNSUNTICON
ToaTERP(LPYIC{FILPHAI=HPTIICPY
TENO(L PIatl~RELANCNYH)ISTENPILPeRELAXINVH)OT
PHT»F LLPFUDXI/FSTOIC
TRANSACOFEF(L)I4PNTIC(ACOEFEL2) oPHTIOLACOEC L) SPHTIOACDEFLIAID Y

ORIGINAL PACE
OO 11
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CONRENT
COMMENT

AU
AU

NASAK

AU

CONMENY
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AU
AU
AU
AU
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AU
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u
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AU
AV
AU
AU
AV
AV
AU
AV

A
COMMENT

197
158
159
160
161
162
143
4.1
145
50
%)
52
53
18%



i

LR L

THAX=AMANLITHAX s 2000,)
TEMPILP)IaAMINIITENPLILP), THAY)
1090 TEMP(LAInARAXYILITEMP(LPY;100.)
f =emeeas HERE DY IS Ur DV IS Vo OW IS W
1034 RFWHIND NTP]
READ INTRY) DUDVIDM,sP
1048 READ CNTPY)
C ~mm~m=n HERE PP 1S PHIs DU IS NFU, DV 15 NCO
REALY (NTPY ) PP DU, DV
RFADINTPY)
READ(NTPY)OW,P
REHING NTP)
READINTPIIURYN
CALCULATF WaALL TEMPERATURE,
N 1092 Kn2yh
DD 1058 12,1
TF{IRINGI» K)o FQa240RMIKINIL#K)LEQe3IGO TD 1054
JadLlNtlsd)e]
INIOCFIEFRRILIL 8]
LPRYuLPeNYN(SY
VEC RO 200 L tUCLPI4ULLP+1Y D O024LHILPISNILPENING ) ) 002}
HTC=CFR®REQILPISCPOSORTIVEC)
TENR(LPANTIuTSOULVESTEMRILPONI)w TENPILP)oFLLPRY I HYC»SIGHALENT,
1 tteand
¢
1054 TFCIKINCI N D oEQLLaORININCILK)LEQ.3980 TO 1050
TFULTIDVW,.FO,.03GC TO 109%8
JeSULTI(TI 4001
LPete+IP{d)exh(K)
LPRYeLP4+NYPLY)
VECeQ 250 tUCLPIALUILP+L) 10024 (WILPISNILPHNINIDI ) W02)
HTCoCFRERHOILPISCPOSORTIVEC)
TEMPILP-NT joTSOLVECTENPILPNE) o TENPLLPIoFLLPRY I HTCHSICHALENT,
1 ITRAD)
1758 CONTEINUE
DN 10%2 Ju2,h
TECIN TN oK} ,EQ.1)60 TO 1059
LPaIWtL Etdoad+dNtII+KNIK)
LPRY=t Pabyn{10)
VEC oD 200 {IVILP)SVILPENTI) )02+ (WILPI+wiLPENINIY I222)
HTICaCFRARHQ(LPISCPRSQRTIVEC)
FTEMPILP~L)aTSOLVECTENPILP =L )oTENPILPIoFILPRXI2HTCH SIEMALENTS ITRAD)
1089 TFUJ.GT IWDTAND,J LT, JNODYCGO TO 10%2
(.PaTWLOtdo b Ve dnL SIeKNIN)
LeRYaL PoNVN{L0)
VECHQ 250 {IVILPI+WILPONTI) 1o 024 {uiLPISN{LPONING) IR 2)
HTICnCRROMHOLILPISCPOSORTIVEC)
TENPELP4L ) aTSOLVEITENPILP+L1)s TENPUILPI s FILPRNISNTC SIGNALERT ITRAD)
1092 CNANTINUE
REGIND NTP)
READINTRLIIUSV, WP
IFCISOLVECLVYFUILEQ,D2GD TO 1200
GO T0 (10601002, 10064), NOOEN
1060 DO 1061 WelshP}
Comma=NENSETY=CONSYANT, MODEN=1.
nD 1043 del.2P)
KJNaNm(R)e JM{ )
ISmIvLIdded)
IE«TWLCldeY0
Nt 1061 1~15,1F
LPaxjra]
BHN{L S )mDFN
104) CONTTINUE
6n TN 120¢C
1HH
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10462 DO 1063 K=],NP]
Commm=DENSTTYFUNCTIONICONPOSITION: TEMPERATURE)s MADENSZ,
NN 104% J=),mp)
NJu=kn{K}e Nt y)
ISelWiLItd,s}
TEatwiLftd, )
DO 1063 InIS,IE
LPeN MY
LPTEaLPONYN(NVYTE)
LPFUOYSLPENYNINVFURY)
C erome CAUTION MHEPRE
LPRUSLPONYRENYIUSD)
LPCORLPARVAINYCOM]YY
LPCHmLPeNYALINUCH)
LOHZ ol PaNYRINYH2)
FURSF(LPFURXI~FLLPFY)
FLPH2NRO. 34 WH200 (HYYOFUB/WFU~RATTIOTOFLLACHI=F(LPHZ})
FLPCN2aw{CR(CAXSEUB/NFU=CRXOF (LPCH) MCH~E(LPCD) /WCO)
FLPOXRRATICLIOFCLPFUISRATINICFE(LPCO) ¢RATIO2=C(RATIO2¢RATIOL)
I FILPFUONISRATIOQTISEILPCHIRATIONOFLLPHE)
FLAPOX aAMARI(FLPDYe0,. )
FLIN2aY o ti=F (LOFU)=FLOCOR2=FILPCO)~FLPDX~FLPH20=F{LPCH)=F(LAH2)
1008 CONTIMLE
FLPYERE(LPTE)
FLAYE o APAXL(FLPTE,100,)
VRIN=FLLPFU) FWFUSFLPCO2/WCOZEFLLPCO) FHCOLFLPOX/WOR4FLPHRO/WHZN
1 FLONZ/WNZOFILPCHLINCHEFILPHR) W2
OFNSTaRHOCONZCYNINOFLPTE)
GO TN £1009+1010),XONTRD
1009 RMO(LPIaNENST
1010 RHOULPISRELAX{NRHO)IODENST oRELAXNSRHO(LP)
1063 COMTINUE
1064 CONTINUE
1700 CONTINUE
Call NENRDD
RETURN
C 88 48 80 05 S0 08 40 ¢¢ 42 88 S8 8% 40 0 S8 e s
ENTRY ¥ISCC
(==r==ENTRY VISCO IS USED TO CALCULATE THE EEFECTIVE VISCOSITY
r AND YPLUS AT WALL MDUNDARIES,
C
{ wowmees HERE DU IS KE, OV IS DISS
RFAD (NTPYD DURODYV
RFLAXMe) ,=RELAX(NGANY
KONYRDa?
TF (TSTEPLEQIRES) NONTRAa]
00 2000 Kel,NP]
00 2000 la2,0¢
LY LTI SYYLIFE
ISLRL TR I P PY Y
I IS FIYY]
NQ 200C 1=15,1¢
LPakJNe])
G0 TO 120012022 )sNODEL
2001 CONTINUE
ComnammCONSTANY VISCOSITY, HMODEL=1, LAMINAR,
ViSCtLeYmamy
Gh TN 2000
2n02 CONTLINUF
LPMal PoNYNINYK+A}
LPOnL PepyP(NYNGA)
CrmmumyISCNSTITY FOPP KaE MODEL, MODEL=2, TURAYLENT.
VISCOSaRHOELPIBCOSFIL PR IS 2IFILPOI+] . E~3D)
GO TD (20092004 ), mANYRD
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2003 VISCILPIavVISCOS Al 132

2004 VISCILP)#RELANINGAR)SYISCOSRELANNOVISCILP) AU 133
2000 CONYINUF AU 134
f =m=mme~ CALCULATE YPLUS AU 135
DO 2020 Kal,NP) AU 136
DO 2022 I*)elP) Ald 137
FLXLINID YY) AU 138
LPaANIN e INL Y] AU 139
LPEA{PeNVPRINVESS) AU 140
DISTn,50YDIFCI) AU 14}
TF (JoEQ MPY) DIST=YDIF(NPL) M 142
YPLUS#RHO(LP=NIVIOSORTI(FLLPR=NTI JSRTCOISDISTZANY AV 143
VISCILLPInYPLUS AU 144
Injut 2 tLs0) : AY 143
LPesMNIKRI*IJP{J)] AV 144
LPK ol PENVMINVIOA) AU 147 /”
DISTa, B8YDIF({Jel) AY 148
IF (J.EQ.1) DISTeYDIFLZ) AY 149
YPLUSoRHO(LPNT I SSORT(FILPKONTIORTCDISDEISTZANY AY 130
YISCILP)ImYPLUS AU 151
2022 CONTINUF AU 152
00 2024 Ja2,n AU 133
IniWLT(dedt=] AY 154
LPeKNENIe P (S0l At 155
LPK=[ P+NYMINYE+A) A 156
DISTe,80Y02F(1+1) AU 157
TF (14FQ.1) DISTaADIF{2) AU 150 '
YPLUSoRHD (P41 )OSORT(FILPKSLISRTCODIGDISTZANY AU 139
VISCILP)sYPLUS AU 160
IatulOtdsa) el AY 161
LPeKMiKI¢JRLJ)T AU 162
LPE= L PANYNI{NYKe4) AU 143
NISTs A0 XNTF(T) AU 164
TF (TLEQ,LPL1) DISTeXDIF(LPY)Y AU 149
YPLUS aRHDUILP=1 ) 9SORTIFILPK=1)SRTCD)SGDISTZANUY AU 166
VISCtLP)eYPLUS AU 167
2024 CONTINUE AU 180
2020 CONTINUE AV 149 :
nn 300% K=2,N AV 110 ,
NN 3005 Je2,M AY in
P LAY SR YL AP AU 172
BT LIS XYY AU 113
IR ING FIY Y] AU 174
NN 3009 1=19%,]1¢ AV 113
LPaijMel Ay 176
LPKe|l PANYM{NYK ¢4 ) AV 1r?
LODml PANVHINYNGA) AU ire
LPColaleti=2)0iNE~2)¢{R=2)0(NI=2)¢{NJ=2) Ay ire
EONZ{LPCIsF{LPO)/Z7LFILPR)I®O24]1,0E~20) soar 189
3009 FORCLPCI=FLL*D)ZU(FILPH}+],E~20} AV 180
QETUAN AU 181
C #8600 43 04 65 2% 90 B0 S8 95 B8 00 S 44 A% SF 0 & Ay in2
ENTRY (aAPRA AU 183
CrmmanENTRY CAMMA IS USED TO CALCULATE THE OLIFFUSION CUEFFICIEMTS. COMNENT an
¢ COMRENT L]
nO 3000 kel ip) AU 184
a0 AB0D Jde2enm AU 185
P LE LY ST THT Ay 184
TCaTMl T(Jsb} Ay 117
[Enlwitllssd AU 188
DA 400C InfSe16 Al 149
(A LLFLTY; AU 190
GN TN (3001,30021,N00FL AU 191
3001 FONTINUE AL 192

TAH
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I

T

GARILP)IYISCULP)/PRINY) AU
G0 TN 31000 AU
1002 CONTINUE Al
GANCL® )oVISCILPY/PREF (NY) Ab
3000 FONTINUE AU
CHMLL GAMQRDH AU
3008 CONTINUE AU
RETURN AU
[ T B 1] 00 44 0% d0 00 46 8 00 00 G0 08 S0 ¥R OB 00 & AY
ENTRY SOURCE Ay
Crmen ~FNTRY SOMRCE IS USED TN CALCULATE THE SOURCE TERAS FOR CONMENT
¢ THE DEPENDENT VARIADLES, COMRENT
c COPMENT
CAUTTON NOT ALL SOURCE TERNS ARE VALID = AT SMMHDARY NODES -~ AU
CHECX AND WNODIFY ACCORDINGLY IN SOMOD AU
GO TN {100,200, 300:400),NG0TQ AU
C tmtntmtrtimimta SOURCE TERNS FOR U-~VELCCITY e imprbnbnbrpmbe AU
100 DO 101 Jdad,n AU
1S=Twe ICJsNGDTO) AV
TEsTWLDL s NGDTOY AU
N0 101 Ie15,1E AU
ISFLFIIFIRS| AN
LesLTJent(N) AU
LXPeLP+] Al
LXNat Pu) AV
DUGKPE = {ULLRPI=ULLPLI/INSLT) AU
AUNXRa(UILP)I=ULLYM)}/RS(I=1) AU
GAMLPeGARC( P) AV
GAMLXNeGAN{LAN) AV
TF (1.EQ,I8) CANLENaGAN(LXN=1) AV
TF (TLEQ.TE) GAPLPuGAN(LP¢Y) AU
SULLTIJI={GANLPEDUDXP=GANL XNODUDXN}/XSULL) Ay
LYRaLPenY AU
LYMNal PupN] AU
LYAY L YP=) AU
LYN]alYP=] AU
GANPRD 2F0(GANCLPI+GANLILXA) ¢GARILYPI«GANILYPLY) AV
GAMMeQ (250 {GANILPI+GAMILEM) GAMILYN)SGANILYNLY) AY
ANYPa (VL YR I{LYPLI)I/NDIFI(]I) Al
OVNXARs{Y(LPI=VILXMNII/XDEIF(T} AV
SULLTIIsSUCLTIIIA{GANPOOVDXPORNTI¢L)=CANNCDYDXNORNEIIIZYSRE ) AU
LIPsLPeNING AV
L%l PaiiN) AV
Lr®1ag 7o) (1)
LI el TH=] Ab
FAMPaQ PN (GAPILPISGANLLXMDSGANILZP)ISGANLLEPLY) AV
GAMND 25¢ (GANCLP ) +GANILXMIAGARCILIN) +GANILTMLY) AU
OWDYPe (WL ZP)=WILTPL))/XDIF(T) AU
NUNXAe{WiLPI=WiLYR))/XOIFIT) AU
SUTLTINaSULILISY4(GARPODNOXP=GANNODYDXM)IYSEJNZYSOL I 225 ENRD AU
SPiLTIIIn0, AU
101 CONTINUF Al
G0 T %000 AU
C trpopapmpapmin SOURCY TERNS FOR y=VYELOCLITY bt iapaiminia AV
200 on 201 J=3," AU
[SeIwLEqdo b UTN) AY
TEatwlQ(doNGCTD) AU
0O 201 I=~15,1Ff AU
(QFEFLIFERY | Al
LPag T JeRn(nN) AU
LYPaLPeN] (11}
LYW BaN] AU
NYNYSa {RILYPI-VILPYIZYSLS) AU
DYNYRalYiLPI=VLILYME}/YSTII=1) alY
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a0

GANLPaGAPLLP)

GAMLYMuGANILYN)

IF {4 EQuJWLILI,NGOTOI+1) GANLYNeGANTLYN=NT)

IF (S EQuIWLOLT,NGOTOY=L) GAMLP=GANILPeNT Y
SULLTJ)ImIGARLPODYOYPORNYV I+ LI~GANLYRODVOYNSRAY(S)) Z7YSVALY)
LAPe|P4]

LXAntp=]

LXPLng XPnNT

LENLaL XPnNT

GAMPRQ 250 LCANLLPIPGAMTILY M) +GANILEPY+GANILYPLY)
GAMNMAO 280 (GANILPISGANILYA) +GANIL XN} ¢GANILXNLY)
DUNYPa (ULLXP)~ULLXPLY) /YOLIFLS}

dUaYH= (ULLPY-ULLYNIV/IYDIFLID
SULLTIIOSULLIJ) ¢ (GANPRDUNYP~GARRCQUDOYN)/XSIT)
LIPaLPaNINY

LIN=L B=aNTNJ

LISLlal 2P=N]

LINdap IN=N}

GARPEnD 22 (GANILPI*GANILYR) *+GANILEIP ) +GARILTPLY)
GARMA0 250 (GARCLPISGANILYN) +GANCLIN)*GARILEINLY)
OWOYE = (W{LTIPY=WiLTPLd}/YDIFLY)

NuisYMu [W(LPI=wiLYN))ZYDIELY)

SUCLT IV =SULLIJI(GANPRDWDYP=GANNODMOYNI®YSYIJIZYSYREIDZ2SIN)
WHNHeD S {w(LPI+nlLYN)

WANP e SO (WILZPI4MILIPL1Y)

SULLT I oSULLTI D) 4PLAXMLAGANRSUNNN=GANPOWANP JOYSV LI/ YSURLIIZ2SIXKY/
1RMC I

GAMPT2aGAM(LP)Y+GAN{LYN)
SUILIJIsSUCLII4PLANNLOGAMPTZO{HANN=WNNP ) /RN{ID/ISIKI/IRNL YD
SPILIJIa=GANPTZ/RN{II/RNLJISPLARNY

CONTINUE

6N TN %000
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141.E=30)90CCH)IOARRHEN 4STEP 290
IFINODER,EQ, 236N THh 942 ASTES 291
SORagOR) 4STEP 292
6N T0 943 ASTEP 293
262 PHTaANINIC(F{LPHZ) +FLPOXZIRATION) ASTEP 294
SOR2a=CRAGOHTORHNCLPINEDK (LPCYH 4STEP 295
SOR=aMAXYI(SORLSNIR2) ASTEP 296
03 FURRANAYLAQ. s LIRATINZARATIONIOF(LPEUDK)I~RATRQZ~RATIQDOEL(LICOD 4STEP 297
1=RATINLSF (L PFUI=RATIOINFLLPCHI JZRATICH) ASTEP 298
FUR=ARINI(FLLPH2 1 FUN) &S TEP 299
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O0SNEPaSURZIFLLPH2I-FURL L E~20) ASTEP 200
SHILTJV=SOR=RENSPOF(LPHRZI=RATOL2O(SUFULLPY »SPRULLPISFEILPFUN) 43TEP 101
1=RATOLOSLSUCHAILPISSPCHILPICFLLACHYY A5TER 102
SPLLIJI=DSDSP 43TEP 303
941 CONTINUE  STEM 304
GNh YA 5000 snoy 187
Comtmpmbmbmbmt=  JOURCE TERN FOR MUCLEL CONCENTRATION é=t=t=t=dat=s=t~¢ SODY 100
1000 TFINVNE.LYNIEO TO 3100 1007 189
0N 1001 Je2en s00v 190
TS=IWL T(Js NGOTDY soaar 191
TE=IWLALI» NGOT0) $0a7y 192
DN 100} I~15,1F soov 19%
IRCLYLICIRD saor 194
LPalLTleKniK) : saoy 199
LOFUNKaLPeNYNINYFUORY $00T 19%
LPRUSLPANYRINEFYD s00v 197
LPCOnLP'NYPINYCD) saar 199
LPTERL PONVNINYTE) 5007 199
LPCHs L PoNYPINYCH) ASTEP 109
LPHZa L PONYNENUNL ASTEP 300 A.
TaF(LPTEY sooy 200
FLPOXaRATICAGF{LPFUISRATTINAOFLLPCOI #+RATIOZ~(RATIDZ*RATIOL)® $007 201
1 FOLPFUOX)SRATIONSF(LPCHICRATIOASFELLIHE) ASTEP 07
FLPOX = BPANLLFLPOX214E=~30) $00Y 20
CARBSFILPFUNKINL2,00CKN/UFY soor 204
LPCnlal el d=2)I0iNT=2)¢{R=KSTRIG{NT=2)O{NJ=2) soor 203
LPL1eLPeNYRINYS]) $007 208
LOS2=t PaNyR({NYSE) sooT H{-}}
LPNnLPeNYPLNYN) soory 200
FUASELLPFUNK )=FILPFY) $00T F{1L) ¢
FLACUP uWCO2O(CAXSFUB/NFUSCRROF{LPCHY 7MCH=F{LPCD) /CD) 4STEP 308
FLAPHZNA0, SOMHZNO(HYYCFUB/MEU=RATIOTOFILPCHI=FILPHE)) 4STEP 309
FLPN2e] ,0oF tLPFUN=FLACOZ=F(LPCOY=FLPOK=FLPH20=FLLPCHI=FILPHE) ASTEP 310
VALNeFILPEUY/NFUSFLPCOZZMCO2+FILPCO) /MCOSFL POX/HORSFLPHRDINHE0 $00ov 213
TOFLPNZZNNZAFLLPCHI/NCHeFILPHZ Y 7HM2 ASTEP Il
RETu{ ANUSEDK2{LPCH/RNDILP) 000,23 seor 218
ENNOTe28, AORETOEDNILPC) s$o01 216
FMNPRaFURS (1, 0eRATIOLY soor 217
PStoENPR/Z{ENPRGFILPFUIG (L, 04RATION) Y $00T 210
FANENaARENYLRLLPFUYFLPOX/RATIONY saav 219
(omaeafYPASS CALCULATION IF TEMP.LT.TINCP, OR IF COMNENT 90 .
¢ CARBONZOXYGEN RATIO LELCINCP (TEMCP AND CINCP INPUT BY USER), CONRENT %1 !
TFIT.LT,TIDCPIGO YO 1008 $00Y 220 '
TELCARBIFLPORLLT.CINCPIGN TO 1006 $007 21
ENPalFELPSTI/DPARTLLI®OAF(LPS2)/(DPART(2) 4], E~2000¢)) sgar 222
LZ(FELPS1)eFLLPS2 Y soot 223
ENPaRHCPOI, 14)99/7{0,.00ENP) soor 224
ANDAQSRHOCLPIOR(LPFUISEXP(=ARCONN/FILPTEY) sonry 228
GANASOANINL (1,009, 7TORETROY) $007 2te
GPST=GARASEPS] $00T7 227
NGPSTe), 0=6PST soar 220
IWPSe] HOX 247
NS1=IDFU NOX 1489
NS 2=T0C02 NOX 149
(mmmmatALCHLATE RIXTURE CP, CORMENT L ] 4
TKs?T LTi1] 170
TRINY ) AP0/ TN N mn
nm 1012 11=NS3.NS2 Hox 112
1017 S2(1t mFSILP, IV ZSMNMILTY NOX 113
CALL MOCPS nox 176
CPUnCPSUNGUNEICON NOX 1713
OFLTAT=DHROENPEIN/CPR sont 1§ 31
TSTRaFLLPTEIIDELTAY sont 232
RHNSTRaRHACONZ (YMIROTSTR) s0o7 233
197
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TO=FILPTEI~OFLTATOGPSIZ06PST 5007 234
TAnAMANLL T, 100.0) 5007 294
RHODARHOCONZ (VAT XOTO) soov 236
ANNSTRaANORMOSTROFILPFUIREXPL~ARCONN/TSTR) s00T7 A7
ANNNRAOSRHNOSF LLPFUISENP (~ARCONNZTOY soot 2130
GPSIR=CPST/RHOSTR 3007 239
NEPSIR=0EPST/RKHOO s00Y 240
ENRHO=FLLPN) FRHO(LP) 5007 241
EMDOTRFFDOTORHOSTR/LGPSTIOOGPSIY soav 242
ENNS(FILPSYIDSFILPS2) IORHNILPI/ENP $007 243
ENNRHNAENNZRHOLLPY soar 244
Ale {ANDSTR+EPDOTROENRHO) /GO soot 243
A2= (FHG=FMDOTR/RHOSTR) /G0 sant 2406
AJSEMDOTR*AL/RHOS YR : $007 247
AA=ERDOTRO(AZ/RHNSTR=ENNRHN) soot 2410
ASe=RRB0A) $007 249
AGsAAA=RARS A2 3007 250
ARGASORTIAAS{TA4=AS) 60244,00A00A3)) SooT 2%1
ENSTR1a(A4=ASSARG) /{2,00A0) sonr 252
ENSTRZa(AA=AS=ARE) #(2,04A8) sooT 233
ENSTReENSTR] sooY 254
TFLENSTRY LT 0.0V ENSTROENSTR2 saov 259
ENSTReANINICENSTRIENRHOZGPSIR) sooy 2%¢
FNSTRaAMAX]L LENSTR, ENRHOGRHOSTR) s0oy 237
ENSTReAMAX1(1.02ENSTR) soot 2%
ENNSTRa(AL+A2OENSTRY ZENSTR soov 2%
ENNSTReARINLILENNSTRoAAAZBABY soot 260
ENNSTRuAFINTCENNSTR, ENNRHO/GPSIR) soot 261
FHNSTReARAKL (1.0, ENNSTR) s00T 262
ENDs({ ENRHO=ENSTROGPSIR)V/OQGPSIR soor 263
ENNeAMAR](1.0,FNO) soorv 264
ENNO={ ENNRHO=ENNSTR*GPSTR)7O0GPSIN s007 205
ENNNeaAmAX1{]1,0sENNDY saov 264
FUGEaFNGOF (| PN) s007 267
SUF1a ANDSFNGF sooT 269
SPR1aGCOENN saar 269
SUF2 e {ANPSTROGPS TRANDOS OGRS IR4GOCENSTROGPS [RO ( ENNO=ENNSTRY) soov 270
ISAHDCLPICFPEF soor 21
SPEZ2aBQeF NN saor 2712
RF1oSUF1«SPFL4F(LPN) saoy 273
RE2aSUF2-SPF2F(LPN) soorv 274
CanemmFORMATION RATE, CONMENT 93
IF(RFL.GTLRF2IGO 1O 1004 $007Y 275
SWiLT J)=SUFL soor 274
SPULLIYm=3PF] soot 21
60 10 100% 1007 2re
1004 SUlLTJI=SUF2 sa0v 279
SetLTd)m=5PF2 5007 280
60 TO 10C% soor 281
1006 SUCLTEY=0.0 sqot 282
SetLTddel 0 sooy 201
Crar=afiRtOATION RATE. COMRENT 94
1009 RNC=ERDOTOPSTOENRIN/{FILPFUI+1.E~20) soot 294
SPILTIInSPLLTII}=PNC soor 209
1001 CONTINUE soov 285
G0 1O 3000 $00Y a7
Famtabmgmbmbmén SOURCE TLRW FOR SOOT CONCENTRATION smtcdménmd-pnies=tae 5007 200
1100 TFINYLLTALVSToNRNYLGT.LYS2I60 TO 1300 sooy 89
ISELI IR LR RS soot 290
CONS2=b,0/7(RHOPEDPARTILEY) sooy 291
0n 1141 J=2,0 so00t o2
t1Seiul 1tds MEOTOD s00t 29
TETWLE LI NGOTD) sant 294
Ao 1101 TaXS«1F sooy 293
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RPLFLIFIXS: $007 296
LralLl JeNmiK) snot 297
LAFUNY ALP s NVRINVFUDY) 500t 208
LOFUs( PNV INVFL) 3007 ree
LPCOnLPeNYNINYCD) sant 300
LOTE=LP*NVIFC(NYTE) 1007 301
LPCHRLPONYRINYCH) ASTEP 12
LOM2 L PENYRINYHD) ASTEP 113
TaFLLPYED saov 202
FL’OK-HAYlO!OF(L?FUionlllﬂtlFtLPcnioﬂlt!uz-llltlﬂloﬁltlulit 007 301
1 rcLpsunx)onnttusos(L-cu;ounrlnsoﬁttﬂua| ASTED 114
FLPOYeARARLLFLPOXs1.E~D0) L1 0%
CARBaFCLPRUNNIO12,00CARINFY $00T 306
L-c-l-xotJ-zb01n1-zn+1n-ustnittur-ziocna-zi 1007 2107
LALLeLPENYN(NYSY) soov 2086
LOS2aL PANVAINYSD) sanT 209
LPSaLP+NYNINY) soot 210
LPNRLPONYNINYN) $007 311
fFUBF (LPEUDXI=FL{LPFU) 5007 312 ),
;Locna-ncuz-tcnxosualufu-cuxtntmvcutlueu-sttrcnioucnn 4STEP YY) -
FL’H?O-O.Q‘NHZBO(HVV¢FUOIUFU-RATI07‘F1LPCM1-F(£'H!II ASTEP 316
FL'NZ-I.O-FtlOFU!-FLPCOZ-F(LFCO)-FlPOI-FLPNZD-F(LPCH!-F(L?N!! ASTEP N7
VNti-FILPFU)IUFUOF&PCUIIHCOQOFlLP¢OiIHCBOF&POIIHOIQFLPH!O!U“!O s0nT 316
I#FLPMIIHNIOF(LPCR'I!CH$F(t'H2lIHH! ASTEP 318
RET=(ARUSEOR2(LACI/RHOILP 1) 000,23 s0ot 318
EMDNTe 23, 6*RETOEORILPC) $007 319
f ENPReFURS{i,0¢RATIOLD $00T 320
- PSTaEMPR/ LEFPRAE (LPFUISLL 00RATIOLH) sanT a2l
v FMMTNeANINI CFILOFUISFLPOX/RATIONY so0T 322
Cwem==RTPASS CALCULATION TF TENP.LT.TINCP, OR IF CONMENT 93
¢ CARRON/OXYGEN RATIO LT.CINCP (TINCP AND CINCP INPUT BY USER). COMMENT 9
IFET.LTaTINCPIGO TO 1106 $00T 323
[FLCARA/FLPONALTCINCPI6D TO 1108 $a07 1 1)
Fﬂp-lFtLPSIiInPAnT(littathLPSZ!I!DPA!T(!IOI.E-!Oi‘OSD 00T azs
; LZIFLLOS1I+FILPS2Y) soot 126
: ENPaRHOPSI,14139/(0.00ERP) 3007 327
; nﬂn-lOOINBItPl'FlLPFUlOEKP(-ARCOHﬂIFtLPIEli sooT 2e
: GAMASmANTNL (1400 9o TORETHS3) 500" 129
: GPSInGAMASOPST so0T 330
; QGPSTe).0=GPS] 00T LY 3
: IMCPS } won 178
NS1eTODFY HOX 177 :
NS2=10C02 NOK 170 :
CrmaanlCALCULATE MIXTURE CPo COMRENT 97
TRaT NOX 174
FRINY®]1,0D0/7TK NOY 100
nn 1013 TI=NS1,HS2 Nox 181
1013 S2¢TEIaFSILPTLI/SNNLET) NOX 182
CALL HWCPS NOX 183
CPRaCPSUMSUNTICON NOX 104
DELTATROHROENRIN/CAR soov 134
TSTReF(LPTEN4DELTAT sonT 333
AHNSTR aRHNCONZ (YNIROTSTR) sooT 338
TORF(LPTE)~DELTATOGPST/OGPST soov 37
TOAMANL{TNL100,0) sQov 3138
RNNAs RROEONZLYREXSTO)D s00Y 139
Annstnoau-lﬂnstniFtLOFUIOEIP(—AlCONHIISTl! spot 240
sunn-ao-nuuoos(tp:u;oevp(-anconu:tul sont 141
GRS INaCPST/RNOSTR snny 342
j NGPSTR=0GPST/RHO0 S00T 343
; ENRHIeFLLPNY FRHOLLP) 5001 YY)
; ENNNTReENDOTONHOSTR/GPST s007 349
suu-crctnﬁlvosttns:"0nuottr1:env s007 1)
EN"PNO'F“NI‘RHCH_’I s0a0rv AT
199
NS
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Al= (ANGSTRAEMDOTRAENRHD) 760 OF POOR QUALITY
A2» (FRG=FNDOTR/RHOSTR) /GO
A3=EMDOTR#A]/RHOS TR
AA=ENNOTAS LAZ/RHOSTR=ENNRHO }
ASa=faneal
ABRAAA~BRBSAZ
ARGSORT(ANS((AN-A5)€02¢4,004080A0))
ENSTRA=(AA=ASOARG)/12,00A0)
ENSTR22{A4=AB~ARG) /(R4 0%A8)
ENSTR=ENSTR)
TF(ENSTRI.LTACo 0V ENSTREENSTR2
ENSTR=AMENL(ENSTR)ENRHO/GPS IR)
ENSTRAANAXI(ENSTR, ENRHOORMOSTR )
FNSTRaANAX1{1405 ENSTR)
ENNSTRe(ALeARGENS TR) /ENS TR
ENNSTR2ANEN]LCENNSTRIAAA/BBR)
ENNSTReARTNE (ENNSTR) ENNRHOZGPSIR)
ENNSTRaAMAY] (2,04 ENNSTR)Y
FNDs (ENRHO=FNSTROGPSIR) /0GPSIR
ENDSARAXLI1,0,ENQ)
ENNDu {ENNRHO=ENNS TROGPSTIR ) Z0GPS IR
FNNQaARAXY (1404 ENNQ)
C=+===QUASIGLANAL FORMATION RATE,

SUFI-'REIPS.F(LPTEl“ALPHAO(lHOItPl‘FllP$UII.‘llSOClHOClPl.FLPOI)

IOOBHSOFI'G-ARCONSIFClOtEllOFlAcritli
ConaeaTURBULENT FORMATION RATE,
SUFQ-EHP‘(AAAOFlthIoaaottnNSTROG’SIIOlHnlLPl‘tENo-Ensrail
LeFRACP(TT)
Q'F!-RHD!LP'OBRBOENBQFRIC’ltIl
SPE2FaSPE20F{LPY)
SUFZ=APAXI(SUF2,SPF2F)
RF2aSUF2~SPF2¢ *
TEISUFTLETRF2160 TO 1104
SUCLT I nSiiF]
SPiLTJdYeQ,
&0 Tn 110%
1106 SUMLTJYeSUF?
SPILLIY)e=SPE2
60 TD 110%

1106 SULLTJ)e0,.0

SPULTJYe0.0
CommnaSURFACE DXTOAYION RATE.

1105 ARFATaCONS20RMO(L D)
AKA=2000.,0%EXP (15100, /FLLPTED)
lun-ﬁ.QOE-IOEIPI-1640.IFItPTEli
AR?a20  ABERP{2000./F(LPTE))
Aﬁt-l.SlsAOE!Fl-anoo.IﬁctPTEil
PO?-FLPuuQDRGSSIIVN!I032.00101329.03
PSICR1.0/0).0¢AKT/C(AKBOPOR))
AKK=AKASR(IZ/(1.0¢AK2 P02}
svc1-1z.o-ansarocnnnops:counaopn!Ot1.0-93tca|

CommnnlRRULENT CXTINATION RATE.
1’:9-ERDDT¢PSl‘FH*lN‘IHﬂ(LPlI(F{LPFUIO!.!*!0!
SPCInANTNRLSPCL,SPC2)

SPELTAN=SPCLIdY=-SPC)

1101 CONYINUE
6N Tn 8000

Comtmtm NTHER SPECIES = HoOsOHs M NOs NO2 bAshant ol LY DY TR LY TR S S S G gy

¢ THESE SOURCES CALCULATED IN KINETICS PRORAN CREK,

Ly

13100 TFIMY, NELLVMIIED TO 3400
N0 1201 Jn2yn
IS L LR IFIY T 1Y)

TEsIWLOt Sy NGOTDY

200

s$ooy
saor
soor
sopY
saor
sqaor
saov
sqor
sont
soor
saor
soor
soor
soor
soor
saar
soor
s00Y
soor
soar
soor
saar
COMMENTY
$00r
soor
COMRENT
soor
SooT
sgot
soor
soor
soor
soQr
saor
soor
sooy
scor
soor
saer
soor
Soor
COMRENT
soar
JAN14
dAanN) e
soor
soor
00T
soor
soor
S00r
COPRENT
sony
saor
sent
joor
soor
CONMENT
CORNENT
COMRENY
NOX

uox

LI ]

NOX

148
349
3530
LL) ]
352
133
354
153
54
337
150
3%
380
11
362
L1} |
384
383
k1.1
367
348
369

98
370
in
"
vz
37
374
3
ars
arr
T8
3re
AN
jel
302
183
ELY)
£} )
Ing
100
iar

390
a9
192
393
194
393
101
19
197
39
399
400
102
103
104
183
186
147
188




0n 1201 I~18.0F NOX 189

LIdaT4dnty) NOX 102
SUILESI=0.0 G NOX 19

1201 SPILI41040 ORIGINAL PRGE o nOX 192
&0 TO %000 LOR QuALlTY NOX 19%
1400 CONTINUE ofF P NOX 194

5000 CONTINUE AU 615
RETURN AU 816

END AU 617
SUAROUTINE AUXRAD AUR 2
COMMDN (39009, 0U(500),DV(500),00(500}, CONFS 2

1 ANUC (9001500710500, S00T2(300)sFCHEB00)s FH2(5000,FS(500s141, ASTEP 10

1 RHO(500),VISCIS00),)ARSRIB00)»SCTRE500),SUL1001,SPL100), RAD 3

1 ORHODPCI00), : RAD n

1 AXP(100)2AXPI100),AYP(100)sAYACI00)sAZPL10C), CONFS s

2 AZMEICCI,CTC100),CYIL0)2C2ULL00)5CYUIL0), CONFB 5

3 C7PC100)9CYPLI01DIVAIR00),NTY,NTP2 ConFs S

Ao ANRK (1920, AXPKELO2) o AYNKELO2) s AYPRELOZ) 2 AZNKILOZ) s ALPKIL192Ys CTONA 3

2 SUK(2921,5PK (102} CTDMA n

DIMENSTON UC500),VI500)sW(300)sPP(5001,P(300)s TENP{300) CONFS 1
DIMENSTION GAN(500) CONFRA ]

EOUTVALENCE (FE1)sUC1 )5 ¢FE301), V(1) 0pLF(1000)suEL)) CONFS 9

EQUIVALENCE (FE1501)sPPL1))o(F(2001)P(1) )s (FI2501), TENBLLD) conFR 10
FOUIVALENCE (FI30011,6ANC1)Y CONEB 11

COMMANZCYLZREI0) o RNL30) s RAVE30) o YSREDOY, TSYRCIO) o IPLAX connan 2

COMMON/GREDZX(40)sY (30152301 XS(40),YS{30), 250300, NSUC40), CONNON ’

1 YSVI301,250C30),X0OTFLa0) s YOTFL20)» 20TF(20)FRP140) o FXN{4AD}, CONMON 4

2 FYPLI0),FYNCA0),FZPI30)sF2NI30)oDTo TINE COPMON 5
CONNON NOX 2

A/CINDER/1DC0s 10FU» 1002 TON2» TOH20,1DCO2s TDHLs TOHZ, TONL, IOND, TONO2  NOX 3

1o TN, OO THCPSo TLC TLH INAT) ITERp JUJsN1sN2sN3o NAoNGLOB,NGLNBPs  NOX 4

2 NLWsNQ,NSPoHS],NS2, IDCH ASTEP 3

3/CCHEMT/CPSUFSHSUN, FOs PPLNs RGAS»RGAS ENs SHINV, TR INVs TLNy LNRG NOX &
C7CPARANZASUBLIO0, 3], ENV) ERsHSUBO,NOEBUGINS, PAs Q0015025039 Q4o RHOPPs NOX ?

4 SHLSHWEI01oSFO,SI{302552(30)»TRKoLADIAD,LOEAUSS LEQUILS LREACT, NOX )

& LENE®,FDKIJ,LCONVG NOX 4

NOUALE PRECISION CPSUMIENY,ER)FQs HSUBO HSUN,PA,PPLN, 005 Q15 02503,  NOX 10

_ 1 Q0sRAASLRGASTNSRHOPPs SHy SNINV.SAN»S1sS2s TRy TRINY S TLN: SO NOX 11

; 2o FUTHFST ASTEP 4

: COMMNNISTEPA/PENPLIPEXP2sPEXP 3o PEXPAIERLSERZIERISERAPCEBULLCERUZ, 4STEP 5

1 CEAUBSCFBUAJAEXPL,AEXP2,AEXPI ) AEKPA,BEXPL OEXP2, BEXPI) REXPA, ASTES &

2 CEXPY,CEXP2,CENPACEXPALFUT,FST ASTEP 1
LOGICAL LADTABsLCONYG,LDEGUGSLEQUILSLNRGLREACT,LENER NOX 12

COMMDN/TNT/LsRyNoLCVoMCYNCYs LPLsMPLoNPLsNToNJp NIa NINJ o NININKsNY s  CONNON 6

1 NNYeNGOTOpKRaFSTRe SSTRIKSTRANYN(I0)oKMEI0)» JR(20) 9 ISTEP *STEP s

2 TSDLVE(I2) e IPRINTI3A) s TITLEC10532 o IXY,TSHPo JSHPORELANEIS), NP,  4STE® 3

2 ARHONGAR, TWLEC30+%) » TNLD(30,5) 5 JNLOLA0, 3)p IWLT1A0: 55 TVETs CORMON 9

& INEDSMANY» JWETe JVT0, JHOTs JUNNe TOWe JKTN (3043000 IKENC 40, 300 canmon 10
COMMONZINDEX/TPAR,LPREFs TSTUN, TNCONP, ETRAD, NYRXo NYRY, NYRZ, JALANE  COMMON 11

Lo PLAXML, LYK, LVOsLYFUDKsLVEUSLVCDsLYHoLYRKSLYRY S LVRZoNVE (32D ASTES 10

3 LJUMP,IRESSTITLEZ(200s IMAXs JNANKNAK s NVCOs FUNCOs NYHZDLNVCO 2, CORNON 13

3 NVNZ2 s NYCH e N¥H2 4STEP B |
COMRANZCNOX 7LVHL pLYHZ o LVNL» LYNDs LYNOZoLVOs LVOHS LYHZO,LYN2,LVO2,  NOX 16

1 LVCG2sLVFULSLVCOLNNDOX s TN, TTHOXS SHOK, THEX nox 17
COMMONZTHERS #NYH, NUFUs NYOXs NVFUDR sHYTENDOEN, TOR, FSTOICSHFUSCPp  CONMON 19

1 GASCONsRHOCOMsUNICONSPRESSsNYFAVSTCYLWs TENLWs TLEPo ACOEF L), CONMON 18

A ThyDFACaMEUSNCOZaWCO s WOX 2 WH20 s WN2s HY Y CANRATIOL s RATE02, CQNuON 17

3 RATIO3sRATICASHCOs TANS TTHALL CONNON 18

COMMANZCTOMRAZKREND, TCTOMALD2) 43TE® 12

CIMMANZRTS /ARG DEN, SHAY ) SSUN, LASTEP o HTCERT p CFRy ENTSWoENTSIN, CONGEN 2

1 FMISR,TAUTIRTCNsENT,RADTNGRANSUR,FRA)FR) SQFI) CONGEN 3

7 FNRUSFDFU» TFUEL sWENZoFLOCAO) o TENTHEA0 12 HEADD» FUELLAQISFUOR (A0} o CONGEN A

> DINCAC), TTINTAOY+ FUELS (A0S SEXTT, 1GANIL291516AN2(29) ASTEP 13

COMMON fTURAINYXs NVDsCR e C2oCNs AR, OUTDTILIs 31 s ARFACSALFAL, CONGEN 6

201




1 MAOFL,PRUAZ)PREFIIZILPIAYIAZ)HE ASTEP 14
COMMNNZPAN/NVE ¢ STEMALABSOR, SCATR CONGEN L]
COMMON/REACT/ZARCANL, PREXPLSCRYL ) ARCONZ s PREXP2,CR2, NODER COMGEM 9
) COMPONIARNPLIEVAPILG2 ) sNTPANFNEZ, RO(B N YOL 3} 70401 ALEALD), CONGEN 10
- 1 METAT2Y»DELTACA Yo THETALU(AD o THETAZUB)DaNSL (XN o WFRLAD L SADEN ), CONGEN 11
' 2 VEUFLU3) o PFUELIAN ) EVSULBA YL HEVAPR COMGEN ) ¥
COMMONZINJEC /ELOWIN, TUTNS €200, JUTHI (2002 UTMIC20), WUINIL20), CONRGEN 12
1 AUTHJUZON o TUINJL200, IVINJ(Z0D o AVINSL20) ) HVTIRI(20)2 VINJIC(20), COPGEN 14
Ty 2 FYINJU2C)oOVINJE200 p AVINS (200 THINIC20) o NUTNI o NVINDS J5HL J3H2, CarGEN 14
oy 3 HSHpVSUPAFSHIESHs TSNS W SWND RHOSH CORGEN 16
— CONMONZCSONTINYN,NYS] s NVS 2, 1SO0T, SSANT,NTO0TsADSARCONNS AAABB8, FNG SONT 4
- Lo GNsMPARTDPARTE2) s FRACP (21 oRHOP s ARCONS» PRENPSo ALEHA» AAS BATOHR sont 9
= 2oLYN LSy LVSZsCINCP, TINCP FUTAT saet 10
CONNONZCRAD/ZIPAD,SRAD soot 11
COMMOMACFOUR/PREXPISARCONISCRESPREXPASARCONG,CRASAAL,80814CCy 4STEP 1%

1 AA2aRRZ2oCC2oAAR MR CCAeANAP BNALCOASRATEOS,RATIOGRATIOT, GSTEP 16 }p
2 RATIOBRATIOGsRATOLOsRATOLL)PATOLIZs NCHaWM2 pNC2HASLVCH2LYCHELVH2E ASTED A7
P 60 88 40 %4 28 ¢4 $8 S¢ S0 6 & 08 4% 08 %0 ¢ &} AUR &
FNTRY GANRAD Aye T
= CommenENTRY GANRAD IS USED TO CALCULATE THE GAMAS IN THE RADIATION cOmmEnT 109
— ¢ EQUATIONS, CORMMENT 106
c COMMENY 107
IF (NV,EQ.,LYRY)Y GO TO 2100 3V 1 A
no 4002 Xel,NP) LE ) T4
NN 4002 Jsi,NPl RAD ™
KJNaRN{K)+IP L) RAD T6
TSaTdL It s 4) Rad 77
‘ TEeIWLOldn k) RAD T8
- nO 4002 1«1%,:1€ RAD 9
N LPeNjnel RAD 1
Com—m=VALUES 0F ANSORPTION AND SCATTERING COEFFICIENTS FOR COMMENT 100
c [TeARe2, CORMENT 109
ARSRULPI=ABSCR RAD 81
4002 SCTRILPI=SCATR RAD 82
TF{ITRAD.NEL?I60 TO 4001 RAn a3
o CmeeeapARSARBTION CCEFFTCTENT CALCULATED FRON SUMNRCUTINE ABNSOR COMMENT 110
< (ITRAD=3), COMNENT 111
ne A000 Kn2sN RAD [ L3
no A0CO Jd=2e¥ RAD 8%
LTI LI SR EN]) RAD ad
ISoIWLItdsd) RAD A7
TEnIWLCtIs4) RAD e
DN A000 1=IS,1E RAD LA
LPeN jhet RAD L]
TS=TEMPLLP) RAD 9]
TSaAMARLITS52300,00 LF I 9z
TSeAMTRLI(TS+2000.0) LY Y] 91
TaT§ RAD L
PATHe2 ,00Y(PP1} RAD 95
CmmmnnSONY CONCENTRATION. COMNENT 112
SONTHaT,00(SCCTLILPI+SOOTRILPIISRHOLLP I/ (RHOPED ,84F~0) RAD L
LOFUnLPeNYMIRYFU) "AD 7
LPRUOY AL P+ NYNINVELON) RAC a8
LOCOs| PoNYR{NYCOY RAD 99
LPCHeL PoNYMNENYCH] 4STEP 319
LOHAa| PANYIFINYHZ) 4STES 320
FURAE {LPFULRI-FLLPFUY RAD 109
‘ fPomnmeCf? AND H2C CONCENTRATIONS, COMPENT 112
— ELRCNIaNCO2O{CYNOFURLWEII-CXROF (L PCHD FCH=FLLPCOI /WCDD ASTES n”
: ELRCO?=ARAYL(1,E~20sFLPCORY &AD 102
b FLONYaARARL {00 RATINLIAFQLPRL ) +RATIOIAF(LPCOISRATIOR RAD 103
_? 1~{RATINL4PATIC2ISRILPFUNRIARATEQISF(LACH) +RATI(CSF (LONE)) WSTEP 322
ot FEPHINC  AONHANE LHYTAFUB/WFU=RATIO7OF {LPCHI=-FILPH2)) 43TEp 223
N FLPHZNaAMAXE (Y F=20+FLPH20Y RAD 106
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FLAN2a1,0=FILPFUI=FLPCORZ=FILPCO)=FLPON=FLPHEOD=F(LPCHI=F(LAHZ} ASTEP 124

FLRN2m AMAXL LD, 0 FLPN2) RAD 108
VAT YaF{LPFUY/MFUSFLPCO2/NCOZORLLPCON Z7MCOSFLPOXZNDNSFLPHEOSUNED RAD 109
LoFLPNZZUNPF{LPCHI INCHAFILOHZ) FYH2 ASTEP 23
PENZnELPCO2ZIYNIEMNCOR Y RAD 111
PHIORELPHZOZLYRT EOUHR0) RAD 112
REOZmARINLLPCI2,1,0=PH2Q) RAD 113
FACP=R Q707418 RAD 114
PATHo ANTINLUPATH FACPZPCN2) RAD 113
PATHoARTINL(PATH, FACR/PH2ZN) RAD 116
CALL APSORMITSoToPATH, SOOTKPCO2s PH204ALPHAS) RAD 117
ALPHASsARINLCALPHAS 0., 999) RAD 100
ABSRELPInmALEL Lo O~ALPHAS )/ PATH RAD 119
4000 CONTTINUF RAD 120
4001 CONTINUYE RAD 121}
CALCULATE GAMA FOR X=DIRECTION FLUX, COMMENT 114
N0 3000 X=sl,NP) AUR 9
N0 300C J=)1,0p) AUr 10
KJRaRm{n)sJR{ ) AUR 11
ISaINLItI o) AUR 12
TE=IWLOCded) AUk 13
0N 3000 I=1S5,1¢ AUR 14
LPaKiMe] AUR 1%
GARILP)ISL  CrIARSRILPISSCTRILPY) RAD 122
3000 CNNTINUE AUN 17
GO0 T0 3300 AUR 1d
CALCULATE GAMA FCR Y=DIRECTION FLUK, CONPENTY 118
3100 DN 2200 Ra),NP) AUR 19
DO 3200 J=1,rp] AUR 20
KiMekMiK) 4+ INC LD AUR 21
IFnINLItdst) AUR [ ¥
TE=sTHLOtI» &) AUR 23
00 3200 I=1%,1F AUR 26
LPekjNe] AUR 25
GANELP )] ,C/LARSRILPI+SCTRILPIGL.O/ERIIYI*L.E=30)) RAD 123
3200 CANTINUE Aye HA |
3300 RETURN AUR 4]
C o0 42 60 42 40 0% 40 4% 0% B¢ B0 T 40 % G2 8% &% ¢ AUR 29
FNTRY SORAD AUR 30
CemmasENTRY SORAD IS USED TO CALCULATE THE SOURCE TERRS IN THE COMPENT 114
" RANTATION EOUATIONS, CONMENT 117
¢ COMMENT 114
1F (NV.EQ.,LVR2) GO TOD 300 AUR 33
(enmeele AND Y=DTRECTINN FLUXES. COMRENT 119
N0 101 Ja2,n AUR 2
IS=IWL It JaNGRTYO) AUR 3
IfoIWLCtIs NGOTD) AUR 34
N0 101 I~IS.1E AUR 35
ISELFELIFITY AUR 3
LP=LTaenpN(n) AUe 17
LERXaLPoNVRINVRYX) AUR 38
LERYnL PaNYR{NYRY) AUR 9
LAl PeNVI{bYRT) AUR A0
LPTESLPONVPINYTE) AUR 41
FLPTE=F{LOTE) AUR 42
FLPESTIGNAGE| PTEOSS AUR 43
SUTLIJInARSRELPISFLPESSCTRILPINCFCILPREDSFILPRYDOFLILPRZN Y, RAD 124
SPLLT A o= (ARSRILPISSCTRELP)Y RAD 125
101 CNNTENUE AUR L1}
RFTURN AUR L}
300 CONTINYE AUR 'Y
CenmnnlaNiRECTION FLUX, CORPENT 120
NG 307 Ka2eN AUR 49
KIReNMIN}s JR{JPLANED) AUR %0
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L 1Y

1S IWL XL JPLANE, NGATN)
1E=IMLOIPLANESNGOTD)
nn 301 1=1S,1F
N LEYLILEXS!
LPagJeet
LN =L PeNVHINYRX)
LPRY =L PONYMI{NYRY)
LONTaLPeNYR{NYRD)
LPTEaL PANVRLINVTF)
FLPTEAFLLPTEY
FUPE=STENACFLPTES
sutltnI-ulsutt!llFLPG*SCtntLPl‘(FtLPllioF!LPIY)#F(t'n!lil!.
SPELIN )=t ARSREL")eSCTRILPY)
201 CONTINUE
RETURN
FND
SURROQUTINE SPRAY
C S00000000Rs0e 008000 SUBROUTINE SPRAY 2000000008009 000000 28009, 004
C SURROUTINE FOR ATRTRIP CONE WHICH CALCULATES THE TRAJECTORY
¢ AND EVAPORATION RATES FOR A FUEL NOZILE SPRAY, WRLITTEN HOV. 1970
¢ tooooo-outooo-onnoa@coot-‘ooaooo-tooto.ocnottto.ono-ooooosotaootottoo
COMNON F(A500)2DUL300)+0VL5001:DMLS00),
anucc5001.snntitnoov.soutelsoon.sculsooi.suztsoov.s51soo-zti.
nuocsoou.vtscnsool.aasntsoot.scrntsoot.sul100).sv|1001¢
DRHDOPLAGO) »
AXPC100) s AXNEL00) pAYRCL001ATYACI00)AZP(L00),
ATNCE100),C201000,CYE101CIULLO0),CYULLION,
CIPL100),CYPL10)sDIVG{I001.NTPL,NTP2
1.Alnktlﬂzigllrli1¢21plvnkllozl.Avrktlozl-AINIllvzl.lzvlllozln
2 SURL192),8PK(192)
DIMENS ION UL900) s VI300) o WL3001,PPI300)»P(50C), TERP(200)
DIMENSICN GAM{ROO}
FQUIVALENCE (ECL) UML) (FEB0L YoV (1)1 LELR000)sMELD)
EQUIVALENCE CF(1501) s PRCLVISEREC2001)oPCLY )5 (FLZB0LYS TERPC(LYD
EGUIVALERCE (F(3001),GA0(10)
cnnnou:cv&oacaol.untaon.nnvlaol.vsncaoi.vsvntant.trLAx
co-noulcaro:xtnoi.vcaon.ztso;.::taon.vstaOt,13130|.usut~ot-
1 YSVI!O!-lSNlSOI’IDIF|§°iuTDlFlSOInZDIFt!OlpFXP!QOInFlﬂ(QO)p
? FVP;!O!:FTF(!GD-F!PC!O!oFlHI!OioDT:T!NE
WL L]
llttHOE!lIDCC-IDFUulDOZnIDNZ-IDNIG:IDCOZ.lDRlulDH!plONloIONDo!ﬂNOZ
1-lnnotouu.IHCPS.ch-lLHnlnat.ltER;JJJ-NI.ua.na.NAsNGLnEpuctnaP-
2 NLMgNQaNSHNS1,NS2,TOCH
SICCHENI!CPSUNpNSUF.FO.P'LNoRGASolGASlN-SN!NV;TK!h!ottﬂstuns
s:cannArlnsuatao.ai.EHv.sn.nsuan.noeuus.ns.vn.ao.ox.oz.oa.o~.nunrr.
) SHoSHHCBOD-SFO.Sll301.52(30'.ta.taolul-toiaucpttnutl.LREAct.
4 LENERFONRT SoLCONVE
DOUALE FRECISION CPSUNS ENVeER9 FOp HSUBOSHSUNSPAS PPLN, Q0 010 G20 03»
1 GQolGASoiGAS!NoQHUPPoSH-SNINUoSHU,S!-!!.TK.TIINV-thoSHo
29 FUTFST
CﬂﬂNUNIStEPQI'EIPIuPEIP!.PEIPS-PE!PQgERloERI-ER!;GRQ0C§BULoC5302-
1 CEﬂuaptinUQalE!PloAEIPZ-AEIP’-AEIP&.6El’1:0€l’2.0§l!3-85!".
2 CRUPLICEXP2sCERPIoCEXPAFUTHFST
LOGICAL LADTAB, LCONVG, LOESUGH LEQUILALNRGLREACT)LENER
cgﬂﬂﬂﬂllﬂfIL.l.ﬂolC'pﬂC'oNC'll.loﬂ'luﬂ'l.ﬂlQHJON.oNI"JDNINJNKDKVD
1 N“VvNGﬂYDolnISTRoJSTR.KSTR.NVH!!S'.KN(!D'nJFiSOlnlSIFPo
? t%ﬂLVEtaziotPllﬂttla’-tITLEGlOosal-IIVp!SH'-JSHP.IGLAI(!!I-NP.
3 nnun.ucan.IUlIlso.ﬂl.luL0|ao.5|.Jutul60-9!.0!1!1-).!bol!ﬁl-
4 Iusn.ﬂ"&.aulI-Julﬂ.;uﬂ!.:uunolou.anlulao.301otu:N(40.30|
cnnnanlnnElllPAﬂftPR!FoLsrun.lncnnvo!tnaoan!nlpuvlv,ﬂvlzsJPLANE
loPll!“loL'ﬂlL'Dpl!FUO!oLVFU.tVCO!LVH.LURIoLV!'gtU!!;NVFl!!lo
? IJHFOplRES-II?LE!llOl.lﬂlloJﬂAlolﬂAK¢NUCO»FUHCO-HVH!O:NICO!.
7 NUN2 s NYCHeHVH?
ﬂGHHﬂNlCanIlUHlolUHZslVNlnlVNﬂoLVNUROLVU:LUOH!LV“!O.L'NZDLVOI’

[ IRTE S Sl o
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AUR
AUR
AUR
Aup
AUR
AUR
AR
AUR
AUR
Aum
AUR
RAD
RAD
AUR
AUR
AUk

114

b1

14

se

b1 4
CONFR
ASTEP
RAD
RAD
COMER
CONED
CONFR
CTONA
CTOMA
CONFO
CONFB
COMES
CONFS
CONFO
COMPON
cannom
CORNON
COMMPON
Nax
NOX
NOX
ASTEP
NOX
NOx
NQX
NGX
Nox
NOX
ASTEP
ASTESP
4STEP
ASTEP
NOX
COPrPON
ASTEP
ASTES
connaM
COnNON
carmgn
ASTEP
CORMDN
ASTEP
NOR
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g ]
9
59
L 1]
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%0
59
60
a1
126
127

oo
NOoWa»>
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PRPWBANISIEUNHODII~NIED
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s
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LRl i

B

—WmmvaanW'mmﬁm

M ™

1 LVCOZ5AVFUL)LYCOLsNNDX s ENOR, TTHON, SHOY, THOX
CONMONZTHERR/NYH o NVEU s NYORe AVFUON s RYTE s RODENS I DN o FSTAICHF UL CPy

1 GASCONMRHOCCH, UNTCONPRESS,NYFAY, TCYLWo TINLW YL IR ACOEIITAL,

P TaeDFAC)WFUsMCO2,WCN o MOR UH2Na WNZ o HY Yo CRR(RATIOLHRATI O,

3 RATTON PATIQAHCOTAN, TTHALL
CONRONCIDRAZBEND, ECTONALAZ )

CARMNN/NLS 2 AU DEN SHAN s SSUMs LASTEPHTCEX T CRRENT W ENTSTN,

1 ERISP, TOUTHRTCOLENTARADTNoRADSURS FNALFR) SQFN,

? FUFUFOFUs TFUEL)WFNZsFLO(AO)» TERTR{AGI o HEAMD ) s FUEL(A0) o FUNRIAD) »

? UINAAD o TINTAD Yo FUELS (A0 SERIT IGANLY 29) 5 1GANZ (29)
COMMONZTURAINYN o NYDCLaCR2CRe AR DUTDRIC 3» BV pARFAC ALFAC,

1 MODELsPR{AZ)SPREFIAZIIPIAYINEYE
COMMONIRAD/NYEsSTGMASABSOR, SCATR
COMMONJRFACTZARCONL s PREXPLICARLs ARCANZ)PREXPZ,CR2,RNDER
CONMONZDROPL 7EVAPIAQ2IsNTRANFNE RO, YOU I, 20UV o ALFALNY,

1 AETALRY o DELYAUAY o THETALC N Do THETAZUBIsNSLUDI o nFELD)«SHD{N),

? VWEUELLAD)oRFURLUNI s EVSULOG) HEVAP
CONMON/TRJEC/FLONTHs TUINJC20) o JUINJL20DUINI(20)pNUTINJL20 ),

1 AUINJCZOYp TUINI{20) 6 IVINJU2004 VINE(20) o RVENSL200,¥INI{20),

2 EVINJUE2C)oDVINJUIZ0)pAVINIC20)p TVINSTIZO) s WUTNJp VNS JSHL» ISHE S

T USHaVSHa ARSW FSu, TSH WSWe SHND RHOSY
CNMMONZCSNNT/NYN,NYS]  NVS2, TSO0T» $S00Ys NSODT2ADS ARCONN, AAA,BBB, FPG

1o NPARTSDPART L2V FRACPU2) s RHOP, ARCONS s PREXPS s ALPHASAAS» A8S . DHA

ZoLVNSLVYSYLLYSZ,CINCPR TINCP, FUTOT
COMMANZCRAD/IRAD» SRAD
CAMBOR/CFOURIPREXPISARCONISCRIpPREXPA LACONALCRA,ALL,BB1,CC2»

1 AMPoNARoCC25 AR, AR CCARAAGBBGs CCALRATIOSRATIOORATIOT,

2 RATTIORMRATICORATDIO0NRATOL1oRATOAZ2 o MCHoWHEWC2HA,LYCH, LYCHY s LYHZ]
DINENS ION VECR( 200+ VECTYLIOI»WECTL{I0)s0SNOC(O)sXNLAO) o YN{I0) N30}
NIMENSION POCAYIEE(A) s FRACTUTI o MHETI s NWCONDCA) » ACONDCE) pBCONDL 4}
NIMENS ION EVAPULISZ2 1 EVAPVILI02)oEVAPHILO2) o RVECKEIOIRVECYEI0Y,

1 RVEC2120})

REAL MuaMMCCNDy MiT

tmbmpmpobmiminges  AEWARE OF EQUIVALENCE STATENENTS 4tntminentotainins
FQUIVALENCF (EVAPULL)sAXRKLL) ) (EVAPVILIoAYARLLY)
EQUIVALENCE (EVAPWIL)AZMKLYY)

TP QU Gy R iy P i Gy VD Py R iy QU PP U Sl Wiy S S G YRy SR Sy ST SR Y
DATA DSPD/aCra@3102010%02417/
DATA PCoEE/=214,540.0T7459040385040.575801.026030.007327.340:23.,997/
OATA FRACT s MW/00redradsaBreToaPrler93,20001204,0,120,061,130,28

1 215045951 73,212204,70/

DATA ACOND» ACTOND s MUCOND /=54 JO2E=39=60330C=39»0e204En33n0,01F=)

160 J0FmBg a9 Em oy 0bE=8,0,23E=3950,42100491500»300./

OATA NGsRANGPToPT2/%9 %0 3410199, 06,2083108/
[ E Y YT TR R VYR AN TSI 2 I PI I TR IR I RIS RLY LR IRl Y )}
mrnannmencesQNE PRELININARTES

IF {NENTLELO) RETURN

SCin, q28)

PRAs, Q282

NLIMa,]

ULTMe, )

T¢£=2300,

HEVAP=30L70,60{1092,88~),0¢TFUELI®®, 89

HEUEL®a,3F¢7

eOFO=1000.0¢ 7754, 208=,000T20TFUEL)

ISAALLo{2ENPYI=TLR D H/FLOATINPYL /100,

NO T Ne2N

np T Jazye

Ng T Il

LA al=180 -2 0 (NI~2}8IN~2)0LNT~2)0{NI~2}

EVAPULLPC) =0,

EVAPYRILIPC)I=D,

EVAPMILRC )0,

T FYAR(L B0,

ORI L L7 4S8
OF PGOR QUALITY

NOX
COnNOM
COnNON
CORMON
COnngn
ASTEP
CONGEN
COnEEn
CONGEN
VATEP
CONGEN
ASTES
CONGEN
COngEn
CORGEN
COnGEN
CONGEN
CORGEN
CONGEN
COMGEN
CONGEN
saot
$007
$007
soorv
ASTEP
4STE®
ASTEP
114

L 1]
HASAY
NASAN
se
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5e

114
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b1

1

b 1

-1

e




"

LIPS 1Y) L 1 AT

na 115 T=241 o ORIGINAL PAGE IS sp Y]

113 TMgEyaNN{T-1)exSiI g s 49
YHELPLIRNMCL) OF POOR QUA.NY s» s0
LTI 13 Y] 1) 81

DO 1T J=2,0 T sz

17 Y{dmYREd=100YS L) 5 23
LI TLILITE 3¢ 54
TRELI AT T 14

NO 19 Ke2,N 5» 1Y

19 7TM(X)=TP{K~1)e2S(K) 5 27
IRINPLINZRIN) sP LY

¢ ‘.0“‘.‘.00.'..‘0.“‘."0..‘0.“.0.‘0.0.00...‘.“O..O..C‘O.‘.O.“".. P 539
€ mmmeaneeel (0P OVER FUEL NO7ZLES 1) a0
DO 2000 MNR)sNFNT 1) (31
RFE"Q, s» 62
NSL2eNSL INN) Y 63
ANSLwNSL 2 5P a4
WETSWEE(NN) /RNSL s &9

C ~ommen=n=CALCULATE UNTT VECTORS OF SPRAY LINES 1 8o
SINABSINCALFACNN) /240 s a7
SINACS INCAETAINNY) s» )
SINDeSINCDELTAINNY) se 49
COSARCOSUALEALNND 7241 s 10
CNSAaCOSERETAINN))Y se 121
COSOaCOS(DELTALNND)Y 1, 72
DTHETARTHETA2 (NN I=THETALENN) 1 13

IF (OTHETALLT4040) DTHETASOTHETASPT2 se 74
NANGSDTHETAZCRNSL=14) ') 15

IF (DTHETALNT0sGAOPT2Z] DANGRDTHETAZRNSE s 76
THETASTHETALINN) st 17

nO 10 ILe=1,NSL2 s T8
SINTRSINCTHETAD s 79
COSTCOSETHETA) sp 00
THETA=THET 4 ¢DANG 1) A

TF (THETALGT.PT2) THETA=THETA=PT2 sp 02
VECX{TL)n=SINACSINTSCOSE=COSAGSING 1) N
VECY(TL)oSTNASCOSTOCOST+SINAGSTNTOSINGSSIND~CUSASCOSDOSINDG s Y
VECTLILISSINAOCOSTOSINDSINASSINTOS INSSCOSD4COS ARCOS POCOSD s 1]
RVECK( TL ) omSINTCOSA Se 06
AVECYTIL) =COSTOCOSNeSINTOSTNACSIND se 87
AVECZ(IL)*COSTESTND=SINTOSINBSCOSO s Y

10 COMTINUE s "o
ct..ttlﬂit.".‘itll.‘..Ol0‘...0..‘..0.0..‘..t..il.“.“‘.......Ol..‘...' 1§ 90
(mme=eSTART CALCULATIONS FOR EVAPORATLON RATES - SP 9
DO 1%e TLe1eNSL2 s 92

DO 100C 16=1sNG s 93
UF=YECX(TIL)OVFUEL LNN) se 94
VERVECYU(TL YOVFUEL (NN) s 98
WReWECTLIL ) SVEUEL (NN} 1) o
DTASSADINNIOL LE=0005ND 16} s 97
TFUATEUFL s Y
1TePra) 1) 99
DtAGeNTA 1 100
cCON2=0, 13 101
1GONT =10 s 102

IF CISTEPLNELIGPNTY &0 TO 7748 1 103
WRITE (A, 7747) 5e 104

P747 FORMAT (710X YUFS 10N, SVFI, R0Rs VUFY . OKs SUST 1o OR o PVST X PHSTY, s 109
1 TR VFEVAPY,J0Xs *XF 10Ks *YEI, 0% P 2F0} 11 106
TTAH CNNTENUE 1 107
FEVAPSC, T 104

NA 11 FelsLP) 1) 109
N1 1) 110
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TF (XDEMN)LGTXR(T)) 6O TO 12 Lt

69 10 12 o ‘.
11 CONTINUE F Py

17 nO 13 Jal,ppl I

JLAC~d
IF (YOINN)&T.YNIJ)) €O TO 13
GO TO 1s

13 CONTINUE

14 ND 1% Km),NPY
KLOCaNK
IF (ZOUMN) ,GT2M(K)) GO TN 19
GO TN 16

19 CANTINUE

15 NESXOCMM) +RFUELINNISRVECKLIL)
YEaYO{NN) ¢RFUELINNIMRVECY(ILY
TEaTOCNN) SRFUELCNNIORVECTIIL) Z7(RELISPLARMLOYF)

(rmaast BCATION OF THF DROPLET=mmmmnanmoas
110 CONTINUE
T0L0~TL0C
J0LO= 4L 0C
KOLO=RLOC
€ we=a¥ HROPLET LOCATION
TR (MF GF XN{ILOC 1) o AND NF LT XH(ILOCYY GO TH 27
0N 22 1alyslP]
ac«1
IF {XF,E6T.XP{L)Y GO TO 22
Gh T0 27
22 CONTINUE
f m=eay NROPLET LOCATIONM

27 IF CYFLGE.YM{JLOC=L)oANDLYFLLT,YNLJILOC))Y 60 TO 23
N0 24 Jsl,Prl
JLOCay
IF (YF.GTYP{J)) GO TO 24
60 Y. 23

24 CNNTINUF

€ o==el OROPLET LOCATION

23 IF (IF.CELZNINLOC=L)ANDZF LT ,IN(KLOCY) G0 TO &3

0on 26 Ksl,Np]

K{iNCek

TF (2F.GTo INI(K}) GD TO 26
60 TO an

26 CONTINUE

4N IF (KLOC.6T,1) G0 TO 28
KLOC»N
TEaTINPL)=ZSRALL

20 TFR (XLOC.LT.%PL) GO TO &3
KLOC=2
TEaZ010+TSMALL

¢ »asaDROPLET NEAR A WALL

63 INDXeQ
IF {TLCC.GELINLICJLOC4)) GO TO 43
TLIC~T0LD
RESAMARSIXF,XNI{TLOC~1) 4DTIA/2:)
RFAMINLAXFXNLILOC)Y=DTA/2,)

INDX=}

43 IF (TLOCLLELINLOCJILOCKAY)Y GO TO 4T
TE CILOCCToINDTANDILNCLLTLINA0) 60 TO 1000
fLOC=ICLD
NFuANAXTLRFE,XRLILOC~L1)4DEA/2,}
PRmARTINL(WEXPCILOCI-DTAZ2,)

INDX=2

47 1F CILOCGTLJULECTILOCA)) GD TQ A
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1F LINDN.NC.2) &R T0 36 _ _
(11111134 | W [P '- !
:z:::: 0*‘ i'L';u; ‘.-: -t N i Y

8h JReIWLTLILACA)
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TTes CONTINUE
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300 ATsTARIANT  PNCOND,ACOND, &)

CommantHERMAL CONOUCTIVITY AND SPECIFIC HEAT OF FUEL VAFORS
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(mmanafRACTION FYAPORATED
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CON2®1.3/P0KE0/DEAOOOIORNFESOTAGRATE
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EEVAPSFEVAPIDEVAP o

IF tFFVAPLLT,1,0) 6O TN 29 \
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CONTINUE
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CONTINUE
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COMMONZINT /Lo MaN s LCY oMY NCYLPLo MPLoNPL NI s NJo K NENSp NINJHK NV,
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136N MPARToDPART{2)oFRACP{2})RHOP» ARCONSoPREXPSp ALPHASAAS+ABS o DHR
PoLVUNsLVSYIaLVS2,CINRCP: TINCP, FUTOT

CONNNNZCRAD/TIRADSSRAD

COMMONZCRFOUR/PRENPIpARCONI»CRILPREXP&) ARCONASCRA,ARLBB1,CC1y

1 AA2oAR2,CC2pAA3»BRYCCIoAARARA,CCArRATIOS JRATIOG,RATICT,

2 RATIONRATICOsRATOLOPRATNLLsRATDLZ ¢ WCHIWHZ WCZHA» LVCHILVCHL o LYH2]
ENTRY STRIDO

(ema=afNTRY STRINA 1S USED FOR SRELININARY CALCULATIONS.

¢

1XYel

L LTS

JSWPs}

Tinfap,

LatPl=]

ﬂ.“'l-l

vt ot 33
lcv"‘-l 'éi\!\.e o ;l.
HOW e Na OR\G"‘ L QUAS N
LLIET TS Q

NINJ~NIeN)

NENINK aNT P JONK

LLLIR R R

NN 1 NYR2pNGAN

NYMINYFanY R IY=] ) ¢NTNINR

LLISRET"

N0 ? Xe2yNP1

KUK} aKMIN=])aNIN

LIS RRT

MARSMAXOEMPINPL)

ASTEP
111
COnmON
ASTEP
ASTEP
CONMON
CannaN
cannpm
4STEP
cOnmrON
45TES
NOX
nox
CONNONM
CONNON
COMNDN
CONMON
4STEP
CONGEN
CONGEN
CONGEN
ASTES
CONGEN
A3TEP
COPGEN
CONGEN
COmMGEN
COMGEN
CORGEN
COMGEN
CORGEN
CONGEN
COMGEN
soot
s00T
$007
$007
45STEP
ASTEP
4STEP
5T

CONRENTY

COMNENT
st
$T
ST
11}
t1]
- 1
1 31
st
ST
sT
st
57
st
ST
Y
5T
5T
$T
.3 §
T
3 |

14

10
11
12
13
14
15
146
8
b
ic
11
15
18
17
s
12}
122
6
7
]
9
10
11
A2
12
14
1%
16
17
1e
16
&
2}
22
23
24
25
24

211

et




3

 we

DN 3 A=2pPAYX
INgJindng=11eN]
RETURN

8t 48 88 A% ¢ 8% s 0

ENTRY STRID1

ORIGINAL PAGE 1S
OF POOR QUALITY

" 00 00 ¢ dn 40 W0

CommamFNTRY STRIND IS USED 7O CALCULATE INTER-MODAL DISTANCES,

¢
C

COMTRNL VOLURE AREAS AND VOLUMES,

Fommam)-~GRTN,

101
m

121

no 10% Te2sLP)
ADTFETraXM(T=N{]=1)

00 113 I=2sL

ST Y0 A0 NI )=RI=1))
XG2S 2000, 50%05F(2)
ES{L IS {L Y40, NRDEE(LPL)
DO 121 I=3,lL
YSULTYaXDTIFLT)
ENPLTV=XPIFLINZE2,80S(I)Y
FRMiTia) ~FXP(I}

XSULS eXSULIVXDIFL2Y
LSUEL Yo RSYLLI4ADTIFLLPY)
FAP{2)=FXP (]}
FXN{2) 0] ,=FXP{2)
EXPLLY=ENP{L=1)
EXN{L)ul,=FUPLL)

(omema¥=GRTN,

102

112

122

1232
142

N 102 J=2nP)

YOLF{d)= Y{d)= Y(J-1}

NN 112 J=2n

vStJt= Q5 0(YLIe1)=Y{]=1))
YS(2)eYS12)40.50YDIFL2Y
YS{M)sYSIM)0,58YDIFINPL)
RE(2¥sR())

nn 122 Jedyk

RM{ J)e S0{RIJIIRLI=1])
paviJelisR i)
YSvt)e¥NIFLS)
FYP(J)aYDLIFLIN /12,0750 I
FYRL )il =fYRLJ)
AM{MPLIsRINME))

LLUARERRYEB )
RMY{NRL}eR{PFPL)Y
YEVL{IIAYSYI31+YDIF(2)
YSVIM)uYSYLMIeYDIF(NPL)
FYe{2)=FYP(I])
EYM{2)e),=FYPL2)
FYPINYaFYRIN=-1]

FYN(M}a) ,=FYPLN)

NN 3132 Je2,P

YSROJ)m B0 tRNE I LD eRNLIIISYSLY)
N 142 Jadm

YSYRCI)Im DR (RPYLISLIGRAVEJIISYSVL Y

Praoam?~GRI0,.

103
113

123
N4

nn 103 KeZ2, NP}
TDIF(N el (f)n2 (R}

NN 113 Ke2sN

IS{N I Q3T INel)=2IR=1)])
IK{2027SU20 40,9001 L 2)
PEINY = 2S(ND0.5¢2DTFINPYY
TSINRL) =TS 2)

AO 12% wedpN
TSNt ) =D IFIK)
FIPINInIDTRENI LR e28IKY)
FINtR)el,~FIPr(R}

CORRENT
CONRENT
COPRENTY
COrPENY
11
ST
13
st
ST
St
5T
st
ST
1)
5T
ST
T
k)
5T
ST
COMNENT
5T

ST
st
$T
57
st
5T
st
5T
134
ST
ST
34
3T
5T
ST
ST
5T
S
st
5T
ST
T
5T
51
ST
COMNENT
st
ST
5T
ST
8T
)
5T
b1
st
+34
1t

27
28
29
3
£} |
123
124
123
128
L1
a
1L
3%
1.}
7
18
19
40
41
a2
43
L L
45
"
47
127
A0
49
50
31
52
53
54
L L
56
5T
58
59
40
L3}
62
62
64
63
(1
67
3]
69
0
T
T2
13
128
LL)
7
76
LA
Te
19
80
81
LH
L} )
[ L]



TEMENALYmZOLFI2)¢2DTFENPLY
ETRINRPYI=TDRFLRIZISINPL)
FININPL)e) o~FIPENRL)
FIS(2InTOTRL2072502)
FIN{2)nl~F2P(2)

CommaaAOUNDARY CONDITION INDICES.

2%

292

C o

Come=s=ENTRY STRID2 IS USED TO CALCULATE THE FINITE=DIFFERENCE

P
c

C dmdnpmpmpmipnpanjujapaingn U=YELOQCITY bojpupajmipnjajsbastajaiadapobs

360

0
0

NN 290 I=1slP]

IPanmTNO{Ted L P))

TLomAXQ{T=1)1))
INLTICTpXImPinCLIWLIC oA JWLTCTL 2 4))
JYLTCT»2)ndull(]edbe])

JULICT B hmJuL (T sd)

JHLICT oS )anINCUINLECRPoA Yo IWLE (o dbodWLICIL4)Y)
JULOLT s 1) nMINOUIWLOUT s 4o INLOLTILS &))

JULOCEp2) mdNLOLT o)

JWLOT T D)o JNLDI e AY

dVLOUT o B oMAXQUIVLOLEIPs 4D pINLDIT o 4p JNLOLIL#4))
CONTINUE

0N 292 Jnl,yNp)

JPsNINDLJ+Y,0Y)

JLeRARGtI=1,1)

INLICdsRaluLltdpt)e}

VLIS 2 mMANQUINLI(do Ao TNLICIL o 4))
INLICI»NYoTHLTCd b))

TWLIC oS mMINOUINLICIP oA 2 INMLI S EMLECIL P4 Y ) =]
INLOCI» 1InINLOL s 00

TWLOC 2o PINOCIWLCt S 4o TWLOT L, 4))
MLIGIFFEIXS IR FTYY

TWLOCI» 9 nMAXCLIWLNCIPs & 2 TWLOTJe 4o INLOLIL A
CONTINUE

RETURN

6 2% 00 ¢ 0 S0 08 SR 40 W0 B8 0% 05 8 0% ¥ @

ENTRY STRID2

COEFFICIENTS AXPy ANy AYPs AYMe AZPs AND AlLR,

N0 340 LPe)l NINNN

DUiLPIsQ,.0

TFIISPLYELLY) 303,302,30)
TEIRIDCTSTEP,ISNLVECLY D) 302,304,302
CONTINUF

1STNe)

J5TRa?

KSThe?

Ny}

NGNTON]

(==es=(ATATN DIFFUSION COEFFEICIENTS,

ChLl Gannmy

M 30 Jal,nm

TSeTNLIC Y, NGCTO)

TE=IWLOtIP NGOTN)
TIFACoRLIFIRIM)SOFACO{REII=RIN)}}
nn 30 I=fS,1F

IRIFLIFIRY

L7Pe) PeNINg

LeLlla| f=)

LIs)=y2P~]1

ARFAnTNSULTYIVS( Y
ALZaRHOCLPISWILTPIGAREA
ALTIeRHOILPALIOWILTPLICARER

AtTe B tALToALZYY

ALT=ALYZ2,

TPo N0 (GAMILPIAGANILPLLY DCAREA®TIFACZ(ISNCNPLIORIIY)

ORIGINAL PAGL I3
OF POOR QUALITY

57
i
st
sT
ST
COMMENT

ST
COMRENY
CORRENT
CONNENT
ST
ST
ST
Y
SY
5T
st
5T
5t
Y
ST
CONMENT
5T
st
-3 |
st
T
T
5t
st
+ 34
T
ST
st
t34
ST
T
LA

as
b
AT
L L]
(1)
129
0
9
92
93
%
9
9%
9"
°
”
100
101
102
103
104
108
106
107
100
109
110
111
112
113
114
119
116
130
131
132
11?7
11e
119
120
in
122
123
124
123
126
127
133
120
529
130
131
132
133
134
133
116
137
116
119
140
141
142
143

215




e
=
4
iy
%é
-

20

ORIGINAL PAGE 1S

TToAMARLAT R 2ARSUALT)Y
CIVILP Y2 0AL2
CTILPImTTeALY

NN 301 Knp,W

Cmeman0ATATN SOURCE TERMS AND EVAPORATION RATES.

1%0

152

154

1%4

216

n

200

20?7

CALL SOURCE

CALL SOMAS

90 81 Ie3:l

JSmIWLICTNGOTOY )
ARTANASUCTIOZSIKIORNLJS)
LPeKMIRIEINEISTeY

LYMal PaNT

LXMLog YH=]

LXMs P=]

TF (JULT(TpAVaFR.45=1) GO TO 150
ALY ®, SO IRHOLLPISRHDILYNIDOVILPIOAREL
TYe B0 (GANILPI4GAPLLYN)VSAREAZYDIFLIS)
GO TO 192

ALYSRHOELYRIOVILPICAREA

NISTe 38YDIFCISH

IF (IS FQ.2) DISYevDIF(2)
TYsGAMCLYR)QAREA/DISY

IF (4WLI(T=104),E0.35-1) GO TO 134
ALY1no BOCRHOCLXR)SRHOILRAL) IOVILRNISAREA
TYI-.SUCGAF(LlR)OGAnilIﬂl)l‘AlEaIVOlFIJSl
G0 TO 188
ALYLoRHOILXRLISVELXN)*AREA
NISTe . 50YDIFLIS)

tE (JS,EQ.2) DISTYDIFLJIS)
TYLeGAMILXNLYOAREA/DIST

ALY SO lALYSALYYY

TY=s, Se{YYeTY1}

TYaAMAXICTYs=ALY)

CYUiTImaLY

CY({I)nTYeALY

ne 32 Je2,N

KIMaun(nieJri

APEASYSRLJISISINY

tS«IWMLTEdaNGDTA)

TE=TULTLJpNGCTO)

IefS=1

LRPaK JN4TS

LPeLXPs]

IRLIINCDS

ALYMaRHOCLXNISULLPI®AREA

ILIPIO.

THaGAN{LXNIPAREAIRS(]}

Cxaalxn

TXRAMAXLATR,ALYP)

TR AMARL{T R s=ALXN)

CratTRedLin
Tl‘AF-RIJiIIR(I)ODFACOGR‘Ji-RIHIll
ng 32 1=1S,1E

WA s JULOL T4 NGOTO -]

(IR FLFELIPRED

LPekIMel

LYPalLPe)

LY®u| PNl

LISl PaNINY

LP el Pm)

LYPL=LYP~]

LIl T0=]

AZMILT SInCH

AYR(LTJYeCY(T)

OF POOR QUALITY

st
£ |
51

57
COMKENT
1)
st
ST
Y
st
st
st
st
5T
5T
st
ST
ST
ST
ST
ST
T
57
ST
ST

144
14%
144
147
134
140
149
130
151
152
153
154
133
1%6
187
198
139
160
161
142
163
164
145
166
107
1648
169
1710
n
172
173
174
178
176
1717?
17¢
179
100
18l
182
143
184
108
186
18?7
188
189
190
19
142
192
194
195
196
197
196
199
200
01
202
201
204
205
206

T T T A

P—

P TS P S S

e i e e



kb

1Y

E L

157

1%8

159

160

LL}

L4

OR!GINAL PAGE IS

ATMILTJI=CRELLd} OF POUGR QUALITY
ARFARYSRCJIOIS (KD

TF (1eFC.IE) €N TO 39
ALNRRHDILEISAREAS(FRACTIOULLEP Do RALTIOULLPY)
ALXPSFEXPITIOALY

ALYMRERRCT)SALY

THGAMILPISAREA/XS(T}

CXUPAALY

GO TO 34

ALNPARHACLXPIOULLYP)OLREA

ALYHSO,

TXRGANCLEP I SAREA/RSCL)

CAUPsALYP

TROANAXIETX S ALKP)

TARAMAYI{TX AL NN}

ARPILTJIaTRmALYP

CHaTYsALAM

DIVEEL TN aDIVELLTIY4CAYP=C XY

CRUsCXUP

AREAS7SEN OXSULTISRN( Jo1)

IF (J.EC.MAXY GO TN 39

ALY R 258 (RHCILPYSRHDILYP) ) OVILYPIGAREA
ALY10, 250 (CRHNCLPIL) SRHOCLYPL) ) OYLLYPL)OAREN
ALY, S¢(ALY+ALYY)

TY 290 {GANILP ) ¢GANILYPI¢GARILPLL)¢GARILYPL)ISAREA/YDIF LI+ 1)

TYOANAXLETY ABSLALY))

CYUPa2 SALY

G0N TO 38

IF tJMLO{I+4).EQamAN+L) GO TO 157

ALY, 30 (RHOCLPDARHNLLYPIISVILYPISAREA

TY= 3 (GARILPY+GAPILYPIISAREA/YDIF{NAXS])
an rn 1%

ALY0RMCILYPIOVILYPIGAREA

NISTe 58YNIF(MAXNe])

IF CMAXNLEQ.®) NISTeYORIF(NPL)
TY=GARILYPICAREA/DISY

IF (JULC(T=1,4),EQ.,NAX+]1) GO TO 199

ALY Lo SR RHO{LPLIYIISRHOILYPLIIOVLLYPLISAREA
TYR SO {GAR{LPLILI¢GANILYPLI)IGAREA/YOLF(NAY YY)
G TN lé60

ALYLaRHOILYPLIOVILYPL)®AREA

NESTe, B8YDIF(RANS])

TF (MAXLEQ.P) DISTavYDIFINPLY
TYLnGAN(LYPLISAREA/ODISY

ALY e ALY*ALYL)

TYe, f0tTretTY))

TYsARMARLITYALY)

CYUPmALY

AYPILYJYaTY=ALY

(A ABSERALYIN)
NIVGILIJ)=0IVGILYJIeCYUR-CYU(L)
cYU( 1Y eaCYUP

AREAaXSUTTIOYSLY)

TFIN,EQ.N)} &N TO 37

ALTn 280 RHCILPI4RHOILIFIIOUILIPISAREA
ALY n g 200 (RHORLPLLSRHUCLIPLI)OWELEPLIGAREA
ALZo B @{ALT4ALTY)

CANL P P30 (GAPLLPIoGANCLIP) AGANILPLLI)CGANILTPY))
TIaGANLPOAREACTIFACZITINIFIKSLIORLJ))
TIOARAXYIITZoANSLALZY)

CruPe2 0ALY

GO TN s

ALTSRHRILIPISNELTIPIGARED
ALZI»®HRLLZPLIONILZPLICAREA

207
208
109
210
211
212
1)
214
213
218
217
228
214
220
3}
222
223
13 1)
229
224
227
226
229
230
2131
232
233
234
23
236
2137
230
239
240
sl
242
243
244
248
24h
a7
240
29
2950
291
132
233
254
23
236
257
250
259
260
28]
202
i63
264
269
266
87
b1
209
e

217



URIGINAL PACGE IS
OF POOR QUALITY

ALZa AL #ALTYY 11 T
ALT=ALT/R. 5T mn

TZe B0 (GANLLIPI*GAPILIPLYIPAREACTIRAC/IISHINPLIGRL L)) st m
TPoAMANYIAT? o ARSLALTY) L1 274
CTUPRR 0AL T 5T 273

AN APREL YN TR-ALY T 274
CIILTJYaT ALY 5T an
DIVGLLE)=DIVRLILTJI¢CTUP-CIULLESY 7 278
CIMILTJInCTUP ST 279
VOLaXSULTIAYRALII®RSIXK) st 200

IF (TaFQe1NLITJoNGOTN) ANDT26Tad) VOLOVALO (L ¢ 50XSULT~LI/RSULTY) ST b1 ) 1

1F (RaCOLIMLN{IpNGOTO) JAND T 4LTol) VOLAVOLOIL o ¢ 5oRSULT L) /RSULT)) ST 202
LXMa|Pm) st 283

9 RDT=0, 111 2084
192 NIVGLLIJI=APANLLRDT,DIVGILEIY) t3) 209
oUGLPLaYOLZYDIFLTY st 204
SULTJIaSUCLTJIOVOLSDULLPISLPILNRI-PLILPRISDIVGILYIJIOULILPY st 207
SPLLISInSPILTIIY*VOL-DIVGILTS} ST 200

%2 CONTINUE sT 209
Cama==COYRCE TERN PODIFICATIONS = BOUNDARY CONDETIONS,. COMMENT 13%
CALL SCe0D 5T 2990
CommnatOLVE FINTTE~DIFFERENCE EQUATIONS IN SOLVEL AND SOLVE2, CONMENT 136
caLL SOLVF1 ST w9l

301 CONTINUE st 292
CALL SOLVE? 5T 293

CALL Fr(0 st 294

102 CNNTINUF T 291

f tetmimimininintnintutas= V=YELOCITY tmpupnd yufnpatotniniatabmi= ST 294
DN AAQ LPe)eNTNJNK st 297

460 DVILPInD,0 5T 294
TELISOLVEC2)) 4019402,403 ST 299

401 TR(MND(ISTEP,ISOLVELZI)) 40204045402 $T 00
404 CONTINUE st 301
1¢TRn? Y 102
J5TRa} 14 301
KSTR=2 ST 304

LT 2% ] 8T 108
NGATNe2 sY 304
Cmea=aanNATALN DLFFUSION COEFFICIENTS. CONNENT 137
CALL GARNA s$T 07

0N &0 Jadhk ST ALk

1Sa YL It Iy NGOTOD st 100

TEa Tl OtIeNGDTO) ST 310
TIFACSPRLI) FIRRENIADEACOIRN] JI-RN{NI D) ST 311

nn &0 I=%5,1F ST 12

LN TFINY 5T 13
LZPaLPeNINY st 114
LPL1aLP=NT 5T 314
LYPYLal 70~-N] st le
ARFAsXSIT)®YSN{JY sT nr
ALT=RHC(LPISWILIPISAREA ST Ak4
AL7YoRBOCLPILYONLLTPL) SARER st ity

ALT o B0 tALTSALZYY st 320

A ZeAL 272, 111 121

TTn S0 (GANCLPIOEAMILPLI Y IOAREASTIFAC/{ESHINPLIGRNLY)) 13 222
TIoAMAXIUTIHARSEALY) 5T 323
CTUCLPY=? %ALY st 2

a0 CPLLPYnTIeALD st 123

nn 401 Ka2,N 1] 128
FommmeNATATN SOURCE TERMS AND EVAPARATION RATES. CORNENT 118
CALt SOueiE 131 kA 4

CALL SCMag st 2

NN Al I=24L ST L ¥4

Je ML LA NG0TO) sT *4C

mﬂ“ k% TR - .A_‘.n.-un.‘.._.J_ proy




AREA=ZSERISNSETISRANVIIeL) ORIGINAL PAGE IS st :::
LAnKNERD e JN(ID oY ] '3 !
LYPal PeNE OF POOR QUALITY H N
LYRal Pant ST 3%
206 ALYWaRHOILYM)SYELA)OARE st 133
ALYPeO, '3 1 218
TYSCAM(LYMISAREAZYS(Y) st 1 14
CYUCTY mALYR '3 "ne
208 TYRAHANLICLTY ALYP) st 119
TYaANARL(TY,~ALYN) st 360
AL CYCTYaTYeALYN sT M1
N0 42 Jed,n 5T 32
LT ITIY Y LIFY 11 1% b
ISaIMLICIsNGOTOY '3 344
TE=TWLOE 42 NGOTN) $T 14% ‘
LEPAKINSTS st tad ]
LPalXPa) ST Y
LPLInL PN $T ‘140 »
LXPYet XP~N] ST Y]
AREAYSYRIJI*IS (KD ST 130 4
IF (IMLICAsA)LEQ.15) 60 TO 162 ST 351 4
ALXS BO(RHNILP)+RHOLLXP) ) SUCLXP ) SAREA ST 152 _
T, 5e(GANILP)ISGANILEP ) ) SAREAIXDTFLES) ST 299
G0 ™0 1¢3 sT 3134 1
162 ALXSRHOLLPISUCLXPISAREA ST 139 ]
DISTe S8X0LF(TSH st 356 ;
IF (1S.FQs2) DISTeNDIF(2) st 337
TXaGAN(LP)SAREAZDIST st 358
163 1F (TWLItJI~1s4),EQ.IS) GO TO 164 $T 389
ALXLn, SS{RHOCLPLIL ) oRHOLLYXPL ) ) QULL XPL)SAREN ST 260
TR o, SOCGARILPLE ) +GANCLEPL) DSAREA/RNTRLLY) sT 1}
G0 TN 168 ST 382 j
164 ALX1=®HOILPILISUCLYPL) CAREA s 363
NTSTe 30XDIFILS) st 364 p
IF (15.FQ.2) OLST=ROIF(2) st 345
TXLeGARCLPLI1)I®AREA/DESY st 366
189 ALN= T (ALX4ALYY) ST 187
TRa Be(TX+TNL)} 1 34 308 !
TROAMAXL(TX,oALX) ST 389 J
CYimaLY ST 370
CHaTR4ALN ST mn 1
TZFACERNEJ) Z{RN(N)SOFACOIRRLII=RALINS ) ) st T2 1
NN 42 T=ISeIE st 32 :
MAX®JWLOETHNGOTO)=1 ST 3T
RELTLITITY st 1]
LPakgMet st 3te ¥
WIS sT 377
LYPeL PN sT are
BRI IVITH st AT
LPILeLPmNE ST 300
LXPLe| XP=NE st il 4
L?Pint 70-NT $Y 182
AXNILEJInCN st 383 )
AYALLTJIeCYIT) sT 84
ATNILTJInC2ELT YD st 209
AREARYSYR{JIOISIR) st 106
TF C1.FO.TE) 60 TO 4% st 307
ALRm 290 0RHCILP, RHOILXP ) DOULLRP)OAREA sT 308
ALXAn 280 CRHOELPLLYSRHOLLRP IV ISUCLRPLISAREA ST 9 !
ALXng B0 ALX ALXY) 13 190
TR 280(GARILOISGANILRPISGANELPLL ) #GANLLAP L) JOAREA/RDRF(L41) ST 30}
TReANARLIITI N ARSLALKD Y 5T 392
CHYP P  oALY AT 19)
an 10 A4 3] 394
219




45

Y3

4% IF (TWiDlisa).FQLTE) GO TO 167
ALNn S0 (RMOLLPYORHOILY®) IRULLAPISAREL
TX AR {GANTLPIAGARLLEPIISAREAINDIFITISL)
AN TO 148
147 ALXaRHOCLEP)ISUILNPISARFA
NIST ,30X0TF{TeL)
1€ (F.EQ.0) DIST=ROIF(LPY)
THAGARILEPIRAREAINIST
146N TF (TWLOtJ-1,4)0,E0.1F) &GO TN 149
ALY L AR (RHNCLPLIYDeRHDILXPLIICULLXPLICARER
TXLm SO {GANTLPLILISGANILEPL) IRAREAZXDIFIT+1)
GO 70O 110
1469 ALXIARHGILXPLIGSUEILXPLISAREA
NISTm, 50D RFR{T+Y)
IF (1oEQ.L) DISTXDTIFR(LAYY
TALnGAMILXPLIRAREAZDISY
170 ALK»oo{ALRSALNLY
T B0{TRATRL)
THeAMAKYILTX ALY
CRUPapLr
A AXRP{LTJIInTR~ALY
CYeTXSALX
OIVGILINI = DIVELLES) +CXUP-CRY
Crudn XUP
ARFATSIN)eXS{T)IORNY{J*])
TF (J+EQuJULNIT,NGOTO)=1) GO TO 48
ALYRRHCCLPIOAREACIFYRCJISVILYPICREYN(IIOVLILP))
ALYPafRYPRL{JyoaLY
ALYMaFYNES)OALY
TY=GAN{LP)SAREAZYS(J)
CYUPaALY
GN TN 46
ALYPoRHOCLYRIOV(LYPIGAREA
ALYM=R,
TY«GAM{LYPI®AREAZYSTYY
CYUPeALYP
TYSARAYL(TY »ALYP)
TYRAMAXLILTY =A T¥M)
ATPILTS)eTY=ALYP
CY{EhmTYa LY
DIVGILTJr=OIVEIL TV 4CYUP-CYULT)
CYULEYnCYUP
AREASRSEITIOYSVIY)
TFIK,EQeN) GO T 47
ALTo 250 (RHDELPISRHDILTPIIGWILTIPIOAREA
ALTAR 200 (RHOULPILISRMOCLZPLIIIOWLLZIPLISAREA
ALZ= A0 (ALY *ALTYY
GANLEA 290 (GARTLPYIAGANTLIPI+GARILRLY)+GARILEPLY)
FreGARLPOAREACTZIFAC/IZIDIFIKALIMRNES))
TraaMARTL{TR o RASLALZIY
CHipPa2 oA 7
GN TO A8
AT ALTwRHNELTEYONIL 7P ICAREA
ALT1=RHOIL7PLIOMILIPLIGAREA
ALT= S8 (ALTaALTY)
AL7=ALT /2,
TPaGARCLTPIGAREASTIEAC/(TISWINBLIORAL)))
T7oAMAXTITY»ANSLALZY)
CTUPa2 AL T
AR ATPILT I 2-ALL
IR AINEREI LT 1N
NIVGLL EAYaDIVGLL BRI 2L TUP=CTICLE Y
CrULI tddmCTYP
VLS LTI YSYR(JDO25(K)

220

LN

ORIGINAL PAGE IS
OF POOR QUALITY

198
198
297
199
199
400
4031
402
403
ADA
408
A08
407
400
409
410
411
412
419
AL
IS}
aib
a7
418
419
420
421
422
423
a24
425
426
a27
420
429
430
4133
412
433
A%4
435
438
431
438
43¢
A0
aal
442
YY)
Y
YY)
VY
a7
448
a9
450
any
45?2
a3
A%4
435
TS
A%?
454




A9
492

A2

CrmmmaSORCE TERP ACOTFICATIONS ~ ANUNDARY CONDITVIONS.

1F (JoFQudWLTUT+NGOTO) WAND 2 6Ta) VOLAWHL #{1 . 4.50YSVRL =L}/

YSVP L))

TF CAoFQudWLOtENGOTOY JANDL Ll Talt) VOKaVOLR (L, 4,50YSVRIJ*LY/

YIVRLINY
LY®at B=p]
RNT=0.,
NIVRILIJ)I=ARARLLADT, DIVGILLIS)
DVILMI=YOL/YDEIF (4D

SHELTIImSULLEJIOVOLDVILP IS (PILYN)=PILP)IDIVELILISIOVILP)

SPLTIISPILTIOVOL=-DIVEILEN)

SUCLTIIRSULLTIIPLAYALOO SO IRHOLLPY SRHOLLP=NE) JOCQ 200 (NELPIMILPe
TNINJIOMELPONINI~NTYeNILP=NT )} DO 020VOLIRNLY)

CONTINUE
CALL SOmND

fomaneSOLYE EINTTE~DIRFERENCE EQUATIONS XN SOLVEL AND SOLVE2.

401

402

¢ ¢mpapnpmpninjatajajajajs WeVELOCITY tmpmpmpmpmpmpnpmpmfmpmpmpm e

108

103
104

CaLL SOLVEL
CONTINUF
Chul SOLVEZ
CALL FrOpD
CONTENUE

DD 508 LP=)lsNINJNN

nuitLe) e 0

TFOISOLVELD)) 503,502,503
TFEEMADLISTEP,ISALVECIID) 502,904,502
CONTINUE

ISTRa2

JSThn2

K$TRa)

HVYe)

NGOTOe 3

Cownm~0BTAIN OLFFUSION COEFFICIENTS,

L 14

CALL GAmMNMA

00 30 Ju2e0

TSaluLICJ,NE0TO)

1E=TWLO{JIs NGOTO)

TIFACa1.0

NN 30 1I=15,1E

ISELFLIFIEY

LéaxN{2)eLYd

L78=LPeNINS

AREASYSLTIEYSLY)
ALZaRHOLLPIOAREASIFIPLZIOWILIP)FIAL2)ONILP))
ALIPPFIPL2)0ALY

ALIM=ETu(2)0ALT
TToGAM(LPIGAREACTIFAC/LITIS(2MOREI))
CrtLEdieaL?

TPaAMARLL{TEsALTP)
TraAMARA(TZo=AL2I)
CZELII )T oAl 2N

0N 501 Kadyhi)

CoaananATAIN SOURCE TEAWS AND EVAPORATION RATES.

CALL SOURCE

CALL SOMAS

0n 51 I=2,
JoIWLT (I NGETO) 4L
LPakn{n}sIm{=L) el
LYPalPeNT

LPL1eLP=NINY

LYPLeL YP-NINJ
AREA«TSHINIRXS{LIORA(J)
ALYSRNOELPAIOVILYPIGCAREA
ALYI=RHOILPLYDOVILYPL)SAREL

ORIGINAL FADT i3
OF PGOR QUAIITY

ir
T
5
5T
51
37
17
17
ST
5T
L1
ST

7

CORMRENT
st

CONRENT

CONMENT
12
sy
T
st
ST
ST
st
13
T
5T
5T
st
st
T
ST
5T
T
$T
st
COPNENT
T
ST
st
T
sr
5T
ST
ST
st
T
st

436
460
4n]
An2
AB)
Y
Y
'Yy
An?
s8R
A9
ATO
411
129
AT2
140
ATS
ATA
479
ATH
AT?
ATS
79
Y1
481
402
483
494
403
ABb
487
408
141
489
490
491
492
492
494
495
496
497
490
499
500
501
502
502
504
505
506
507
142
'L
509
510
511
512
5113
514
2%
516
517
318

221

.




222

L}

%3

%

ORIGINAL PAGE 1S
OF POOR QUALITY

ALY w S8 0ALY*ALYL)

NIST= 28YDIF(d)

YF LAaFQ.2Y DIST=VYLEFL2)

T B2 (GAPILP)eGANILPLYIDISAREA/DIST
TYsamMARILTYe=ALYY
CYULT)ImALY

CYLI)~TYeaLyY

NN A2 d=2,p
KiMnkMiNYe dP (S}
1C=TUL 1l JaNROTHY
TF=Int N D NGOTRY

LYPaR ANeTS

LU { T}

LPMLYInLB=NTHS

LYPL ) XP=NTNY
AAFARYSRIJIATSWEINKY
ALXARHDILP)SULLRPI*AREA
ALRYSRHOILPLIIISUILXPLISMAREA
AL S0(ALXSALRY)
NICTn, . B0XDNTF(IS)

TR (1S.FQ,2) DIST=RDIF(R)
TR B0 LGAPILP)*GANILPILIIOAREAZOLST
TROAMAXE(TXemALX)

CXpmaly

CrmTROALN

TIFACw) 0

NN 52 talS,If

MARn IWLNET s NGOTO )
LIJe)Ntddet

(A LU ELTY

LYX®ny Bs)

LYPul PaNT

LIPn| PeaNINY

LPLInt P~NTMY

LYPlal XP=RINS
LYPYa | ¥P=NINY

AXMtLT JInCX

AYRILYJInCY LT
ATHLLIJ)aC?ELY Y
AREAYSR{JIOISWIK)

IF (T.EQ.IF} GO TN S53

AXm 250 {RHOLLPI4RHDILXP I VRULLAP)SAREA
ALXL =g 258 (RHNACLPLIAI*RHOILXPL) FRULLXPLIGAREA
ALYn So{ALXGALXYY

TR 250{GANILP Y ¢GANILXP) *GANILALLI4GARELKP L) ISAREAZXDIFIT+Y)

TYSANMANILTXSARSLALY DY

CXUPa2 0ALX

GO TO %4

ALRBRHPILXPIGULL XPIDAREA
ALELRHOILXPRISUILXP] ) SAREA

ALXYm S ClALYALRYY

DISTo B8XNTE(T L)

IFfF (T.LEQG.L) DIESTaXDIF(L®Y)

T g SE{GARTLAPISGANILNP L) }SAREAZDEST
THNRAMARLICT N0 ALY

CXUPeALX

(RAAIRFITR R CTTR ]

CRaTR ALY

NIVELLTIIV=DIVEELTI ) eCXUP~CXY

[ (U LTA {11

AREA=7Su(NIORSLTIORNE 4L}

1F (JsFQaMAXY 603 TN 39

ALY o 250 RHMILPISAHNILYPIIOVELYPISAREA
ALY L, 290 (RHDELPYIL)eMACLYPL) IOYLLYPLISAREA

1%
520
521
422
523
824
928
SR
227
S2n
929
330
"
832
33
LEL
a8
e 1
537
528
%39
%40
54)
142
543
S44
545
LLY
a7
S48
349
550
151
552
393
%394
559
k3-1.
557
55A
559
5A0
S6l
542
343
S6e
345
64
567
L1
189
470
571
ar2
573
974
79
574
5T
ITA
are
L L1
181
kLT




5%
592

a5

- L

97
52

O=lientAe PAGE 1S
OF PO QUA ITY
ALY®, 5 {ALY+ALYL)

TYR 200 CCANILP)eGANCLYP)+GANCLPLLICRANILYPL) D SAREAZYDIFLIS)E
TYRAMANLETY s ARSCALY) )

CYiIPu2 8ALY

G0 TO %4

ALYRRHOILYPIGYILYP)GAREA

ALY LoRHOILYPLISVILYPLIBAREA

ALY m Bl ALYeALYY)

NISTu AOYDYFLISL)

TF (JoFQeMY DISToYRIFINPYL)

TYn S0 (GCARTLYPYCGANILYPLIISAREAZDIST
TYRARANLITYALY)

CYUPnALY

AYP{LTIIInTY=ALY

CYLT aTYSALY
DIVGILIJI»DIVEILTIV+CYUP=CYU(T)
CYULT)=CYUP

AREASXSLTIISYS(J)

DENSTY<RHOLLP)

TELNLEQeNPLI) DENSTY=RHOCLIJHNINSD

1F (K EQ.NPL) WLZPsW{LI ¢2ONIND)
TF{KoLT.NPL1) WLIPoW(L2P)
ALZeNENSTYSAREAS(FZPIXKISWLLP+FINIK)®WILPY)
ALZPSEIPIKIOALT

ALZMaEZMEIN}OALL
TIaGAMILPISAREASTIFACZIZSIKINRISN)
Clye=aL2

TIoAMANICTZ o ALLIPY

T7oARAXLIT Y p=aL TN}

AZPILTJI=TI=ALLP

CIILTI)=TReALIN
DIVGILYI)=DIVGILTII¢CZUP=CIUILT S
CrYtLIdi=C2ur

VOL»XS{IIeYSREJIOISHIK)D

L74eL P=NINJ

ROT»0,

NIVGLLIJIsANAXLIIRDT»DIVG(LIN)
DWILP) VDL FZDIF(NY/RED)Y

TF (M EQ.NPL) DWILPY=DWILPI®ZIDIFIK)Z2SHIKY
SUILTI)nSUCLTIJYSVOLCDMILPIR(PLLIN)I=PLLPY D &DIVGLLTIJICOWILP)
SPILISIaSPILIJI*VOL=DIVSILIN)
IFLIPLAX,EQ,1IGO TQ 32

RVAVE0. 1250 (RHOLLPIORHOCLP=NINI I IR IVILP VeV {LP=NINS)eV{LP+NT)

14¥(LP=NINJ+NT) }oVOL IRE D)

TFIRVAVLLTCa0IGO TN 37
SPILI I =SPLLTII=RVAY

60 T 52

SUILT I wSU(LTJ)=RVAVOU(LP)
CONTINUE

CmaceeSOURCE TERM MODTETCATIONS = RQUNDARY CONDITICNS.

caLL SCrcop

CommmaSOLYE FINTTE=ODFFFERENCE EQUATIONS M SOLVEL AND SOLVE2.

CALL SOLVEL

501 CONTINUE

502

 t=pmtmpobrimbmbnindn PRESSURE PERTABATION EQUATION 4rtmimbnsaimiants

503
7D

CALL SOLVE2
CORTINUE
CALL VELMOD

NGNT( e

TFOISOLVELAY) 603,402,003
IFEANDCTISTEP, TSOLVECA)), 602400450602
CONTINUE

nr AGS L] NINJNK

AD% PRLL®)=0,0

NASAX
NASAX
HASAK
MASAX
NASAX
NASAX
WASAYR
57
COMPENT
5T
CONMENT
st

5T

583
584
508
584
587
500
3849
590
591
492
503
564
898
596
n97
590
"99
600
601
602
603
804
605
606
807
608
609
510
613
12
613
614
619
616
617
618
619
620
621
n22
823

L,

38

29

0

21

42

43
826
142
627
144
628
629
630
831
632
633
034
638
636
637
638
639

223




T$TR=2 ORIGINAL PARE IS
572 OF POOR OIALITY

AL LY
L1 LT )

A%0N CONTINUE
CALCULATE CONTINURTY ERRORS,

+3

(24
224

L)

L}

L1

L1
A4

il AD Ju2,p
1SaIWLItJaNGATOY
TEaIWLTC IS NROTO)

00 40 T=ISH1F

LPadPidie]

LIPaL P4NINY

RHOA=RHOLL PIOXS(1VOYSId)
CTULL® ol DARNLL 7P)
CTLE)apuDASDUILEIP)

NN 601 Ke2eN

NO A1 a2,
JoJULILL)NGOTOY¢])
LOnKN{KI+YN{J=])2T
LYPaLP4N]
RHNASRHOILPIORS (K )OXSTIISRN(})
FYBLT)aRHOASYIL YP)
CYLIYeRMHOASDYI(LYP)

DO 62 JaZyn

LELLLU LRI
TS=IWLICI,NGOTO)
TEsTHLO( I NGCTTY)
LPuK M4 IEa]

LEPelPe)
RHNA=RHN{LPI®YSRESI®?SIX)
CYXUSRHOASY{LRF)
CYSRHOASDUILYP)

no 42 IelS,1E
nateJul0ilsnG0T0)=)
ISFLRLIFITY

LPeRiMe]

LEPeL P}

LYPal PaNT

LYPaLPeNINY

ANNLILT )X

AYM{LTSbeCYLT)
ATSILYIJIeC2ULTdY

1F (T145Q.1E) GO TO 63
RHOAaD S (RHDILPI4RUMOILEPIISYSRLJIGZSINY
GO TN &4
RHAARHOIL AP IOYSRLIIS2SEN)
CXsRHOASNUILRPY
CRUPSRHNASULILEP)
SULLT 3 bl Xy=CRUP

XYL NP

AXP (LT AInCX

TF (JoEQuMAR) 6O TD 03
RHOA=D (4 {RHCILPJRHOLLYPIIO2SIKIONSL{TIGRNL Jo))
GR T AA
RHEARRHOLLYPIOTSIXI@NS(TIGRN(Je1Y
CY{TI)oRHDA®DYILY )
CYipugHOASY({LYS)
SHELTINeSUtLE YT YULIV=CYUP
CYUiIIaCYUP

AYRILRJInCYETY

TFERLEQ.ND &0 TN 87

REGACO S0 CRNOCLPIORNOILZIPIDORSTTIVIOYSYY
(N LY
RHNASRHDILTPIONSCEIOYSLI)

COMMENT
T

5T
it
ST
11
sT
5T
ST
L )
ST
ST
34
k4
$T
5T
t1)
ST
ST
5T
3T
ST
5T
ST
ST
5T
t1)
st
5T
st
ST
5T
ST
st
5t
5T
ST
5T
ST
T
st
5T
st
b 34
7
3T
57
5T
5t
5T
st
st
5t
5T
1
ST
T
L 24
ST

640
641
hn2
hed
LLL)
143
643
11}
6a7
hat
649
650
651
452
6353
454
6%
696
457
L]
639
A0
461
ab2
663
1.1
(1.3 ]
(1.1
L1y
obAa
489
6T0
&7
ar2
AT3
AT
[ 34 ]
676
47T
.24 )
LY L
ang
601l
ha2
601
6ns
60%
L1
687
404
689
490
L1 )]
692
A9Y
h04
493
LA ]
A97
690
A9%
T00
701
To02



AT

1Y

ORIGINAL PACE g

OF POOR QuALITY
L1 Clll!ll-ﬂuﬂl‘ﬂ!(ll'l
CrTuPamHNASR{LTP)
QutllJ!nSUIlldl*C!UlLIJI—ClUP
CHICLIJImE 2YP
ATRILTINaCTILLS)
SHLT4)=D,
.2 CONTINUF
fm=neeSOYRCE TERM NODIFICATIONS - BAUNDARY CﬂﬂDITIGNS.
CALL sOoPmnp
Conaanti ¥E FINITE-DERFERENCE EQUATIONS IN SOLVEY anp SOLVEZ,.
CALL SOLVE)
401 CONT INUE
CALL SNOLVE?
402 CNNTTNUE
COME HERE TO CORRECT VELOCITEES AND PRESSURES
CaLL FreD
B0 420 Ka2,np)
N0 A20 Je2,np)
KJNaKWiR)e SN Y)
1Se WLt JanGOTO)
TFetWLOCI,NGOTO) 4]
00 820 I=1S,1F
LPegJmet
LXNelP=)
L YNa| Pu Y
LINsLpanNINg
Ull’l-UtLPloou(l'l'IPP(llNl-PPllPll
U(ll’-UQlPIODV(tPIO(FPIlVﬂl-P’(tP)l
UlLPl-vllPl#bU(lPDttPﬂil!Hl-PP(l’!l
620 CONTINUE
60 T 621282215100
AR PL'!EF-"LPREFlf’PlLPlEFlORElIICNPD
62) CONTINUF
N0 430 Ke2,n
00 63) Je2,»
LI I AN TFT)
ISeINLICd,NGLTHY
IE= WL LLIaNGOTO)
NN 630 I=1S,1¢
LPetjNet
°llPi-PILPloPP(tPlORELAltNPI
60 TH (631,422, TPAR
432 PULPYapiLP =0 PAESF
A3l CONTINYE
430 PP{LP I,
Cooa—=CYCLTIT NOUNDARY CONDITIONS,
B0 541 Jelemp)
NN &4l fel, P}
LPNefautl)onm(ne]L)
IR LA F LI FTRYTITTY)
FULONYaP(LP2)
AS]l CONTINUE
REVIND NTP2
WRETE (INT®2) U,Vaiep
C tmtmitmpmpmbmtntntutnimpnin FaVARTABLES trdmindnbnintatmpntnpning
N 700 MYe%,NNY
ICNONYGeQ
NITER«LTNOX
IF(ISTFPOI.NF.LASTEPDNITE!H!
IFINV.NE,LVHIINTITRRAYL
N 708 ITR=1,LITFR
TE (MY .NF. LYK &0 TO 110
RFRINN NP
PREAD {NTPY)

3T
1
Y
st
5T
5T
3T
COMNENT
ST

COMNENTY
Y

ST
111
5Y
L1}
ST
st

103
T04
T0%
Ta8
T0?
Y00
T09
140
710
147
(43
T2
718
14
719
716
T1?
1108
119
720
T21
22
23
T24
T2
T248
127
728
129
730
731
732
733
T34
135
736
787
T30
739
T40
741
T42
743
T44
745
148
Tal
Ta?
T40
T49
730
731
M2
7533
744
735
204
205
206
207
200
56
7
750

225

s . el a5

i
i
1
|




[

mma=  MERE PP IS XEs P IS ODISSIPATION

T10

L4

ORIGINAL PACE 13

READ {NTPL) PPyR OF POOR QUALITY

IF (NV,NELLVFUOX]) GO TD 714

m=mummae HFRF PP IS KFp P I8 DISS

WRITE (NTP2) PP, P

memmem~e HERE #P IS PHI» P 1S AFU, DU IS MCOD

714

READ INTP1) PP, P00
IF INV,NELLVHY GO Tu 720

cmmamcme HERE DV IS ENTHALPY, DW IS FaAY

READ (NTP1) DV,DW

MR

NEXaION2

NS2eION2
S2{THN2)edATIO2/SNWITO02)
S20I0N2) = {1.0~RATIO2)/SANITIONZ)

(me=e=AUNDARY VALUES OF ENTHALPY,

T1?

T60

Ti6
120
103
O

N0 716 Keal,yNp)

N0 717 1=1,LP1

TF (IRINCQTN)EQ,2,0R, IKINLTSKYLEQe3) GO TO 712
LPaKRIRI+INEINLTILT b)) o

LPHal PENVHINYMN)

TRaTENP{LP)

THINV=1,000/TK

CALL WCPS

FILPHYaHSUNSGUNTCONG T

IF (IKINITRM) EQeleORLIRENCE KD} EQ.2) 6O TO 717
LPakMNIR I+ JNLJRLOCTIsA) )T

LPHe| PONYM{NYH)

TRaTEMPILPY

THINY«],000/7TN

CAMLL HCPS

FALPHIaHSUMSUNICONSRTK

CONTINUE

0O T16 Jde)likpr}

TF CIKINCJIsXYLEQ.L) GO TO THO
LPeXMIRISIJN{JI4INLILIsAD=])
LPHeLP4NVI{NYH)

THaTEMPLILYP)

TEINW=]1,CDO/TH

CALL w(psS

FILOHI aHSUNSUNTCONSTK

IF (JafT, V0T ANDLILLT.JWO00) GO TO T16
LPeRR{KIeJNIJ)4INLO(Is4) 01
LPUaLPeNYMINYH)

TeTENPLLP)

TRINVel1,000/TK

CALL HCPS

FLLPY)sHSUPOSUNTCONS TN

CONTINUE

TF CISOLVEINY)) T03,702:T03

IF (MODCTSYEPISNLVEFNVE)Y T02:T0A»T02
CONTINLE

I5TRa?

JStRe?

KSThe?

CmmmnnATALIN DEFFUSTON CUEFFICIFATS,

226

CALL “AmMPR

AN TO Jdn2,ek

ISatut TLARGOTDD

TEn WL OCJp NGOTOD
TIFACHRLID/ARCM)SDFACHLIRCII-RINY))
NN 70 I=fSeYE

LPaguidtet

L7PaLPenINg

5t
5T
5t
5T
ST
51
5T
5T
T
5T
LU
NOX
NOX
unx
NOX
COMMENT
sY
5T
5T
3T
-3 4
NDX
NOX
NOX
NOX
ST
8T
ST
NOX
NOK
NOX
NOX
ST
st
T
ST
ST
HOX
HoX
NOX
NOX
$T
ST
5T
NOX
NOX
Nax
NOX
5t
ST
5T
5T
5T
T
5T
CORNENT
st
ST
st
11
ST
T
ST
st

739
740
T61
TH62
763
T64
145
766
74T
74N
209
210
211
212
2113
149
1469
170
171
172
173
214
215
216
117
178
176
Tr?
216
z2le
220
221
T7¢
T80
781
T82
783
22
222
224
229
T3
186
747
226
227
228
229
Ta9
190
791
192
793
794
199
1%0
198
197
r94
9%
ARo
801
en2
801



70

ComenmOBTAIN SOURCF TERNS AND EVAPORATION RAVES.

T

7

T4

ORIGINAL FACL

OF POOR QUALITY

AREA=XS(T)0YS L)
ALZARHOLLP)IONLLIPISAREA

ALT»AL2/2,

TIaGANILP ) SAREACTRFAC/(ZSWINPLIORES) )
TTaARAXLUTIHARSLALTY)

CIUILPYa2 002

CTLLPI=T2oAL?

00 T01 E=2,m

CALL SOumcCe

CALL SOMAS

00 M Te2,L
JedWLTCINGOTOT 4L

LPaRR{KIeIN( =1 )41

LYPsLPaN]

AREA IS(KRISNS(TIORN{ )
ALYSRHOLLPIOVEILYPIGAREA
NIET=.98YDIFL(J)

TF (J4EQ0.2Y DISTeYDIF(2)

TY=GAN(LP)SAREA/DIST
TYaAMARI(TYs=ALYY

CYUITI=ALY

CY(RbuTYeaLY

00 T2 J=2,4n0

KInax Mt )egnit )
IS=JWLTC I NGOT)
TEoIWLOUI,NGOTO)

LYXPak JHeIS

LPaLAP=]
AREAYSREINH2S(K)

ALY aRHOLLP)SUILXPISAREA
NISTeIORDEIFLTIS)

TE (TS.EQ.2) DRSTeXDIF(2)
TXaGANTLP)®AREA/DIST
TXAARANLLT X AL X)
CXU=ALX

CXaTXeALX
TIFAC=REJIZ(RIN)SDFEACOIREII=RIN) )}
DO 72 =S, 1€
MAYwJULOCTsNGGTO)=])

LTdadngieg

LhsJnat

LYPal Pe)

LYPal PeNT

LIPaLPeNINg

AXMELTJV=CYX
AYN{LIJ)=CY(I)
ATNEL T 4InC L0
AREA=YSREJIOISIK)

IF LLI.FQ.IFY GO TQ 73
ALXe 250 (RHOCLPISRHNILXP ) ISUTL NP I SAREA
TR BR(GANLLPGGARILXPIVGAREAIRDIELT 1)
TXaAMAXI(TRLADSTALXY)
CXUpaZ oaLn

G0 TO T4

ALXRHCILEPIOUIL XPIGAREA
DICT» , B0ADIFLTe)Y

IF (T«FQ.L 1 NISTXDLIFLLPY)
TRaGAMILXP)ICAREAZDISTY
TYAMAXLITR :ALY)

CAYPadlR

AXPLLEdInTX=ALY
CaaTXSALX
RIYGILEdYeDIVYRIL T O RUP=CRY

S

COMNENT

5T
5Y
ST
st
st
51
t 34

st

a04
a0s
804
807
aoe
209
810
a1l
151
a2
als
14
815
[}V ]
17
are
818
820
sl
a2z
823
a2
a2s
az2eé
827
a2a
aze
230
831
032
833
834
L} 1]
836
83?7
axe
LEL)
40
asl
LY
043
LY )
845
L]}
847
LLL
&9
250
a3l
852
833
R34
11
54
8497
L1 1]
839
L1
ahl
LY
a6)
a4 4
LLY ]
R&A

227
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» ORIGINAL PAGE 13
E OF POOR QUALITY

[ {TET {71 4
- AREATSIKISNSILIORN{I+L}
! IF {J.FQ.PAX) GO TD 78
] ALYS 286 {RHCALP ) SRHOCLYP)JOV(LYPIGAREA
i TYs SR {GANCLPIOGANILYPI)OAREA/YDIFLI])
: TYsARARLITYARSEALY))
CYUPRZ oMLY
6N 1O 76
78 ALY =RHDILYPIGVILYPIRAREA
NISTe 30YNIFLIeL)
1Ff (JaEQsM) DISToYDIF(NPL)Y
TYRGAMILYPISAREA/JDIST
TYaANAXLITY »ALY)
CYUPeALY
16 AYPIL1JYeTY=ALY
CY(IY=TY4ALY
DIVGILIJInDIVGLLIJY*CYUP=CYULT)
cviygtIdaCyYUP
AREA®XS(I10YSEJ)
TFIK.EQ.N) 6O TO 77
ALZo 29 {RHOCLPYSRHOCLLZPIISWILEPYSAREA
T7a 30 (GARILP)*GANILZPYVSAREASTIFAC/(IDIFIK+L)IORLI))
TIoAMAXI(Y 2 ARSLALZ))
CTUP=2,0AL2
GD T0O 7o
TT ALZoRHOILZPIMNLLZPICAREA
ALZ=ALT/2,
TInGAM{LIPYSAREASTIFACZIISWINPLIOR{I))
g TIoANARLIITZ2ABSEALZY)
: CrUPe2, 087
i TR AZPILTd)eT]=ALE
" CrELTIJYaTT4ALT
’ DIVEILTIJI=sDIVEILTII+CZUP=CIUILL )
CraiLTdYeCIUP
3 VYOL=XS{I12YSRUJISTISIN)
4 ™ ROTe0,
" r92 NIVGLLIJ) =ARAXLERDT,DIVGILTINY
' LPFat PENVMINVFEINY))
SULLTJISUCLEIJIOVOLSDIVGILTIIPFELPF)
SPLLEIIASPLLYISIOVOL-DIVGILI M
T2 CONTINUE
(ooa=eSOURCE TERN PODIFTCATIONS = BOUMDARY COMDITIONS,
CaLL SOMCD
CoewnnCHENTICAL WINFTICS CALCULATIONS,
C

S0 NATET

. Bl

TF{NVY.NF.LVHYIGO TO 722
PAPRESS
DO 72% Je2s0
TSniWL TUJsNCOTOD
TE=INLOtJ,NEOTOY
nr 723 [aIS.1E
Lidnteint sy
LPsLTJenmtu}
THATENPILP)
FAVSAXPILTJIAANNILISICAYPOLTIICAYACLTI) SAZPLLTID eAZHILEN
CmammeNANE IN ALOCKAGE » SHIP CALCULATION ~ GO TO 723
TFLFMY LT, 1.06~1C)GN TO 723
FMVaERY=SP(LId)
. TEIEMV,ETY.1.0E20060 TD 723
L LPFEa| #s]
i {Punt Pa]
‘ LeNaL PAN]
LPSag PNt
LPTaLPeNTNG
228

COMRENT
5T
CONMNENT
COPNENY
NOX

NOX

NOX

nox

wox

HOx

NOX

NOY

L1l

NOX
COMRENT
NOX

NOX

NOX

NOX

nox

X

NOX

NOX

8AT
(.1.1.]
(.11
8t0
a7
are
a7
ars
nTS
aTH
ATT
are
479
880
AR}
anz
(1.}
.1.1)
0as5
1.1}
L1k}
.11
(1.1
a9g
091
a92
893
894
895
894
8e7
400
A99
200
901
902
903
904
905
908
907
192
L]
153
154
230
213}
292
233
234
235
236
237
A8
239
139
240
241
242
24)
2as
243
240
247
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LPAsLp=NTNy CRIGINAL PACT 1S
LTa2aLTdenR(2)
LAFUDN L e NYNENYFUNX ) OF POOR QUALITY
TFEITANFL1060 TO 741
IF(ISTEP.NELTNOXDGO TO 741
fommm=FIRST I(ERATICN ~ SET SPECIES CONCENTRATIONS EQUAL T THOSE
¢ AT NETGWAORING NODE WHICH WAS ALREADY BEEN SOLVED,
TFOIRESLNFL.01G0 TD 741
IFIT.EQ.2SIGN TD 749
DO 742 [InG,n§
FSCLO, ITIaFSILAW,TT)
TFCTaNECTEVESCLPE, IT}nES (LPW, IT)
TECIGNEL IWLO(ToNGOTO )= DESILON, TT DFS (LW, I 1)
FSCLPT,IT)nFSILAN,TT)
742 TFEKGFO.NIFSILPT 1TV eFS{LTI2,11)
G0 TO 741
743 TFUJLECLIVLILELNGOTO) 1160 TO 741
OD 744 [I=9,NS
ES(LPTTIaFSILAS,IT)
TRCTONELTENESCLPESTTDoESILPS, IT)
TFLIoNE.JWLOCT,NGOTO)=1)FSILAN, TEISFSILPS, 1)
FSCLPT,IT)IaFSCLPS,11)
P44 TEARGFQ.MIESTLPTSIT)=FSCLTJ20 LI}
741 CONTINUE
Cum==-BREPARE INPUTS TO CHENTCAL KINETICS PROGRAM CREX,
DN 724 [Tel,NS
S20TEVeFS(LPoIN)/SMHIET)

P24 SUII)atAXPLIJIOFSILPESTTIoAKNILTIIOFSILOWSTT) ¢AYP(LT )
18FS LKA LT SAYRILEIVOFSILPS ) oAZPCLIJISESILPT,IT)eAZRILE )
2OFSILPRLTT) N/ (ENVOSAWITN) )

HESURORE(LPeNVI(NYH))
LPCOI=10(J=2)8(NT=2) ¢ (K=KSTR)S{NT=2)S{NJm2)
EONTJwEDK (LPC)
CacavaNANEPel, |AFINAR RATES USED,
TFUMOOER. Q1) EDNLJw] o050
FUT=E{LAFUOX)
TFENENTLNELO)SLEIDEU)eSLETNEUISEVAPILPC )/ CERYOSANE INEY) )
FAVEERY/ZEXSITIOYSO(J)OTIS(KY)
TFITX L LT.TNOX)GO 10 735
feame==RYBASS CALCULATION TF TEMPERATURELLT,TNOX (TNOK NPUT
¢ RY USERY,
CALL CREX
Coewm=QlIT*ITS FROM CREN,
RHA(L #)uougpp
TEMPILPInTX
(mman~STNRE SPECTES CONCENTRATONS TN RESPECTIVE ARRAYS.
NO 725 I11,NS
FSLPaS2OIT)eSNN(TT)
TFOFSLPaLT41406~20160 TO 725
(recantHECK CONVERGENCF,
TEAARS (FSLP-FSILPTTII/FSLP,GT 0400} 1CONYG=]
2% FSILP,LT)aESeP
&0 TO 73A
739 CONTINUE
DO TAA [19,NS
FSLA=S LT IOSPMITT)
TFEFSLPLLT.1.06-20160 TO 736
TFEARSCFSLP=FSILAAT))/FSLPLGT.0,00) ICONYGRL
738 ESLP,RI)mESLP
TIN CONTINGE
LON2et PoNVR{LYO2)
LPEUAL PeNYR{NYFY)
LPEUL L PANVRCLVEUL)
LACHnt PeNyR(NYCD)

NOX

nOX

noy

nOx

NOX
CORMENT
COMMENT
JaN1e
nox
SSTEP
NOX

NOX

NOX

NOX

NDX

NOX

nox
ASTEP
NQIX

NOX

NOX

NOX

NOX

NOY
COMNENT
NOX

NOX

NOX

NOX

NOX

NOX

NOX

NOX
COMMENT
NOX
ASTES
FEN2
NOX

NDX
CONNENT
COMMENT
NOX
COPMENT
NOX

NOX
COMNENT
NOX

NOX

NOX
CHMMENT
nNOx

NOX

NOX

NOX
asTES
N

NOX

NOX

NOX

oY

NOX

NOY

nOYX

NOX

240
249
290
%)
2452
154
137

294
e
2%6
257
230
%9
200
281
ib2
3130
204
209
246
267
268
269
158
270
amn
272
273
274
273
276
217?
15¢
278
m

280
4}
150
161
282
162
2783
204
163
288
enn
287
144
208
200
290
29
3z
293
294
9%
298
297
298
299
100
301

229




LPACOL»LPeNYMILYCOL)
E{LPFULI=ARNTNLIFILPFULY »FILPFUOR) Y
FILPO2ImANINICFCLPO2Y,RATIOR)
FILPFUY=FLLPFULY
FILPCOImF(LPCOL)
LPCHaL PeRyYN(INYLH)
LPCHLInLPeNYNI{LVCHL)
LPH2u) PANYMINYNZ)
LPH2L AL PeNVR{LYHEL)
FILPCHE=FLLPCHYY
ELLPH2IFILAN2]Y

T23 CONTINUE
an T 701

ORIGINAL PACE 15
OF POOR ONALITY

CoeonaSOLVE FINITE=DIFFERENCE EQUATIONS IN SOLVEL AND SOLVE2,.

P27 CALL SOLVEL
701 CONTINUE
TF{NY NEoLYHIICALL SOLVE2
CALL FRQD
7102 CONTINUE
TFLICONYG.EQ 006D YO 700
P06 CNNTINUE
700 CONTINUE

(emaw=UPNATE ODEPENDENT VARIABLE VALUES TN FNOD,

00 T0% INVe(VFUL,LVYOH
NyaINY
705 CaLL FNOD
NVs| VEU]
CaLL F®ND
NVeL V(0]
CaLt EM0D
w¥=LYFY
CALL FPOD
NVsl ¥CD
CALL F¥CD
NV=_¥CHM
CALL FROD
NVl ¥YH2
CALL FROD
CALL DENNDD
(wemee(UTLET BCUNDARY,
N0 1005 Jsl,0p}
n0 1005 Ke2,N
LPsLPLaJM{JienniK)
1008 TEMNBL{LPITERPILP=1)
IF(TOWANELCIED TO 1044
(meaa=SYMRETRY AXTS.
nn 1004 T=2.4P1
Nt 10086 Ne2eN
LesToRPIN)
LPNaL P m(2)
1006 TEMPILP)=TENPLLPIN)
(mmaenCYCLIC ADUNOARY CONDITIONS,
1044 N0 1002 JslenP)
NN 1002 Te)lelP)
Lidnladnty)
LP2oTadN{J)ennt2)
LONsLTJeNN(N)
LPNBLIniLJenm{NP]L)
TERRLLIIYnTERPLLPN)
1007 TEMP{L PNPLYWTEPP(LP2)
C *mbmbmbmpmpmtmpadnims RADTATION EQUATRONS
£ mamam HERE L IS FXy ¥V IS EYp W IS FI2
READ (NTRLY UaVaw
TNR=D
230

dnbminbntninintmints

NOX
NOX
NOX
NaR
nox
ASTEP
A3TEP
ASTES
ASTEP
4STEP
4STE®
Nax
wox
CONNENT
NOx

S$T
CONMNENTY
NOX
L1t
L1
NOX
NOX
NOX
NOX
NOX
NOX
NOX
NOX
4STEP
ASTEP
ASTEP
4STE®
L1 ]
COMMENT
NOY
NOX
NOX
NOX
NOY
CORMENTY
NOX
NOX
NOX
NOX
NOY
COMMENT
NOX
L1
NOX
L1}
L1
NOX
NN
NOx
5T

T

5T

L 1

102
103
304
105
306
ans
334
LE L)
336
337
33
307
308
165
09
910
310
912
913
ni
32
a4
166
313
314
ns
118
317
310
3119
120
321
322
323
330
30
38l
342
324
157
325
326
T
328
3129
168
330
331
3132
133
134
169
1315
LE 1]
LR
138
339
LY
LY}
a2
L
914
71?
e

>
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723
T34

7%0

CraliNAL PALLD G
OF POOR QUALITY
DN 730 NVALVRX,LVR?

TF (1SCLVE(NV)) 733,730,732

TF (MODCISTEP,ISOLVE(NVI)) 7500734,730
TF (INDoFO,0) CALL GAMRAD

TF (TOLAN,EQ.L) TNDel

CALL STRAD

CALL FOD

CONTINYE

€ omes CORPUTE AVEG RADIATION FLUR meeee—

T40

C ma-

£ aa=

20 740 Knlpnp)

N0 740 Jdnl.he)

NN RN} e JN{ ]}

00 Y4O IsdysLP)

LPujNet

LORXuL PeNVP(NVRK)

LPRYa{ PeNVPFINYRY)

LPRTSLPERVRINYRT)

LEFAVaLPANYRINVEAY)
FILPEAVIa(FILPREDSEILPRYISF(LPREIN)/Y,
~ees HERE PP IS PHI, P IS NFY, DU IS NCO
MRITE (NTP2) PPyPeDU
~me= HERE OV IS ENTHALPY, DW IS FAV
WRITE (NTP2) DV.0W

¢ =wmw= HERE U IS fX, ¥V IS FY» W IS ¢

799

200

MRITE INTP2) UsVW,v

WRITE (NTP2) TEMP,RHO

WRITEU(NTP2)FCHsFHM2

WRITE(NTP2)ANUC,S0O0T1,SO0T2

WRITEINTP2)ES

NTPETeNTPLENTP2

NTPLaNTRT=NTP)

NT®#2aNTPT=NTP2

ISTEPSISTEP+]

I1XYe 3=QxY

RETURN

END

SURROUTINE STRAD

CORMAN JCOEFFZATAC) oD LG0 Vo EPLI0»DP{20)APPLI0) 8PP (30)
cOnudn FU35Q001,0UC300),0V(3Q02,NW (300},

1 ANUCE®RCO0 ) »SCDT1(500),S00T245000, FCHIS00)» FHZLS0C)»FSL300s14),
1 R4OLBOC)I» VISCIS00),ANSRISO0),SCTRID00)»SUCL00)»SPi100),

1 ORHONPIRGL ),
1 AXPLYI00) 2 AXPELI00)2AYPEL00)»AYNILQ0)AZPL100),

2 OATMULG0 U200 CYI101,C20L100):CYUL)0),

1 CTRLI0C)sCYPLL10Y0INGILI00) o NTPYISNTP2

1o AXMK 192V AXPK 192V 0 AYHK{LI92D o AYPRCLIO2)pATNKL192)sATPKELO2)
2 SUN{192),8PK(192)

DENENSTEN UISO0)» V(300 WLS00) PP (300N, PL300),TENPL{500)
OEIMENSTON GAN(S00)

EQUIVALENCE (FE21 UL I tF{50L 0¥ L) )pdFLLO0ONI NI
EOQUIVALENCE (FL190L1,PPIL) ) CF(2000)oPCYd ) 4FC2301),TENPLL))
EQUEVALENCE (FL300)),GaM(1))
COMMONZCYLZRCIDIHANES0 o ANVEI0) 2 YSREAD D YSYRLI0 2 I PLAX
CONNONZGRID/NCA0 oY (A0 ) 2L30V RS040V, YST200, 250000 5UIA0),
1 O YSVIA0Y, ISWEN0) o XOLF (A0, YOLF (A0 20TF (300, FXPLAOY s ERN{AD),
2 EYPLI0NFYNL{B0I»FZPLA0)»FINTI 301 »DT,TINE

COMNAN

1/7CINDEXNZ70CT, 10FUSTNO2, TONZ, TDHANSTOCO2: IDHL X0OH2 TONL» TOND, TONO2
Lo tONs TOOHs THCPSo TLCo JLHo TMATHETER QI JoNL o N2 NI NALNELAOASNGLOAP,

2 NLMoNQsMSP,NS1sNS2, 10CH
AICOHEMT/CPSUMPHSYMpERs PPLNRGAS» RGASINSAINY; TRINV,TLNs LNREG

AICRARARLASUBLAD A2 ENVER HSUBQ, NDEAUGI NS PA Q0 CLs 02503004 RHOPR,

& SH, SN0 )SPO,SRI01» 52130 TRoLADTARLOERUG, LEQUELSLREACT,
& LENERSENKT I LCOANYA

5T

TR
NASAK
COnFs
ASTES
RAD
RAD
CNNFD
COonFe
COnFe
CTOMNA
CTOmA
COMFO
CONnFe
COmFS
COFa
conFe
camsnOm
CONNON
CONNON
CORNCN
HOX
nOX
wox
LITEP
HOR
L1 |
NOX
NOX

9
920
921
922
93
924
a23
926
927
920
929
930
931
932
933
934
935
936
937
938
939
940
941
9%2
943
LIT)
383
402
342
AL
944
947
940
949
930
951

»
» N

<
w o

= g
ODIND B I WA PN OOBDAS NE R,

21

e




.

DOUALE BRECEISION CPSUM,ENY) ER s FQy HSURDo HSUN2PAS PPLN) 809 Le 02+ 03, NOR 10

1 Qb RGASSRGASTNG RHOPP s SHs SATNY, SN S1pS2oTHTRINVL TLN, 31D Hox 11
2sFUT,FST WSTEP 4
COﬂﬂﬂNISTE’QIPEIPlpPGKPZo’EXF!-PEIP&!ERI!ERIOE!I.E!QDCE'UIDCEQUZQ 4STEP 5
1 CEMUDSCERUASAERP Ly AEXP2, AEXP Y AE NP A, AEXPL ) BEXP 2o AEXP A REXP A, ASTEP ]
2 CEXPLICEXP2,CENRACENPAoFUTFST ASTE® 7
LOGICAL LADTAR,LCONYGS EDERUG, LEQUIL L NRGoLIREACTLENER NOX 12 .-
cnn"n"'l"t‘lIHONOLCUDnCVDNCUItpii".10"'1’"I’"‘l"“."!"‘ﬂ“!"J"R.N'I COMMON 6
1 NNV NGOTDKp TSTReJSTR)KSTR,NVN(AS),XNLA01,» JRI3Q), ISTER, ASTEPR 8 v
2 I?Ul"ﬁ(ﬁ!lol?llﬂ‘tlainTITLE(IOIQQio!lfrlSﬂPlJSﬁFaRELAI(!Q!!NP. 4STEP 9
3 NRHMsNGAMs INLI(30,5)0 IHLOL20:3) s IWENC40» S1p JWLT (405 5)» IWET camnnOn 9 -
& TWED, P dMETodWINJN01o JUN0S DMy JRINII0L A0V s INENTAD. 3) COnnON 10
CO““H"IINﬂERIIFAPOLPREFDISTUNllNCﬁl'llT'ADlNUIK.NV".H'Rl.JPLINE COMNON i1
\aPLAIH!QLVKrLVD.LVFUO!lLVFUotVCQDLVHiLVRIoL'!'ol'llt"!ﬁ‘!!l! ASTEP 10
2 !JUNPoIFESoTlfLthzolplNAK.JNAInlﬂlloNVCU-F“HCC:NVNIO-NVCOll COrRON 13
3 NUNZ2, NYCH NVH2 ASTEP 11 .-
CQHHﬂNlCNUlIlVﬂl.lVHznl'NllL'NOol'“ﬂlllVﬂll'n"’lU"QUOL'NalLVUID NDX ié J’
1 LVCOZ,LVFLUTsLYCOLoNNDX) INOXe T THOX SHOX . THOX HOX AT .
CDHHONITHFRHINUH|NUFU|NVOI!NVFUGliHVTEsNDDENoIDK9FSTOICOHFUOC’- COMNON 18
1 GISCUN.RHUCDN:UNICDHQ9RESS.NVFAV|TCYLU’TINLQ|Tll’nICUEG(#)t COmNON 16 -
2 T§|DFACoHFU-ﬁCD?oUCO’UDKoHH?O.HNZ:N'Y.CKRpRIT!OlanTIﬂZ' CONRON 1?7
4 RATIO32RATIONHCO»TAN,ITWALL COmMMON 19
COMMONZCTOMAZKEND, TCTOMALD2) ASTEP 12
CawasaSYRRNUTINE STRAD IS USED FNR CALCULATING THE FINITE- COMMENY 170
¢ NIEEERENCE COEFFICTENTS IN THE RADIATLON FLUX EQUATIONS COMMENT 171
¢ AND ENR SOLYING THESE EOUATIONS RY USING THE COMMENT 172
¢ TRI=DTAGONAL=MATRIX=ALGORITHN{TONA), COMNMENT 173 A
c COMMENT 174
KONTRO=NY=LVRX+]1 $Te 6
GO0 T™H (100s200,300),XONTRD STR L
f aemme  X~DIRFCTION FLUX  ==me=w= STR )
100 CONTINUE ST 9
0N 101 Xe2N STh 10
NYXHaNYHRINVRE beRP{K) STR 11
Ceaa==NRTATN SOURCE TERMS (SORADI ANC BOUNDARY CONDITIONS (SOMODY, COMNENY 178
CALL SORAD ste 12
CaLL SOMND STR 13
nn 102 Je2,N sTR 14 .
Th=0, STR 13 )
IS=IML I RGCTD) sSTR 16 .
TEaIWLOCJo NCOTOD STR 1?7
no 102 Te1%,1F STR 10
LIJagntdie] STR 19
Low T Jenm{N} sTe 20
LYPu{ Pel STR 21
AXN(LT )T sTe 22
TR SE(GANILPISGANELEP) ) IXDIFLTISL) ste 23
AYPILTII=TY STH 28
SULLTdY=SULLIreRSLT) STR 23
SPLLTAI=SPILTYIOXNSLT) $TR 26
103 CONTINUE SR 21
AYPILIJI=O, sTR 28
102 CANTINUE ST 29
N0 108 Jn2,N STR 7
LeFaNVKPe JN{ D) Ste 31
IS=TulL T¢I NGOTO) STR 32
TE=IWLCA S NGOTA) sTe 13
1STRLI=]1S~1 ST EL]
ALTSTRY a0, STR 38
ALTSTRYIRO, sTe £1 )
nn 10% I=1Se1F STR 37
(BFEFLIFIED! sTe Ll
CTNREmAYPCLIJISAYNILTIII~SPILT Y ~AXNILEIIOALR~]) ste 39
232

UiGINAL FARS 1S
OF POOR QUALITY




AT Y=AXPELTINISTORE
10% MDY= (SUCLIQISANPMILTJ)SAIL=1))/STORE
TSUma TS+ TF
nn 106 11=1S.1F
Tarsyn-11t

LA=LPFot ORIGINAL PACE 19
OF PUCR QUALITY

106 F(LPInALTIORILPe) B

104 CONTINUE

101 CONTINUE
®FTURN

ff mee=- Y=DIRFCTION FLUX ———

200 CONTINUE
NG 201 Xa2yn
NYKHeNYP{NYRTYIORN{K}

Cmmm=aQATATN SQURCE TERKS (SORAD) AND SOUNDARY CONDETIONS (SOMDD),

CaLl SORAD
Caty Somrn
00 202 Te2,L
TY=0,
JS= JULItLSNGCIN)¢)
JEsJHLN(TI,NGOTO) =)
00 203 JedSdF
INELELIFIES
LPeLTjsRn(K)
LTPaL PNt
AYN(LTJYeTY
TYe A (GANILPI2CARILYPI D /YOIF{J+1IORN(J4Y)
AYRLLTJVeTY
SULTSI=SULLTJIOYSI IR Y
SPILLJIN=SPILTIJIRYSLIIORLY)

20% CONTINUE
AYP{LT Y0,

202 CONTINUF

(mmaaaTNNA SOLUTION,

N0 204 I=2,1L
LPFeNVKN4T
JSsJULTINGOTD) 4}
JFeJULNtIsNG0T0)=]
JETR e jS=]
A{ISTR]1VeQ,
ACISTR] )0,
DN 208 =S, 46
IRFLYLIFIES
STORESAYP{LTIJISAYR(LEII=SPILLIV=AYNILIJIOACI=1)
ACJYe AYPLLTJ)/STORE

20% Ao tSUILTIeAYRILEJIOALI=210/7STORE
$SUNe S JF
00 206 JJieJS+dE
dejSUN=JJ
LPoLPRaJREY)
LYP=| RoNT

2106 FILPInA{J)OFLLYPIONLY)

206 CONTINUF

20) CONTINUF
RETURN

( ~omem T=DIRECTION FLUK -~

100 MSUN=D 4N
N0 301 Je2,n
JPL ANFn g
NYIRaNYRINYRTI) ¢ IR ID

CommmmATATIN STURCE TERNS (SORADY AND BOUNOARY CONDITIONS (SORDDIN.

CALL SORAD
CaLy SCAnODZ
ISatuL Tt NEDTDY

TR
sTe
TR
$TR
TR
sTR
ste
$TR
sTR
stR
STR
STR
Str
STR
CONMENT
ste
STR
$TR
STR
Tr
STR
STR
STR
STR
STR
ste
STR
STR
STR
STR
$TR
Ste
STR
CORNENT
5Te
$TR
STR
STR
STR
sTR
STR
STR
ST
STHR
sSte
STR
STR
STR
ST
sTR
Stm
STR
STe
STR
ST
sTe
STR
sTe
STR
STh
COMNENT
st
STR
Ste

40
41
A2
43
L1
43
Ab
47
AR
A9
0
51
%2
93
117
34
55
74
57
L]
59
60
61
62
63
o4
45
(1]
67
-1 ]
49
70
1)
178
T2
73
14
79
LL)
"
A
19
80
L}
a2
a3
04
L L)
86
a7
L]
1]
90
91
9?2
9
9%
9%
%%
97
170
98
L L)
100
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ORIGINAL PAGE IS

IFnINLOCS) NGOTCO)
DO 302 I=1S,1F
Litdmiuldlel
TI=0,
DN 207 Ka2eN
(BILFIIT AT
LPrL T JeuN(N)
LIPsL PeNINY
AZN{yL In)aT]
TIZnaBR(GANCLPISGANCLEP)DZL2DEIFINGRION(I))
AZP{LIK)aTY
SUCLINImSUCLIRINZSIKIORE )
SPLLINInSPALERIO2IS(KISRE D)
103 CONTINUE
ATRELTININC,
302 CONTINUFR
CummmaTnug SNLUTINN,
N0 304 Tw1S,1E
Atl)=0,
Atl)eD,
LPEaNW e ]
DNl 308 K=u2,N
LIKajgMiK)e]
STnaE-an!LIK'0AZPtLIKI-SP(LIKD-AIHILIK!OA(K-Ii
AK)IATPE{LIRY/STORE
305 ALK CSUCRIR)AZMELER) SR(K=1)) FSTORE
DO 3064 KKu2,N
KaKSUN=KK
Lol OFskM(K}
LIP=L PaNIpy
306 FILP)oA R or{LZP)oB(K)
304 CONTINUE
301 CONTINUE
RETURN
FND
FUNCTION TSOLVEITHNSTGASyRAD  HTCT»STGHENL, TTRAD)
Cosava$NLYF FNR WALL TFNPERATURES,
ITRaMINDIITRAD, 2)
KOUNT e
10 TusTun
KOUNT «XKOUNT ¢
IFIRDUNT.CYL10060 TO 30
TURaTwWeTH
V===eaRARTATION,
QRNe 2, OFENTOISTGCOTU2OTUZ=RADICELOATC(I TR=L)
CommanCONVECTION,
QCHOHTCI* {TU=TGAS)
NQRHu N O*EMTOSTGOTHOTH24FLOATI T TR0}
DOCHewTCY
FTWeORH$OQCH
NETHeNARH4DOCH
TUN=TH=FTH/INFTW¢],E=30)
TECARSUTUN/TN=] ) .GT,, 001360 TH 10
30 TSI VFnTWN
RFTUSN
END
SUAROUTEINE ANSORAITS T PATHSOOTKPLO2s FH20, AL PHA)

CN2 AND H2Q AT & TOTAL PRESSUNE OF 1 ATMOSAHERE,

Bl R R R R

214

SUARQUTINE AASROD COMPUTES THE ANSORPTIVETIES (wEITH RESPECT TO
A RLACKACOY SOURCED OF TSOTHERMAL o HOMOGENECUS MIXTURES OF SO0

AASORPTIVEITIF

CALCULATER AY SUNPOUTINE AASNRA ARE N GOD0 AGPEENENT WITH

STR
STh
STh
TR
TR
$TA
ST
STR
STR
5TR

L 94
STe
STr
$Th
TR
TR
COMRENY
STR
STR
STR
STR
ST
STR
STe
STR
STR
STR
STR
STR
ST
STR
$tTe
$TR
ST
§Te
TS0
CORMENT
TS0
Ts$0
TS0
150
50
150
COMNENT
tso
CONNENT
TSe
T80
TS0
150
TS0
150
TS0
TS0
TS0
150
ABSOR
ABSNR
AASON
ARSOR
ABSOn
ARSON
ABSA»
ARSOR

101
102
10%
104
10%
106
107
108
109
110
1]
112
113
114
119%
114
180
117
118
119
120
121
122
123
124
129
126
127
128
129
120
131
132
133
134

2
181

-
-3
DN 0w

1483

=t
WD

It b pub Pl
B >Ap

e
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ORIGINAL PACE 13

EXPERIMENTAL MEASURENENTS, OF POCR QUALITY

ENR A ALACKADOY SOURCE TEMPERATURE EOUAL TO THE MIRTURE
TENPFRATURE, ARSORPYIVITY EQUALS EMESS.iVITY., ENISSIVITIES 30
CALCULATED ARF IN GNND AGREEMENT WITH SPECTRAL CALCULATIONS
AND WITH EXPERTMENTAL MEASURERER(S.

EACH CALL ON SUAROUTINE AGSORR REQUIRES LESS THAN 12 MILLISECON
NF ¢PU TINE ON AN IRM 3707138,

TNPUTSSE

l1e¢ TS C(IN DEGREES KELVINIE BLACKBOOY SQURCE TEMPERATURE,
TS MUST BE GREATER YHAN OR EQUAL TO 300.X AND LESS THAN QR
FQUAL TO 2000.K.

7. T (IN DEGRFES KELYINIE MIXTURE TEWMPERATURE. T MUSY BE GREAY
THAN OR EQUAL TO 200.K AND LESS THAM OR EQUAL TC 2000.K.

3, PATH CIN METRESIC WIXTURE PATHLENGTH, PATH BUST BE
GREATER THAN OR FOUAL TD 0.0 METRES,

4. SONTK CIN INVERSE METRESIE ABSORPTION COEFFICIENT OF Q0T
AT A WAVELENGTH OF 0,94 WICRONETRES. SOOTk IS CAPPRONIMATELY)
RELATED TO THE SOOT VOLUNE FRACTIONs FVy BYCSUQTKRTFV/Qe94Efn04
SONTE MUST RE GREATER THAN OR EOUAL TO 0.0 INVERSE WETRES,

8. PCO2 (IN ATMDSPHERES)IE PARTIAL PRESSURE OF CO2 IN A RIXTURE
WHNSE TCTAL PRESSURE 1S 1 ATHOSPHERE, PCO2 PUST BE GREATER
THAN OR EQUAL TO 0,0 ATNOSPHERES AND LESS THAN OR EQUAL TO
1.0 ATHOSPHERES. FOR PCO2 LESS THAN 040011 ATROSPHERES, THE
COMTAIFUTION OF CO2 TO THE WIXTURE ABSORPTIVITY IS ASSURED T0
8E 26RD. FOR (PATHATS/TEPCN2) LESS THAN 0,0011 ATH=NETNE. THE
CONTRIRUTICN OF CO2 TD THE WIXTURE AGSORPTIVITY IS ASSUMED TO
B€ 7ERO, IF (PATHITS/TePCOZ) EXCEEDS 3.98 ATH-HEIRE.
SUMRCHTINE ABSORA ABNRTS AND RETVURNS A VALUE OF ABSORPTIVITY
SET AT ~1,E30, A DIAGNOSTIC WESSAGE IS PROVIOED.

6. PHZO (IN ATPOSPHERESIE PARTIAL PRESSURE OF H20 Iw A RIXTURE
VHOSE TOTAL PRESSURE [S ) ATMOSPHERE. PH20 MUST BE GREATER
THAN OR EQUAL TO 040 ATM AND LESS THAN OR EQUAL TO (1.0-PCO2) &
FOR PH2Q LESS THAN 0,0011 ATA, THE COMTRIBUTICN Gif W20 TO THE
NIXTURE AASORPYIVITY 15 ASSUMED TO BE ZERO. FOR (PATHINTS/TOPND
LESS THAN C.0C11 ATM-WETRE, THE CONTRIAUTION OF H20 TO THE
MEXTURE AASORPTIVITY IS ASSUMED TO AF 2ERD. IF (PATHATS/T#PH20
EXCFEDS 9,98 ATH=MFTREs SUBROUTINE ARSORB ABORTS AND RFETURNS &
VALUE OF APSOAPTIVITY SET AT =1.E30. A DLAGNOSTIC MESSAGE

IS PROVIDED.

AUTPUTH

ABSOR
ARIOR
ARS OR
ASION
ARSOR
ARSOM
ARSCHR
ARSOR
ARSOR
£a%0n
ARSOR
ABSOR
ARSON
ABSOR
ARSOR
ABSOP
ABSOR
AfSOR
ARSOR
ABSOR
ARSOR
AMSOR
ABSOR
ARSOn
ABSO®
ARSOR
ABSOR
ARSOR
ABRSOR
ABSOQR
ABSOR
AQSQP
ARSOR
AASOR
ARSOP
ABSOR
ABSOR
ARSOP
ARSO®
ABSOR
AB3IGR
ARSOR
ABSNR
ARSOR
ARSOR
ABSOR
AASOn
ANSOR
ABSOR
ARSOP
ABSOK
AASOR
ARSOe
ABSQR
AnSom
ARASOR
ABSne
ARSOR
ABSOR
ANSQOP
ABSOR
ARSOn
ARSOR
ARSOR

10
11
12
13
14
13
16
17
i
19
20
21
22
23
24
249
24
27
20
29
3¢
£ )
1?2
33
34
3%
3%
17
kL]
3¢
40
41
42
43
44
45
L1
47
Al
A9
20
31
52
33
34
45
56
97
L1
39
50
61
62
a3
L)
45
ah
67
60
49
10
T1
T2
73

235




SURROUT INE AASORA RETURNS ALPH G THE (DIRENSTIONLESTS)

PRESSURE D L ATADSPHFRF,

THE FOLLOWING SUBROUTINEY AuUST RE USED WETH
wASOPAR

1. ASYPP

2. CHERY

3. DLECR

he FEAS

8. PEPTA

he SOCOY

T« SCRTCH

CUFSTINNS ARNUT SUARNUTINE AASORK NAY AE ADDRESSED TOS
ATHAK T, PANAX

NARTHERN RESFARCH AND ENGINEERING CORPORATION

WORUPN, MASS . 01801

usSa

TEL. N0, (817) 9353-9050 £XT 204,

MM MMM SAINADMAAMAMIND IR

IF(TSLT4300, +0R, T$+6142000,06010 1
TFIT 4L T.300. +ORa T +6T142000,15070 2
PSUNsPCO24rKH20
TE(PSUP.GT.1.0) GNTO 3
COMNPUTE RATIOD OF WINTURE AND SOURCE TEWPERATURES .
RATINeT/TS
CAMeyYTE EEFECTIVE PATHLENGTH»PATHL
PATHLPATH/RATIO
SrLaPC029PATHL
PuLaPH2N®PATHL
IFEPCL.ET 45490 «OR, PHL.GT B398 GOTO &
COMPUTE SOOQT ARSCRPTIVITYAS
AS=0.0
1FISNNTR, LE 0,01 GOTO %)
CALL SONT(SONTR, PATHs TSy TAUS)
ASeY,~TAUS

81 CONTINUE
CONSUTE GAS ARSORPTEVITY.AG
AGeQ,,0
TFIPCN2.0T20,0011) «ANDs PHZO,LLT.0.0011160T70 92
TEIOCL JLT0.0011 s AND, Pl JLTe0,0011)60Tu 52
ACRFGAGIPATHL ACN2HPH2DH TS)
COMBUTE WAT' R VAPOR FRACTION, 2ETA
TETARBH2OZESUNM
PNNER 20 H3~0.292ETA
ACSAGRAATTONGPOMER
82 CANTINOF
ALPHA=AS+AG=ASSAG
fETURN
& CONTINUE
WRITFE LGN

&« ENAMAT(S FITHERP THE PRONUCTPATH.TS/T,.PCOZ,0R PATHLTSITPHZA EXCEE

10% 3,98 ATE=-PFETRFS)
WRITE (et )
PR1

CURGINAL PRl 0
OF PGOR Niniae

ARKNROTIVITY OF & WINTURE BF 3007, Clie AND W20 AT A YNTAL

ARSOR
ARSOP
ARSOR
ARSOP
ARSOR
ARS QR
ARSI
ARSOR
ARSOR
ANSON
ARSOR
ARSOR
ANSOR
ARSDR
AASCR
ARSOP
ARSOR
ARSQOR
ABSNR
ARSOR
ABSOR
ANSNR
ARSOR
ARsQn
ABRSOR
ABSOR
ABSOR
ABSOR
ABSOW
ARSOR
ABSOn
ARSQe
AASQR
ARSOR
ABSOR
ARSOR
ABSOR
ABSOR
ABSOP
ARSOR
ABSOR
AQsQR
ASSOR
ABSOR
ARSOR
ABRON
ABSOR
ABSQR
ABSQOR
ARSQOR
ABSOR
ABRSQe
ABSOe
ARSOR
ARSNE
AQs0n
ARSOR
ABSQOR
ARSAR
ARSO®
ARADP
ARSOR
ABSOR
ARSI

T4
74
78
1t
Th
79
a0
al
L}
a3
L1
L1}
AL
87
At
a9
90
L2
92
92
94
9%
9%
9
98
99
100
101
102
103
104
109
1006
107
108
109
110
111
112
113
114
11%
116
L7
118
119
120
121
122
123
124
125
126
1Y44
124
129
136
131
132
113
134
133
136
137
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6 FORMAT(® THIS CALCULATION LIES OUTSIDE THE RANGE OF SUBRDUTINE ARS ARSDIY

1
?

3
Q

2

ORASURRDUTINE ANSORA AADATS AMD RETURNS A VALUE QFe)
WRITEL{LT)

FARNATL(® ALPHA SET EQUAL TO ~1.ExQ®)

GOTO @

CANTENUE

WRITE(&»9)

FORNATI® SUR OF GAS PARTIAL PRESSURES,PCOZ¢PHROLENCEENS 1 ATNe
WRITELGaOY

WRITE(A: T}

GOTO

CONTINUE

WRITEL 1))

ABSOR
ABSLR
AB3I0R
ARSOR
ARSOR
ANSOR
) ABSOR
ABSOR
ABSDR
ARSOR
ABSOR
ABSO®

1) FORMAT{® MIXTURE TEMNPERATURE »T» LYES OUTSIDE YHE TEMPERATURE RANG ABSON
1F 300 TN 2000 DEGREES KELVIN®)

1

WRITE{ 8»8)
NRITELG»T)
GOTN A
CONTI MUE
WRITE(8s10)

ASSOR
ABSQOe
ABSOR
ARSOR
ABSOR
ABSGR

10 FNRMAT(® ALACKADRY SOURCE TENPERATURE,TS,LIES OUTSIDE THE TEMPERAT ABSOR
1URE RANGE 300 TO 2000 DEGREES KELVIN®)

1

WRITE(S,0)

WRITEL G2 T)

CONTINUC

ALPHAR=]l E30

RETURN

END

SUBROUTINE ASYHP(Zs1V)
SURROUTINE ASYRP CONPUTES THE ASYNPTOTIC EXPANSION FOR THE
PENTAGANNA FUNCTION,

T1lel . /?

1t2e21]9211

T13e2110212

IVaZTA0(( 244340 110421201 2,¢21201=],¢7120(],333333230)

71 20(=3,410,021210)))

RETURN

£ND

SUARQUTINE CHERYTINSX, V)
V REPRESENIS VALUE OF CYEBYSHEY POLYNOMIAL OF ORDER N
ANO ARGUMENT X,

Wel,

TEINY Yl ,2

RETURN

Yt

IF{N=1}) 1:1,1

Fayen

VYRLnY

yn2at,

DG & Te2yN

VeFeyn)~y¢n2

VR2nyni

yul=y

CONTINUE

RETURN

EMn

FUNCTTION ODLECKIXsPioTH
SUBROUTINE DLECK COMPUTES THE 2,7 AND 15 NICROARSTRE QVERLAP
CORRECTICN FOR WEIXTURES OF COZ AND M20. THE DVERLAP CORREC
1S COMPUTED BY USING A TENPERATURE=AQOJUSTED VERSION OF TWNE
OQUERLAP CORRECTION FACTOR SUGGESTED AY A, LECKNE?
(COPAUSTEION AND FLAME VOLUME 19 PAGES 33~48, 1972)

ABSOR
AOSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ARSOR
ABSOR
Aasge
ABSOR
ABSOP
AOSOR
ABSOR
ABSOR
AQSOR
ABSOR
ABSOR
ABSQOR
ABSOR
ABSOR
AASOR
ABSOR
ABSOR
ABSOR
ABSQOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSDR
ABSOR
ARSOR
ARSOR
ABSNR
ABSOR
ARSOR
ABSO®
TION ABSOR
AOSOR
ABSOR
ABSQO®

158
139
140
141
142
143
144
149
146
147
148
149
1%0
1512
132
133
134
135
1346
157
1358
1499
160
141
152
163
144
145
166
167
149
149
170
it
172
173
174
118
176
1r?
1rs
119
180
18
182
133
184
183
106
187
108
18%
190
191
192
193
194
19%
196
197
198
199
200
201

237

»r




IFIPL.LT40e)) &0T0 1
TERMaX/(102T7¢101,0%) ~K8910,4/112e7
TERN2ALOGA0(10],32%5¢PL)
TEAM2=TEAMZ2O%2, T4

TTaT/71000,

TT2uTTeTY

An=]a 0206002

An2, 244R979

Cr=Q,23440000

TERMIaAPTIT2¢ BOTT ¢

c
c TERNY REPRESENTS THE TEMPERATURE ADJUSTRENY

OLECKAYERP #TERN2TERND
RETURN
1 DLFCN=0.0
RETURN
END
FUNCTION EGAS{PATHL,PCoPU,T)

c EUNCTION EGAS COMPUTES THE ERISSIVITY OF A GIVEN PATH (PATHLY
¢ OF A MINTURE OF COZ AND W20 AT TEMPERATURE T,
¢
L PC = PARTIAL PRESSURE OF CO2
c P4 = PARTEAL PRESSURE OF H20
EGAS=20.0
IF(T.LT.300s +0R: TeGT22000.) RETURN
EC=0,0
IFEPL LT 00011 ,LOR, PCeBTo1s0) 6070 1
PCL=PCOPATHL
IFEPCLLLT 00011 o0Rs PCL.ETL3,490) 6070 1
CALL SCRTCHLPCsPCLsTo1sEC)
1 CONTINUE
TF(PHLT+020011 oORy PuekTels0} s0T0 2
PUL=PMAPATHL
TFIPML LT 0,001 oOR, PHLLGT5.98) 6070 2
CALL SCRTICHIPHPHLSTs2oEW}
EGAS=FCeFN
TF(EC.LF.Co0) RETURN
PCPUs PPN
t{ePW/PCPY
TFINT4LT.0401) RETURM
PCHL=PLPNSPATHL
TFIPCHLLLTS0,] ¥ RETURN
DELEwDLECK{NTSPCNLLT)
EGASsEGAS=DELE
RETURN
2 CONTINUE
EGASaF(
RETURN
£ND
SUARGUTINE PENTAIN, V)
C SURROUTINE PENYA RETURNS THE VALUE ¥ QF THE PENTAGANMA FUNCTION
c NF ARGUMENT X, RECURRENCE FORMULA Sebebs AND ASYMPTOTIC FORMUL
¢ Beholsd (PAGE 2600 OF ABRANDWITY AND STESUN ARE USED INM
C THTS CALCULATION,
[
C
TFIN,GFebe) 6010 1
IFiY.GEed,s) GOTO 2
TRUN,GE24) GODTN 3
Sallo 7C(R42,000401,71R01,10840),7X004)00,
Tansd,
CALL ASYMP{Z,TV)
GOTN &
7 CONTINUE
Calla 7(NeL 10048, /KEM4)0Y,
2138

S

ARSQR
ARSOR
ABSOR
ABSOR
ABSOR
AASOR
ABSOR
AQSOR
ABSOe
AASOR
ABSOR
ABSAR
AGSaR
ABSQOR
ABSNR
ABSOR
ABSar
ARSOR
ABSOR
ABSOR
ABSNR
ABSOR
ABSOR
ABSOR
ABSQOR
ABSOR
ABSOR
AssOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ARSOR
ABSOR
ABSOR
ABSOR
ABSOR
ARSOR
ARSOR
[Y1.3{:1]
ABSOR
A8SOR
ASSDR
AfSOR
ARSOP
ABSOR
ABSOR
AfsSQR
ARSOR
ABSTR
ARSQOR
ARSQOR
AASOR
ARSOR
ABSOe
AfgSOR
ARSOR
ABSOR
ARSOR
AQSOe
ARSOR
ARSON
ARSOP

e M N, i -

202
20%
204
205
2006
207
208
209
210
211
212
213
214
21%
216
217
210
L9
220
221
222
23
224
225
226
1434
228
229
230
23
232
223
234
23%
236
237
238
2319
240
241
242
243
244
245
246
247
240
249
230
251
292
2%1%
234
235
294
2'?
250
259
240
241
262
2613
244
263
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TaNe,

CALL ASYMP(Z,2V)
&0TD 4

CONTT NUE
s.o."..‘

Tatel,

CALL ASYRP(Z,12V)
GOTO &

CONTINUE

Sa0,0

CML ASYRR(X,1V)
CONTINUE

Val¥e$

RETURN

END

SURRQUTEINE SOOT(ZMLED, PATHL,TBLACK,TAUS)

SUSROUTINE SNOT COMPUTES THE TRANSHNISSIVITY (TAUS) OF PATH (PAT

OF SOOT TO A BLACKAQGOY RAOTATION SOURCE AT A GIVEN
TEMPERATURE (TOLACK),

TFLIKLED.LE. O.) GOTO )
ARGel ¢ TRLEDOPATHLOTALACK®S,33DTE-D
TRLACK =« SOQURCE TEMPERATURE OR GAS TENPERATURE
CALL PENTACARG, V)
SUBRDUTINE PENTA CONPUTES THE PENTAGANRMA FUNCTION
ARG = ARGUNENT OF THE PENTAGANMA FUNCTION
TAUR=¥9,1589007228
TAUS = SO00T TRANSMISSEIVITY
RETURN
TAUS=1,
RETURN
END
SURRDUTINE SCRTYCHUIPPLsToINDEX,V)
NINENSTION CCUs408)sCHIBpA4Y, SCUY454)
TFLTINDEN,EQ,2) 6OTO 2
CC REPRESENTS AN ARRAY OF 48 COEFFICIENTS FOR CO2

CCllp1s))e=0,2734308E+01
CClLAr L2 o= 29970976 +00
CCtAplpd)e=(,1232494E+00
CCl1s2,4)20,12792087€=0)
CCUYs251)=0,15303051E+01
CClL1s292)0,3130449E+00
CCl1+2:3120,10%0126E=01
CCtLlo204)e=0,3T2902%E~0]
CCt1:s2p1)o=0,2474)19E+00
CCtle392)m=0,3323044E~01
CClly3p2)e=0,1R194T1E~0O]
CClleMed)=0,2209709E8=01
CClisa,s)0a(,49040208-01
CCtYodp2)am0,1900780E~02
CCl1o4,9)m0,3007008E~02
CCUlLintsd)e=,1173000E=02
CCU2a)p1u0.8Y3717226=-02
CCL29102)e=~0,98284908E~02
CCl2a1p81n0,2900820806F~02
CCU200s8)a0,A2275206~0)
CCi2y25)0nnC,a310)T04E~D2
CCU2e2,2100,3092021E~02
CCU242,3)n=0,326Q29%€~02
CCU2:2,40720,7009804E~0)
CCt2:221)90,10087%16-00

ABSOR
ABSOR
ARSOR
ARSOP
ABSOR
ARSOR
ABSOR
ASTOR
ABSOR
AQSOn
ADSOR
ABSOR
ABSOR
ABSDR
ABSOR
AGSOR
ABSON
ABSOR
ABSOR
ABSOR
ABSOn
ABSOR
ABMSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ARSQe
ABSOR
ARSOR
ASS0n
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ASSOR
ABSOR
ABSON
ABSOR
AQSOR
ABSOR
ARSOR
ABSOR
ABSOR
ARSOR
ABSOR
ARSOR
AGSOR
ABSOR
ADSOR
AQsSOn
ABSOR
ABSOR
ABSOR
AASOR
ADSNR
AANSOR
A ,0m
ARSOR
ABSOR
ABSOR
ARSOR

266
267
260
249
270
s
272
arm
2T4
78
276
2mn
271
re
200
201
282
a3
204
20%
206
287
284
209
290
291
292
293
294
295
2946
29
2980
299
300
101
302
303
304
303
306
07
3108
309
310
nl
312
33
314
313
ne
n?r
31e
39
32¢
3121
122
123
124
s
126
a2
A2A
e
2319




YD

240

CCE20352)m=067324533£~03
CCU2:7,3)m0,36390%5E-00

CCU2s3040)m0,23220310E~03

CCl2,451)n0,7300038E=~01

CCC20492)0=0,72770737~013
CCU2¢453)m0,392%500E~00

CCU2e4p4)n=0,2020413E~02
CCtN1p1t00.238%0106=-02

CCl1p102)mm0,84391091~02
CC3a142)00,1T704300E~02

CCU39)94)=0,3C33031E~03

CCiI9291)me0.1062700E~02
CC{3,2,2100,32362751i=02

CCU2s2»3) 2~ )032250E=02
CCU3s2,4)m0,34T74022E~03

CCt3, N 1100,12048Q7€=03

CCL352,2)a=0,4479927E=0)
CCi3+2923)=0,2497525F=0)

CCtAy2)A)e0.1022906E~02

CCUBs4,1100,4210109E=0)

CCU3s492)m=0,40484608E~03
CCU3,4»2)=0,32%0061E=03

CCeNr a4 um(,9514901F~04
GOTO4

CANTINUE

ORIGINAL PAGE IS
OF POOR QUALITY

CW REPRESENTS AN ARRAY OF 48 COEFFICIENTS FOR W20

Cullels1)e=0,2594279F£+01
Cu{ls1521u=0,71104T2E+00
CoHllale2)a=(,8954020E=013
CMEXpdad)m0,1224940E~01
CWils291)%0,2510321E+01
CWll1s2,2)1m0,6481008E+400
CHE192,3)==04333090TE=01
Cullp2,4)0=0,552434%E=02
CulleNe1du=0,4191620E4+00
Culls2:2)o=0,1375100E+00
CWlls3s3)a0,397793%0E=01
CWilaBpA)n0,0082128E=02
Cvillpdpl)e=0,3223912€6=01
CWlL)a,2)o-0.10202416=01
CHlledpN)ua(,2227143E~0]
CWllsdpa)e=0,394Q781E~03
CWt251p1)u0,1120809E4+00
CH(2s1s2)enCoP)23029E=01
CHl201e3100,1524940F=-01
CYl?22304)20,1393800E~02
CWE292411n=0,829RADHE~02
Cul24202)20,4550000E~01
CWl2s2,3)2=~C,200200RE~01
CML232¢4)00,2013201E=02
CHl20%51)2=04375022E~01
CWi2,3,2000,1924%976=01
CHt2,0,31u),A0300877E=02
CW{203,4)5~0,40104)4E~02
Cul2,4,1420,707TATOFE=-02
Cwl2s4e2)=~Cqa2090108E=01
CulZadp)eGoa1aB82082E~02
CHi2:4,4) 00, AR%1421E~02
Cot3s1el¥m0,5341%17E-01
CWE3 102070, 340T093E~01
CWwideled)mn0, . 4354H11F~02
CMIY 1,080 Y4920 ARE=(2

ABSOR
ABSOR
ARSOR
ABSOR
ARSOP
ABSOR
ARSOR
ABSOR
AQSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
AlSOe
ABSOR

~§$0R
A, R
ABSOR
ABSQOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABS0R
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
ABSOR
AASOR
AGSOR
ABSON
ABSOR
ABSOR
ARSQR
ARSOR
ABSOR
ABSOn
ABSOR
ARSOR
ARSQe
ABSOR
ABSOR
ARSON
ABSOn
ARSOR
AdSQR
ARSQe
ABS50R
ANSOP
AASOR

330
311
32
333
134
335
134
337
338
339
340
341
342
243
344
34%
£ 1%
347
248
349
330
k13
282
353
3154
335
3%¢
357
158
3159
360
361
142
343
104
365
366
387
1560
169
370
n
ire
373
ITA
i
174
arr
178
3t
3A¢
n1
302
1813
384
385
186
EL)
ann
3In9
390
191
192
193

"




CHEAs2,1)m=0,ATOBLTAE=D2 O T ABSOR 394

Coutle2921n0,20000R0E=01 (o a1y AASOe 398
CoHU3,292)0n0,9477503E=D2 P A ARSOR 396
CWldn2sd)nl o 0)502126~0) ARSOR 297
CHl3e3p))mmQe21040822E~0] ABSOR 198
C¥i303,2100,7919796E=02 ABSQOM 199
CWids3,3)00,5503309E~02 ABSOR 400
CHtBeds4)e=0,27506144E~02 ABSOR 401
CWlp4,3)00,42109T3E~D2 ABSOR 402
CHlpap2)n=0,2009744E~0) ABSOR 401
Cut3pdy3)nCoACI91004E~0) ABSOR 404
CHlDadpd)n0,28%5040%E~02 ABSOR 405
CONTINUE ABSOR 406
XoALOGIPY/3.45¢)1,.0 ABSQOR 407
VYalALOGIPL I #2,55%) 74,345 ABSOR 400
Te(T=1150,)7 8%0. AASOR 409
ved,0 AASOR 410
00 3 tt=],3 ABSOR 411
I=i1=1 ABSON 412
CALL CHEBAY(IX+TIK) AGSOR 413
Vée0,Q AQSOR Al4
00 & Ji=1,4 ABSOR 41%
Juji=} ABSON 416
CALL CHERYLJ»Y»TIY) ABSOR AL?
V720,90 ABSON 4108
0N T KWal 4 ABSOR 419
Kagik=1 ADSOR 20
CALL CHEBY(KoZoTKRT) ABSOR 421
TFCINDEXEQIISCUINsddoRK)nCCLLTn JIaRK)D AQSOR 422
TEUINDENLEQa2ISCURL s dduNRYCHEL Y Jds XKD ABSOR 421
VIsYT+TRZISSCITI» JJa ki) ABSOR 424
CANTINUE ABSOR 425
VasVa+YTaT Y ABSOR 426
CONTINUF ABSOR 427
Vavavoettx AASOR 424
COMTINUE ABSOR 429
VaEXP (V] ABSOR 430
RETURN AdsQe 431
END ABSOR 432
SUYROUTINE SOLVE so 2
COMMAN/CCEFF/ARPLA0) 8P (A0)EPLI0V-DP L0V APP(30)»APPIID) MASAX 45
CONuON E(35008.DUHTB001,0VI(%001,0WIS000, CNNER 2
1 ANUC(300),SOOT1L500), 5007248003, FCHIB001, FH2IS00)»FS(300,14), ASTEP 18
1 RHOL300)VISCUB001,ABSR(500)SCTRIZOO)SULL00),SP (100, RAD 3
1 NRHONP{SOC ), RAD 4
1 AYPCLIOONsAXMIIO0Y2AYPLL00)sAYNILO00)2AZP(200), CONES 4
2 OAT™EI00)»C24100),CYI0),CRUCL000,CYULL0), COPEN 5
3 CIPLA0C)SCYPELION»DIVA(L00) s NTPY,NTP? CONFN [
1o AXMKL1Q2) pARPREL2) s AYNKELQ2) o AYPRALI2 s AZNKAIL92)ISALPKLILO2), CTONA 3
2 SUNi192),8PK(1e) CTOnA [
NINFHSTION UCSQ0I, VLS00, WIS00)sPPL{R00Y»PL300)VErP(500) COnFd ?
DIMENSICN GAMEBOO) COnER ]
EOUTVALENCE (FL1I5U 10 s (ECB0L oL (R 1001)pNELY) COMFS 9
EQUIVALENCE CFCL3011,PPCLY ) (FL2000)sP L0, (FC2301),TENPIL)) CONEA 10
FQUIVALENCE (F(3001)s6ANM(1Y) COMFS 11
CARMOANZCYL 7REI0) »ANEI0 )+ RNVE301, YSREZ0D» YSYRCA0D S I PLAX COrnGN ?
COMRONZGRIDZX(AN o YLI0 2030 o XS(40)YSTIA0)2 750001, RNSULA0), COMNON 3
1 YSVI30D,2SHE3Q) s XDIFCAO) s YDIF{30)p 20EFCI0I» FUP(AQ) o FXN(AD) (L LLLL Y
2 FYP{30}sFYR{BQ)FZP{R0)»FINTI20) DT, TINE Carnom ]
conmnN NDX 2
L1/7CINBEXZIDCCoL0FULT002, TONZ s TOHZOLINCOR, 10HA, IDHZ: KON, TOND, IOMO2  NOX 3
1o 1NN, TODH, THCPS s TLCs TLHs TMAT o TTERS JUJo ML o M s NI NASNGLTOALNGLOAP, NOx 4
2 NLMoNO, MSPeNS1,NE2,T0CH ASTEP 3
FICCHEM L ZCPSUMHSUM O FQe PPLNIRGASIRGAS TN SMINY, TRKINY TINLNRG NX ]
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AICPARAPMIASURLADL AN ENYER s HSUROa NOERUGH NS» PA» Q02015025030 04 RHOPR, NOX ?
& SHLSRUIA0) s SFO»SIL20)> 820300 s TR LADEARLDEGUG LEQUTL 2 LREACT, NOX ]
& LENERSEDNTJLCONYG Nox 9
NOUBLE PRECISION CPSUMMENVIERFQy HSUBO» HSUMsPAS PPLNs Q0,015 02,03,  MDX 10
1 QAsRGASsRGASTNARHOPP o SMe SHINY» SHWe SLp S20 TH,TRINV, TLNsSNHO ROX 11
2,FUTSFST LTEP ]
COMBONISTEPL/PENPIsPEXPZoPENPI S PERPALERLSER2,ENS,ER4,CEDUL,CERU2, ASTEP 5
1 CEAUISCFRUASAEXPLSAEXP2 AEXPI ) AEXPASBERPL ) REXP2,BEXPEAEXP4, ASTE® ]
2 CEXPL,CENP2CEXPICEXPAsFYT,FST ASTEP 7
LOGICAL LADTARSLCONVGILDEBUG, LEQUILsLNRGSLRCACTSLENER NOX 12
COMMONZINT /Ly PNy LCYSNCYaNCYsLPLs AP Lo NPLs NI sNJS NKsNINSs NINJNKs NV, COMMON b
1 NNV NGOTO s KsESTRAJSTRANSTRONYNCIS)pKALI0)» JN{20),ISTEP, ASTE? ]
2 ISOLVECAZ)oIPRENTIAI I TITLECLO» D)o INY ISUP ISHPLRELANIAS)I NP, ASTEP 9
2 NARHOsNGAM TWLI(30,5)» INLOCR0+B)5dWL0C40:3),JWLTITAOS)»THET, CONROM 9
& THENGRM] o JuTT o IO JN0T, W00, IDWe JXKINEI0 300 ININIAD, 3D) COnnON 10 ;ﬁ
CORBONZINDERZIPARLPREF«ISTUN, INCONP ITRAD ) NVREp NVRY»WYRY s JPLANE CONNON 11
1ePLAXNILYNLVO ) LYFUDXsLYFULLVC O LYHALVAX s LYRYSLYRTIS NVE(32), ASTEP 10
2 TIUMPLIRES)TITLEZ2{20) s TMAN  JNA S KNAN s NYCOs FUNCD, NYH2(QNVCN2, COonmrON 13
2 NYN2 s NVCH NYH2 4STEP 11
COMMNNZCNOX 7L VHL o LVHZ s LYNLS LYNOs LYNOZoLVOp LYDHs LYH204LYNZ, LVO2, NOX 16
1 LVCO2:LVFULsLVCOYL+NNOXs INOX, ITHOX» SNOX, TNOX NOX 17
COMMON/THERF/NVHsNYFUs NVOX s NVFUOR s NYTEs RODENs IDKESTOIC s HEULCPy COMNONM 13
1 GASCONSRHOCONSUNTCON)PRESS)NVEAV TCYLWe TINLWo TLIP: ACOEFLA) COommnN 18
2 T4pDFACHWFUSWCO2sMCOsNOXs WH2D pMN2 p HY Yo CRXLRATIDLLRATIOZ, COonRON 17
2 RATIOCA,RATIOCAHCOsTAN, TTHALL COMMON 19 .
COMNONZCTOMAZKEND, TCTORALD2) ASTEP A2
CrmoaaSUARDUTINE SOLVE IS USED TO SOLVE THE FINITE=DIFFERENCE COMMENT 184
r EOMATIONS AY THE TRI=DIAGONAL=MATRIN=ALGORITHM{TONA), COMMENT 185
C COMNENT 188
ENTRY SOLVEL 50
RELAXMe] ,=RELAX{NY) 50 8
0N 10 J=JSTRN $0 9
KIMasKM(KI$IN(J} 50 10
IS=TuLICd, MGITD) s 1
IFaTWLCtdp NEOTDY $0 12
NN 10 I«15,TE S0 13
ISFLFLIFIXY | s0 14 .
LPek Mol s0 13 .
LPEal PANYRMINYF(NY)) 50 16
g L7*aLPFavINg SO 1?7
= L7MeL PF=KRINY S0 10
ELTPuRILIP} se 19
TF (NVLEQeIANDNLEQ NPL) FLIPaWI{LIJ*2ONIN]) s$0 20
1 CONTINUE $0 21
SPILTA I m(AXNELI AN 4AXPLLTJIAAYMCLTINCAYRILTI JI4AZNELEJICATRILEd) $0 22
1ISPILT IV Y/RELANINY) S0 23
Cwmmm~§TNRFE COEFFICTIENTS FOR CYCLIC TOMA, COMNENT 187
LPCaTm14(Ja 210 iNT=2 )+ (KaSTRIGINE®2)®L{NJI=2) CYOMA s
AYRELPCYSAXPLLT) CTOMA 6
AXPKAILPCH=AXPILEYY CTONMA T
AYMK{EPCYwAYMILT Y CTOma ]
AYPRLL PCImAYRLLE Y)Y CTDMA 9
AITMKELPCYIAIR{LT Y CTOmA 10
ATORILPCImAZPLLINY CTD"A 11
SURLLPCY=SULLTII4SPILTJISRELAXNSFILPFY C10MA 12
SPRILPCInSPULTII*Y 0E~2D CTOMA 13
SHOLTSYaSULL TSI 4SPILTIIRRELAXNOEILPFISAZINILTIJIOFILZN)SAIPILT IS L)} 24
1 FLI® $n 29
GN TN (11122132103 NGRT0 $0 26
11 PULLeYmnUCLAI/SPLLLY) sn 27
an to 10 N 20
- 12 NVILP)I DY LLPIZSPLLTY) 50 29
; G TN 10 <0 30
T 13 DWILPY=DWILPI/SPILT ) 50 31
242 .
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™

ORIGINAL Tl Lo

10 CONTINUE OF POOR QUALITY
NYXRa X NER ) NYRINYECNY) )
TSUN=TSTA4Y
JSUNRISTR N
INOMAXSTCTONA(NY)

DO 45 IND»1,INOMAX
60 YO (20,30),IRY

20  CONTIWNUE

CommeatONA TRAVERSE IN K~DIRECTION,
ND 23 JdudSTRN
60 TO [24,2%),45up

26 gapy
60 TO 26

25 JaJSUn-gy

26  CONTINUE
LPFaNVER+JN{Y)
TS=IWLT(JyMGOTO)
1E=TVLO1 4 NGOTO)
1STRYagSe)

LOFlaL PReTSTR]

APCISTRI) =0,

RPCISTRI)=F{LPEL)

DO 22 T=IS,1E

LIdeduidle]

LYPatPFeNT o]

[YI.L.F-NIO!
STARE=SP(LIJI=AXNILIII®AP{T=1)+],E=30
APEIVaANPILIII/STORE

22 APLTIS(SULLTJIAYPLLTIIORCLYP) SAYNCLT I OFILYN) SAXNCL TSI 080 ET=1) )/

1STORE

TSUMI=TSeTE

00 23 TI=IS,IE

TaTSUMI=11

LPeLPE#T

29 E(LPY=ARCIIOFILP4L)¢BPL])

21 CONTINUE
JSWPe = JSuP
60 TO (20,201, J5wp

28 CONTEINUGE
GN TN (30,400, IXY

ComnaanTNNA TRAVERSE IN Y=DIRECTION,

0 0N 31 ITeISTR,L
G0 TO (34,3%),Swe

W tefy
6N TN 36

29 TelSUNe]1

36 CONTINUE
LEEaNyYKNe: ]

IS=JVLTCT,NGOTO)*1

JES JWLCET A NGOTO T

JSTRL»JS-1

LPFLeLPFedN{JSTRY)

AR(JSTRLY O,

BPLISTRIVeFILPF}

DN 32 JedS,yE

SPLYLITINY

LYPMYRPMeLTJ4]

LXMagXpar
STORECSPILEIImAYNILTIISAPCJmd) 4], E~30
AREJY RAYP(LTJN /S TORE

M2 AR e SULLESNANPILTIIIOFLLNP)CARNIL L) OR L XR)SAYNELTS)ORP (dmD) )/

1SNk

JSUNT w IS e IE

DO 3% JJedS, 6

COMNENT
S0

COMNENT
so
S0
$n
o
50
30
50
50
14
50
so
S0
s0
50
50
0
s0
0
50
sQ
0
50
$o

32
33
3
1)
36
37
8
39
100
40
a1
42
¥
a4
45
40
¥
48
49
50
53
52
53
54
58
1
37
58
59
60
81
82
83
64
65
1.}
67
60
59
70
189
71
72
73
T4
75
76
77
"
19
nQ
81
2
83
as
8%
1
87
AR
Ad
%
91
92
93
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ORIGINAL FAH.L 5

$adSUNL=S g e AR (1 1A b 50 94
LPai®Ee ()} Or PONR QALY $0 99
LYPaL BaNT 30 94

1] FILPISAPLJIOFLLYPISRP{S) sn 97
11 CONTINUF s0 98
ISWfat~ISup 50 99

0 TO €20,30),18wP s 100

28 CONTINUE s0 101
G0 TN 40,200,511y $0 102

40 CONTINUF sn 102
A% CONTINGE $0 104
RETURN $0 105

[ " [ 1} 0 ¢ 2% d¢ 0% 2 ¢n 0 ¢ 4% s e 2 e 40 a 50 108
ENTRY SOLVE2 $0 107
Cmmm~=CYCLIC TOMA IN 2=DIRECTION, COMNENT 190
KENDwN CTONA 14
TFINV,EQ.3INENDaNP] cCTOmA 1%
TFCTCTOPACNY)LEQ,01G0 TO 600 CTOMA 16
INORAXSTCTLPACNY) CTONA 17

DO 609 IND=l, INANAK CTOMA 18

00 800 deJSTRyN CTONA 19
I1S=IWLT(JsNGOTD) FEB2 4

LB IVLOC) p NGOTTY FER2 5

00 600 I=IS,IE FEB2 s
LIdeTedntd) CTONA 21
LISNVELTIeNYNCNYF(NY)) CTOMA 22
LPSTRALLINVARKNERSTR) CTOMA 22
LPCSTReT=14(J=2)0(NT=2) CTOMA 24
AP(KSTRIaA RN (| PCSTRY CTOMA 29
ARLRSTA)nAZRKILPCSTR) CTONA 26
FROKSTRYIASURCLPCSTR) 4AXNKLLPCSTRISELLPSTR=1)ISAKPKCLPCSTRISFLLPS TR CTDNA 27
2LISAYMKELPCSTRIGE(LPSTR=NI)+AYPKCLPCSTRIORCLPSTRINT) CTOMA 28
NELRSTAV=SPHILACSTR) CTOMA 29
TRENPIKSTRI LT.1,E=201DP{KSTR) =1, EO CTNnA 30
KMTNRKSTR 41 CTDmA n

NO 607 ¥aKRINyREND CTOMA 32
LPCaT=14{4=2)0(NT=2) ¢ (R=KSTRIM{HT=2) ¢tNJI=2 ) CTOMA 33
LOALTINVORN(K) CTDMA 24
APLKY)aAZPR(LPC) CTOMA 35

R RZPKLPC) CTDMA 36
CROSUKLLPCI4AXPKILPCISEILP=Y) SAXPK(LPCISFELLP41)SAYPR (LPCISELLP=NTT CTONA 37

2 CAYPR(LPCISEILPONT) CTOMA 38
DEKaSPKLLPL) CTOMA 319
ABEK) =RKEBP (K=1) /OP(K=1]} cTom 40
F.(IlIFP(l’-l)OHIIDOIK-I)QCI CTOMA &)
NOLR) nDR=BROAP(K=1)/DP (K]} CTONA a2
FFINP XY LT 14E=2GIDPIK) o), E30 cTomA 43

AGL CONTYNUF CTDMA o
KSYNeNEND=2+KSTR ctona 48

APP (KEND=Y o lAP (KEND=1) ¢ BP{REND=L)) ZOPIKEND=1} CTOMA 'Y

APO (NEWD=]}aFir(KEND=L )} /NP (KEND=] ) CTOMA 47
KENDM2 s ENN=2 CTDNA AN

NN 807 KK=KSTR,KENDA2 CTOMA 49

Kak S Rawn CTONA 30

AP IR IO LAR(KICAPPIKALISAP(K)IZLDA(K) 4L, OE=~30) CTONA 51
RER(KIm{ARCRIORPR(RILISEPLNDIZ(DP (R 4] OE~20) cTom 52

ABD CONTEWIF CTORA ¥
NENNM=OP{KEND) -8R {KEND ) ~APP (KSTR}SAR [KEND) cTOmA 54
TECANSELFNO® ) LT, E~30)IDENNN=,E 30 CTOMA .8
FFNNa(APPIRSTRISAP(REND) +EP(KEND) ) 7OENDN CTOMA Ty
RENDM 1 sNEND~] CTON, 87

LD .Yk ) KakKSTRyKENDM) [ L LYY L1}
LeatTINyenpin) cToma L1
FILP)mAPP{KIOFENDSAPP(K) CTOmA 80

44




”»

COICIMPY pan

. i OO {JA—IHL.! rY

803 CONTINUE CTONA 61
: LPCERL TINVERNIREND) CTOMA b2
] FLLPCEIFEND CTONRA 43
: ADN CONTINUE cTom (1]
AN CONTINYE CTOmA (1]
50A CONYENUE CYDMA (1]
RETURN sn 106
. F NG 50 109
: SURROUTINE FPRINT (ISTRT,ISTOP,NVYY) Fp 2
] CONNAON FLA500):0U1%00),0vL%00),0w(%00), COMFA 2
: 1 ANUCTI9001,SNOTI(500), 5007245003 FCHIB00)» FH2L500)+FS{500s14), SSTEP i0
: 1 RHOCA00), VISCUA00) s ARSR{S00),SCTRIZ00ISUI100),8P(100), RAD 3
: 1 DRHOOPIAQO), RAD &
; 1 AXPLIOO I, AXNEL00) 472010000 AYNE100)A2P(100), CaNEa &
: 2 ATMC10C),CTCR000,CYLL0),CTULL00V,CYULLO), CONER ]
. 3 CIPC200)-CYPLI0NDIVGILO0),NTPL,  HTP? cores [
: 1o AXMRLL92 s ANPKELG2 o AYMKILT G20 p AYPKIL92) s AZNKEI9215ATPKEL192), CTOMA ] 1’,
: 2 SUK11Q21,5pPK(192) CTYOBA & /
: DINENSTION UC300)sY(500)»W {0001 PP(500):P(300),TENPL(300) COnER 7
: DIMENSION GAM{S0Q) CORFy [ ]
EQUIVALENCE (FCY1YoULLI Y (FIS01 )Vl Do tFLLIODLoNELNY CONED 9
EQUIVALENCE (FL1%01),PP{10),(FC2000),PLLY),(F(2501)s TENPLL )Y CONFa 10
EQUIVALENCE (F{3CCL1)»GANLL)) CONFa 11
COMMONICYLZRIIOD o RM(30)pRUY (30D YSRIDO) YSYRLAO IS EPL AR cormOn 2
CONBONJGRID/XCAD)2YLI0)» 230 s XSCA0) s ¥YSLI0)»Z5(B0) o XSULAO), ConMmgN 3
; 1 vSVLAC) e 2SWI30)sXOLFLA0), YOIF(300» ZDIFCI0V»FNPLAQ) »FXN{AD) CONNON 4
y 2 EYPUACISFYN(30)FIP(30)sFINII0}DT,TINE o L 5
: COomuny NOX 2
L/CTMOFNZIDCOs IDEU» 10025 IDONZoTOH20, I0CO2s DML IDH2 s IDNL » TIONOS LONO2  NOX 3
1o IDNs TOOH THCPSo TLCH TLHa TMATS TTER JIJoNLsN2pND s NA NGLOARNGLORD, NOx )
2 NLN,NQsNSPyNSLsNS2, IDCH 4STEP 3
3/CCHERTICPSUNHSUMIFQsPPLNpRGAS)RGASINa SHINYs TKINV, TLNs LNRG NOX [
AICPARANIASUBIN0, A, ENVSERDHSURO» NOEBUGINS» PA» Q0509020 03004, RHOPP, MOX k4
b SMySHNCI0NSPOsS1(30)sS2020)s TR LADTAS,LOEBUGSLEQUILSLREALT, NDX [
& LEMNERENKIJLCONYG NOX 9
DNUBLE PRECISTON CPSUMMENYSER, FQpHSUBDs HSUNSPAS PPLN, Q05 01, 02,01, NDX 10
1 QA RGASIRGASINORHOPP, SHs SHINVSSHWR 1552 TR TRINYL TLN S MO nox 11
22 FUTWFSY ASTEP 4
COMMON/STEPA/PERPLIPERP2SPERPASPENPAIERYIERZSERISERG o CERUL,CEBUZ, 4STES 5 .
1 CEBUI CRFRUASAERPISAEXP2 AENPI L AENPASNENP LS BEXV 2, BEXPY ) REX P4, ASTES® ) .
2 CEXPY,CERP2,CEXPA, CEXPARFUT,HFST ASTEP T
LNGICAL LADTAR,LCONVGyLDEBUG,LEQUILLMRGILAREACT)LENER NOX 12
COMNNNZINT /L PaNpLCVeMCV NGV LPLp APLoNPLyNT s NIs NEaNENS s NINJNKo NV,  COMNON (]
1 NNVoNGCTOpXsISTRy JSTRANSTRoNYMIDS) o KNEI0I 2 JM{30) ISTEP, ASTEP A
2 ISOLVECI2 Y IPRINTIIY s FITLELIOn A ) o IV IS WP JOWPRELAN(IS ) NP, ASTEP 9
3 NRMALMCAMGIHLI (305 5) p TWLOCI0» 5 o dNLOLA0: 5D JWLICADAS )2 TVET O LLTV] 9
& TWEN MM UNTITs IWIT INOTs NN TN IXTN(30,2000 IKTINEADS 300 ComMmpN 10
COMMONZINDEX/IPARSLPREE ) TSTUNS INCONP ITRAD s NVRY s NYRY o NYRZ, JPLANE CONNQM 1t
ToPLAYML LN, YO LVFUON )LVFUSLVCOs LYHLYRX,LYRYSLYRZISNVFI32 ), ASTEP 10
2 O TIUMPiRESeyTITLEZL20)¢ EMAX) JMAX pXMAR o NYCOsFUNCD: NYH2O,HVCO2, COPRON 13
3 NYNZ . NYCH s NVH2 ASTEP 11
CREMANZCROX FLYHRLpLVH2Z s LYNLo LYNOrLYNDZ o LY O LVOH LVH20, LYNZ LY0DZ, NOX 16
T LVCDZ,AVFULSLVCDLNNO% s TNNX, TTHOX: SNOX, TNOX NOX 17
COMMONITHERPZNYHs NYFUs NVOR s NVFUDY s NYTES MODEN, TOK, FSTQIC,HF UL CPy CanronN 1%
1 GASCONIRHOCCNUNICON PRESSINVEAVITCYLMs TINLNTLIP, ACOEFRTAY, ConmoN 16
2 TayOFACoWFULWCO2oWCNIWONaWH2Os WH2s HY Yo CXNLRATTIOL»RATTIOZ, Comrngn A?
3 RATINASRATICASHCOLTANLTITHALL COMMON in
COMANN/CTOPAZREND, TCTNRALS2Y ASTES 12
CommmeSURRNYTINE FPPENT TS USEDN TN PREINT THE FIELD VALUES OF COMNENT 191
r ALL THE OEPENDENT VARTAALES, COMMENT 192
c COMMENT 193
NYVaNYYY=] ] L4
NN 100 NY=ISTRT, ISTN® £» )
NYyVan¥yas] Ee 9
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1

1

109

103
104

104
107

109
1

B MR IIYIDOIIAIMADIAIDISITIOOAOTAIMOIOBIONDDO

1IF (TPRINY(NYVDLEQ.Q) GO TO 108
WRITE (021013 (TITLE(TI»NYV)aTmlsidd)
01 TORMAT (JHC»20QL2H=) 3 10A403% 201 2H=0))
KONE=)
IF (NYY,£Q,%) KQONF=D
NSRTP=IPRINTINYY)
N0 100 XarONFeNPL,NSKTP
WRITFLG,102) &
02 FORPATLIHO SN 4HK » ,12)
NURKNaNUNINY)sRmIR)
JONER]
TF (NYY,EQ.2) JONF=2
TNNEnY
IF {NVV,EQ,L) TONE=2
ISTARTHINNE=-)L2
CONTINUE
ISTARTaISTARTH12
TENDeISTART4]]
TENOD.NINGUIEND,LPYLY
WRITELG2103) (T+I=ISTART,IEND)
FORMAT(IHCG20H 1 = ,[3,13110)
WRIVE( 2,104
FORPAT(2H J)
JSURe JONEeMP]
ne 106 JI®JONE,MPL
JotSun~yy
LPFaNYKP+ JN L)
LPLa PECLEND
LPEaLO®FITISTART
WRITEIO10T) Jo(FILPYsLPaLPE,LALY
FORMATETS,1P12610.2)
TFUIFMD.LT.LPL) 60 TO 105
CONTINUE
08 CONTINUE
RETUARN
END
SURRQUTINE CREK

A COMPUTFR PROGRA® FOR CALCULATION OF
CHEMTICAL REACTICN EQUILIARIUN AND KRINETICS
IN LAMTHAR D% TURPBULENT FLOWS

CALLING PROGRAM RUST FIRST ENPRESS SPECIES AND ENERGY CONSERVATION
FINITE~DIFFERENCE EQUATIONS IN VHE STANDARD FORME

APOSZ2UT)oP = AESSZUINIE & AWOS2UINeW # ANOSZ2(TIaN & ASOS2(I),S
SAHOS2LT )™M & ALOS2ER0sL ¢ SOUSRLIV) I=loNS
DEOT M, E, WASHINGTON STATE UNIVERSITY
PULLMAN: WASHINGTON 99103
MARCH 1078
TAVIO T4 PRATY AND JOHN 44 WORARECK

R ESHMMARY IO

CREN COMSTSTS OF 3 FOATRAN-LV SUARDUTINESE CREM,CREROSPECEsCALCHHCPS

WHICH FNABLFS THE ENTENSION OF ANY EXTISTING HYDRODYNARIC COMPUTER
CONE TN THE CALCULATEAON OF COMPLEX FLOW WTTH CHEMTCALLY COMPLEN
FOUTLTARTUN NR RINETIC STATIONARY STATES

THEIS VEPSION DF CREX 1S5 LINITED TD TOEAL HONOGEMEOUS GAS~PHASE
CHEMTCAL EOUILIARTIUM AND NON~EQUELIARIUA (RINETIC) STATES

SR0CALLING CRERONS
CALLING PPOGPAR SEERS SOLUTION FOR YALUES AT A POINT P OF ROLE

, PRI P

‘;"‘.T‘.fiu:‘i.—"q R

oF PuGH Qv Y

Fe
Fp
(14
Fe
Fe
£r
Fe
Fr
Ep
FP
ke
Fp
(]
(14
(] ]
(14
fp
(1 ]
P
gp
(]
()
£p
kP
EP
Ep
(1]
€e
FP
(1
1
Fp
E®
P
P
FP
NDKXX
CREK
CREX
CREX
CREX
CHEX
CREK
CREX
CREX
CREK
CREX
CREX
CRER
CREX
CREX
CREN
CPEXR
CREX
CRENX
CRENX
CREX
CRENX
CREX
CRER
CREx
CREX
CREX
CREEK



BN M IAMTAAM M TSATIAAIMADATIASMAAATLITIOAIIANMAAIAIALIINAINAIONAIADINS

NURMAFRS OF CHERICAL SPFCIFS, (S240)oTalonS) AND THE TEMPFRATURE TN,
GIVFN THE WALUES OF SAME VARIAMLES AT NEIGHANRING NODES, AND VALUES

AT ® AT A PREVMIOUS TIMF STEP OR ESTIMATES FRON PREVIOUS ITERATION

WHERE
AP m AF & AW & AN & AS & AH & AL & APP
AN DEMOTES CONVECTIVE ANO OIFFUSTVE FLUX COEFFICIENTS
AT NEIGHANRING NODFS O=EsWsNoSpM AND L, RG/CU M=SEC
APP 1S INFLUFNCE TFRM FROM § AT PREYIOUS TIME SYEP

S241) IS THE MOLE NN, 0OF SPECIES I AT THE POINT s KG-MDLET/NXG

S2410aD TS THE “OLE NOo NIF SPECIES T AT NEAR~NDDE Do
Fh~ROLE T/MG

SOLS2¢10) IS RATE OF APPEARANCE OF SPECEXES T DUE TN
CHEMICAL REACTION, XG=NQOLES T/CU M~SEC

AND

APRH, P = AR®HGE & AWAH W & AMRHN & ASHHS ¢ AHOHAH ¢ AL®H,L
+ S0UH)
WHERE
HeP IS5 THE MIXTURE ENTHALPY AT POINT Pe JIKG
Hy) 1S THE MIATURE EMTHALPY AT HEIGHANR NODES O»
SOCH) IS RATE OF HEAT ADDETION TO COANTROL WOLUNRE B8Y
RADTATIVE AND NIMETIC HEATIMAR, J/CU R=SEC

CALLING PROGRAN MUST SUPPLY FOLLOWING VARIABLES THROUGH LABRELLED
CnmMmpy ALOCK ZCPARANY

T = TEMPERATURE AT NODE P, OEGREES NELYIN (ESTIMATE)
PA = PRESSIRE AT BOINT Py PASCALS (NT/SQ W)
FMY o aPy RGICY N~SEC
S101) » (ESSZ2UIVeFANNS20MT W4 LRS2{I)sL) / AP
* €2(1) = PREVIOUS SALUTTONS DR ESTIMATES FNR S$2UTdees *

Ll IF TE®P T IS SET TO RERD. FRAGRAN CONSTRUCTS Ane
LAl OWN ESTIMATES ' Ll
- HSUAD o TAENHESANAH W, o4 #ALOH,L ) / AP » dIRE ]

QNe@ls02903,04, » CORFFICIENTS IN EXPRESSION FOLLOWINGa .
SAtHY) o ={ANFOLIATHQ24TON2403AT AR R4000TARA) , JICU »-SEC

LANTAR = T =~me [GNORES AROVE EXPRESSION FNIR SO{HI, TANES
SOURCE(H) m04C

LEOUTL » ¥ «~= FOUILTARIUN SOLUTION SNDUGHT
n F «~= NIMFTIC SOLUTION SOUGHT
LREACT » T an~= CHESICAL REACTION (f0L OR XIN)
® F nee ANTARATIC WNN=REACTING RIXING
LOERUG @ T ~~« JINTERMEQOIATE DEMIC PRINTING
m f =ce N) INTERPENTATE OEBHUGC PRINTING
AAARETURNERA

S201 8, Tw1,KS 1S THF WNLE NUFRER OF CHEMICAL SPECIES I (XG=MOLE 1/K6)

TN 1S THF TEMPERATURE (DEGRFES M) FRNM THERMAL ENERGY €OUATION
HSLARQ TS STATIC ENTHALPY AT NNRE OOINT P (J2KG)

HNA T THE WASS NENSTTY AT NONE POINT &  (XGICU H)

S% 1S RFCIPROCAL NF ®IXTURE MNLECULAR WEIRMT  (NE~NOLE/KG)
ASUR(T»3) 1% THE SPECTES NAME (W LERITH FIELOD)Y

SASNTHENSIONSRAR
ML™ = NUMRFR NF ELEMENTS {T)
NE a NUMRER NF CHEMICAL SPECTES (20)
J1 = WRARR GF CHEMICAL RFACTINNS (AA)

THRESE DTMENSTCHS PRAY AE ADJUSTED &Y Stumy CHANGIMG THE
FOLYNWTMR LARELLED CORMAN ALOCKSE

CRENX
CPEN
CREN
CREX
(.51
CRENX
LREK
crEN
CRFNX
CREK
CRFE
CARR
CREK
CPEX
CREK
CREXR
CREK
CREX
CREX
CREN
CREXK
CREX
CPEX
CPEK
CREX
CREX
CREX
CREX
CRER
CRENR
CREX
CREN
CRFX
CREN
CREX
CREX
CREX
CRFK
CRE%
CREX
CREX
CREN
CREX
CREX
CREN

- LREK

CREN
CREX
CREKR
CPEn
CREN
CPREX
CREK
CRER
CREX
CREX
CPER
CREX
CRfn
CREN
CREX
CRER
CRENX
CPrEN



AWM INOIAAIAIIDT

B I D

tIM AN

~

AN

CFOULL aaoNLF NS
CINNER s an
CHINETaan
CMATRY oo al5e2
CPARAP o a NS
CRFACT pandd
CAPECFaaa S

0 THE FOLLOWEING DIMENSION STATEMENT IN ROUTEIME CALC wHICH

SHNILD AF DAURLE DINFNSTONED FAR TAN MACMINES

A{NSe2,H54])

NOUNLE PRECISION ALsBOsCPSUM, BNV ERpF O KSURD,HSUR HGsPASPLsPPLNy
1 00pQe02,002Q0sRGASIRGASENSRHOP, SNaSHINV SHWeSSAVESSO52e52,T%
2 TRINV,TLN, TS50

OMIRLE PRECISION ENVS Vs FACTORSHALLoTSAVE) RHT» X0

LOGTC AL LADTAR, LCONYG LOEBUGSLEQUEL o LNRGoLREACTLENER

COMmnNN
3’CC"F"11CPSUPDHSUF0501.PLNIRGRS'QGIStNISN!NVITﬂlNV.'LNOLHRG
L1/7CEOUTLZAL (72D ATONI 3, 700 bOIT)o PIL )
L/CINDEXZIDCCsTOFUSTONY s TON2,10H20,INCO2s TOHY, TNH2, INNL, INND, TDNO2
lifnﬂo'nnﬂﬁIHCFSlllc;lL"l!"ﬁ'i'TENI‘JtNllNRINS!NA!NGlUD.NGLOB’Q
2 MILMANONSHeHS1NS2,I0TH
lIC’AQAFIﬁSUHI3003'l5”91ERIHSUIO.NDEQUGDNSOPAIQQOQIQOZOQSlOQORHQ'!
1 S‘lSFﬂcao"S"ODSI(QO'Dsa‘30.D‘KQLAOIQH!LDEHUGIlEQUllQLRGIC‘OtE"ER
2»ENRT I LCONNS
1/CSPECE/HO1201,S0C201» SSAVE(ID) 21T 2,30}

_‘iﬂ“ﬂtiti‘.lﬁ‘.l..OOOO...tttnﬁ."t0.0“tl..l."..".‘..“’...-‘.‘.t‘..

THTS SURRONTIRE TS THE WATM EQUILEARIUN ANC XINETIC SCLUTION RRUTINE,
THE CALLING PRCGRAM MUST SUPOLY ALL THE VARTIABLES EXCEPT RWNP AND §#

T™
sn

INUGH THE LARELLED COMMON YLOCK CPARAM IN ST UNITS. A0TH EOWIL
LUTIONS (LECURL=,} == RY NININFZATION OF THE GIRAS FUFSTION ~-

AN HINETIC (LEQURLSF) SDLUTIONS ARE CALCULATED BY A MEx . ~RAPHSON

e
RE

L]

CHMTQUF, CREN ALSO CONTRRLS THE LOGIC FOR PROGLES CELLL
FREARMCE CRE® (WASHINGTON STATE UNIVERSITY) MARCH 197h

n.tiQﬁttt‘ﬁ0.0‘.t‘0Q‘..‘t‘.tt..‘.'..!.00‘.‘..!00“‘.i..ﬂ’a‘.lb.il.“‘.ﬂ

DATA EACTORZ5,000/5SHALL/L.0D=8/

SNORMAL SOLUTICNGSS

NETEPNTIME EOUIVALEMNCE RATTO AND IFf OUTSIOE INTERVAL (0e1,10) ASSUNE

LY
<A
e

REACTEICN AND RETURN ADTABATIC NON~REACTEN NIXTURE FROPERTIES
VE GIVEN ESTINATES NR PROGRAM GENERATED ESTIMATES 1€ TR IS SMALt
SNLUTEON T8 SUCCESSFUL, RETURN TO CALLYNG ROUTINF OTHERWISES

FYTER PRNALEM CELL LOGIC RELOW

10

20
a0

LEONVAA, TPUE,.

CALL FPATIC

IF (LHOTLOERUC) 60 TN AQ

WRLTELAWDD) llFlCToLFQ"Il|£ADIABOGHVOERQHSUHOiﬂ0901092003iG‘o'ﬁofﬂ
EOAWATLIN G AL2e 1P2O012. 20

TR INDFANG,FQ)Y AN IO 20

WRLTECE20) (S1(T1et=1pNS)

WRTTE (A 20 {S2(1)sTnlaNs)

FARMATLELY APION12.30)

1F (JNFTLILREACTY €0 TN 400

FMYSAVaFPY

ORIGINAL PAGE 1S
OF POOR QUALITY

CPRFK
CREN
CRFN
CRFR
CRER
CREX
CREX
CRFK
CRFn
CREX
CREN
CrEK
CREY
CREY
CREX
Haxx
KAXXX
NOXXYX
MOy
NOYY
crey
CRENR
NArY
CRRR
NAYN
mARR
ASTER
caen
N7
NOYK
“nrx
CPEK
CREX
CREX
CRFK
CREX
CREK
(WAL
CREN
CREX
cCOEN
CRENW
CRIK
CREX
CREX
CRFX
CHREY
CREX
CREX
CREX
CRFX
CREx
NN
CPENX
CREK
(o 1§
CRIN
CRFiv
Coex
CmFx
.14
CRFu
CREN
CPrx

-t

124

130
131
132
132
134
135
134
127
13+%
116
140
141
142

il
14%
144
143
184
17
14A
149
L]
18
142
174

R~




[ 11.326C9 IS E-LOG OF STD PATNeL0L1325.0 N/NGS2
PRLNeNLOGIPAN~11.%260 00
TSAVERTNK

NNO A0 Te1,N§
AQ SSAVELL)eS2(T)
IF (Te LT . SFALL) GD TO 100

CALL SPECE

TF (LCONYG) 6O (N 900

N 101 tw1,nS

TRIS2CT0,LT.2,00~20)52(2)n8241)
10} CONTTNUE

IFCANNTLLCONVEIGD TO 900
C
¢
C  O08PANALEN CELLOOS®
c
C SOLUTEON LOGIC IS DIFFERENT FOR FOUR TYPES OF PROBLENS AS FOLLOWSE
C MONE i eee LEQUIL = T4 LADTAR a T
r “ODF 2 sos LEQUIL = Ty LADIAS = F
¢ MONE 2 444 LEQUIL = F) LADIAN o T
r ®WONE & o490 LEQUIL = F, LADIAD o F
<
C  ALWAYS TRY RT-0.0 (LWNRG=F} AFTER SOLUTION FATLURE WHEN LEQUIL =F.
C LOGIC TN FIND SOLUTINM 1S CONTROLLED IN CHAPTERS 1 AND 2 BELOW
Cf  WYFRE IN EACH SECTIONs NEW ESTIMATES ARE DETERMINED EITHER AY
€ SAVEN GIVEN ONESs NEW ASSIGNED ONES, 0OF SOLUTION FOUND NAT AT
f REOUTIRED CONDITICMS. THF VARIABLES NEXTOK AND NEXTNG ARE ASSIGNED
C THE STATEMENT NUMAERS (OF WHERE TO G0 [F THE SOLUTION ATTEMST 1§
€ SUCCESSFUL OR MOTVs RESPECTIVELY,
"
ASSIGN 00 TD NEXTNX
ASSIGN 100 TOD NEXTNG
G0 TN 520
C
f0 4 8 2 & & 2 0 884008060820 teeasae CHAPTER 1 & % ¢ ¢ ¢ 2 »
CO 2 8 % 8 2 2 0 8 0 0 098866065 088808 CHARTER 1 & # 2 & & & 8
c
r *eAEQUILIARIUMSSS
f THIS CHAPTER WAMES EQUILTBRIUM ESTINATES AND INITIATES STRATEGY FQR
€ CASES IN WHICH CONVERGENCE WAS NOT ACHIEVED ON FIRSTY CALL TO S®ECE
c
100 mOnEas
IF {LFOUIL)Y MOADE=MNDE=2
TF (LADEAR) MOOEsMOOE~]
LEQUTY =, TRUE,
LANDTAR=, TOYE,
TF ("00EoLTo3e0RTXLLT SMALL) GO T0 110
c

é—--ﬂ"FI“ST USE GFVEN FSTIMATFS FOR EQUIL SOLN IN PODE 3 AND 4 PROALEMS
S

TRaTSAVE
NN 120 Iel,ns
120 S2UTInSRAVELY)
ASSIGEN 200 t0 NEXTOR
ASSTGN 170 TN NEXTNG
RO TA %00
¢
(r=-==GARRAGF ESTEMATES (GORNAN ANG WCARIDED
M
AT THRAR00,000
€M 100/FLDATINS)
Nh 171 Telads

CREK
CREK
CREK
CRER
CREX
CREX
CREX
CREX
CREX
CREN
NDXR
NOXX
nOnx
NOXX
CREK
CRENM
CREK
CREX
CREX
CRENR
CREN
CREX
CREK
CREK
CREN
CREX
CREK
CRENX
CREN
CRENR
CREW
CREX
CREK
CREX
CREX
CREK
CRENR
CREX
CREX
CRENX
CREX
CREX
CREX
CREx
CRER
CREX
CREK
CREX
CPEX
CREN
CREK
CREX
CREX
CREx
CRENX
CREK
CPEX
CREX
CHFX
CREX
CREN
CREX
NONX X
CRFEN

134
194
157
1%s
159
1460
16}
142
143
164

12

12

14

15
1658
146
147
168
149
1710
17
112
173
174
173
176
177
17
119
180
181
r82
183
1A%
1A5
186
107
108
184
190
191
192
192
194
19%
198
197
198
199
200
201
202
203
204
209
204
207
20h
209
210
211
212

214
2449




171 S2M1)mSM
SH=0,1NC
ITF (PNDELFQa1) ASSIGH 900 TO MEXTOK
tF {mANDELEQ.2) ASSIGM 300 TO MEXTONM
IF (HODF.GEL3Y) ASSIGN 200 TN MEXTON
ASSIGN 4600 TH NEXTNG
60 TN 400
C
CHA8 @b A0 &5 98 44 84 00 A% 06 40 & CHAPTER 2 00 s  0¢
COs B8 0% Sh S8 A% SR A% A% S4 S& 8 CHAPTER 2 en 48 #e
¢
L ArdINETTICHNG
€ SPECTION FOR XINETIC SOLUTION FROM ADIABATIC EQUILIARIUM ESTINATES
C (MODE 2 AND & ONLY)
¢
CrmmmaNFAR-FQUIL IARTLM SOLUTION (HIMETIC WITH ERY=1,.00~3 NG/CU M-SECH
,

200 LEQUTL »,FALSE,
1Xed
EMVYnl,00=13
YLN=agny
Comea=fNCREASE MINNR SPECIES FROM EQUILIORTUM ESTIMATES
0N 201 Fs1eN§
TE {S2401LTSPALLY S2(T)wSMALL
201 CONTINUE
ASS TGN 290 TO NEXTOK
ASSIAN 210 TO MEXTNG
GO TN 50¢

S

CrmwonnFATLURE ON NEARSEQUIL WITH EMVeXLOs DECREASE EMYV AY AN ORDCR 0OF
CmemmaMAGNTTUNE AND ATYENPT AGAIN, ITERATING THIS WAY UP TN 12 TINES
¢

2160 ENVAEMYE0,1D0
XLNeE My
R LR R L
IF [IX.EQ.12) GO TO 610
TR TSAVE
0 211 I=1sN5
711 S2(T12SSAVELY?
ASSIGH 230 T0 REXTOR
ASSIAGN 210 TO MEYTNG
GN TN %00
[
¢
(omen=HAVE NEAR-EQUIL SOLUTION, SO FIRST TRY DIRECTLY TN NBTAIN
(wemamREGUIRED SCLUTION AT GIVEN ENy
¢
230 EMYnENVSAY
IF {MNNELEQLI) ASSIGN 900 TN NEXTOM
TF (MARELFQ,A) ASSIGN 300 T MEXTOX
ASSTGW 290 TD NEYTING
&0 THh 3¢

SREPPER ARANCH MARCHINGS®#
HAVE A KINETIC SNLUTION AMIT AT EMY (T EAVSAV. START at
MNNPN SOLUTION AND ERSREASF EMY &y FACTOR TO ROVE TOwANNS
A SOLN THEREe IF SUCCESSFULe REPFAT UNTI. EMVYSAY 15 REACHED [F
NOT SUCCFSSFUL START HALF INTEQVAL SEARCHIME PESCRIAED PFLOW

i I Bier Xor B B & B}

250 FAVaXLOAFALTER
TF (ERY.GY,EPYSAV) ENV=ENYSAY
YHInfMY
Tee=d
RAT

OnRluiNAL BAGE 1S
Of POOR QUALITY

CREK
CRFN
CRFX
CRENX
LREX
CREX
CREN
CREN
CREK
CRENM
CPER
CREN
CREX
CREN
CREX
GREN
CRER
CREX
CREN
CRFK
CREX
CRE™
CRER
CREX
CREXK
CREX
CREK
CREX
CREX
CREX
CREK
CREX
CRENM
CREX
CREK
CREK
CREX
CREX
CREX
CREK
CREX
CREX
CREX
CRER
CREK
CREN
CREX
CRENR
CRENX
CREN
CREX
CREX
CREN
CREX
CREN
CRENX
CREK
CRER
CPFR
CRENK
Cogr
CRFn
CREX
CREX

2158
1h
217
21N
219
220
22
222
223
22k
229
226
227
226
229
230
2N
232
232
274
39
234
237
218
239
260
241
242
283
244
245
24h
247
248
245
250
201
292
253
254
295
254
287
28R
25¢
260
265
262
262
264
249
268
a7
2468
269
270
zn
L3 £
273
274
rTe
2Th
217
21N
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r

ORIGINAL PAGE 15

TRaTSAVE OF poon o
PO 2%1 T=],NS "UAL”-Y
251 S2(TInSSAVELT)
ARSIGH 280 10 NENTOK
16 (FAYLGELFRYSAVLANDLNODF.EQ.S) ASSIGN 900 T NEXTOK
IF (EMYLCELENVSAVIANDLANDELEQ.A) ASSTIGN 300 TD WEXTOK
ASSIGN 270 TD WENTNG
60 T0 300

SAGHALF~INTERVAL SEARCHINGORS

HAVE SOLUTION AT YLD BUT NOT AT XHls HENCE START INTFRVAL
SFARCMING PY SETTING EMY TO THE LOGARITHNIC AVERAGE

IF ITERATING PMORE THAN TEN TYMNES, TERMINATE,

2T0 IxmIxel
TEnTSAVE
nn 27) I»1,N$

271 S201)=SSAVFIL)
IF {IX.GT,18) GO TO 620
ENYaDSORT{XLO®*XHI Y
XHTeEMY
ASSIGN 250 TO NEXTNX
ASSTIGN 270 TO NEXING
6N TN 500

COBS 000 408 o8¢ S48 eoe  sse  see CHAPTER 3 #88  ane
Coma 00 440 000 00 #8866 000 CHAPTER 3  ene ses

C

xR Nl N te Ny Na

SAANON=ADIARAT ICe 00

SFCTION FOR NON=ADTABATIC SOLUTIONS FROM ADTAAATIC ESTIMATES

(NOADF 2 AND & CNLY)

TRY DIRECTLY TO OATAIN NON=ARIABATIC SOLUTION IF NOY SUCCESSFUL,
START HALF=INTERVAL SCALING £ROM THE ADIARATIC SOLUTION oY

NEFINING & SCALING FACTOR FQ (0,0=1,00 TN WILTIPLY THE NON=ADTARATIC
TEOM (0) [N THE FENERGY EQUATION [N SPECE

300 LADTAA,FALSE,

ALO«0,00C
AHTe], 000
Fosl,0n0
10

130 ASSIGN 320 TO HEXTOK
ASSIGN 220 TO NEXTNG
GD TN 500

120 IF (FOLEC.1.0D0) GO TN 900
XLY=FQ
FCel,0N0
XHTel,.0NC
Txnd
G0 TN 31¢

310 tx=fXe]
IF {I%.0T.100 GO TO 340
T TSAVE
D) 331 ImlsNS

13 S2I=SSAVELDY
FOnO, SN0 (KL TeXHT Y
XMl afQ
&N TN 30

340 FQm]1,000
60 T 63C

CREX
CRER
CREX
CRER
CREX
CREK
CREX
CREK
CREK
CREX
CPEX
CREX
CRFK
CREK
CREX
CRE®
CREX
CREKR
CREX
CREX
CREK
CREX
CREK
CREX
CREN
CREX
CREX
CREX
CREN
CREKX
CREX
CREX
CRENX
CREN
CRENX
CREX
CREN
CREX
CREK
CREX
CREN
CREX
CREx
CREX
CREXR
CREK
CRE™
CRENR
CREN
LREX
CREX
CREX
CREK
CREX
CREN
CREX
CREX
CREXN
CREN
CRER
CREX®
CREX
CREX
CREX

219
b L)
28]
2n2
283
204
289
206
207
208
209
290
29)
292
293
294
293
294
297
298
299
100
3101
102
301
304
309
306
307
108
309
no
311
2
313
s
118
1nes
nr
318
319
29
LY 3 )
22
123
324
125
aze
327
2e
129
330
m
132
433
A3
139
1%
37
33e
319
Iac
341
EL Y4
251




LT T sone [T Y] (1Y sang CHAPTER 4  ooas  ons
reanee T Iy "ean LTS LITY CHAPTER &  oANd  one
C

C O%eFATLURE EXTITSoes
 FARLEN EOUIL OR KINETIC SOLN OR EQULY RATLG OUTSIDE (0.110)
C RETURN ADIABATIC, NON=REACTED MIXTURE PROPERTTES
409 Sw0,000
NN 40) In=l,NS
S2{1)=51(T)
SMaSReS2(T)
401 CONTINUE
Tws1000,000
XLO=TK
THC RS e]
NS]sl
NS2aNS
TRTINV=],00~3
DN «03 I=1,30
CALL HCPS
HSUN= 0,000
0N 402 Kajl,NS§
HSUMaHSUMeHOQ (K }*S2(NK)
402 CONTINUE
TFUNNTLADIARIHSUMSHSUNS(({Q4STKIOSISTR402I0TH 401 ¢QOPTRINY) /
LIRGASEENY)
TH=TK$(1.00040,500* (HSUBOSRGAS INATKTNY=HSUM) ZCPSUN)
TRINV=),0DC /TR
XHI=DAAS(TK=XLD)
XLNaTi
IF (XHIWLT.1.,000) GO TO 40s
403 CONTINYE
404 CONTINUE
TFCoNDTLADIABIHSUNOSHSUNBRGASHTX
C
60 Tn 900
[
Chonen tange (L1 T] L1211} L1 L] CHAPTER & st &
Cenae esnde shdne shasn [ 211 HAPTER 3 see &

*ERPRNALEN CELL CALL TO SPECESe»

TAKE TME ESTINATES GENERATED IN CHAPTERS 102 ANC ATTERPT A SOLUTEION
WITH FULL EQUATIONS, IF SUCCESSFUL, UPDATE TME SAVE ANSWERS WITH THE
SOLUTION AND PETURN T0 STATEMENT NUMBER NEXTOK., I NOT, THE ACTION
NERENDS ON WHETHER AN EQUILAM DR KIMETIC SOLM IS SOUGHT, FATLED
EQUIL SNLNs RETURN TO STATEMENT WUMAER MEXTMGs WHILE FATLURE [V A
KINETIC SCLN WILL HE FOLLOWED AY AN ATTEMPT WITH LNRG:-F ~m= RT=0,0
AND SANE ESTIPATES. SETTING RTu0.0 IWPLIES THAT A CHANGE [N TEmS
FTELD HAS MO EFFFCT ON SPFCTES CISTRIMUTION FOR THAT PARTICUL AR
TTERATINN, BUT DNES ALLOW THE SPECIES CMANGES YO INFLUENCE THE TENP
CHANGF ws=m  PARTIAL OECOUPLING NF THE Erkid6Y EQUATION,

I€ STTLL ND GONDs RETURN TO STATEMENT NIIMAER NEXTNG,

BOEAIOADHODMADOIMAIDD

%00 CALL SPECE
TF (LEONYE) GO TD 940
c SMLUTION EATLED TRY RT=0,0
TE {LNRGY GC TO 220
LNRGe, TRUE .
10 G0 TN NEXTNGs (100»170,21002%00270,320,600)
520 TF (LFQUELY GO TN 510
A1) [ NPOs  FALSF,
AN TN %00
240 IF (LNPR) ST TD 530
LNRGe ,TRUF,

OR‘G|N:\L “'ﬂ'rl:: is
OF POCR thhdrY

CREKX
CREX
CREN
CREK
CREX
CREX
CRENX
CREX
CRENX
CREX
CRENx
CREX
CRExX
CREX
NOXX
LI
CREN
NOXYX
CREX
CREN
CREK
CREN
CoENX
CREX
CREK
NOXY
CREK
CREX
CREX
CREN
CREX
CREX
CREK
CREX
CREW
CREK
CREK
CREX
CREK
CREX
CRENX
CREX
CREN
CREX
CREK
CREX
CREXN
CREY
CREK
CREX
CREN
CREX
CREX
CRENX
CREX
CRER
CREX
CREM
CPEK
CREN
CREN
CREN
CREN
CRER

243
244
345
1Y
247
348
349
1%
31
382
293
14
ans
3%6

14

17
ny

18
359
380
381
3862
2863
364
365

19
367
368
a9
]
n
378
376
377
aTa
379
IAD
aa)
382
383
264
368
3686
387
tLL]
389
390
291
392
393
394
295
198
397
198
309
400
a03
807
Y
404
A0S
406
an?




c 60 7Q 90C SORENNVED PER DaToPRATT  T/19/TA0¢

Coannmdlf CORPLEX CASES DO NOT CONVERGE» IT MAY BE NECESSARY TOsssdss
CotnssdRETURN THIS STATENENT T THE PROGRAM. 211 LT ]

c

[

fmemenSOLUTTAN 1S SUCCESSFULs UPDATE ZAVE ANSWERS AND CONTINUE,
¢

950 TSAVE=TK
Ng 560 I=1,N§
560 SSAVELIN=S2(])

c
60 TO NEXTOK, (200,230,259, 300»320,900)
C
rongens 286000 (IIrTY) CPLTT T CHAPTER & [TTET L]
W ITITT] YIEIT) FTYTET) ITYTED CHAPTER & [(TTY7 1)

c
C  948ERROR PMESSAGESewe
¢
A00 WRITE(hH,&01)
401 FORMATEIHOJOX»3{AHS*08),90H FAILURE TO FIND EQUIL SOLN4sse»
A24HAVE INLET PROPS RETURNED/}
GO0 TQ 650
610 WRITE(&,511)
511 FORMAT(IHO»10%p3(4H0S8#),35H FAJLURE TO FIND NEAR=EQUIL SOLMNseer
AZAHMAVG INLEY PROPS RETURNED/)
6N TO &%0
h20 MRITELG,421)

421 FORMAT{LHO»1OX,3CAHeNsR )3 71 FAILURE TO OBTAIN KINETIC SOLN AFTER,

A4BH TEN INTERVAL HALVING..«AVG INLET PROPS RETURNED/}
50 TO 450
530 WRTTE(G,031)
A1 FNRMAT(IHO 20X 3 L4HRSS), 204 NON=ADIARATIC SOLN FAILEDeses
ALOHANT AR SOLN RETURNED/Y
GO TO 870
,
fonae=RESTANE FAILED PROBLEMN NODE PRIOR TO RETURN
c
4% TF (WNDELEQ.2) LADIABe FALSE.
IFf (MODELEQ.3) LEQUIL= FALSE.
1F (MDDE.E0.4) LADIARs FALSE.
GN TN a00
¢
CoamaafFAJLED NON-ADIARATIC SOLUTION.« RETURN ADIABATIC
(e=ee-fQUIL Of KINETIC SOLUTION
£
570 THReTSAVE
$Ma0,000
DO AT1 T=1,N%
SATIaSSAVELT)
AT1 SHaSHMIS2IT)
0N RHOP=PA/LRGASOTRISH)
RETURN
END
SURRANUTINE CALC

ONIALE PRECISION AL»BOsCPSUMSENYERsFOHEUBO, HSUMeHO»PASPTPPLN,
1 0Ds0Ls02,C, 000 REASsAGASTMoRHOP)SN)SHINV, SANSSSAVES S0, 51+52,TK,
? THINV,TLN, 2500

DALE PRECTISTION MRy AX2s TACTSTACT22 TENa TENZo P 1o Y29 CERY

DOUALE PRECTISTION NCYH RUT)RST» 58S

AMUARLE FRECTISION NoY¥

NARLE *RFCISTON AN BTG AN, DSUNSENs HHoHENS Qs QDAY RHSNRHS Gy
1 ﬂ"oRTnFlyR?pSSnSU'tSEIoTKI'TG!iTHIOT'ZD'ﬂiiT"ZOKCI'H

LOGTCAL LADTAR,LCONVG LOERUG) LERUTLsLNRGILREACTLENER

{. 'I' , . . [
(1‘ ‘d .

CREK
CREX
CRER
CREX
CREX
CREN
CAEX
CRE®
CREM
CREX
CREK
CREX®
CREK
CREK
CREX
CREX
CREX
CREW
CREX
CREX
CRENR
CREX
CREK
CREN
CREX
CRENX
CREX
CREX
CREXR
CREX
CREK
CREK
CREK
CREK
CREn
CRER
CREK
CREX
CREK
CREX
CREX
CREX
CREK
CREX
CREX
CREX
CREX
CREK
CREK
CREN
CREX
CREX
CREX
CALC
CALC
HoRx
HOXEX
NOXYAX
NOR
ASTER
HOXX X
NOXRX
NOXXX
NN

408
409
410
a1l
a2
Al
30
415
ale
aL?
418
s19
420
421
422
a23
424
428
426
427
a20
429
420
.31
432
433
.34
435
4306
37
a3e
439
440
441
442
482
Y'Y
445
VY
a?
Y
Y]
450
45}
482
493
494
455
a56
T
A8
459
460

349

253




NOUALE PRECTISION RLAMSRTURALPHIT NOXX 22
¢ CALC [
¢ THE FOLLOWING DNUBLF PRFCISION REQUIRED ONLY FDR IAM MACHIMES CALC T

NOUALE PRECTISION AyNTM] CALC 8
C CaLc 9

COMMON CALC 10

AICCHENTJCPSUPMSHSUM FQs PPLNoRGAS s RGASTINa SHINV, TRINVTLN)LNRG NAXX 23
L/CEQUILZALTT o300, ATONC s TIoROLT I PRI T) CaLC 12
V/CINOERZIDCO2 INFUSTOD2, FON22T0H20,IDC02, T0HLy INHZ, IONLs INHAL TANO2  NOXX 24

Lo 100 TN0H THCPS s TLCo TLH IMAT L ITER JSoNLs N2 HBs WAL NGL OB NGLOAP, L1114 25

7 MLMyNQINSHpNSLsNS2010CH ASTEP 346
T/CMATRE/NA(I2Y1,Y(32) NOXX 27
1/CPARARZASUBLS0, 31 ENVSER,HSUBOSNDEBUGINSe PA 00401502, Q35085 AN0P, CALC 16

1 SHoSANE30)»SMCsS1130),321301,TReLADIABILDEBUG, LEQUILsLREACTSLENER NOKX 28
7:ENKTJHLLONVG NOXX 29
L/CREACTIAX L6 oB%2(30)sI0tA2 0o NONRIIGISTACTIAG)» TACTZ2(2D), CALC 10

2 TENU36)TEN2(36),X14381,%2(360,CERULAG) NOXX 30
1/7CS*ECE/HOC30),S0030)+SSAVEL20Y»2(T9 2,200 NOXX 31
COMNONFSTEPAZPEYPL, PENP2,PEXPIsPEXPAER1)ERZ2,ERISERA,CEBULLCEBUR,) ASTEP 347

1 CERUB,CERUASAEXPYL,AENP2, AEXPI s AEXPALOEXPLBEXP2,BEXPD; BEXPS, ASTEP 340

2 CENPL,CENP2,CENPI,CEXPAFUTFST ASTEP 349

c CALC 21
CORRERNIRERIEAddaenR eIttt ddartadddSeRtataotes st itatsesadbitibbatss (ALC 22
rf THEIS SUARQUTINE COANSTRUCTS THE NEWTOM=RAPHSON OERIVATIVE NATRIX FOR CALC 23
€ ROTH KINETIC AND EQUILIBRIUM SOLUTIONS AND SOLVES IT 8Y SIVNTAL CALe 24
€ GAUSSTAN REODUCTION. WHENEVER TEMP IS LESS THAN 1300Ks THE REVERSE CALC 28
r PATE 1S CALCULATED FPOM THE FORWARD RATE AND EQUILIARIUM CONSTANT, CALC 26
€ PROVISION IS PADE FDR GLOBAL REACTINNS CaLC 217
€ REFEAFNCF CREN (WASHINGTGR STATE UMNIVERSLYY) mARCH 1974 CaLe 26
”':’_- ctt.lit‘ilitt‘t..‘..lt‘.-htttl#“‘F.lﬁ_ﬂ‘llitin‘ﬁnaﬁ.anﬂﬂt...il'lﬂninth“ C‘Lc 29
C CALC 30
ﬁ DEINENS ION A(32,33) CALC 1
[ CALC 32

NATA ATG740,82100/ CALC 33

C CALC EL)
e nQ 10 I[s1,NQ CaLe 38
- X(t1a0,0 NOXX 32
00 10 Xs1gNA CALC ab
o 10 Attax)el 000 CaLlC 37 .
¢ CALL 36 .

THCPS=] CALC 39

IF (LFOUIL) THCPSe2 CALC L1y

18 (TN, LT.19C0.0D0) IHCPSm2 Cale a1

LAPL D NOXX 113

NSPeNS NOXX LY

CALL HCPS Cale 42

HINSHSUADSRGASINSOTRINY CALC %3

0=),000 caLl 44

— ontva,000 CALL 45

IF {LADTARY GO TO 20 CALC LY.
Caame~= AND QDRV ARE NNN~DINENSTONAL CALC 47

THAIFQ/(EPYIRGAS) CALC L1

Oe{(lOASTR Q) ETHIQ2)oTK4CL4QO*THINVIATNY CALC &9

ONRYel {1 4,0000040TH43,0D000Q3)4TK+2,0N0002)0TK401)TH] caLc 50

20 CANTINUF CALC 51
c CALC 57

TF {(LFOULIL) G0N TN 300 CALC 5%
r CaALC kL)

AHE M P ASRCASINATRENY CALC L1

RHAPRRHSMESHINY CALC N4

SHCDaRHIMG 2 CALC 5T
¢ CALC %8
Fh & ¢ S £ h S 6 €5 8 5 & 0 0 9 00 08 % 00 % CHAPTER 1 & & & 5 & & & CALL 8G
CO % & 2 & 4.4 0 60 8 5 82 0680 540088 CHPTER ) * 0 ¢ o9 08 CAC 40

204

Giteadie "o 0 L
OF POOR (0




MITIDHIIMAEO

N e .
LR WHC IR TS

alba n W

CE PO QUALITY

SRAGLORAL REACTION®SS
GLNRAL RATE FQUATTONS FOR WYDROCARGOMN PYROLYSIS.as
GLOMAL RATE EXPRFSSINNS DUE TO KNLLRACK .o
(1) C12H23 ¢ 02 ~== 8 (24 + C2H3 ¢ Q02
(2 C12H23 ¢ OH ~== & C2H4 + 0

IF (NGLOR,EQ.0) G0 TO 110
IF (TH,LTLB380.000 GO TO 210
ng 100 J=1,NGLOA

I«ENC1,d)

afDl2,d)

MeIDl4yJ)

NeIO(%,d)

TF{1.FQaTDFUCAND MeEQaTOCH AND (Mo EQLIOH2IE0 TD 150

TF{1.FO.IDCH.,AND K EQ,ION2IGE YO 180
TELTLEQLINCO,ANDLXL.EQ,TIDOZIGH TO 170
IF(T.EQ.TOM2,AND K, EQ, 2002360 TO 180
TFIM.EC,IDCOAND.N.EQ.IDH2) GO TO 105
TE(M EQLIDCOLANDNEQ, TONZ20160 TO 111
IFIT.F0,ILCOAND"EQ.IDD2IRE TO 121
TELaTACTCIIATKINY
TH2aTKL=TEN{JIATLN=BXL J)

1F (DABSITE2),GT.RIG) GO TO 100
R1=DEXP{=-TM2)

c
(memesPRAVISION FOR CONTACT INDEX

Cmmmmc A (ANY M} oA LANY, N)nQ SECAUSE NO REVERSE REACTIQN ASSUNRED

r

C
¢

flexl {JieR]
R1=R10S2(TIOPNSOSS2{K]}
RT=RLS(TEN(JIeTK1=2,00)
RNsR1¢2,00

AlT+TVmA{LIsl)eR]
AlTeX)satTpk)en]
ALToNAYSALTIsNAY=R]
A{T NSM)npRiTsNSH)=RN
AfTaNGImALTaNQY+RY
A(NsT)oAlNsT)=R]
AN X mp(N)aR]
AtNaNADsA(NyNAI4R]
AN NSHM)ImA (N NSN)I4RN
AlMaMA)mAlNsNQI=RT
ANNRS , O
IF (J.F0,10 60 TO 101
AR T InA(R,TI4R])
A{KeKIsACK K} OR])
AR sNAYmALRyNA)—=R]
AR ,NSM)aa{NyhSHI~RN
AN NOInAIK,NODeRT
ANO= O DO
101 CANTIWIE
RisRL&AND
PNe RN AND
RTsATOAND
AlMsTYsAlNg)~R]
Al KimA( MK )al)
A(MaMA I LR NA) ]
AUM NSRRI (M, NSHY+RN
A{MyNOYnA N yNO)~AT
G0 TN ¢
105 CONTINUE

FAAGLNAAAL RFACTTONSS®

GLARAL PATE FQUATIONS FOR HYDROCARAON PYROLYSIS.s.

GLARAL ®ATE ERRESSTIAN DUE TO EOEL™AN AND FORTUNE

CALC
CALC
canl
CALC
CALC
CaLc
CaLcC
CALC
CaLcC
CALC
CALC
CALL
CalC
cac
ASTEP
4STEP
ASTEP
4STEP
CALL
NAXX
NOXX
CALC
CALE
CALC
[ 114
CALC
caLc
CALC
caLc
CaLc
CaLC
(TR
CALC
CALC
caLc
CALC
CALC
caLc
CALC
CaLe
CaLc
CALL
CaLe
CALC
CALC
caLe
CAaLC
caLc
CALC
CaLc
CALC
CALC
CaLC
CALC
CaLc
Carc
CALC
catc
CAaLe
CaLc
CALL
CALC
CALS
cALC

a1
a2
63
b4
'Y
66
87
68
H9
10
1
12
13
74
150
331
232
353
78
Y
36
78
"
79
79
80

82
a3
a4
as
L1
87
an
89
0
91
92
9%
94
5
26
97
98
99
100
101
102
103
104
104
1064
107
108
109
110
111
112
113
114
115
118
130
11n
25%



¢

CHXY ¢ (X72) 02 ==~—= X CO ¢ (Y72} H2

KemALLILC, 1)

YHeAL (TLM» I)

TRLTACT{JI*TRINY
TH2aTRL~ANLJI= 104 32PPLN)
TROTENTI) oNECo bTHZATH2-TEN(JISTLN
TRIDAASITNZ)L.GT.RIGIGO TO 100
R1=OEXP(=TNZ)

Fom=enPROYISION FOR CONTACT INDEX

Ri=vl{JIOR]
R1sR1GI{RHOPIS2 IR} ISDSORT(RHOPOS2{IY)
TAL=R)%0,.%
A{EsT)matlTsT1)4TNE
AlToxYmA{TpN}eR])
A(KpI)nALKy Y)I4R1IOXC#0,25
ARSI AN K)eTRLIOXC
AlN, EY=A{Wy TheTH]ORC
AtMgKYmA( My KI=R]InXC
A(NGTI AN T)=R10YHS0, 2%
A{N K oA{N, R )=TPRIOH

Comawa=AldNYsP)aA{ANY,NI=0 HECAUSE NO REVERSE REACTION ASSUNED

RNeR]1 4],
A(ToMSPIA{TIpNSN}=RN

AR NSPHInACH NSHI=RNEXC*0,%
AIMaNSM)= ANy NSH) sRNS XL
A[NoNSH)uA LN NSH) SRNOYHED, S
ALToNAYSALTsNAI=R]
A(RGNAISA{N NA)=RLOXC0,5
Al NAYuA(BymA) sRLOXC
A(NsNADsA{R NA)SRLEYHED,S
TF [LNDTLLNRGY 60 TN 100
RT%RLO{THLI4TEN(J)=1,5)

AT oNOQISA(ToNOIERT

A(Ky NO)mALKNQI4PTEXC20,.5
AN, NQ A { M, N )=RTOX(
ACN)NQI=A{N)NOY=RTEYH2(,5
60 TN 100

111 CONTINUE

(s Nalalyl

SASGLNRAL REACTIONOG®®
CLORAL RATF EQUATINNSG FOR 2=-STER REACTION,
FIRST STEP CYHY S UXN/24Y /74102 == XCO4(Y/2)H2D

XeesALTILCST)

YHeaAL LILH T}
TX1aTACTLJIOTKINY

TH2eTXI-BY (J1=TFN{JIeTLN
TFINARSITRE2)ETLAIGIGD TO )00
R1eQEXP(-THZ)

¢
(mmam=dRAYISION FOR CONTACT INOEX.

2HAR

Rlsvi(J)er]
n]nnltlRHﬂOOSElKl!OOSORT(RHDPOSZCIDi
BLAMaR]
BHTANMINLLS20E e S2IKILIRNCH0.294Y4))
RTURASCTRALIEJISRMOPSAHTOEDKTY
TRI(RLAM, LT PTURRIGN TN 130

P1=RTIIARA

FN=1,0N0
TRISZIRIZENCOC, 208 YHIGLTLS2{T1IRD TO 131
IR PTANY,

P1Ked 0

L1 N AL & V3

Chiddn - O .
')F | ARV lf-rr;r

CALC
CaLc
CALC
NOXXX
CALC
CALc
CALC
CALC
CALC
CALC
CALC
1N
CALC
CaLL
CALC
CALC
CaLl
CALC
CALC
CALC
CALC
CaLl
1R
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALC
CALL
CALC
caLc
caLc
CaLC
CALC
CatLC
MAXX
NDXX
HOXR
NOXX
NOxX
NOXX
NQXY
NOXX
NOXX
NOXX
NOXX
NOXX
NOXY
NOXK
NORY
NOXYX
NOXX
Hxx
NOAXY
NOKX
HOxx
HOHX
L4
L1184
NKX
MORY

iie
320
i1
1%
123
124
125
124
127
120
129
130
131
132
133
134
135
134
137
138
139
140
14}
142
1432
144
143
146
147
148
149
130
151
152
153
1%4
1%%
184
37
a8
9
40
41
42
43
4
L3]
LY
AT
48
A9
50
51
82
82
LY
L L)
"o
L3
LY.)
"Q
(XY
6t
62




‘ 131 P112040 ORIGINAL PAGE (S NaKx 63
RIK=RTURS 4]
an TO 132 OF POOR QUALITY NOKX 45
4 130 R1I =0 TNOARLAR Naxy &b
! RIKARLAM noxXx 87
R1sRLAPM NOXX a8
) EN=1,907 NOXX 49
: 132 CONTINUE LT 70
. AlTsTVaalIpThenl] NOXX n
: A(T R YaA(TaN)enlN NOXX T2
AKsTI oA, 11401 T90,3% {XC+0.50YH) NOXX 73
) ALK RIBALK KT 0 SORLKA(AC 40, I0YH) noxx 74
: A(M TYreA(PT)=R1TOXC NOKX 75
A(M K =AL MK }=RIKSNC NOnx 1 {3
AfNgTVoA(No 1)=RLTAYHEQ, 5 NOXX 17
AtNsNIoAlN R )=0,38RIKSYH NOXX T8
Comm=meACANY s W)oA {ANY,N100 ARECAUSE NNt REVERSE REACTION ASSUMED, NOXX 79
RNSRLSEN NOXX 80 }p
ALToNSH)IsA{T,NSH)=RN NOXX " :
ALK NSHI=ALKpNSH)=RNSQ, I {XC 4030 YH) NOXX 02
AW NSHYsA { Py NSHEERNAXC NOXX LE]
l(N-RSMll(NpﬂS!NR'MVHOOJ NOXYX [.L]
ACToNAYRALT NAY=R1 NOXY (1]
AR, NAIRA(RpWAN=RICQIO(RCDIOVH] NDXX 86
AtMpNAY=A LR NAY+RLOXC NOXX 87
AtMsNAYmAINONAYSRIOYHSD,S NOXX ae
IFL. HNT.LNRGIGN TC 100 ROXYX a9
: IE{RTURBLLTLRLANIGO TO 100 NOXX 90
3 RTeR1S{TRISTENTdI=140) NOAX 93 :
A(ToNQ)I=A( T NCIeRTY NOXX 92
. ACKoNO)SALKsNO)#RTOQ, S0 {XC+OSSYH) NOXX 93
- ACMNO)SA{MaNQ =R TONC NOXX 94
: A{NsNOYaA LN, HO ) =RTOYHEOB NOXX 9%
. &N Tn 100 NOXX 96
¥ 121 CONTINUE woxx 97
" ¢ 4osGLNAAL REACTICNS®® NGYX 98
1 ¢ GLNBAL RATE EOUATIONS FOR 2=STEP REACTION. NOXX 99
: ¢ SECOND STEP  CN4E172)02 === (02 Noxy 100
¢ NAXX 101
TRLaTACTLIIOTRINY NOXK 102
TH2aTRL1=AR(JI=TEN{J)OTLN NOXYX 103 :
. TFCOABSITM2) . CT,016160 TD 100 NOXR 104 .
y R1=DEXPI=TN2) HOxAKR 108
' r NQXX 109
Cann==PROVISION FTR CONTACY TWDEX. NOXX 107
R1a¥X1{JIeR} NOX¥ 108
R1aR1PANSQAS2(n)eS2LT) wOxY 109
StAMeR] NOXX 110
PUTSNMINLIZ 052K} eS2(1DY NOXX 11
ATURA=CENUL JIPRHOPEPHIGENKTY NOXX 112
TE(RLAMGLTLRTURRIGN T 14C NORYX 1113
R1aRTLURA L1184 114
ENni, 000 noxx 115
TFI2, 95210 1,1Te52(11)6D TO 141 NOXX 116
R1t=RTURA NONX 117
#1An0aC HORY 11A
an TN 142 Moxy 119
181 R1In0.0 NOXYX 120
finanTyRn NORX 121
. 6N TH 142 NOAY 122
¥ 140 RET=ALAN NOY R 124
: RIKaRL AN noxXx 124
RLaRL AR NOXR 128
ENe?,000 NOXX 124

257




OfBitIAL PAGE IS

142 CONTINUF . - NOXX 127
ALpEYmACT,TD4R1T OF POOR QUALITY NOXX 12A
AlSeK)mAlTpN)eRLK N XY 129
AN, TYmATN,T)40,00R11 NORX 130
AtK N YoAlN,R)40,%0R1K NOXX 13
A T hmpa(N,I)=nL] HOXX 132
TILFY SRETYL. Y ST T LLiES ¢ 133

CommunAlANYp RIcA[ANYN) @D BECAUSE NO REVERSE REACTION ASSUMED, NOXX 134
RNeR18EN LT3 | 138
ALToNSNICALT)NSHImRN NOxX 13
AN NSRRI ALK, NSN)nRNED 5 NOXX 137
A{MOHEN)nA (N NSHoRN NOXX 128
A{ToNAY=A(TsNA)=R] NOXX 129
AlK NAY=AIR yNAJmR]100,5 NORY 140
AlMaMNAJaA(N,NAY4R] NOXX 141
TFEWNNTLLNREIGD TN 100 NOXX 142
IFIRTURBL L TJRLANIGO TN 100 HOXX 143
RT=R1®{TRI+TENLS) 2,0} RQXx 144
ATTsNQY#ATLLoNC)+RT ROXY 145
ALKINQIeA{NNQ)¢RTHO,S NOXX 14¢
A(MyNO)RALMaNO) =P Y NOXY 147
G0 TO 100 ASTEP 354

150 CONTINUE 45TEP 35%

€ #0eGLNAAL REACTION®#e ASTEP £ L1

€ GLOAAL RATE ECUATIONS FOR 4=3TEP REACTION, ASTEP 352

C FIRST STEP CAHY www CEHY=2+H2 ASTE® a%e

C 4STEP %9
XCoALLILCo D) ASTEP k.Y
YHsALTILM, 1Y A#STEP 3461
TACT(I)eER] 4STEP 342
TEN(JI120,0D0 SSTEP 3463
CEALt I )=CEBU] 4STEP 254
AXC{J)aPEXP] 4STEP 249
TRLaTACYEJIOTRINY ASTER k111
THZaTKR=AX(JI~TEN{JISTLN 4STEP 27
TECDARS(TP2),6T.BIGIGO TO 106 ASTEP E1.Y]
R1=NEXPL=-TN2) A4STEP 359

C ASTEP 70

fonenaPROVESION FOR CONTACT INDEX, 457ES ati
Rlex{tJIOR] ASTEP anrn
kl'ﬁl‘l(ﬁNCPﬁszttDFU!lﬁﬁlsxPlltllRHOPtsleODz!Sﬂ‘BixPll 45TEP 373
Lo CERHOPHS2 I IDCHY )aeCEXPY) ASTER arts
PLAMRY 43TEP 3715
PHI=S2¢T)Y ASTEP are
RTURRCEAU( J)RRHOPSPHTISEDKT S 4S5TE® 3r?
TRFERLAB,LT.RTURRIGD TN 19) 45TEP ata
RPleRTIIRA 4STEP are
ENs) 00D ASTEP £ 1.1
RiteaTURA 4STEFR 38l
RimeQ,0 ASTEP 392
R10220,0 4S5YE® 2R2
a0 o 102 ASTEP 384

181 PLTnARXPLORLAM ASTEP kLY
RINZaREXPLARL SN 4STEP A6
FLMACERPISRLAN ASTEP 147
RisRLAN ASTEP IAA
ENOAENPL4BENPLISCEXPY 457(e 89

192 A(Tstbonl],T)en1]Y ASTEP 190
AlTeMImAL T, M) em]m ASTFR Q1
ALT.TID02)1=A(T,EN02Y4R102 4STFR L ¥
APy Tima(®,1)mR)T ASTE® 34"
At AYnpte,m)mpLm 4LTEp 294
AR, TON2)mAtR, TNN21-R]D2 4S5TFo 194
ANy T heplr, T )R] ASTES Q6




160
"

SE

OO0

)

AlNpM)mAtN R)=R1NM
AN, INC2)=ACNs EDO2Y=R1N2
RNaRL1®FN
AL oNSPInA{TIN5N)~RN
ACHMpNSN)nATNNSH) RN
AN NSRInALNsNSH)IRN
A{ToNAYRA{ TohAY=R]
A(HoMARRALPINAYOR]L
AlNpNAYeATNaNAY&R])
TRELNNTLLNRGIGH TO 100
TFIATURALLTLRLAMIGD TO 100
RTaRLo{TNLI4TENCJI=EN)
AT pNO)aA(TeNQ)eRT
A{MeNQYaA{MsNQ}=RT
A{NRNQ)=AIN,ND)=RY
60 TD 100
CONTINUE
*GLOBAL REACTION®SS

GLNBAL RATE FOUATIONS FDR 4=STEP REACTION.
COND STEP  CXHY=24(X/2)02 === XCO+((Y=2}/2)H2

ACoALLILCATOFU)
YH=ALCILP, TDFU)
¥CYHaXC4C . 25009 YHa2,0000
TACTLJI=ER2

TEN(J)e0. 000
CENMtII=CERY2
AX(J)ePEXP2
TRLeTACTII)ITRINY
TH2eTRi=AXLJ)=TEN(J)ETLN
TFIOARSITNZ),6T,21G1G0 TO 100
R1=QEXP{=TNZ)

ConenxPROVISION FOR CONTACT INDEX,.

162

1

163

R1sX1{JI*R1

TN

RIsRL*[{RHOPES2 (TOCHI I RUAEXP2)#{ [RHOPOS2(LID02) )osBEXP2)

10({RHNPES2(INFUI L. D=30)0eCEXP2)
RLAMR]
PHT=OMINL(S2(IDCHI»S2(TD021/XCYH!
RTURA=CERUL JISRHOPOPHIGEDKEY
TECRLAMLLTLARTURSIGD TN 161
R1sPTURA

R1FY=0,.0

ENe1,000
TRLS2LTN02Y 7XCYH LT S2L(10CH)IIGD TD 162
R1I=RTURR

RineQ,0

&n TN 13

R1T=0,0

R1XaRTURA

60 TN 163

RIT=AFXPRaRLAN

RIKARENPISRLAN

FLFUsCEXPRORLAN

R1=RLAN

ENSAEXP24REXP24LERP2
ALToTV=AlT,T04RLT
AltsNpeAlTIsR)40LK

AT+ INFUIaALT» TOFU)+R1FUY

AR T mACN, 2 )eR]1T00,5NOMRC

AN mAlKyKD4RIKS0 300K

AN ENFEUIa ALK, TOFUISRLIFUAD, 9DOMKC
ARy timAtM T )~RITONC

A{M R mA{ M R tuRiROXT

ASTEP
ASTER
ASTE®
ASTEP
ASTEP
ASTES®
ASTEP
ASTEP
4STE
ASTEP
ASTEP
4STEP
4STEP
ASTEP
ASTES
ASTEP
ASTEP
ASTEP
4STEP
ASTEP
45TE®
4SYEP
ASTE?P
ASTEP
ASTEP
ASTEP
ASTEP
4STEP
&STEP
4STEr
4STEP
ASTEP
ASTESN
43TEP
4STEP
4STEP
4STEP
ASTEP
ASTE?
4STEP
ASTEP
4STE®
4STEP
4STEP
ASTE®
45TEP
ASTEP
4STE®
ASTEP
4STEP
ASTEr
ASTEP
4STES
45TE"
4STER
4STEP
4STES
4STEP
ASTEP
ASTEP
ASTES
ASTEe
ASTEP
ASTEr

397
i9s
1%
400
401
402
403
A04
409
400
407
408
409
410
411
412
413
4ls
413
416
a7
A8
419
420
421
422
423
A24
425
A28
“27
428
429
430
431
432
433
434
438
436
437
438
“39
40
44)
2
441)
444
4495
446
447
448
449
430
451
452
433
494
439
436
%7
a5e
494
440
259




i ot by

e

T MTTTTYSR T T

R AT T TR TN R e et

Chpyt A R RTTA X 4
L"IH'" [N S R T o]

[ R ETLS

AML INFI) =AM, INFUI~PLFUSXC
AN T Y oA N T I=R1TS(YH-2,000)90.300
AN XY nAL{N ) NI~RIKS(YH~2,000)+0.%00
AlNSIOFUI AN TDFUL~RLIFUS(YH=2,0D00100,%00
RN=R]1SEN
AT oNSEI=ALI,NEM)~RN
AR NSHIRALK NSH)-RNOD,.500*KC
AN NSHEnAL R NSR)4RNSXL
A(NSNSHInA{H NSM) +RNS {YH~2,000)90.300
AlToNA)mA{YsNAI=R]
AN HAYRALK NAY=RYN0,3008XC
A{M NA)=A M NA)SRYOX(C
A(NaNAYRALN)NAD LB {YH=2,0D0) 00,00
TELNNTLNRGIGO TO 100
IF(RTURALLY.RLAMIGD TN 100
RTuRLO(THL+TENLII=END
A{TsNO)sALT s NQYORT
A(KgNGIRACK NOY+RTO, 500X
Al NQIrALPNGI=RTENC
Al NO) oAl haNC)=RTE{YH=2,0D0120,500
an 1N 10¢
170 CONTIMUE

*e¢GLNARAL REACYICNSO®

GLNARAL RATE EQUATIONS FNR A=STEP REACTION,

THIRN STEP CO+(172)02 === (02

xEnXe N

TACT{J)eERD
TENC(IIn0, 000
CFAUTL J)=CERLD
AX(JI=PEXR]
THKI=TACTCIIOTRINY
THZeTRA=AN{J)=TENLJ)OTLN
TRIDARSITR?).6T.ATGIGO TO 140
ALuDFEXPI=TR2)
e
(emasapROYISION FOP COMTACT INDEX.
Rl=sx)l{JIeR]
CSSe?,9300%DEXP(=2,48000FUTH(1,000=FSTI/IFSTH(1.CO0=FUTIN)
$5SaDMINTI(].,00C 589D
RLARLQ((RHOPOS2(TOCOI IOGAEXPINSL (RMAPAS2(IDO2) V4SBEXPT)
10 ({RUNPOS2LTOHZDNI**LEXPIIOSSS
fLAMaR)
PHENMTNL {2, 0000S2(N)»S2(1})
RTIIRAR«CEAL{JISRHNOHPHI*EDNKTY
TE(RL AN TLRTURAYGO TO 171
R1aRTURA
R1H20=0,.0
ENal,000
TF(2,000082¢KD.LT,$2(10)60 TO 172
RIT®RTURD
RiMaO,.C
60 T™h 173
172 P1le.0
PINAATURA
6N O 1723
171 RLIAAEXPISR| AN
NINCRERPISRLAN
Q1NN CEXRIORL AN
QLmRL AN
FNe AEYPA4MENPICENP)Y
173 ACToeT)mACL+TDeR1T
AlTamima{TorieR]N
Al IDH2MI=AlTo INHZN)$RINZN
Al t)matKs 1IemLTRE,. 900

260

o i, e e # R  AME

OF POOR QUALITY

ASTEP
ASTEP
ASTEP
ASTES
AS5TFPR
ASTEP
A5TES
4STER
ALTEP
4STE®
ASTES
ASTEP
4STEP
ASTES
ASTED
L4STF
ASTEP
ASTEP
ASTEP
45TEP
ASTEP
ASTEP
ASTER
ASTES
ASTEP
ASTE®
ASTE®
A3TEP
ASTEP
ASTEP
4STEP
ASTES
ASTEP
4STEP
4STEPR
4STE®
4$TEP
ASTEP
ASTE®
4STEP
4STEP
ASTES
4S5TEP
ASTEP
4STER
4STEP
45TEP
4STEP
ASTER
ASTESP
4STEP
ASTER
4STEP
4STED
45TE®
4STES
4STES
45T
ASTEP
ASTEP
ASTES
ASTE®
4STEP
ASTER

Abl
442
443
L1.1 ]
A6%
LLT)
LLX)
L1-1.]
4869
AT0
AT
AT2
473
W14
475
&Th
AT
4TA
AT9
480
48]
442
4813
404
L1}
AR
497
408
489
490
491
492
493
494
A%
4946
4917
4GH
499
500
501
502
503
504
508
5064
507
509
509
510
511
912
512
514
1%
514
b3 0 |
514
516
524
LT
522
123
524




A R)mA{K,K)4R1K90,5D0 N T R ASTEP 223
A TNH20) ALK, IBH20) +RIH20¢0,.500 R TP | 4STER 5264
AtMaIdeatlry TI=R]1T ASTES 327
Al )mAiM K)=R]N ASTFe 528
AR INH2EI Al P IDH20)~RL1H20 ASTEP 529
RNaR1OFEN ASTEP 130
ACIsNSPInALT NSH)=RN 4STEP L]}
Ao NSHY= ALK NSN)~RNRD, 300 ASTES 532
A{MyNSEMEmA(MyNGM) RN ASTEP 5313
ALTaNAY=ALT eNAD=RY ASTEP 534
A aNAY»A(K  HAY=RLO0,300 ASTEPr 5343
AlMuNAFoA(NNADSRY ASTEP (3 1.]
IFLNOTLHRGIGOD TO 100 ASTEP 237
TFLRTURB,LLTALANICGD TO 100 ASTE® 538
RTeRES(TRL+TENL J)=EN) ASTEP 539
A(TaNOI=ACEsNQY+RTY ASTEPR 540
ACK)NQGIoAl{K NQ)+RT#0,%00 ASTEP 541
A(M NOYuA{MoNQ)RT “STEP 542 Vi
60 T0Q 100 ASTEP 5413
180 CONTINUE ASTE® LYY
C  #2eGLNBAL REACTION®®S ASTEP (1% ]
T GLORAL RATE EOUATINNS FOR A«STEP REACTION, ASTEP LY
£ ENURTH STER  H24(1/2)102 === H2() ASTEP 547
¢ ASTEP 548
TACT{JInERA 4STEP 549
TENUJ =D, 00C 4STEP 2%0
CERH{ JrnCEBUA ASTEP 551
AX(J)ePEXPS ASTEP 552
TRY=TACT{JIOTKINY 4STEP 953
THZ2eTH1=AXCJ)I=TENTI)*TLN ASTES 554
IF{DARSITNZ) ETLRIGIGO TO 100 &STEP 558
RI=DEXP(=TNM2) ASTEP 484
e &STEP 597
(newe=PROVISION FCR CONTACT INMDEYX. A4STE® 598
R1s¥) (J)*R] ASTEP 559
R1=R1A{{RHOPAS2LINH2) JSAEXPATC{ (RHOPOSZCIO02) YGOBEXPA) 4STE® 5460
10((AHNPRS2 [ IDCH) +1,0=30104CEXP &) 4STEP 561
RLAM=R] ASTES 8462
PHERNNINL(2,000952tK},S52(])) ASTEP 5H3
RTIRASCFAUC JISRHLPOPHINEDKTY 4STEP 564 :
TFCRLANMLT.RTUSBIGR TO 181 ASTEP 565 .
P1=RTURA 4STEP 546
QICH20,.L 45TE® 3467
ENe},0N0 ASTEP 568
[FL2.0D00852(K)LT4S2(1)0G60 TO 182 ASTEP 569
R1taRTULRR ASTEP 570
RAN=0,0 4STEP 571
60 T4 182 4STEP 572
182 R11=D,.0 ASTE® 573
RIKBRTURN 4STEP 574
GN TN 183 ASTEP 575
1Al RLITeAERPAGREAP ASTES 57h
RINCREXPAERLAN ASTEP 577
PICHCENPASRLAN ASTEP L34
EN=AEXPASBEXPASCENPS ASTEP 579
103 AatlrTdopt(tsl)eRr]l 48TFp 580
AlToR)eat pnbonIn ASTEP L1}
AL INCHIAL{Ts I0CHI¢RICH ASTES 182
AN I Yud{N 24RO, 500 ASTESP 581
AR R )apfN,N)enined, 300 4STEP 1.1
A IDCHIaATRIDCH)SRICHIG, 500 4STES -1}
[YLISAET I VRS 38 4STE® L1.1.
(SLIYSETYL VY SLT SN ¢ ASTEP sa7r
Aty INCHYn AN, INCH)~RICH ASTEP AR

261




ORIGItHIAL Lol 1%

RNRRLSFN . ASTEP 589
AToNSMYaA (ToNSA =N OF POOR QUALITY ASTEV 390
A(K NS )nA (K NSH)-RNSGHD0 ASTEP 591
AGM NSH)aA LMy NSH) 40N ASTE® 592
ACToMAD=A (T oW )=R1 ASTEP 591
AR NAYRACK)NA)=R1E0,5D0 ASTEP 594
ACM,MANAA LN HAYORY ASTEP 599
TFC.NNTLLNRGIGN TE 100 #STEP 598
LECRTURALLT RLANIGO T 100 ASTEP 597
RTARLSLTRL+TENLII-END ASTEP 298
ACToNQI=ALTsNQIORT ASTEP 599
ALK, NO)nACK,NO)+RTS0,500 ASTEP 500
A(W, NQI=ALHoNGY=RT ASTEP 601
100 CONTINUE CALC 157
¢ CALC 199
110 CONTINUE CALC 159
IFINRLOBPGT.d4160 TO 271 ASTEP 502
c CALC 160
DO 270 JNGLOBP, CALL 161
° CALC 162
cos [ 1) e 0 [ 1) [ 1] bk A BA S8 [ 1) [ )] CHAPTER 2 ¢4 ' CALC 163
[ 1] £ 1 ] 1] [ ] ) [ 1] [ 1) [ ] ] ad [ ] ] [ ] ] [ 1] L 1) CHRPTEﬂ -4 (1) 1] an CALC 144
¢ CALC 165
¢ SeeREACTION RATES®e® CALC 166
© CALCULATF FORWARD AND REVERSE RATES R1 AND R2 CatC 187
¢ THREE TYPES OF REACTIONS CALC 168
¢ CaLe 169
E  NODR 1 ees A 4 8 (4C) m== D ¢ E (4F) CALC 170
E MODR 2 epe AD $ M omm= A ¢ N 4N CALC i
C  MODR D aue A+ B & M o=n AD &N CALC 272
¢ CALC 172
1=100159) CALC 174
KelNt2sd? CALE 175
KKeID (24 d) CALC 174
WetDUAsd) CALC 177
NalD(%sd) CALC 178
NN TD (00 d) CALL 170
HOOESNODR( §) CALC 180
cALC 101
R120,000 CALC 1n2
R2:0.000 CALC 183
THL 40,00 CALC 184
TH220.000 CALC 185
RNe0,000 CALC 184
RT0,0N0 CALC 187
#1120,0 NOXX 108
RiN=D .0 NDXX 149
RIKK 50,0 NOXX 150
PIMe0.0 NOYX 181
R2H=0 0 NOX R 152
R2INNR 040 NOXY 153
. CALC 1AR
TRETACTEI)OTRING CALC 189
TH2aTRI~AN L4} CALC 190
TF (TENGIDoNE20.DO) TH2STH2-TENCIIOTLY CALC 191
16 {DARSITH2)GT.ATG) GO TO 203 CALe 192
R1#DEXP{=TH2) CALC 193
Cammen®ROVISION FIR CONTACT ENOEX eALe 164
PLARIEX1LI) CALC 1a%
16 (MADE=2) 20062012202 CALC 196
200 R1RTSSZET)IRHSGS2(N) CALC 197
NYLITY HOXY 194
PuTanMINL (S24K1,52CE1) NaxR 139
RTIIR A" CEREd) ORHNPAPHTSEOKT S NOXK 154

pLiY;




298
294

297

294

290
290

201

202

TFIRLAMGLTLRTURA)IGO TN 291
R1=RTIEA

ENe) 0N
TRES2EMDL.LTS21200GD 1O 292
R1I=RTURS

UL )

GN TN 293

R1I=0,0

f1%nRTURA

G0N TN 2913

RIT=RLAN

RIKaRY AN

R1nREL AN

FN=2,000

CANTINUFE

IFtNK E0,0) GO TN 290
RLAMSRLANORHOPOSZ (XK Y

PHI sOMINY (PHT o S? (KN} )
RTURB«CEAU(JIPRHOP*PHTI *EOXKT J
IFERLARGLT.PTUPBIGO TD 294
ENs]1,000

R1aRTURRA
TFIS2Ex)aLTS2(109GN TO 265
TRCS2CT)aLTS2(KKIIGD TO 296
GO TN 2468
TFIS2(R),LT,52(KN}1G0O TD 297
RIKKeRTURSD

e1¥a0,0

@17=0,40

GO TN 29¢

RIKeRTURA

HI1KHe0, 0

R11=0,¢

GN ™A 29¢

PLlTIeR TURA

RiK=0,0

RI¥Ke(,0

6N TN 299

R1T=RLAM

RIKsRLAM

RINKmRE AW

R1nRLAN

EN=2, 000

COANTINUE

RNeRLOEN

TRELNNTLNRGIGD 7O 203
TRERTURBLLYSRLAMICD TN 205
RVnRLGLTEN{JI4TK1=EN)

G0 TR 205

R1«AR1IGRHSHORHOPOSILT)
RLAMaR]

PHI»S?2(T)

ATUPRRCERUL JISRHOPOPHTISEDNKT Y
R1TeNMINLIRLAMN:RTHRE)
RisfR1 7Y

ANsR]

TFLNOTLNRGIED TD 205
TFIRTURRLTLRLAMIGEH TO 209
RTaRLO{TENTIIISTEL-2,000)
6 TN 208

RI*RX*RHSMES2(TIHRHSQA®SZIN)
FLAMRR]

ORIGINA), PACE 15
OF PoOR QUALITY

HOXY
NOXY
NOXX
NOxX
“axx
NOXX
NOXE
NOKX
NOXX
NORX
NOXY
NOXX
NOKX
CALC
NOXY
CALL
LULES
NOXX
NOXX
uoxx
NOXX
NOXX
naxx
NDXX
NOXX
NOXX
NOXX
NOX®
NOXX
NORX
NOXX
NODKX
NOXX
NOXX
NDXx
NCXX
NOXX
NOXX
NaXX
NOXx
NOXX
NOXX
NOXY
NOXX
CaLC
NxX
NOXX
NOXX
CaLc
CALC
CALC
NORX
NOXX
NOXX
NOXY
HOKYX
CALL
NN X
HOXX
NOXX
CaLC
CALC
CaLC
XX

157
15R
139
150
161
142
1413
164
16%
146
147
164
169
198
1710
1949
171
172
173
17a
175
1Te
r?
178
179
100
191
102
183
104
18%
104
187
188
189
190
191
192
193
194
195
196
197
198
202
199
200
201
204
209
204
202
202
204
204
206
2071
207
208
209
209
210
211
210
263




PHIADMINLIS24K ) S2C1}) NOEX 211

RYRAaCERL(J)*OHOPIPHISENKT el ¢ LR 212
IF(RLAR AL T.RTURAICD TN 301 A A | L E; MNONX 213
R1=RTHRS . by Ol NOXX 214
FN=1.000 nE POIR C NOXY 219
[FES?2EM), 1. T.52{1)0GN TO 302 MOXR 216
PAT=RTURP LLT R 217
R1K=0,.0 MORY 218
G TH 302 HOXX 219

302 R1I=0 40 NORX 220
RiM mh TUYRA HORX 221

G0 0 303 NORK 222

301 RLI=RLAN LD} g 233
[ALELIN Y] NORX 224

LA LLIN Y NOXX 225
FNe2,000 NGXY 226

303 CONTINUE NORX 227
RNsR1OEN LT} 3] 22A

TE{ JNONTLLNRENGD TO 209 NOXX 229
TRCRTURRLLTRLAMIGO TO 2093 NOAX 2%0
RT=R1G{TEN( I ¢TH1=~3,000) NORY 231

[ CAaLC 214
20% TMlaR1 CAL” 215

Ly CaLl 218

Ly CALe 217

ConancCALCULATE REVERSE RATE CONST FROM FWD RATE CONST AMD EQUIL CONST SALC 214

CommrmadHENEVER TENP 1S LESS THAN 1500 ® LALC 219

c CALC 220
IF (TX.6T+1500,000) 60 TQ 220 CALC 221

C CALC 222
HHsHO ( TI-HOL M) CALC 223
$5aS0{1I=50(M)Y CALC 224
TF (NODF=~2) 210,211s2)2 CALC 228

C CALC 226

210 HHeHHeHO(X }=HO(N) CALC 227
SEnSS+SOUN )=S0 (N} CaLce 224
TFIKXFQ,0) GO TQ 218 CALC 229
HHmHHAHO (KR} CALC 230
§5855+50(wr) CALC 2n

218 TF{NN,EQ,0) GO TO 219 CALC 232
HisHH=HO (NN} CaLC 233
{GnSSmSO(NN) CAtLC 234

219 CONTINUE CALC 23A8
AXXaRY ()48 ALC 234
THRaTKI4HH CALC 237
THZeTENTJ) CALL 234
GO TN 230 caLc 219

¢ CalLC 240

211 HHaHH=HOIN) CALC 24l
$8a5S=SO0UINY CALC 2462

C ~7,5002C4 1S E~LNG OF GAS CONST 0.0082006 HNeeA=ATMIKGHOL~DEG X, CALC 2413
AAXSAX{JI¢55~2.950030400 CALL Zah
TRIATKL4HM TALC 249
TH?aTFNLJ)¢1.,E00 CALC 244
6N TH 230 CALC 247

e CALC 240

112 HH=aHHAHOIK) CALL 249
$5a55+4501K) carLc 250
RYNSANES)+5542,90030A00 CALL 281
IR2ntrw]aHM caLe e ¥4
TN TENLII~1,000 CALC M
GO TN 230 CALL Fas

¢ CalLg 2445

30 AXARAX2(J) CALC 25




ORIGSI. s v

[N
Foowr gy 208

THIATACT2LJISTHINY OF Pt VA ETY CaLC 257
TH2TENZ(J) PUOR GUALITY CALC 250
c CALC 299
290 TH2eTR2=AKX CALC 2460
IF CTN2.NFo0,D0) TRZaTH2-TNZOTLN CALC 261
- I (NARSL{TN2).CTL,RTIG) GO TO 230 CALC 262
R2aDERAP{~TP2Y CALC 261
CrammeMULTTPLY HOROGENFOUS RATE COMSTAMT 8Y CONTACY INDEX CatC 11
R2aR2PNTI(IDY CALC 245 }
r CALC 240
~ IF {MONE~2) 24022410242 CALL 267
= c CALC 268
— 250 R2aR2O52IN)ORHSQISZ(N) CALC 269
RLAMNRD NOXX 232
.. PHTNPINLIS2{N},S2(ND} NOXX 233 1
- RTURG=CEAUC JISRHOPOPHISENKT § NDXK 234
IFLALAPLLTRTURBIGDH TD 31} NOXX 235
R2aRTUPA NOXX 236 j’
o ENe1,000 LT 237
ks TRES2UPMILLTS2INIIGO TO 312 NOKX 238
L RIN=RTURA noxx 239
P2Nap,0 NOXX 240
. 60 TN 313 NORK 241
T 3112 #Nal, LT 242 g
#2n2@ TURR NOXX 243 T
- GO TN 313 NDXX 244
. 311 RP2N=RLAN NOXX 245
RIMaRLAN NDXX 24b .
- R2sRL AP NOXX 247
EMNr2,000 CaLe 210 1
: 312 CONTINUE NOXX 248
3 TFINNLEDLO) GO TO 249 CALC 271 ]
3 RLANSRLANCRHOPES2INN) XN 249
ik PHI sDWINL(PHT,S2INNY) Noxx 250 ?
} RTURASCERU L JISRHOPSPHISEORT Y NOxX 251
' TFIOLAN,LTRTURBIGO TO 314 NOXX 252
: R2:RTURS NOKX 2513
i ENs1,000 NuXX 254 ]
TFIS2{M).LT,S2(NI)GO TO 31° NOYX 255 '
TFES2EN) LT, SZINNIIGO TO 316 NOXX 256 : _
GO TN 218 oK 257 .
315 TF(S2(M).LT.S2CNNIIGO0 TO 317 HOXX 2% ]
319 R2NN=RTURA NOXX 259 '
R2Ma0,0 NOXK 240
RINe0 0 “oxX 261 }
an Th 319 HOXX 242
317 R2YMeRTURA NOXX 263 .
" 2NNs(0,.C noxX 204
eINaQ,0 NOXX 243
6N TN 219 NOXX 266 1
2114 S INARTYRA nOXX 267 ]
- CFLLTY N HOXX 26N
R2MeD,0 noRy 269
an tn 219 NOXX 210
14 POINSRL AN NO%X 2n
R2MaB| AN NOXX 212
RINNQLAM nOxx 213
[FTLINY. HOXX 27h
ENe 3,000 NOXY 273
319 COANTENUE NOXY 2716
249 PHARNmROGEN CaLe 274
IFCLNNTLLNRGIGN TS 230 Noxx 217
TEERTURRLL T RLAMIGD TN 250 Knxy 218
ETRTaRZO(TN24TIRZ=FN" NORE 219
265




LEED

24

322

121

123

292

Iz e Ep e ¥a (2]

266

60 T 2%

N2aR2ORHSHOS2IM)SRHSQNS2IN)
PLARRR2
PHIANMINI{IS2(M}+S52(N})
RTYURACERLL JIVAHNPOPHEISEDKT S
TFIRLAMLLTLRTURRIGN TN 321
R2aRTLHRA

FHa}],0N0
TFES2ZUM)LLT.S2(N)IGN TO 222
R?NeRTURA

R2u=Q .0

GN TN 323

RNl 0

RIMR TYRR

6N TN 322

RZH=RL AP

RZNaRLAN

R2=pL AN

FNs 2,000

CONTINUF

PNsRN=R2ZOFN
TEFL.MNTLLNRGIGO TD 230
TR(RTURB.LT.RLANIGO TO 250
RTaRT=R26(THN2+TN2=3,000)

G0 O 2%0

? RZuRZERHSMERHOPES2(MN)

RLANeR2

PHI=S2(N)

RTURAR=CERUC JICRHOPCPHICEDKT S
RZMaDNINL{RLANRTURS)

R2sR2M

ANeRN~R2

TE{JNOT ,LNRGYGOD TO 2%0
IF{RTURBLLT.RLARIGD TO 230
RToRT=R2¢(TNZ4TK2=2,000)

TlatNl=R2

GNEKINETEC0ne
DERTVATIVE AND FUNCTION MATRIX FOR KEINETIC SOLUTION

AMIsTImatTelterlY
A{MsThaAtN,EY-R]1T
AlTymYeaptt s M)=R2R
AN Mgl Ay P)an2n
ALTaNSMInALT)NSN)=RN
AU NSPIpA(M NS 4R N
ALToNQI=A1TeNQIeRT
AR NOYup{P)NOI=RY
ACLeNAYRA(CT yNA}mTH]
AlMoNAYmALPsNALOTM]
IF {(“NOELEQLD) 60 1O 200

AN, TYoAtN,TI=R11Y
AfNpM)uAtNMIeR2N
A{TNIeAllpW}=R2N
AR NEnA{ RN RN
AfN ,NInAt N N)IRDN
AN NERInAINaNSRYISRN
AIN NO )= {N. NQ}~RT
AN NAYmA (N NAYoTR)

ORICNAL PACE 1D
OF POOR QUALITY

CALC
CaLC
CALC
NDKX
NOry
NOXX
Naxx
NOXX
NOKX
NDXR
NOAR
NOxX
NOXX
NORX
NO¥X
NOXX
NOXY
Naxx
NOXX
HOxXX
NOXX
NOXX
NOXX
NOXX
NOXX
CaLC
CAtC
CALL
NORYX
NOXX
HOXYX
NOKNX
NOXX
CALC
NOXX
NOXY
HOXX
caLc
CALCL
CALC
caLc
CALL
CALC
CaLe
NOIXK
NOXX
LTl
NOXX
CalC
CALC
CaLL
CALL
CALC
CALC
CaALL
CALC
NOXR
HOxx
NOEX
NARY
LT.37
CALL
CaLC
CALC

2Th
277
278
280
281
282
283
284
208
286
267
r{.1.}
269
290
29}
292
293
294
295
298
297
298
299
300
301
211
2az2
203
g2
3013
304
309
308
2R 4
307
E143]
309
286
2R7
28R
289
290
291
292
110
nl
312
3113
297
2498
29%
300
201
102
103
304
114
115
3o
nr
e
310
111
312




QT D T

OF Pk Cualliy

IF (MODELEG.2) 60 TO 270 CALC 313
c cant 314
200 CONTINUE CALC 113
AR, T )=AlK ) }eRL] NAXX 319
AlTpN)aplT pK)eR]K NOXR 320
AtKpRYmAIN K ) 401K L1} 34 321
AtMyR)mA (R )mRLN NORX 322
ALK NYmALKyN)=R2N Honx 223
ALK NSH)mA LK KN )=AN CaLc )
AN NGYmA (K, NQ)ORT CaLC 322
A NAY=A(K s NA)=TH] CaLC 3213
IF (NNDELEQ.Y 60 TO 270 CALC 324
c CaLC 32%
AN KYmA(NK)=~RLK NOXX 324
AN GNInA{K N)=R 2N LTS 329
TFIRU,EQ.0) GE TO 268 CALC 228
ACToeNK YaplIpKNE4RINK NOXY 326
ALK RN PuALR,NK) $RIKK L]1) 33 27
ARy ThoAlRRp L) ¢RAT NOXX 3za
AlRKp R nA (KK KIS+R]K L1} 329
AN RKImA(MK KK ) +R]LNK NOXK 3130
AN R )mAlR, KNI =R1KK NORYX 331
AN KK ) RAIN KN )aRIKK NOXX 332
ACKK s Myl { KR PImRIN NOXX 333
A{HNaN) ALK N)=R2N NOXX 334
ALK NSHImAIRK NSM)=RN CALC 338
ALKV NQYInALKN NO)4RT CALC 339
A(NNpHA) S ATRRpNAY=TN] CALC 340
260 TFINN,EQ.0) GO TD 269 CALC 341
A(TeNNYeA{ T NNI=RZNN NOxXX 338
AN NN)sALK)NN}=R2NN NOxXx 336
AINNs TYeA(NNs T )=R1T NOXR 337
AtNN, R)=A(NNyK)=R]K NoxXX 330
AtM NN)aA (P, MN)4R2NN NDXX 339
A(MaNNYI oA (N, NN} +RZNN NOXX 240
A{NNyW)op (NN P)4O2N NOXYX 34}
ALNN,;NnA[NNpN)SREN Hoxx 342
ACNNaNNP oA INNp NN ¢R2NN NO2X 3143
A(HNN,NSH) s A NN NER) +AN CaLC 151
A{NNHODeA{NKs NQ}=RT CALC 142
AUNNsNAIRATNNgNAYSTHL CALC 353
269 CONTINUF CALC 334
CALC 153
270 CONTINUF CaLC 156
e CALC 337
271 CONTIMNUE 4STEP 603
HSUMe0 000 CaLC £11 ]
nO 200 T=l,NS GALC 349
§2T1=82{1} CALC 350
AlTsT)mAlTsT)eENYes2] CALC 361
ALLsNAISALT+NADSERVEISLLIY~S2]) caLc 162
A{NSH,T)e8521 CaLl 3613
AINSH,NAY=ALNSPH,NAI»S2] CALC 344
AfNO, TI=HO(T )OS 2T caLcC 349
HEHMaHSUNEAINCT) CALC 160
R0 CONTINUE CALC 157
¢ CaLc 364
AINSMyNER) anSP CALC IHe
PrmmmeA {NSH,NQY ANDR ALNQeNSNH) ARE EQUAL TO ZERN. CaLC 170
ACMSHohAYaAENSHaNR)ESH CALC 171
A(NQsMQY~CPSUPLQDRY caLc 372
A(NDs NAY»HIN~C~HSUR cALe 173
1MAT NG CALC 3T
tFCLENERIGD TP 202 L1 b LY}

267
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IHATANS OF POOR QUALESY
nn 281 1a),NS
AL AT NSHIALTENA)D
A2 CONTINUE
an TN A00
C
CORS 468 AEe  See  S88  SRe 080 040 CHAPTER 3 s
Fe66  Ghe  GRA 886 886 GRS 06s 088 CHAPTER 3 e

¢
¢ SMFQUILIARTUNSHS
g DERTVATIVE AND FUNCTION MATRIX FOR FQUTLTIARTIUN SOLUTION
300 DO 310 L=1,NLM
110 ROtLY=0,0D0
r
HSUM=0,000
Sym=0,000
00 340 I=1lsN$
SUMsSUMS2{T)
TRLaHOITIOS2(])
HSUMsHSUNST ]
IHZ-(“Ol!I-SOGIl0'Ill-V(NSN|+PPLNIOSle'
A(NLs N3] =A(NL, NI +TH2
AN2 N2 )mA{N2 N2 eHOL(T)OTH)
AIN2aNTRsAINZ NI SHOLT I OTM2

no 330 LelgNLN
IF CAL(LsT),EQ,0.000) 6O ™ 330
THInALIL,TIOS2LT)
Coema={RDSS~OERIVATIVES OF ELEMENT EQUATIONS, O FILI/D PIIKD
nn 2320 KapaNLK
IF (ALIN,1)EQ,0.000) 60 TO 320
‘lLIK'.Illll’01l|lol’.fﬂg
320 CANTTINUF
(man==NERTYATIVES OF L-ELEMENT EQN WeR.Te LW SH AND LN T
ALLpNLImA{LINL)+TN]
AL sN2)mALLINZY¢ALILs IO THY
treraaNEGATIVE OF L=ELEMENT FOMs FLL)
AtLsNADmATLaNZISALIL, [ VO TH2
AQCLY=ROCLI+ALIL,THOSLLT)
230 CONTINUE
340 CONTINHE
.
ALNLsN1)nSUR=SH
ATNLoNIFuA(NL NI )= {SUNSN)
AlNYyN2IaHSUM
AINZsN2)nA(N2pN2I4CPSUNSQDRY
A(NZ;NaicllNZ;"?!OH!N-HSUH-O
¢
Coenn=NEGATTIVE QOF L=ELERENT EQNS, FIL)
nn 250 Lel.NLM
AL sM3InALL N SRQILI=ALLIND)
380 CONTINUE

f
(rmesaSTORE SYFPETRIC ELEMENTS OF WATREX
r
DA 260 Tr1,N2
nN AK0 dnToM2
AtJy1 VAT d)
260 COMTINUE
¢

[emmmmENTERCHANGE SH-EQON WITH ELEAENT ROW L MITH LARGEST AlL.N1) TN

Cmmmm=AVNTN POTENTIAL PERD TN DTAGANAL ELENENT AlNLeN1)
r

268
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P

NOR¥
NOXX
NOXX
NDXX
CALG
CALC
CALL
CALC
CALC
CaLc
o 1N
CALC
CALC
caLc
CALL
CALC
CALC
CaLcC
CALl
CaLl
CaLc
CALC
CaLC
CaLC
CALC
caLe
CALC
CALC
CALC
CALC
CAaLC
CALC
CALC
caLc
CALC
(184
CaLc
CALC
CaLc
Catc
o 1K
CaLt
CALC
caLt
CaLl
CALC
CALC
CaLc
1 184
CALC
CaLC
Canc
CaLC
CaLC
CaLC
o 1K
CalC
CALC
cac
caLl
CaLc
CaLc
Catc
CALC

i i i

345
144
14T
AR
375
EX4)
7T
374
379
ELL
L)
3a2
Lk
304
305
386
a7
368
389
390
391
392
393
94
95
396
397
39A
399
400
401
402
403
404
4095
404
4Q7
408
409
41¢
411
412
413
414
417
4146
417
4)n
419
420
421
422
423
424
429
426
ART
42A
429
420
431
43?2
4212
434

P S U,



J

O,
TH1#0,000 U R TI
00 470 Lal,NLP OF Frioy GUnlivy
1€ (ACL.N1},LT.THL) &0 TO 370 iy
THLALL,NY)

Linl
170 CONTINUE
c
00 380 J=1,N3
TMInAIN]; d)
A{NL s JinptlLed)
AlLLpd)oTi]
100 CONTINUE
{MATaN?
C
Cosee 'TYY) (TTY] YY) (Y11 (T CHAPTER &  so0s oo
reses ‘e CTYY) Ty e 000 CHAPTER 4  d9es oee
[

€ *aeNATRIX SOLUTICNeSe
C SOLVE FNDR CORRECTIONS 8Y STANDARD PIVOTAL GAUSSIAN ELIMINATION
¢

400 KPRATsINAT4)
(e=w==(PTIONAL OQUTPUT OF INTERMEDIATE VALUES FOR DEBUGEING
TF (+NOT.LOEHUGY 6N TO 410
TF INDEAUG.LT,5) GD TO 410
WRITE(6,4C])
401 FORMAT(1NO, 10X, 3GHELENENTS AlI+K) OF CORRECTION MATRINZ)
NO 402 Knl,TMAT
WRITE(Ds402) (A(KpIVoInl,KNAT)
402 FPRMATIIX,2PL16DR,0)
407 CONTINUE
A0 CONTINUE
DN 4530 NN=)l,IMAT
IF {AUNN,NN),EQ,C.000) GO TO %00
fame—=CHANGE 1,000 TO 1.0 FOR NON=IAM MACHINES NOT REOUIRING DOUSLE PRE
C NTMIn] 0007 A{NNsNN)
NTME=]l.CO0/A{NN,NN)
LELLT Y
00 420 JoK;KRAY
AINNp JhsA{NNs J)ONTH]
420 CONTINUE
IF (K EQ.KNAT) 60 TO 4%0
00 440 T=NpIPaT
1F CACL2NNY.EQ0,000) GO TO A4D
DN 430 JeK,KNAT
AT+ 1AL s d)=AlToNNISAINN, J)
430 CONTINUE
&A0 CONTTINUE
450 CANTINUE
¢
LoenafACK SOLYE FOR CORRECTION VECTOR
.
KaTHMAT
60 Jave]
NnSHned 000
X{x)eQ,.C00
TF LINAY.LT.4) G YO 400
00 470 lej, INAT
DSURsDSUMsatRa T IO (T)
470 CONTINUE
4N0 CONTEINUE
KA )nA (K MMAT =DM
KaNmy
TF (K.NF,0) G0 TO 480

CALC
CaLC
CALC
CALC
CALC
CALC
CALL
CaLc
caLc
CaLC
CALC
CALC
CALC
CALC
CaLC
CALC
CALC
CALC
Catc
CaLc
CALC
CALC
CALC
CaLC
CALC
CALC
Cate
CALC
CALS
CaLC
CALL
CALC
CaLC
CALC
CALL
CALC
CALC
CALC
CALC
CALC
CaLC
cAaLc
CaLC
CaLC
CaLc
taLc
CALC
CALC
CALC
CaLC
CALC
CaLC
CALC
CAaLC
CaLC
CALC
CALC
CALC
CALC
CaLe
CALC
CaLC
CALC
Calc

433
436
A37
AsA
439
440
A4]
442
443
ah4
445
440
7Y
440
449
450
451
452
453
054
458
456
457
458
459
460
451
462
463
484
465
466
467
46A
469
470
11
472
at3
aT4
4175
476
“7?
4TR
479
4A0
481
482
403
404
485
484
487
s
+89
490
491
492
493
494
499
496
497
a9n
269
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RFTURN
Coktbe (L1 Ll LT LI L] (LT L] CHAPTER 5 St »
Coveen shans TITT) su0ee a0ang CHAPTER o satst &

c
£

LLJ

*SINGULAR MATRIXe®a

300 WRITE(6,5%01)

201

Fﬂ!ﬂltlIHODlﬂloZ(QHOO‘OlQIOHSINGULAR MATRINXZ)

(r=eccSEY LCONVG,TRUE, TO NOTIFY SPECE OF SINGULAR NATRIX

B e e s

-~

S

L LY 1)

10
20

AV

LCNNVG=,TRYE,
RETURN

END
SURRTIITINE SPECE

DOURLE PRECISION anOO-C’SU“-EHV;ER.FQ-HSUGOyHSUNnHO!PIDP!pPplﬂr
1 00.01,02.os.os.nﬁas.acnsrﬂ.nuor.sn.snruv.snu.ssnve.so.sx.sz.r«,
2 TRINV,TLMN, 2,500

OOUBLE PRECISION X,¥

DOUBLE PRECTISION ETA;ETAO-ETII-SUﬂaTlN?nTﬂlnTNVp'S'loVﬂpVP

LOGICAL LADIAQ.lCﬂNVG:LDEBUG’lEQUllpLNlGollEAC!ntENEﬁ

COnNDN
SICCHE'l!CPSUP-HSUlnFO'PPLNnRGAS.RGASIN.SHINVpTKINV.YLN.&NRG
IICEOUItIAll7psolpATUWl3:7!:80'7'1'!(?'
lfCINDElIIDCOp!DFU:IOUZ:IONZDIDHZOOlﬂCDZntDHlalDHanDNlnIDNO-IONDZ
l-!nﬂ-lnﬂ”-IHCPﬁp!lCoILHoI'AT:ITER’JJan-NZ.NS:NA:NG(UB.NGLUQ’-

2 NLMaNG,NSMINSE,NS2, IDCH

L/CMATRIZX(32),v(32)
IIC°ARllIlSU8l30'3’oE‘VoERvHSUBO:NDElUGpNS.Pl-OOnﬂl.O?vO!oO&oRHOP.
1 SHpSHU|30l-3P0151(3Ol052l?OIoTK.llollﬂolﬂEluﬂrlEGU!lpLIE‘CToLENE
2o FOKTJsLCONVE

IICQFECEIHOI30i|SO(30lnSSlVE(SO!nIIT.Zi!Ol

PARANETER PAINR TN THE APOLICATION OF THESE CORRECTIONS TN THE
ESTIMATES FCR BOTH EQUILTARIUN AND KINETIC STATIONARY STATES

FOR EACH ITEPATINNG SPECE ALSN CONTROLS THE CONVERGENCF TESTS
RFFERENCE CREN [WASAINGTON STATE UNIVERSITY) WARCH 1074
tilttOOOQOQQOOOOOOO.tttot..n-tt.ttt.i.ttttati.ti.ttlAtttﬂtt.ttttlt

DATA lf'l!fﬁOIolENVIJ-OD-?OIptNYl-&b-OSl?DOI

LCNNVGa FALSE,

Snal,000

DD 20 I+1,nS

TF (S2(11.6T.TINY) 6D TD 10
S2T)eFENY

YUT)=TNY

GO TN 20

Sumgmes2(1
YLUIsnLoGIS2(I )

CONTINYE

TRINVS],0N0/TH

TLNaNEDGITK Y
YINS®YaQLNG(SP)
CHINY®1.0N0/SH

Y{NQ)e TN
¢ 92 0000 LI I LI N |
LI I I I W) LN BN LI B

> 5
e
-
- »

] [ * CHAPTER L o % & ¢ 2 »
* ] ® CHAPTEP 1 & 4 & & ¢ &

ORI BA0e 19
OF POOR OUALLY

L
*

CALC
cALC
CALC
CALC
CALC
CALC
CALC
CALC
catc
CALE
CALC
CALC
CALC
SPEC
SPEC
NIXX
NGXRX
NOXXX
NOXXYX
NOXX
NOXX
SPEC
SOFC
NOX K
SPEC
NOIXX
NOX X
ASTEP
NOXY
SPEC
NOXX
NOXX
NDXX
SPEC
$oFC
SPEC
SPEC
SPEC
SOEC
$PEC
SPEC
SeEC
SPEC
NOXK
SPEC
$PEC
Nhxx
SPFC
SPEC
SPEC
SPEC
SPEC
SOFC
SPEC
SPEC
SPRC
SPEC
SPEC
LT
1L
SPEC
SPEC
SPEC.
SPFC

499
500
501
502
803
504
505
506
507
5048
509
510
211



[
(y
¢
r

c
C

*06SOLVE FOR CORRECTIONSHas
INTTIATE THE RTER LODP AND CALL CALC T SET UP AND CALCULATE THE
CORRECTIANS FOR EITHFR EQUILIARIUM OR KEINETIC SOLUTION

ETA=}l,. 000

ETAQRETA

NDEC»0

NRE X0

00 930 ITERa)l,ITMAX

CALL CaLC

TF (IMAT.EQ.NQ) GO TO 300
TRLINAT.EQ.NSIGD TO 200

Cas 25 20 90 4% S¢ #5 0% ¢4 88 00 96 CHAPTER 2 o8 &
Co¢ 48 86 96 26 4% ¢4 93 0% S8 8¢ #8 CHAPTER 2 #% &

c
c
¢

#e0CONSTRUCT CORRECTIONS FOR EQUILIBRIUM SPECIESowe

CHECK FNP STNGULAR MATRIXY (LCONYG SET TN TRUE AT END OF CALCH
TF (.MOY.LCONVGY GO TO 200
LCONVGe JFALSFE,
RETURN

200 D0 210 LelshLw

210 PI{LY=X{LY
X{NSH)aX (N1
FiNO)eX(N2)
0f) 230 I=1,NS
FATIoHOMTIORINQ)I={HOLTI=SOITI VAT I&PPLN=YINSHI )4 X(NSH)
DN 220 L=1sNLM
WCT) ¥ (DD eALL,T)*PT (L)

220 CONTINUE

230 COWTINUE

¢
CRet 200 088 908 RES  G8¢ 4% 408 CHAPTER 3 464
COBE 480 806 960 P06 48s  &88 $88  CHAPTER 1 4me

C

*esCALCULATE UNDERRELAXATION PARAMETER ETA®SR

UNDERRELAXATION TFSTS ARE OIFFEREMT FDR MAJOR AND MINOR SPECIES
ETA = MINCETALSETA2,1) WHERE

RAJOR SPECIES === S2(I)/SM 1. 00=8

MWINOR SPECIES e-= S2(T)/SM  1,00-0

*"”
L]

{2 1]
e

WITH

AND NNLY POSIVIVE CORRECTION CHANGES FOR MDLE NUMDERS ARE MONITORED

ETALl » MAJOR SPECIES CONTROL
ETA2 » MINOR SPECIES CONTROL

300 ETAQO=ETA
ETAs1.0N0
ETAle1.000
SURaDABS{X{NER) )
TrI=DABS(X{NO})
IF (TM14GTLSUNL SUMaTH]
On 320 f=1yh§
TF (NCI}eLELC.0D0) GO TO 320
TF (S2CT10SPINV.LE.L.0D=8) GO TO 310

CommemMAJOR SPECTES

TF (X(1YeGT.SUMD SUNRKLTD)
60 Y0 320

Com=-mAINNR SPECTES

110 TETLDABSCAVINSMY-YINI=R1aB120290007CIX{RI~XINSHIJOTEINY))
TE (TST1.LT4FTAL) ETALSTSTL
120 CONTINUF

G

LELT R

OF POl Ghary

SPEC
SPEC
SPEC
SPEC
SPEC
SREC
SPEC
SPEC
SPEC
SPEC
SPEC
NOXX
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
$PEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
Seec
SPEC
SPEC
SPEC
SPEC
HOXX
$PEC
SPEC

49
%0
81
22
LY )
1
51
56
57
1.
9
(LT
60
61
A2
63
o
6%
66
67
an
69
T0
T
72
13
T4
T3

T
A
70
L1 ]
[} 1
82
83
L)
85
]
a7
.1 ]
a9
90
21
92
93
94
99
qn
97
98
99
100
101
102
102
104
10%
108
363
108
109
2T
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OCRIGIIAL PAGE 19

IF{SUN.CT.0.2001ETA=Q,2D0/5UN OF POOR QUALITY NDXX 364
TF CETALLLTLFTA) FTA=ETAL SPEC 111
TFILEQUILIGEC TN A00 SPEC 112
¢ SPEC 113
C SHACONVERGENCE NONITORIMGS0S SPEC 114
€ AFTER TEN SUCCESSIVFE UNDERRELAXED TTERATIDNS, IN WHICH ETA DOES NOAT  SPEC 113
C INCREASE MY 1ol OR MORE, OR AFTER SIX XTERATIANNS IN WHICH ETA L]} 143
C DECREASES» DIVERGENCE 1S ASSUMED AND THE SOLUYINN TERRINATED SPEC 17
¢ SPEC 114
C LNRGw,TRUE, ==== FULL FQUATINNS SPEC 119 {
IF (ETALEQ,1,000) NRLXwe=]) SPEC 120
IFCCETAZFTAOILCELL1.1DOINRLXS 3 NOX X 360
NRL XuNRLXe¢] SPEC 122
1F (MRLY,GTL10) GO TO 900 SPEC 123%
TF (FTALLYLETAD) NDECaNDEC+]) SPEC 124
IF (oNOTLLNRG) NDEC=] $PEC 125
IF (NDEC.GT.6) GO TN 900 SPEC 126 ,”
[ SPEC 127
coeee (17 (11T} e e e a0 CHAPTER & (LT I 1Y SPEC 1219
cenne PYYYS FYTY YY) snes FYIT) CHAPTER &4 eeos ¢4 $PEC 129
r SPEC 130
C APPLY CORRECTIONS TO ESTINATES SPEC 131 ]
r SPEC 132
¢ SPEC 133 }
400 CONTIMNUE SOEC 134 i
SuUMs=D, C00 NOAX kLY
D0 420 Te],NS $PEC 135 }
YIIYuY {2 heETANXLT) SPEC 13¢ * 1
TF (Y{D)LT.THY)} GO TO 410 SPEC 137
S2tIV=DEXPLYLIIN) SPEC 13A
SUNSUNeS2(T)0SHNLT) NOXX 168
a0 TN 420 SPEC 139 3
¢ SPEC 140
410 Y(I}=TNY SPEC 141 ]
S20(1)=TINY $PEC 142
Commmm INSYRE CONVERGENCE TEST PASSED WHENEVER Y{I)=TNY SPEC 143
X(1)20,000 SPEC 144
420 CONTINUE SPEC 143
NT 450 te],NS NOXX 269
S2(11eS2(T}/SUN NOXX 370 ¢
450 Y(T)=DLOGLS2{I}} NOXX £k 4 ‘
YLASH) Y [NSHIRETASKINSH) SPEC 144 E
SMaDEXPLY(NSN)) SPEC 147
SHINVe]l,0D0/5K SPEC 14R
YING)aYL{NQ)+ETAOR(NG) SPEC 146 1
TLN=Y{NQ) SPEC 150
TUDEXPITLN) SPEC 131
TKINW=],0D07TK S8EC 152
o SPEC 1513
TF (.NOT.LDEBUG) 60 TN %00 SPEC 154
IF C(NDERJG,6F 3} WRITE(Hs430) ITERSETASLREACTALEQUILpLADTAS, SPEC 185 )
1 LNRG,HSURQsSMsEMV, T SPEC 156 ]
1F (NDEBUG,GEs%) WRITE(G2440) (ToASUBIE»11eSILTI,52(R0,VIT Y, SPEC 197
1 X(I1sHOMT da SOUT Yo Inly BS) SPEC 198
&30 FORMATIZXsT13,1P012.3+4L851PADL2,3) SPEC 199
S40 ENRMATL200, THSPECTIFSa AR IMSILIN o TRy SHSZII) o TRoAHY LT » ANy SPEC 160
AAHX LT H, AN, SHHO L T ) » X2 SHSOUT N7 (106N T2 NG AN 2N 1PENA2.3)) s:ec 14}
c SPEC 162
[ 1 X1 [ 11211 ] (2T 1] [ 11 1] [T ITT Y] CHAPTER 5 [ 13 1.1 3N ] SPEC 162 ]
rannke [ ITIY) [T11T) [ T11T) (LU CHAPYER S (LT 1L ] SPEC 164
r SPEC 165
T CNNVERGENCE CHECK.eahAll MOLE NUNRER CORRECTIONS MUST RE .LT. 1.0 PCT  SPEC 1564
r SPEC 167
500 TF tETALLY,.1.,000) G0 TN 550 SPEC 1AR i

21 i




te B N s I |

10

110

a0 %10 I=1,N§

IF (DABSINETIILETL0.,0100) 6D TO 359
CANT I NUF

LCONYA» ,TRUE,

HEUAD R HSUNSRGAS ¢ TH

RETURN

CONT INUE

RETURN

etese sisese see0se se0ese CHAPTER & seenne

Codoose (11217 ] L1 L L] (1111 CHAPTER & "Wieee

¢

[a N ¥ o 2]

¢
1t

400
A10

420

630
200

ENTRY ERATIC

ALCULATES FUEL/AIR EOUIV RATIOs GIVEN MDLE NUPBERS IN S1 ARRAY,
STNG POSITIVE AND WEGATIVE OXTDATION STATES (VALENCES)

VPe(,.000

VN=0,000

0N 610 I=],N$

IF (S1(T)LE,TINY) GO TO 810

0N 400 L=)ehid

TF CAL(L»I0.EQ.0,D0) GN TO 600

TF (ATOM(2+11.6T.0.000) YP=WPsAL{L,THOATONCI,LIOSL(T)
I CATOP(3aL)el To0.000) VinVMeAL(L T ISATDONEI,L)051(1)
CANTINUE

CONTINUE

LLEEL L

TF (WM LTL,TINY) GC TO 820
TFE (VP LY. TINY) GO TO 630
FQeyP  ym

RETURN

ER=1000000.0D0
RETURN

ER=0,000

RETURN
END
SURRDUTEINE CREKD

DOURLE PRECISION ALoROsCPSURSENVSERsFQrHSUBOs HSUN, HOSPASPT o PPLN,
1 00-?10929OSoOQlRGASoRGASlﬂnkﬂo.tSl-SHINVnSRH!SSIVEoSOpSloS@o?Kp
? TKINV,TLN, 2500

DNUBLE PRECISION AN AX2, TACToTACT2s TENSTEN29 X142, CERY

DNURLE PRECISION X,Y

NOUALE PRECISTON AMNLEsBoDXsGRoPECHTIRTLNSSUMaSUNK»SUHY 4 S1IMNY,

1 FENLNSTNL,TH20TE»T2, XBAR, NNAR) XNEM, YAAR
LOGICAL LADTAN,LCONYVGILAERUGSLEQUELLMOLESLNRGLPFACT LSILLENER

CONMON
3ICCHE'IIC'SU'.HSUF|F°!.FlNoRGAS;!GISI".S'[N'!TKINV!T&NDLNRG
L/CEQUILZAL (T30 ) s ATONL 3, 71,8007}, PIL(T)
I'CTNHEIllﬂtﬁnlnFUoloﬂzpInﬂll‘DW!O!IDCU!Q!OHI.IDN!.IDNIOID*QQIDNO?
1oIDNs TOCHs YHCPS s TLCo TLHe INATo ITER o JJaNT o N2 o Y MALNGL OB NGLORS,

P NLMyNQaNS P NST o NS2,10CH
L/CHATREZN(32),¥122)
LACPARARZASUALDIO» 2 ) s ENVFRyHSUBOR NDEAUG NSo PAS QO Q1902503004 RHAP,

SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
SeEC
S PEC
SPEC
SPEC
SPEC
SPEC
SPEC
SPEC
CRXO
cRrQ
NOY X
NOXXX
NOXRX
NOKX
NOXKX
NOXXX
HOXXX
NOXX
CRXO
CRx0
NOXX
CRXOD
NORX
LTk |
45TEe
NOXX
CRKOD

1 SMaSPNII0N o SMO,S1C30)eS2730) TR LADEARRNENUG, LEQUILSLREACT L ENER NOXY

o,ri" I
Qr

AR -
!JOGIe r"' .

149
170
iT1
172
173
174
174
174
177
17A
179
180
181
182
183
184
188
188
187
188
189
190
191
192
193
194
193
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
21)
212

1r2
22
23
ars
as
26
27
LR L)

s
9

ire
nr
404
ate

380
273




ORIGINAL P:“.GE' is
QF POOR QUALITY

2oEDKTI JsL CONVG NOXX inl
LZCREACTZANAIGI o AX2CRB»IDLA IS MDDRIIO) o TACTINOI» TACT UG, CREN 1%
2 TENLAAYSTFN2E36Y, (361 X2(06),CERULAL) LTihd s an2
L/CSPECEZHO{3G) 500301 SSAVECIO N 21T 2000} NOYX A3
[ CRXD 1A
CONRRAORREERINCEERANENNIEsetNttsntsdtessttst ot toinedsttissssssnsindsds CRYD 19
€ THIS SUARPUTINE IS THE INITIALIZING ROUTINE. THF FIRSY CaALl RFANS CREA 20
(1) ELFMENT DATA DFECKe (2) THERMD OATA DECKs AND (23) PECHANLISH DATA CRkD 21
€ DRCK, EACH SUASEQUENT CALL READS ONE REACTANTS DATA DECK,.o.MD LEMIT CRED 22
C NN NYNAER 0OF CALELSeasONE FAR EACH DIFFERENT RFACTANT STREAN CRKD 23
€ PRESSURFE AND TEMPFRATURE OF EACH REACTANT STREAP MUST PE SUPPLIED 8Y CAKD 24
C CALLING PROGRARM TN #A AND TNy RESPECTIVELY CREQ 2%
C ON RETIAN, CALLING PROGRAM MUST STORE MOLE NUMNBERS S2(11s PRESSURE, LRKkD 26
€ TEMPERATURE, ENTHALPY AND DENSITY AT APPROPRIATE INLEY GRID NODE CRrO 27
¢ REFERFNCF CREX (WASHINGTON STATE UNIVERSITY) PAREH 1970 CREQ 2n
CORGEIERERASNOERNISR0OR0RREERIREtsdeReestttdinaettn e PoBaAnssstabtdune CPKD 29
¢ [.1.3] E1Y
DIMENSICN COATA(L12),ATLAY0L4) CRKD (DY
¢ CRKD 32
DATA ACCIA&HCD /o ACO2/74HCOZ 12 AH2ZIAHHZ 1, AH20/74WNHZ0 [, cAKn 33
LARCHAGHPECH o AN 744N2  [oAD2/74M02 /9BLANK/ &M FoBANNI2H [y CRIQ 34
PELEMSGHELEM/ S GATZING /s GLORZGHGLOR/ s NOLZLHNZ o NSTRU/ G/ » CRKDN 3%
IOEACISHREAC/oPEVE/ZAHREVE £ o TENLNZ2,302508093007 s THER/ AHTHER /0 ¢RRO 36
ATHERDZ4HN JaXPAR20,001D07,%N1IN/0,000333323D0/ CREQD ir
OATA CARBsCCSyCOMMs HYDR/LHE p&4HCGS » AHCMM, L HH/ CrKO L)
C CRKD 39
19 READ(5,20) (COATA{I)sple=l,s12} CRxO 40
20 FNRHMAT(12A4) CrXQ 41
MRTTECH,30) (COATALTY,TI=1,12) CRMO 42
20 FORMAT(IHO,3Xe12A4) CRKO 43
c CRKQ &4
TF (CDATAC1).EQ,RLANK) 60 TO 10 CRXQ 45
IF (COATACL) EQ.ELENY GO TO 100 CRXD LY.
IF (COATALY) EQ,THER) GO TO 200 CRxQ 47
TF (CDAYALLY L EQ.ANCH)Y GO TD 300 CREQ 'Y,
IFf (CNATACY)EQ REAC) GD TO 400 CRKD 49
6N TN 10 CRXD 50
[ CReD 5]
CO 8 ¢ 0 ¢ % 0 & 2 0 0 0 8 ¢ ¢6¢ o2 4 &6 ¢ % & CHAPTER L * ¢ & & & & & CRKD L¥3
CO & & & & &£ 6 8 ¢ 8 & 5 ¢ & ¢ &8 6% 088 00 CHAPTER L & & & o & & & (RKD 59
r ceKn 54
C OSesELFNENTSeee (WL L] 5%
¢ QGFRAD ELEMENT DATA FROM CARDS CRXO 11
C ATOME{Lsn) = SYMADL, ATOMC2:0) = ATONIC WT» ATOM(3pK) = VALENCE CRxD 57
C CRxD 5R
100 RGAS=RILALHD0 CReQ 59
REASINEY,ODO/RGAS CRKD 60
1ocn =¢ CRKD L3
InNgsg L A1) 62
tnH? =0 crrQ 63
IDH2N=E CRx LT}
TON2 »(C CRen 6%
10n? =¢ CRKD ah
tLC =0 CRKD 67
TiHa0 CRx0 68
LANTARS TRUFE, caxkn 6%
LDERNGnaFALSE, CRKD 10
NOERLIGY CReN 71
LEONTL =g FALSE, MNOYYX ELL)
LAFAC T, TRUE, CRKD T3
LSIn,.TRUF, CREQ T4
LNRCGm g TRUE 4 MOANX k1.1
LENER®  TRUF, NORYX 3184
£Qal, 0N CRE TH

rra

e ——

5




r e CRKD "7

LILLY Of 41 . PN < L1 78
110 REAN(%,120) (ATORIK,NLA) sKn1,3) N CRKO 79
120 FORMATLAZ TR 2F10,4) CRKO a0
IF (ATOMCISNLAN)LEQ.RLANN] &N TO 140 ChKp 8l
WRITECHPLA0) (ATOMINNL M) pNn)y3) cang Az
130 FORMATLLIX A2,%8%,2610,4/) CRKO L} ]
TE (ATORIIpNLMNYLEQ.CARRY JLC=NLAN CRuN 84
TF (ATORIL NER) L EQHYDR]) TLHmNLN CRKD As
NLMmNL#e) CAKO as
G TN 116 cRrRED [ B
c CRKD ae
140 CONTINUF 1 L4 a9
LTRELTRLS | CRED 90
N)eN{ Me) caxp 9
N2aNLMe2 . CRXD 2
LELLIN TS CRED 913 '»
6N Tn 10 (o 1] 9%
r (W 111] 9
COP &% %0 0% 40 4 40 B4 S0 S0 880 S0 CHAPTER 2 €& ¢ $¢ CRKD 94
Cot 90 40 S0 4h 0 ¢80 S0 98 40 90 0% CHAPTIER 2 e¢ we 0 CRED 97
¢ CRKN 90
£ SEETHERM(t%e CARD 94
C READ THER®DOYNANIC (QATA CARDS CRKD 100
¢ CRRD 101
200 NS») CRRO 102
201 REANC9,210)0 (COATACT)sToLp3)pDTLeOT2o(ATIINsBldlndmlsa)sPHALS CRXD 103
171, T2 NCD CR¥O 104
210 FORMATIIAG AN 2A3540A2,F340)rd)s2F10,2.719) CRKED 10%
TF (COATAt)} EQ.ALANK) GO TO 260 CRXD 106
WRTTECO P21 0LCOATACTE o In1p3)sDTLrOT2eCATCI) B UINpdulpdipPHAL, CRG 107
1T1:T2,50CD CRKQ 108
211 FORMAT(ION » AASOX,2A2p2%pA0A2 2N 3F3,0)92NpAds2%»2F10,3,119) ShuQ 109
1€ (PHAZ NELGAZ) WRITE(S)212) (COATACL)slmlpd),PHAL CRKO 110
212 FORMATCIHO 2 10X 2AMWARNING o oDATA FOR SPECIES»2%03A4s 2N» CREN 111
alIHNNT GAS BUT»2XpAL/Z) CRxQ 112
foee=wREAN 7 WITH FIRST AND SECOND SUBSCRIPTS REVERSED CRKD 113
READISp213) C(F{dslaNS)pdnlsB8I,NCO CRKOD 114
713 FNRMATISN1S,.0,18) CAXD 1135
WRITECHI214) (78Jp1pNShrd=ls5)sNCOD CRKD 114 :
214 FORMATILIOY,501%,0415) CRKD 117 ¢
PEADCRS213) (Z0JedoNS) o dutaThp{2{Ks2pNS5) oK) R0,NCD CRKOD 118
WRTTF(O2204) (24JsdoNS)pdnbaTi (2K p2NS5)aKulpd VN0 crrp 119
PRADIAS218) (T(Jr2sNS)adndsTheNCD cRRD 120
218 FORMAT(4N15,A»120) CRrO 121
WRITE(H218) (2035205 )ededpTheNCD (o 1.11] 122
216 FORNAT{ION40]15,08,1208) CrKQ 123
¢ CRKD 124
(wmmeafSTABLISH ATON STOICHIOMETRY.seAL(LoNY » (XG-ATOMNS ELEMENT L CRRG 125
(moexePFR? XG=MOLECULE CF SPECIES W) CRUD 128
¢ CRKO 127
N 220 LelolLP CRRD 12N
220 ALEL#NS)ImO,0DC CAxD 129
€ CRRQ 130
SUn e, 0N0 CrxO 111
N0 240 Knl,é CR&D 132
TF (RIK),FQ.0,0000 GO TO 240 cexan 133
N 220 LelsM CRXD 134
IF (ATCR{D LI NEATIX)) GO TO 230 cREQ 138
ALCLaNSI=AL{L NS IEA(RY CRXD 13e
¢ CRKQ 137
ComaamESTARLISH MOLECULAR WEIGHT OF SPECIES CRep 134
r (1 §¢) 139
SUMaSIMsATON{ 2, IRAL{N} cenp 140
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ORIGINAL FAGE IS

220 CONTINYE OF POOR QUALITY

240 CONTINUFE
SHY (NS mSUN
S2INS)ha),0D-6

C

(emwn=GTORE HOLLERETH NANE OF SPECIES
¢

NN 280 1=1.)
280 ASUA(NS,TIaCNATALT)

r

Cmmmae§TORF INDEX NUMARER 0OF SPECIES

¢

IF (ASURINS 1) EQ.ACH)  INCOnNS
TF (ASURCNS,11,E0,ACNA2) TDCN2ANS
IF CASURINSs1),EQeAH2)  INH2eNS
TF (ASUA(NS, 1) E0.AH20) ICH20~NS
IF CASURINS»L1).EQ.AN2) TONZ=NS
1F (ASURINS 1) ,EQeAD2)  1DN2eNS
TRENS A NELINCHIGE TO 292
0N 251 I=l,2
no 231 J=1s?
251 TUIslsIDCHI a2tds ToLDCHIOLSAW(EOFUI~2,000)7/26.,00C
252 CONTINUE
c
NSaNS+])
G0 TO 201
0
260 NSaNS~]
NSMeNS 4]
NQaNS 42
NiaNS+3
G0 T 10
[
Cade "ae sse FT] ) (11 " (11 (111 CHAPTER 3 (2 1) sRe
LY T LYY [11] 'Y she " e CHAPTYER 3 ead 11

CRPMECHANTISNO S

READ MECHANISM/RATE DATA CARDS

THE VARTABLE DT1 {COLUMNS T37T76) (S USED AS A FLAGE

CAS ~=~ CGS UNITSs RATE CONSTANTS IN GM=MDLESs CMy SEC
AND EACT IN (NCAL/GW=MULED

CNMM =cw COMBENT CARDy FIRST 4R CHARACTERS PRINTEN OUT

REVE =~~~ REVERSE RATE DATA. N SARE UNITS AS FORWARD DATA

ALOR =e~m GLORAL RATE EXPRESSENN DATA IN $1 uUNITS

NTHERWISFE THE ST UNETS (XG-~MNLES» s SEC) ARE ASSUNED

pT1 AWD NT2 (COL T3/PQF CAN WAVE ANYTHING (COMMENTS)Y TF ABOVE FOUR

WORNS ARF NOT REQGUIRED

TACT 1S ACTIVATION TEWPERATURE, s EACT/GASCON. DEE X

MAMAY I IO AT S

300 Ji=1
NGLNARD

110 FEAﬂ(59311'(Cﬂl?!(!lo!'lpl?'oﬁ!(lll-fEH(JJ'.TACT(JJ'-
1 CFRIME JJheDTRWNT2
I ENAMATLI2005FTa24F%210FTo30F5.39244)
1E (CNATACL) (EQeBLANK, ANDLDTL NELCNNMY GO TO 358
PrecaaCHECK FRR COPRENT CARD
If tDT1NECOPM) GO T 13
WOITFIA212) (COATAEE Yo Tm1s12)
112 FARMATEIHO . X2 THB A, 1P A%, AHGAR)
Gh T M0
CrmmmmlPHECK FNR REYERSE RATF DATAL.«NRNER OF CARDS NUST AE CORRECT
CommmmmlINL TS NF REVERSE DATA ASSUMED SAME AS VYNRWARD DATA
117 IF tNTINELREVEY GO TO 319

REt

CRKO
o L1}
cRxQ
CRKN
cenn
cexn
caxn
c K0
CRKO
CARpD
CRK0
caup
CaKD
CRKD
CREQ
CRxD
CRKO
crRKO
ASTE?
ASTE®
LSTEP
ASTE®
45TEP
CRKD
cRKN
CRED
¢c/xD
CRkQ
cRED
CRKOD
CRKO
CRED
CRxd
cRi(
CRKO
CRKN
CRKN
LLG ]
CRKO
CAKD
CRrRRQ
CRKQ
LCRMN
caxQ
CRXO
CRKO
cReQ
cexQ
CRKD
caxp
CRXOD
[ 131]
Kaxx
NQXN
HOxx
CRNN
CRxO
CRxD
cREQ
CREN
¢exD
crep
CRKN
CRKO

1al
142
143
144
145
144
147
148
149
130
151
1%2
193
154
19%
184
157
154
406
607
608
609
410
139
140
18}
162
163
1h4
1569
1566
187
168
1A9
1T0
111
172
172
114
175%
178
17
178
179
184
181
182
183
184
18%
186
187
IRT
388
389
190
191
192
192
104
198
196
197
1Lan




OR'CINAL PACE IS
OF POOR QUALITY

Jadd=1 CREKO 199
AN2LIrsAXtdd) [ 1Y) 200
TENZESImTENLIN) CR¥O 281
TACTZHIInTALYLIN) CRKD 202

_ WRITE LA DL 4) A2 TENZI )+ TACT2009»DT)Y,DT2 Ccaxn 203
: 314 FORMATLLANLTHREVERSE RATEH DATAS 28X 3F15.19 2A0) CRKOD 204
. Camma=fOMVERT AX2 FOR INTERNAL CALCULAVIONS CAKD 205
AX2¢J)nBXZ (J)*TENLN creb 204
TF (LSTI) GO TN 310 (o ] 1) 207
AX2LJ1=RN2 (4)=TENLNG®2, Q00 CAKN 200
TACT2UA)=TACT2(4)91000,00071,98700 CRKD 209
IF (MODREJDLFOL2) AR2CJ)mBX2( 4D ~TENLNSD,000 canQ 210
60 TR N0 CRKOD 211
CrmamaCHECK FNR UNITS CRXQO 237
319 LSTe,TRUF, caxo 213
IF (OT1.FQ.CG5) LSIn FALSE. CRKLY 214
C CRKO 215
WRITE (Apd10) JJQ(CDATA(Ilil*lillloﬁ!llJltfﬁl(lJllTACT(JJD.D?I.D?? CPKD 216 »
334 FORMATCANO» 3Xs T3, 4H, p12A403F15.25 90, 2440 CRED 217 #
F (oNOT, LSI) TACT(JJ)nTACTLISI21000,D0/1.98700 CRKD 200
fF {DT1.EQ.GLOR) NGLORSNGLNA+]L CRED 219
feomenalONVERT AX FCP INTERNAL CALCULATIONS CR% 220
AXCJIIaANCJIIOTENLN CRD 221
¢ CRKD 222
Comment0(1sd) IS THE INDEX NUMAER NE THE T=TH DISTINCY SPECIES IN caxd 223
fonen=REACTION § sos Imled AS MO DISTINCT THIROD BROOIES ARFE CONSIDERED CRXO 224
C CRRD 225
o0 320 I=1lsb CRKO 220
120 INC1,3J))e0 CRED 227
¢ CRKD 228
no 325 Nal,b CRKO 229
LELL YL CRRO 230
1F (CDATAIN)FO,ALANK) GO TO 325 CRKD 231
IF (CDATAIXK)NELTHIRD) GO TO 321 CRKO 232
COATALK)aRLANK CREN 233
oM Ta 325 canp 234
221 CONTINUE CRKO 215
pn 422 I=la.NS CRKD 2%
IF (CNATATR)NELASUBIT.20) GO TO 322 cRrQ 237
IF CCOATAUK*1)(NELASUBIR,2)) GO 10 322 CRKQ 2an
T1=Y cewQ 239
cn TN 322 cexp 240 .
322 CONTINUE CRKD 241
473 CONTINUE CRXD 262
ININ s 3dInTT CRKD 242
32% CONTINUF CRKD 244
r CREQ 243
r cCaxKd 246
(mmee-STNRE THE TYPE QOF REACTION..«THREE TVPES CRKN 2eT
C MONR 1 sash ¢ A {4C) ~mm) D + E {+F) CRXD ZAB
¢ MARR 2 Lo AR ¢ F o=a A 4 L] canp 249
[ MONR 2 eos A & B ¢ M = AL ¢+ M cRxQ 2%0
¢ CRRO 251
manR{ddietl CRKO 252
1E {I0C2+JJ)oEQa0) NDDREJID =2 [ 141] 2513
IF (IN(RJddY.EQeCH MONR{JIIn3 CRED 254
r CRxQ 255
C CRKN 2%6
e THE FOLLOWING SECTENN, UP TO STATENENT 393 INCLUSIVE. NAY OF CRKO 257
¢ ELTMINATED TF REVFRSE (AS WELL AS LORWARD)Y RATE DATA IS SUPRLIED [ 1] 294
¢ FOR 90 ALL ¥ RFACTTONS. CRKD 2%9
[ CR¥D 260
c CALCUL ATFS REVERSFE RATE COMSTANTS FRAN EQUILTIARTUN CONSTANTS CaxKd 24]
£ ANN FORWARD RATE CONSTANTS FOR FIFTEEN POINTS CRKO 262
277




¢ OVER THF TEMPERATIRE BANGE 1000 TN 1000 DFG ¥ CRKD 24%
r L] 2h4
r INSFRTFD 1 STEP (M.D.HNOVEN. T/22/79) ¢ an 264
IF {AT1.FQ.GINR)Y 61 TH 197 CRKN 206
TF (NTILEQ.GLOR) G0 T 149 CHRO 2n7
NAAlXMAX~XMIN)Z1ALL 1D canp 268
UMM =), 000 crun 769 .
SUMYal,0N0 cann 279 l
THE RS a2 CRKN L&A
NN 1%1 Mel1,18 CRep 2r?
: XINImXRIN4ONSFLOAT (N~ HOxXKR 2n
4 S RSUMY+X{N} cexn L
: TRINY=X{N} cenn 213
T¥a) ,0NOZTHINY CRKED 278
TINaDLECR(THY CRKED 217 »
NSI=1 NOXX 3190 l
LATAL ] NOXX 391
CatLl HCPS caxp 270 :
SyM1=0,000 CRRD 279
ne 3850 ND=1,8 CRYD 240
i KaTD(NNs I I} CRNQ 241 l
f TIF (X4FO,0) GO TO 350 CRKN 282
] GEaHALIK)~S50(R) CRED 283 "
: TE INDLLT 6} SUMLaSUYML+GF CRRD 284
7 TE (NN ,GE. &) SUMLaSUM]=GF CR¥D 284 I
: IRA CONTINYF CRXU bL T '
f- THY =0 ,E{N0 conn 247
: e NATHRAL LDGS NF GAS CONSTANT S, e oeRnB82,057 CN3=ATHIGHML s (CGS) CRKD 28N
; P AND RaC,0A20%T MIA-ATN/KCHOLsK (ST} CRKD 299
: RTLNaTEMA, 40T4DC CRKO 290 l
: T (LSTY RILNaTLN=?,%003400 cany 291
1F (MNPREJJIAGTL1Y GO TOD 2390} CRMD ?92
TF CIDUYp 1 ,EQ0) THLATMISRTLN CRKN 791
IF (INCEsdd) ek Q.0) THLnTHL-RATLN CRKQ 294
GP TOD 3%02 CRKD 295
3501 CONTIMUE CRKQ 296
TFE (IN{2+JJ).FQ.0) THLaRTLN CRKD 29T .
IF (INE8; JJD4FQ.G) THLI==RTLN CRAA 294 '
3502 CONTINUF cCRXQ 299 ' ’
YAINIATPR-SUPLATENCJIINTIN-TACT LI JISTRKINV AN T JI) CRXQ 300
SHMY=SUUMY LY (N) CRKD 301
1851 CONYINUE CRKO g2
NAARaSUNN /15,000 CRRQ 201
YAAR=SUNY /19,000 CRXQ el L I
SUNMYs0,. 000 CRKQ 30%
SUMLI=Ce QN0 cREen 206
AULAET il CRED Q7
nn 352 NulalS cexn wma l
SUMNaS|INX Y {N}*{X{N)~XRAR} ChRen 09
1) nSUMI 4 (N{NI=YRAR ) NO? CRKO 10
SUMY mSUMY S LY INI-YRARYESD LRRO 3l
972 TONTINUE CRRO 3)2
TENZ LI Vm0,0D0 CRKO 3113
TACT2LAd)m=SUMKR/SUM), coxn Ale
A2 ISVt YRARSTACT2ZLIIIOXRAR) /TENLN cery 1
SUAYA0,0N0 CaKn 316
BT A5 Nel,19 cann a7 l !
SHMY w SN+ (Y{N)+TACT2(JJION(MI~TENLHARY 2 JJ)) 002 CAKD 1n
183 CONTIMNUF CReN Te
CIMYeRASARY (1a00Q~SUMX /SUNY Y CRu0 Ao
UMY RAOSORTISIINX 14,000} CoKg 17y
CRATALLI=TACT2 L 44} CRKD yrp
TF CLNNTLIAT) CPRATAELITACT2C20VY01,987N000, 000G ceun aza
MOTTELEsA%AY AY2C00) o TEN2(JINaCDATALL ) SUAR,SHMY Cann 174

e R ‘

po u,j.*\’..‘.i\'




154 FORMATAOXp3TH CALCHLATED HEVERSE RATE DATA, STO DEV AND CORR COEF
1 = pAFLB 43, AR IP2010.Y)
CmmmamlCINYERY BY2 FOR INTEANAL CALCULATEIONS
AR2LIIImAX2{dIVTFNLN
L[4
flomemaSET REVERSE REACTION RATE VARIABLESD FOR GLOABAL REACTIQONS
Crmmmnn§n THAT TAESE VARIADLES ARE NEFINED FOR THE KINETIC RATE
Con amPRINTNUT (M D,HONVEN T£22/79)
157 1F (DT1.NFLGLORA GO TO 355
TACT2(dJrag
TFN2{ JJIng
AX2(JJ)n0
3155 JJi=jJe]
CommuaCOMVERT ALL RATE DATA TO SI UNITS
IF tLSIY 60 T0 310
daf )=y
AXC))aBX(d)=TENLN®],0D0
AR20J)aBAZ¢JInTENLNGS, 000
IF (NDORUJIYLEQa2) MAZ(JIoANRZ(JI=TENLN®D, 000
IF (NONREJILEQeST BRILIuAY{ JV=TENLN®I,0D0
IF (MODRU{JISNELL) GO TO 210
IF {ID(A, 00 NELQ) BX(I)IuBX(J)I=TENLN®3,000
IF (LIDC6s JVNELQF BX21J)e8X21J)=TENLNGI,0DC
6N T0 310
C
1546 JIrldi=]
NELORPeHGLORe])
[
(emaeaPRINT OUT ARRAY OF STDICHMIOMETRIC COEFFRICTENTS
¢
DO 372 J=l,dd
0N 370 Wel,b
KaN#2~]
Lab
COATACKYnRAL ANK
COATACRAL ) mRLANK
TOLJI=T0LtLsJ}
1¢ iDL J. 6000 GO 10 370
COATAIR)I=ASURITDLIS])
COATALtM 4L YuASUBRITDLIS2)Y
370 CONTIWYF
IF (I0(2+4).EQ,0) CDATA(S)=THIRD
IF (T0€5:J1.E0,0 COAYALS)=THIRD
TF (MODREJI4GTal) COATA(RYI=THIRD
WRTFELRA)ITY) Jo(CDATALK) pNels12)
7L FORMAT(ONa TS0l 5N sbA b sHmmmn R AR 0ALTY
IT? CONTINGE
¢
(reoeePRINT CUT ALL RATE QAFA IN ST UNITS
.

WEITE(S200)
IRY FARMAT(//IHOAON 294K INETIC RATE OATA IN ST UNETS/
A1HO Oy IR I 2N SHRODR S 18X 2HTN 2 197 2HAN; 20%» IHTEN» OXy ANTACT,
BLAN AHBXZ» UK AHTENZ+ X, 5HTALT2/Y
nn IN2 Jel,p d
THLaAY{ I/ TENLN
TH?eAX2{J)/TENLN
WRITECA22ALY JoMONRIIN»(I0 Tod o lnl ot b s TRL, TENCINSTACT LY,
1TH2, TENZCS) 2 TACT20J)
Y82 CPNTINUE
AL FORMATEAON) ‘29 1Han L4» IR OT4p 2( N2 2F1 2,200}
¢
Cror==GFT CORTAIT INDEXES TN UNTTY
NN 390 Jnlsdd

CRKD
caxg
creo
chen
Coxp
cexn
CRXD
(1 {i]
cReQ
carn
CRED
CRKD
Chrug
(o 3.41]
caKQ
I 111
CREC
CRKD
CAKD
CRxO
caxg
CRKD
CRKD
CRKQ
CRROD
(o 191
CR¥N
cexp
1 1{1]
CRKD
CRKQ
CRKD
CRRY
CRK:
CRKD
CRKD
o 1 {i]
CRKD
CRKO
cRrp
CReD
CRRD
crro
CRED
cexp
CRKD
CRKO
CRKD
CRKO
CRKD
cexn
cerp
CRrQ
CRxQ
CRKQ
CRKQ
CRKN
CRMD
(L1 .{;}
CREQ
CRAND
CRKQ
cREG
CRxp

325 J
326

327

320

129 {
330

11} i
132

333

134

318

336

337

338

339

340

341

342 »
343 :
344 J
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APPENDIX E

ORIGIHHAL Pives i
OF PCOR QUALITY

LIST OF DEPENDENT VARIABLES AND SOURCE TERMS

TABLE E-1
Dependent
Variable Source Term
2 duy .1 3 vy 1 2
(axial . ooty % (hege %) * T 35 Wets T Tx) * x
Wy, L g¥ 2P
(teff 7x) * Sapray ~ 7x
2 ou, , 12 vy L 1.2
(raggal 7z (Heft ar) t T Or (hegg T ar) * T
velocity) ( (ﬁﬁ _ ) Heff (l iR pEE
Heff ‘Fr ¢ r r f0 K I
v - 2P
* Sspray 0r
W P Meff fuy 1 2 1y _ ¥
(tangential ox (- r PH) t I ¢ [“eft (r a4 r)]
velocity) I
1 0 HMeff 0w . pvw , Teff  Aw
+ T 70 [ . (pﬁ + 2v)] . + T (ﬂr +
v _ W W )
rof U Sspray r of
k GK - pl
(Turbulenc
hinetic
energy)
‘ ‘ (clﬁk - Czpf) L
(bissipation
rate)
b b s 1o o e 287
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Dependent
variable

TABLE E-~1 (Contd)

@
{Mixture

fraction)

m
(Unburd%‘fuel
mass fraction)

m
(Interﬁ%baite

hydrocarbon
mass fraction)

m
(Cocﬁ%ss
fraction)

"By

(H., mass
frgction)

Soot nuclei
and particle
concentrations

~

h
‘Stagnation
euthalpy)

fh added on to Mgy source.

Source Term
Mevap '
»
As per four-step mechanism, (Chapter VI) and
modified by the eddy-break-up model as in
Ref, 1, Page 23,
evap

As given in Chapter III, equations (28) and
(29).

2a [(R* - B} + (RF - B) + (R? -~ E))

In the above table, the symbols have the meanings:

X, E, 0 =

Ioff
|34

1]

noo=

2880

axial, radial, tangential directions;
effective viscosity;
pressure;

density;




spray’
Sapray,

Sspzay

evap

)]

ot 12 1297+ B2+ b

W _ou, 2 au o, v, 2 ow

* Oy con) * Gp )Tt ey
v w2
rag) ")l

Turbulence model constants;

Momentum transfer from spray to the gas phase u, v,
and w - aqomentum equations;

rate of spray evaporation per unit volume;

Absorption coefficient defined as radiation absorbed
per unit length;

Blackbody emissive power;

Composite radiation fluxes (See equations 37,
38, and 139);
Heat of formation of fuel.
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APPENDIX F

INPUT DATA FOR JTB8D-17 COMBUSTOR TEST CASE

In this Appendix, a listing of the input data used for the JT8D-17
Combustor computations is provided. The data shown is for the i
takeoff case using the four-step hydrocarhon oxidation mechaniam.

The specificaiton of the X, x, and ¢ grids is contained in lines »
630-670. Other inputs may be easily interpreted with reference to

the input description provided in Appendix B.
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APPENDIX G
DIMENSIONS OF VARIABLE ARRAYS

The program listing shown in Appendix D is for a 10 x 10 x 5 (axial
x radial x tangential) grid. In order to change the number of nodes
to any NX, NY, NZ, the dimensions of various variable arrays have
to be changed as indicated on the following page. Some of the vari-~
ables are dimensioned as (NX, NY, N2Z) in some subroutines and as
(NXYZ) in others3. Both forms are indicated below. In addition, in
BLOCK DATA, NI, NJ, and NK have to be set to NX, NY, and NZ, respec-
tively.

NXYZ = NX*NY*NZ
NXY = NX*NY

FRCCEDING PACGE BLANK NOT FILMED
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Variable
P
by, bv, DW, ANUC, S00Tl1l, SO0OT2, FCH,
FH2, RHO, VISC, ABSR, SCTR, DRHODP,
u, v, w, PP, P, TEMP, GAM
FS
GENR, SUFU, SPFU
Su, 8P, AXP, AXM, AYP, AYM, AZP, AZM,
C2, C2Zu, CZP, DIVG

AXMK, AXPK, AYMK, AYPK, AZMK, AZPK,
SUK, SPK, EVAP, EVAPU, EVAPV, EVAPW,
EDK, EDK 2

EVSU

CY, CYu, CYP, X, XS, XSU, XDIF, FXP,
FXM, FI.0, TEMTM, H, FUEL, FUOX, UIN,
TIN, FUELS

R, RM, RMV, YSR, YSVR, Y, ¥S8, ¥SV
YDIF, FYP, FYM, JM

Z, 28, 28w, 2DIF, F2P, FIM, KM
IWLI, IWLO

JWLO, JWLI

JKIN

IKIN
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Dimensions
{NXYZ, 7) or (7* NXYZ)
(NX, NY, NZ)

or

{NXYZ)
(NXY2, 14)
(NXY2Z)
(NX, NY)

or
(NXY)

(WX-2) * (NY-2) * (NZ2~-2)

{(NX=-2)* (NY-2)

GE. (NX)

GE - (NY)

GE +(N2)

GE . (NY, 5)
GE . (NX, 5)
GE . (NY, NZ)

GE . (NX, N2)

e — ket




