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NUMERICAL ANALYSIS OF FLOW FIELDS GENERATED BY ACCELERATING FLAMES
| John Kurylo
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720
ABSTRACT

Presented here is a numerical technique for the analysis of non-
steady flow fields generated by accelerating flames in gaseous media.

Of particular interest in the study is the evaluation of the non-steady
effects on the flow field and the possible.transition of the combustion
process tb detonation caused by an abrupt change in the burning speed
of an initially steady flame propagating in an unconfined combustible
gas mixture.

Optically recorded observations of accelerating flames established
that the flow field can be considered to consist of non-steady flow
fields associated with an assembly of interacting shock waves, contact
discontinuities, deflagration and detonation fronts. In the analysis,
tﬁese flow fields are treated as spatially one-dimensional, the influence
of transport phenomena is considered to be negligible, and unburned
and burned substances are assumed to behave as perfect gases with constant,
but different, specific heats. The basis of the numerical technique
is an explicit, two step, second order accurate, finite difference
scheme employed Eo integrate the flow field equations expressed in
divergence form. For this purpose the conservation equations are expressed
in Eulerian form. The progress of and interaction between all the

gasdynamic discontinuities specified above were treated explicitly
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by a floating discontinuity fitting technique which was specially
developed for this purpose.

Of particular importance in the computational scheme is the proper
handling of deflagrations since the differentiating algorithm of the
conservation equations cannot be applied across them. To accommodate
this difficulty at each time interval, the Eulerian computational grid
is shifted throughout the whole flow field so that it moves with the
speed of thg deflagration. The burning speed, governing the motion
of the deflagration, is expressed in the form of a power law dependence
on pressuré and temperature immediately ahead of its front.

Each floating discontinuity fitting algorithm requires six to
eight spatial grid points for the explicit handling of the discontinuity.
This set of points defines a zone of influence. Discontinuities
which propagate without interacting with each other nor with a plane,
line, or point of symmetry, are considered to be well separated and
their pfogress in the flow field established by the appropriate floating
discontinuity fitting technique. When discontinuities are not well
separated, that is when their zones of influence overlap, more elaborate
difference algorithms are employed to ensure that differentiation,
applicable dnly to the continubus portions of the flow field, is not
carried out across a discontinuity. The actual interaction between
non-reactive and reactive waves is considered to occur instantaneously.
The resulting steady wave solution is obtained by the vector polar
interaction technique, that is, by determining the point of intersection
between the loci of end states in the plane of the two interaction

invariants, pressure and particle velocity.
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The technique is illustrated by a numerical example in which a
steady flame experiences an abrupt change in its burning speed. Solutions
correspond’either to the eventual reestablishment of a steady state
flow field commensurate with the burning speed or to the transition
to detonation. A stability curve, a line of demarcation between the
regimes of solution leading to steady and non-steady flow fields on
the plane of the inérement in the burning speed and its initial value,
is présented. The results are in satisfactory agreement with experimental

observations.
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NOMENCLATURE
speed of sound
area
a/a, (Figure)
constant Eg. (5.18)
transformation variable Eq. (4.9)
specific heat at constant volume
detonation wave speed
stagnation energy
function of pressure Egq. (5.1ll)
function of density Eq. (5.12)
Hugoniot
position index on the computational plane
geometry index (0, 1 and 2 for plane-, line- and point-
symmetr ical geometr ies) |
Chapman-Jouguet detonation state
Chapman-Jouquet deflagration state
mean molecular weight
shock Mach number
detonation Mach number
ﬁu / D_db
time index on the computational blane
pfessure
pressure ratio across the discontinuity
p/pPo (Figure)

gas constant
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x'/x'

£ (Figure)

Rankine-Hugoniot
Rayleigh Line
flame burning speed

transformed time variable Egq. (4.5a)

time

temperature

t'/;;;;/x% (Figure)

particle velocity

transformed velocity Egq. (4.1lb)

u/a, (Figure)

specific volume

transformation velocity Eg. (4.5b)

experimental data (Figure)

transformed space variable Eg. (4.5b)

position

flame position at the instant of initial acceleration
index Eg. (5.25)

asymptote of Hugoniot hyperbola

ratio of specific heats

temperature index Eg. (2.1)

coefficient Eq. (5.1)

quadratic equation coefficients Egs. (5.7), (5.16), (A.6)
pressure index Eq. (2.1)

specific volume ratio

v/v (Figure)
o} ,
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L explicit artificial viscosity

p density

p 0/0, (Figure)

o transformed density Eq. (4.1lla)

X constant Eq (5.12)

[l conserved quantity Egs. (5.1), (5.2)

[ | absolute value

A step
+ node adjacent to a contact discontinuity
@) locus of end states (Figure)

Subscripts

b state behind the combustion front
CcJ Chapman~-Jouguet state
d ratio of combusted to uncombusted parameters across the

deflagration front

£ constant pressure combustion at local pressure

F constant pressure combustion at reference pressure

h head of the rarefaction

G constant specific volume combustion at reference specific
volume -

i position index on computational plane

J Chapman-Jouguet state

N von Neumann state

o] undisturbed reference state

] shock



G

-xii-

t tail of the rarefaction

u state ahead of the combustion front

X ‘ vposition

1 state to the right of a discontinuity
2 state to the left of a discontinuity
3 state ahead of the discontinuity

4 state behind the discontinuity

Superscripts

n time index on the computational plane

— provisional value
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1. INTRODUCTION

From the point of view of gasdynamics, all combustion processes can
be classified as either detonations or deflagrations. Detonation, first
described by Berthelog'in 1881, is the more dynamic process,
characterized by a supersonic wave speed on the order of kilometers per
second and a significant increase in presure, density, and fluid velocity.
Deflagration is characterized by low subsonic burning speeds, negligible
pressure changes, and significant increases in specific volume. However,
deflagrations are endowed with the unique ability to generate pressure
waves, 273

Oppenheim6 has established that if a sufficient amount of energy is
deposited at a sufficiently high rate in an explosive gas, a detonation
wave can be-directly formed. Below a critical value of the initiation
energy and power, there ensues a flame front that gradually recedes from
that of the leading blast wave. Within the critical regime between the
two, the non-steady mechanisms by which the process can accelerate
from deflagration tb detonétion have been the subject of an intense
wide-ranging exper imental program‘of research over the last three decades.
The development of and advances in optical techniques for viewing the
flow field on a time scale commensurate with the non-steady mechanisms
led Schmidt, Steinicke and Neubert’8 to produce the first photographic
records of the development of detonation. These photographs provided.
the first insight into the nature of the non-steady mechanisms associated
with the transition to detonation. As confirmed by stroboscopic-schlieren

photographs in exper iments by Oppenheim and associates,6r9"11 the main
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mechanism of the transition is the action of the transverse waves genera£ed
by the deflagration process and the formation of their wave intersections
and interactioﬁsL

The capability of deflagration to accelerate to detonation is
important in the asseésment of the dangers associated with unconfined
vapour cloud exélosions.. The rapidly increasing volume and rate at
which flammable liquids and vapours are transported today throughout
the world enhances the possibility of a variety of accidents that cause
leaks and spills. An overview of the hazards due to such occurrences
over the last 42 years was reviewed by Strehlow.12 One hundred and
eight fuel—air cloud explosions, the largest cloud encompassing 20
million cubic feet of combustible mixture, were documented. More recently,
dangers associated with large-scale transport of fuels, in particular
liguified natural gas (125,000 cubic meters or 5.6 x 107 kgs) , gained
a considerable amount of attention. Thié is exemplified by the reports
of Fay13'14 about the dispersion and flammability of LNG vapour clouds,
and by the paper of Haverdings et al.15 about the extent o£ damage
which could be inflicted by the explosion of a fuel-air cloud resulting
from the collision of a tanker at the entrance to Rotterdam harbor.
As noted in the paper by Oppenhein, Kurylo, Cohen and Kamel,16 the
scope of potential danger from such clouds extends well beyond their
initial boundaries. They concluded that detonative combustion of the
cloud produces a higher level of potential damage than the deflagrative
combustion of the cloud. These differences in the intensity of the
blast waves and character of the flow fields persist until the front

of the leading blast wave reaches a distance of five initial cloud
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radii. At greater distances, the question of whether transition to
detonation did or.did not take place inside the cloud is irrelevant.

All this leads to the question: Under what conditions does deflagration
maintain a steady state propagation rate and when does it accelerate to
detonatién? Such knowledge could lead to design requirements minimizing
the occurrence of detonation by prohibiting design configdrationé,

energy sources, and turbulence sources which could directly or indirectly
trigger the transition-to detonation,

In order to elucidate the conditions necessary to promote transition,
Wagner et al.l? performed experiments using screens to increase the flame
propagation'rate in unconfined stoichiometric hydrocarbon-air mixtures.
They reported that centrally ignited steady deflagrations, upon.passing'
through a screen, experienced significant increases in burnihg speed
but did not transist to detonation. Rather they developed a new thermodynamic
and gasdynamic state commensurate with the higher burning speed. However,
they noted that flames with higher initial propagation rates (of approximately
50 meters per second obtained in oxygen enriched hydrocarbon-air mixtures)
did go to detonation. In fact, their results indicate that increasing
the initial flame propagation rate decreases the level of disturbance
necessary for transition.

Therefore, the object of this study is the evaluation of the
non-steady effects on the flow field and the possible acceleration
of the combustion process to detonation, due to a disturbance at the
flame front. The disturbance is considered to have the effect of causing
an instantaneous change in the relative flame burning speed. Such

phenomena are well established in the combustion literature. It is



due to the effects of turbulence and has been exploited in the form

of the so called Shchelkin turbolizers, used for detonation research.l?
In particular, it is the aim of this work to quantify the level of

the disturbance necessary to trigger the transition to detonation.

. The key to achieving this result lies in the unique feature of flames
to generate pressure waves. By focusing attention on the pressure
waves denerated by the initial disturbance and determining their
subsequent interaction with the flame and the remainder of the flow field,
the evolution of the non-steady processes cah be traced.

Over the last 3 decades many methods have been employed to solve
complex gasdynamic problems. Analytical analysis has been able to predict
the structure of blast waves under a variety of conditions,18/,19 including
blast waves sustained by stéady flames.20 That analysis has been restricted
to the case of self-similar solutions, whereas the problem now under
consideration correspondé to a non-self similar flow field. Early
numer ical techniques based on the method of characteristics,21‘23 although
exact in principle, suffered from losses in accuracy due to interpolation
and extrapolation. A currently popular numerical techniquelsvz“"26
for removing the explicit computation of shock fronts was developed
by von Neumann and Richtmyer27 and later modified by Wilkins.28 This
technique utilizes the concept of explicit artificial viscosity. The
smoothing action of explicit artificial viscosity transforms the dis-
continuous state propgrties across a shock frontlinto smooth but rapidly
varying quantities over a small number of computational zones. However,

the excessive influence of the explicit artificial viscosity during
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the interaction process with the combustion front renders the technique
inadequate for this problem.

During the last 15 years, great strides have been made in the
theory of numerical analysis. The problems of the global conservation
of mass, momentum, and energy, and the adequate treatment of shock fronts
Qere overcome by the numerical differencing of the governing equations
expressed in conservative?? form and by the development of implicit arti-
ficial viscosity30 techniques. The influence of the implicit artificial
viécosity durihg the interaction process with a combustion front can
be reduced through the technique of floating discontinuity fitting
developed by Moretti,31-33

The primary objective of the work reported here is the development of
a numerical technique for the analysis of the non-steady flow fields
generated by accelerating flames in a gaseous media. The numerical
technique in its final form is not limited in scope to flow fields
containing only blast waves, nor is the combustion process restricted to
the case of detonation or Chapman-Jouguet deflagration.2.5'26 Rather
the technique is capable of responding to and tracing the flow field
processes which occur during the development of detonation. From the
application of the technique, the level of disturbance necessary to
trigger.the transition to detonation can be épecified.

Presented first is a discussion of the wave processes involved in the
transition from deflagration to detonation. This provides physical
reasons why the elementary wave processes of shock waves, contact
discontinuities, deflagrations and detonations can be treated as plane

discontinuities. The burning speed law governing the motion of the

i
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deflagration is then reported, followed by a brief note on the initial
conditions corresponding to flow fields with plane, cylindrical, and
spherical symmetry. Chapter 3 indicates the method employed in solving
the problem of multiple wave interactions involving non-reactive and
reactive waves. Chapter 4 introduces the explicit difference scheme for
the integration of the conservation equations that describe the dynamic
behaviof of the non-steady flow field. A description of the algorithm for
the floating discontinuity fittipg technique for shock waves, contact
discontinuities, deflagrations and detonations follows. in Chapter 5. The
next qhapter isAdevoted to the specification of the numerical procedures
required during the short period of time prior to and immediately after a
wave interaction. The method of application of the numerical procedure
is given in Chapter 7. Detailed results for two cases corresponding

to the same initial flame burning speed, but experiencing different
increments in the burning speed, are presented in the form of time-

space wave diagrams, pressure-space profiles and pressure signatures.

The stability curve, a line of demarcation between the regimes of
solutions leading to steady and non-steady flow fields on the plane of
the increment in burning speed and its initial value, is presented.
Finally, Chapter 9 includes a summary of the significant features of

the computational technique presented here, and conclusions regarding

it.



2. FLOW FIELD PROCESSES

2.1. Wave Processes

This section discusses the wave processes which can occur in the flow
field due to an increase in flame burning speed and in the éourse of
transition to detonation. During the last 3 decades an intense wide-
ranging experimental program aimed at elucidating the non-steady processes
that govern the development of detonation has been carried out. In
contrast to the basic experimehtal apparatus for detonation.experiments,
a long slender tube, which today remains practically unchanged from that
first described by Berthelot,! it was the development of and advances in
optical techniques for viewing the flow field that provided insight into
the nature of the non-steady processes associated with thebtransition to
detonation. |

At the Fourth International Symposium on Combustion, Schmidt,
Steinicke and Neubert8 presented photographs of combustion waves in tubes
obtained by the use of schlieren optics with a rotating drum-camera.
Based on shock and flame traces in the time-distance domain as described
by Schmidt et alfs7interpretation of a photographic record of the
development of detonation, Oppenheim and Stern34 extensively analyzed
their results. They proposed that the transition from deflagration to
detonation was controlled by wave interaction phenomena involving shock
waves, contact discontinuities, rarefaction waves and deflagrations.
Experimental and theoretical investigations of shock-flame interactions
begun by Chu33 and Markstein36/37 and enhanced by the ingeniously simple
technique of Salamandra and Sevastyanova38 for producing incident

shock waves, concluded that the propagation of the flame was significantly
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influenced by the interaction. The ability of flames to generate pressure
wa&es in confined and unconfined atmospheres was established in experi-
ments by Laderman et al.2~4 and Oppenheim, Kamel and Varvatsoulis.’

It was shown that the generation of pressure waves by the flame could

be theoretically modelled by accounting for the change in the rate

of heat release brought about by the increase in the surface area of

the combustion. This demonstrated the dynamic effects of combustion

on the flow field. The dependence of transition on the interaction
processes between the waves generated by accelerating flames in an
explosive gas mixture was confirmed by strobscopic-schlieren photographs
in experiments by Urtiew and Oppenheim.slg'll Therefore, when considering
the effects of an increase in flame burning speed on transition to
detonation, it is essential to take proper account of the following
elementary wave processes and of their interactions: shock waves,

rarefaction waves, contact discontinuities and deflagrations.

2,2, Wave Treatment as a Discontinuity

Optically recorded experiments, notably in publications of Oppenheim
and his associates,4'5'39 show that the wave fronts of shock waves,
contact discontinuities, detonations and flames have steep density
gradients. Thus, all considerations associated with their structure
and details of the progress of these waves, such as induction and
relaxation phenomena and the effects of diffusion, viscosity and con~
ductivity, can be neglected in favor of their dynamic effects. This
yields a step-wise interpretation of the wave process which in reality

has 'a more continuous character. The wave fronts are treated as plain



surfaces in the flow fieid, across which finite instantaneous changes
in state occur. In particular, flame fronts are treated as deflagrations,
that is, discontinuities associated with a finite pressure change.

By accounting only for the dynamic effects of the wave processes,
Laderman, Urtiew and Oppenheim40 were able to successfully reconstruct
a time-space wave diagram obtained from a streak-schlieren photograph
and two associated pressure transducer records of a flame and shock
undergoing numerous interactions and intersections. The experiment
was carried out in an equimolar Hy-O, mixture maintained initially
at room temperature and 100 mm Hg. The flame had an initial burning
speed of 35.1 meters per second and the left running shocks had strengths
of 1.14 and 1.024. Further details of the experiment can be found
in Laderman, Urtiew and Oppenheim.4° Figure 1 shows the streak-schlieren
photograph with the insert displaying the pressure records at stations
1 and 2. Figures 2 and 3 show the time-space diagram obtained by a
finite wave analysis and the close comparison of the experimental and
analytical pressure profiles. Therefore, the conclusion that proper
account of the progress of shock waves, contact discontinuities, detonations
and flames in the flow field can be achieved by treating these elementary

waves processes as plane finite waves is justified.

2.3 Flame Burning Speed Law

In analyzing the effect of an increase in flame burning speed on
transition to detonation, the burning speed governing the motion of
the flame was considered to be proportional to the thermodynamic state

immediately ahead of its front. The specific form adopted was
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8 )
= IT\NT (R (2.1)
s SO(T0> (Po)

where § is the normal burning speed, T and p are respectively the
temperature and pressure immediately ahead of the flame front, while
subscript o denotes the undisturbed, reference, conditions. Numerical
values of the indices were selected so as to best fit the available

exper imental data. Such data were based on the experiments of Gilbert,4l
Goldenberg and Pelevin, 42 and the more recent experiments by Bradley

and Hundy,43 and Andrews and Biadley44'45 Their correlations, valid

over a wide ranges of pressures, temperatures and hydrocarbon-air mixtures,
suggest that § = 2.3 and 6 = 0.5. 1In the case of a Chapman-Jouguet flame,

the burning speed dependence on temperature, as shown in Appendix A,

becomes
R EETES: - ]
SCJ = 7 (1 - B) [‘J\)f - B _Wf -1 (2.2)
where
Yp - 1
Yb -1
and

y
To To YO b-l ‘
vf(f‘)"F*[ ‘T—”v; To-1 7 ‘1

where subscript b refers to the combusted state behind the deflagration,

U‘Z'ICF|

R represents the gas constant, M denotes the mean molecular weight,
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vp and vg refer to the specific volume ratio corresponding to a change

of state at the reference and local pressures respectively. This relation
arises due to the thermodynamic consideration associated with the Chapman-
Jouguet condition of tangency of the Rayleigh line to the Hugoniot

curve.

2.4. 1Initial Conditions

The initial flow field conditions used in determining the effect
of an increase in flame burning speed on transition to detonation are
evaluated based on Kuhl, et al.'s20 analysis of the pressure waves that
can be generated by clouds of explosive gas mixtures, in an atmosphere
which is initially at rest. Their self-similar analysis assumes that
the combustible mixture gives rise to a flame front, justifiably |
characterized as a deflagration, which propagates into the medium ahead
of it at a given burning speed. As noted in Section 2.1, a éteady .
blast wave preceeds the flame. The combustible medium is treated as
a thermally and calorically perfect gas. In addition, the boundary
condition of a zero particle velocity in the burned regime immediately
behind the deflagration is used. The space profiles of the gasdynamic
parameters, i.e., the pressure p, density p, and particle velocify
u, corresponding to a steady deflagration with a burniné speed of 25
meters per second are presented in Figs. 4 to 6. These results are for
a case of a typical hydrocarbon-air mixture with thermodynamic properties

specified by
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Vp = 17,

éo = 331 m/sec,
M =1,

Yo =qu = 1.3,
Yp = 1.2

where vp represents the ratio of specific volumes at the undisturbed
pressure, a refers to speed of sound, M denotes the ratio of molecular
weights and subscripts o, u, and b refer to the reference, uncombusted,
and combusted states respectively. The undisturbed pressure, density,

and Newton's speed of sound have been used to nondimensionalize the
ordinates in Figs. 4 to 6. The space coordinate has been nondimensionalized
with respect to the flame location. The values of j equal to 0, 1,

and 2 correspond to flow fields with plane, line and point symmetry.
Maximum pressure and shock strength occur in the case of plane~symmetrical
flow. 1In the cylindrical and spherical cases, the profiles increase

from the leading shock to the deflagration front. These gasdynamic-~

space profiles represent the state of the flow field at the instant

the combustion front experiénces a sudden increase in its burning speed.
This increase is specified as part of the initial conditions. Appendix B
contains a listing of the computer codes used in generating the initial

conditions.
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3. DISCONTINUITY INTERACTIONS

3.1 Vector Polar Method

This section discusses the method of analysis used to evaluate
the wave interaction phenomena which occur during transition from
deflagration to detonation. In the 1940's the method of characteristics
was effectively‘employed in the analysis of non-steady gasdynamic problems.
However, its application to wave interaction processes was restricted
to the continuous domains éf the phenomena thus capable of only tracing
the details of the process. Then, in 1958, Oppenheim and stern34 introduced
the vector polar method, the simplest and best known of all the polar
methods developed in the 1950's, for analysis of wave phenomena. 1In
contrast to using the method of characteristics, Oppenheim and Stern34
" took the approach that it is mofe important to evaluate the gasdynamic
states and wave system attained by a given wave interaction after all
the transients have died down, than to trace the details of its progress.
This is the method used in the present calculations. Leaving the
zone of interaction completely outside the scope of the method of analysis
is justified by our experience that the duration of the wave interaction
event in the course of development of detonation is short in comparisbn
to the rest of the wave propagation. The vector polar method is based
on the use of wave polars, that is diagrams representing the loci of
states attainable by a given wave front without any consideration given
to the details of the flow process across the front. By using a logarithmic

scale of pressure and local speed of sound ratio for the ordinate and
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a linear scale of particle velocity for the abscissa, the plane of the
polar diagram is rendered a vector character. Consequently, as pressure
ratios are multiplied in crossing a discontinuity while the particle
velocities are added, the solution for a given wave interaction is
obtained by the addition of vectors, representing changes brought about
by the action of the fronts that participate in the wave interqction
process. The analysis assumes that the wave thickness is negligible

in comparison to the flow field as a whole, and that the wave fronts

are locally plane in the immediate vicinity of the interaction point.
This thinness assumption has been justified in Section 2.2. For this
purpose flame processes are treated as a deflagration, that is, a discon-
tinuity associated with a finite pressure change. The most important
aspect of the vector polar method is the facility it provides in solving
interactions between shock waves, rarefaction waves, deflagrations,

and contact discontinuities, thereby making tractable the problem of
multiple wave interactions which occur as detonation develops.

Phenomena associated with non-reactive and reactive interactions are

discussed in Sections 3.2.1 and 3.2.2 respectively.

3.2. Interactions

3.2.1. Non-Reactive Interactions

Wave interactions in which none of the participating wave processes
are driven by combustion constitute non-reactive interactions. Shock

waves, rarefaction waves and contact discontinuities are examples of
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such wave processes. The reason for the distinction between non-
reactive and reactive interactions will become evident in the succeeding
section. During the transition from deflagration to detonation, the

following non-reactive wave interaction systems were encountered:

(1) shock-shock collision

(2) shock-shock merging

(3) shock-contact discontinuity as > aj
(4) shock-contact discontinuity az < ay

(5) shock-plane of symmetry

where aj and ap refer to the local speed of sound in the states
immediately to the right and left of the contact discontinuity.
Interactions involving rarefactions waves can be handled by the
numerical scheme discussed in the succeeding chapter. The gasdynamic
states and resulting wave system for each interaction are evaluated

by the vector polar method. Typical vector polar diagrams for
interactions (1) to (5) are presented in Figs. 7 to 1l1. Included are
the time-space wave diaérams. In the time-space diagrams the thin
dashed lines indicate particle paths, the solid lines denote shocks,

and the double lines denote contact discontinuities. In each case,

wave processes are created and/or annihilated as a result of the
interaction. For interaction (5) closed form analytical expressions for
the reflected gasdynamic state parameters and shock Mach number in terms

of the incident gasdynamic state parameters and shock Mach number exist.46
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In the numerical computations a criteria for determining when
the resulting wave pattern has been found is required. With reference
to Fig. 7, after known states 0, 1, and 2 are located in the P-U and
A-U planes, andvthe loci of attainable states 3 and 4 drawn from states
1 and 2, the criterion for determining the exact locatidn of states

3 and 4 is, as explained by Oppenheim and Stern:34

"The utility of the P-U plane is a direct consequence of
the fact that each wave interaction is governed by the
dynamic compatability condition, that is, the condition
that any new domain bounded by waves resulting from the
interaction must contain particles which are all at the
same pressure and move with the same velocity irrespective
of their previous history (i.e., irrespectively through
which boundary they get into the domain in question).
Since such a condition does not apply to another thermo-
dynamic parameter, each interaction generates in principle
a contact surface, that is a surface dividing two different
states within the same domain, which is, of course,
parallel to the particle velocity. 1In other words, the
salient feature of the P-U hodograph plane is the property
that the domain resulting from any wave interaction is
represented there, and only there, by a single point, in
spite of the fact that it may represent two states
separated by a contact surface."

"Unlike the P-U plane, the states on the two sides of the
contact surface are here (A-U plane) represented by two
points, having the same value of abscissa since they
correspond to the same particle velocity.”

3.2.2. Reactive Interactions

The wave interactions involving a wave process driven by combustion
are reactive interactions., Deflagrations and detonations are examples
of such a wave process. Whereas in non-reactive interactions the energy

supporting the resulting wave system satisfies the Rankine-Hugoniot
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relations, in reactive interactions the Hugoniot relations must be
satisfied in order to account for the chemical energy released in the
form of heat during the combustion process. The complexity lies in
attempting to uniquely determine this quantity of heat. The flame
burning speed law (Section 2.3) provides the necessary relation. 1In
the development of detonation, the following reactive wave interaction

systems were encountered:

(1) initial deflagration acceleration
(2) shock-deflagration merging

(3) deflagration-contact discontinuity
(4) detonation-contact discontinuity

(5) detonation-shock merging

where interaction (1) represeﬁts the finite increment in the burning
speed associated with the initial‘disturbanée. Interactions (2) and

(3) constitute the primary mechanisms for deflagration acceleration,
while interactions (4) and (5) involve the detonation process.

The gasdynamic states and resulting wave system for interactions (1)

to (3) were evaluated by the vector polar method. Typical polar diagrams
are presented in Figs. 12 to 14. The non-steady analysis of inter-
actions (4) and (5) is presented in Figs. 15 and 16 respectively.
Time-space wave diagrams are included. The thick dashed line represents
a deflagration, "CJ" indiéates a Chapman—-Jouguet deflagration and a

thick solid line denotes detonation.



-18-

The wave system for interaction (1) was obtained by specifying
the increase in burning speed given by the initial conditions, rather
than by the flame burning speed law. With interactions (2) and (3),
two and three wave systems respectively could arise, each depending
on the shock and contact diécontinuity strengths. Figures 13A and 14A
present the final wave systems in the polar and time-space planes for
interactions (2) and (3) in which the deflagration burning speeds increased
but remained below the Chapman-Jouguet value. However, Figs. 13B and
14B present wave systems corresponding to Chapman-Jouguet deflagration.
Due to the increased shock and contact discontinuity strengths, the
interactions'were of sufficient intensity to produce Chapman-Jouguet
deflagration. Figures 13C and 14C indicate how the loci of end states,
states 5 and 6, fail to interseét when burning speeds less than the
Chapman~-Jouguet value are assumed for case B. Figure 14D presents
‘the results‘for a Chapman-Jouguet deflagration—-contact discontinuity
interaction.

The non-steady wave systems generated by interactions (4) and (5)
were analyzed in the thermodynamic plane of pressure and specific
volume, shown in Figs. 15 and 16. The pressure and specific volume
in these figﬁres have been nondimensionalized with respect to an un-
disturbed reference pfessure and specific volume. Indicated in
Figs. 15 and 16 are the Rankine-Hugoniot and Hugoniot curves, denoted
by symbols R-H and H respectively, associated with the thermodynamic

states 1 and 2, corresponding to the right and left hand sides of the
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contact discontinuity. In the analysis a detonation front is modelled
as a shock front followed by a deflagration. Overariven detonations
arise in interactions (4) and (5) because thé change of state across the
shock front, associated with the detonation, propagating into state 1

- must be compatible with its speed as it emerges from state 2. The
thermodynamic states immediately behind the detonation front, just

prior to the ihteraction and after the decay of the interaction's non-
steady effects, are ‘indicated by points J, and J; respectively. These
states are the Chapman—Jouguet states associated with initial states 2
and 1. They are determined by the condition of tangency of the Rayleigh
line, denoted by symbol RL, to the Hugohiot curve. The non-steady
phenoména in interactions (4) and (5) are associated with the transition
from state Jy to state Jl; The decay from overdriven to Chapman-Jouguet
detonation occurs due to the interaction of rarefaction waves, propagating
at speeds greater than the detonation speed, with the leading detonation

front. This condition is expressed by the inequality

where a and u:reﬁresent the sound and particle speed immediately behind
the detonation front and D represents the detonation front velocity.
The inequality sign applies for overdriven detonations while the equality
sign pertains to Chapman-Jouguet detonations.

In modelling the non-steady phenomené arising from interaction (4),
the transition from state Jy to state Jy is assumed to occur over one

time step characteristic of the method of calculation. 1In interaction (5),
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the differences between states Jj and J; are large. The non-steady decay
of the overdriven detonation is modelled initially as an instantaneous
decay of the overdriven detonation to a level such that the pressure
behind the detonation front falls slightly below the pressure at state‘
Jo. This state is indicated in Fig. 16 by the dashed line. Then the
decay to Chapman—-Jouguet detonation occurs in 20 equal increments,
"requiring one time step, characteristic of the method of calculation,

per increment.
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4. NUMERICAL METHOD

4.1. Governing Conservation Equations

The most convenient form to cast the laws of conservation of mass,
momentum, and energy, which describe the one-dimensional time-dependent
flow of a compressible fluid, is the conservative form. If the area
of the flow is variable, it is also convenient to include the area
in the basic equations. 1In the absence of externallbody forces, energy,
and mass sources, and with negligible effect of the transport processes
of diffusion of mass, momentum, and energy, the basic governing egquations

can be written as

d (PuA) _ 3 2 aa_ (4.2)
3¢t - T 3xv (Pu®A + pA) + PRy
9(Eg) 4.
St = - 5o (u{Eg + pA}) (4.3)
where
u
ES = pA(CvT + '2—)
p = PRT (4.4)

where p, p, T, Eg and u are the gasdynamic properties pressure, density,

temperature, stagnation energy and particle velocity respectively; t',

xl

- independent variables time and position; A - area; Cy - specific
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heat at constant volume; and R the universal gas constant divided by
the mean molecular weight.

For the purposes.of simplicity and generality, the flow variables
are nondimensionalized by scaling the pressure and density with respect
to their reference values (p,,f,), scaling velocities by (po/po)1/2,
scaling energy and temperature by (po/Pp), Scaling all lengths with
respect to the flame's location at the instant of initial acceleration,
'x;, and scaling time with respect to x%/(po/po)l/z. Section 5.3

discusses the necessity of the following transformation of the independent

variables in applying the floating flame fitting technique:
t=t' (4.5a)

x' - Wt' (4.5b)

»
1]

where W is a time dependent but spatially independent quantity. Time

and space derivatives become

a3 a) (4.62)
5’ C ot (w+tdt) x

3 .9 (4.6b)
ox' ox

The nondimensionalized transformed governing equations can be written

as

pA ' .
a(at) = - 53; (Pud) - Ay 3‘%%’— (4.7)



~23~ .

alpwn) _ 3 2 & _, 3(pun)
ot - ax (bu-a + pA)-I.pdx A¢ ox
d(Eg) . 9 (Eg)
56 = T ax (uEs ¥ AN - A
where

ul
Es = pA<CvT + 5—)

and

dt

p = pRT

4.2, Numerical Integration

(4.8)

(4.9)

(4.10)

These equations form a system of non-linear hyperbolic equations.

The solution of this system can breakdown due to nonlinearity and exhibit

a pattern of shock waves, contact surfaces with large energy differences,

vortex sheets, and slip lines, the latter two surfaces being evident

only in higher dimensions. Analytical analysis of these flows have

been limited to cases of steady or self-similar flows,
only a few such surfaces. As a characteristic length,
traversed by the flame prior to the instant of initial

is inherent in the problem, a self-similar analysis is

incorporating
the distance
acceleration,

ruled out.
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4.3. Numerical Scheme?’

Over the last 3 decades, many methods have been employed to solve
one-dimensional gasdynamic problems under a variety of circumstances.
The most successful early'techniques were based on the method of
characteristics,21-23 Although they were exact in principle, they
suffered losses in accuracy due to interpolation and extrapolation.
Also, the method of characteristics did not lend itself as readily
to the digital computer as the more efficient finite difference technique.
The method of shock capturing, a technique to remove the explicit com-
putation of the discontinﬁity, developed by von Neumann and Richtmyer27
and as modified by Wilkins,28 utilized the concept of explicit artificial
viscosity. The rapid changes of state produced by shocks waves were
treated by replacing pressure, p, in the Lagrangian conversation equations
with p + 7™ where 7 is a psuedo-viscous pressure depending on the form
of the explicit artificial viscosity. The smoothing action of explicit
viscosity transformed the discontinuous state properties across the
discontinuity into smooth but rapidly varying quantities over a small
number of cells, on either side of which the discontinuity relations
were satisfied. As the whole flow field could be treated as a single
continuous flow field, the method found many applicat'.J'.ons.16'24‘26
However, the excessive influence of the explicit artificial viscosity
during the interaction of discontinuities with the combustién front
rendered the technique inadequate in this problem.

The finite difference methods used to solve one-dimensional

gasdynamic problems over the last 15 years and the difficulties

encountered by these methods are discussed in Richtmyer and Mor ton30
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and Ames.48 The two most prevelent problems were concerned with the
global conservation of mass, momentum, and energy and the adequate treatment
of discontinuities. The solution to these problems were accomplished
by casting the governing equations into conservative form and by the devel-
opment of iﬁplicit artificial viscosity techniques. Differencing equations
in conservative form ensures global conservation of mass, momentum,
and energy.29 The method of shock capturing utilizing implicit artificial
viscosity is based on generalizing the concept of a solution of Euler's
equations to include weak solutions, i.e., discontinuities.30

Hence the shock capturing technique developed by MacCormack49
is employed in the solution of this complicated one-dimensional gasdynamic
flow. MacCormack's method consists of an explicit, noncentered difference
scheme applied to the equations of motion in conservative form. The
artificial viscosity is implicit and a direct result of the numerical
scheme as clearly shown by Tyler.50 The method conserves global mass,
momentum, and energy and will automatically capture any imbedded shocks
which appear in the flow field. For the computational advantage of
maintaining mass, momentum, and energy fluxes relatively constant through

rapid area changes, a change in the dependent variables is made as

follows
0 = pA ' (4.11a)
U = pu = PuA (4.11b)
B, = _PA__, v2 (4.11c)
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where Eq. (4.10) has been used to eliminate the explicit temperature
dependence of Eg.

In terms of these variables, the basic Egs. (4.7) to (4.10) become

p__3u_, 3 (4.12)
ot ox Ar ox
w3 fuz, L\, é_, U (4.13)
ot 3x \p P P ax t 9x
5?”5;('5 {Es"“PA})*Ats',T

] _u2\y-1 (4.15)
P = (ES 25) A

The basic algorithm in the MacCormack technique consists of a
two step pfocess, a predictor step and a corrector step. Both .the
predictor and corrector are made up of simple forward and backward
differences of first order accuracy, but the combined two step process
has a second order accuracy.49 The numerical artificial viscosity required
- for accurate simulation of shock waves in the flow is applied implicitly
where needed.>0 The predictor portion of the bilevel difference method

is defined by

©

~n+l n At n n
i TP T ax [Ui+1 - Ui]

_ a At [T _~“] (4.16)
At Ax [°i+1 Py
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n
;:I— n At 2 2
= - == l{—= + pA - (— + pA
TR (2
i+l i
n
At [ n n) (4.17)
* At(p dx> - Bt Ax (Ui+1 Ul
i+l/2
n
n+l _ _n At U '
Es. = Esl A% ib (Eg + pA%
1 i+1
nT
Vu At [on n (4.18)
- 4= (E; + pA) - A ~ |E - E ]
%p S E t E [ Si+l Si
1-
mﬂ
W ey L Y -1 (4.19)
P. = |E - pom—
1 Si n+1 antl
= 1
L 2Di

where subscript i refers to the ith node at spatial location x = Xo + ilx
in the spatial mesh of constant spacing Ax, while superscript n refers

to time t = t, + nAt where At is the time increment that the solution

is advanced during each cycle of the predictor and corrector. The

bar indicates the provisional nature of the values given by the predictor.
the predictor uses only forward time and space differences.

The finite difference form for the corrector is as follows
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~n+l 1}-n ~n+l
P, = =P, + P,
i 21 1 i
At {4l ne1l) 0 At [ontl on+d ] (4.20)
bx (Ui Ui—l) By I (pi Pi-1
5 n+l . n+l
n+l 1{n n+1 At U
Ui =%t Y ‘Ax<b+pA> ( +pA>
i i-1
n+l :
da At [ n+l n+1 '
= - 2= - 4.21
+ At(p dx> At AX (Ui Ui—l) ( )
7i-1/2
n+l
ntl _1li.n n+l _ At {)U
Es = 2|Fs. * Es, Ax 35 ms*"”%
i i i .
i
: n+l S —
Nu At n+l n+l
- {= (E; + pPA) - A = (F - E ) (4.22)
30 ° . sl UL R |
i-1
Un+12 :
n+l _ fontl i [¥ -1 (4.23)
pi s1 ~n+l An+l
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The corrector step utilizes a forward time step, but a backward spatial
step based on the predicted solution. The alternéting use of forward
and backward spatial derivatives models the fact that in hyperbolic
systems at each location information travels by waves in both the positive
and negative x direction. Completing the corrector at each mesh point
advances the solution one complete time step. 1In order to proceed

to the next point in time, the entire process of predictor and corrector
is repeated. Examination of the set of difference equations shows that
the mass, momentum, and energy are conserved during the calculations;
that is, the differenced quantities at interior points of the mesh
appear exactly twice during a sweep through the mesh, each time with

opposite signs.

4.4, Time Step Criteria

The numerical stability of methods of the MacCormack type, namely,
those of Lax and Wendroff30 can not presently be completely analyzed
in their general nonlinear form. The most successful attempt in this
respect to date is to first linearize the set of basic differential
equations and then to obtain a bound for the maximum amplification
of any Pourier component of the solution by the difference method applied
to the linearized set. Difference methods found unstable on locally
linearized differential equations can be expected to be unstable in
the general nonlinear case. Two conditions inherent in such an analysis
are that the boundary conditions have no effect on the stability and
that the exact>solution to the basic equations is smooth. Even though

the results apply principally to regions of flow away from the boundaries
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and in which there are no discontinuities, such as shocks, they are

taken as representative of the whole flow field. The stability of the

MacCormack scheme has been treated very thoroughly in the literature.5l
In order to avoid stability problems, the following criterion must

. hold between the time and space step sizes

£ + |a
At(lu| + a + [Ac]) 1 (4.24)
Ax —

where a is the local speed of sound in the gas, and Ap is related to
the transformation of the spatial coordinate. This condition is the
well known Courant-Friedrichs-Lewy (CFL) condition that often appears
in fluid dynamics. This condition represents the best bound that can
be realized in numerical methods. For all the calculations which have
been carried out in the present research, a more conservative condition

was used

At(lul + a + IAtI) _
Ax -

0.7 (4.25)
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5. FLOATING DISCONTINUITY FITTING

5.1. Floating Shock Fitting

Explicit and implicit artificial viscosity shock capturing techniques
require no special treatment to deal with discontinuities. Therefore
they have become an extremely popular way of computing. However, despite
its present popularity, the results obtained with these techniques
forces us to agree with Moretti's32 conclusion that, at times, shock
capturing is a poor interpretation of the physical phenomena. As shock
interactions with the combustion front represent the primary means of
initial flame front acceleration, proper physical modelling of the
interacting process is required.

To determine whether shock-combustion front interactions could
be modelled appropriately, a test for the pressure-space profile of
a shock wave was made. The solid line in Fig. 17 represents the exact
pressure—-space profile for shock reflection from a solid plane wall
corresponding to an incident shock, Mach number 1.505, travelling into
a quiescent air medium. Corresponding to that same instant in time,
the "plus" profile represents calculations performed by the contemporary
explicit artificial viscosity scheme, the Cloud Code, 24 while the "dotted"
profile corresponds to MacCormack's implicit artificial viscosity scheme.
For both numerical schemes the velocity and position of the shock agree
with the exact results. Previous calculations, using the explicit
artificial viscosity scheme, indicated an excessive influence of
artificial viscosity on the shock-combustion front interaction process.
In addition, allowable time steps were reduced. This precluded the

method's usefulness. With MacCormack, where artificial viscosity is



-32=

1imited, the céptured shock is distributed over six to eight spatial

grid stations over which oscillation exists. Oscillation and overshoots
are emblematic of numerical differencing across discontinuous or non-
smooth, rapidly varying quantities. To properly model the shock-combustion
front interaction process, interpretatioh of the shock's physical phenomena
" is necessary.

A technique known as floating shock fitting,52 when used in
conjunction with MacCormack's scheme, produces a pressure-—space profile
indistinguishable from the exact solution. Floating shock fitting
is a technique for explicitly computing the discontinuity. A description
of this combined scheme follows.

.Except in the neighborhood of the discontinuity, all mesh points are
computed using MacCormack's predictor-corrector algorithm to integrate
Eqs. (4.12) to (4.15). Because the discontinuities are permitted to float
about grid positions, special provisions must be taken when evalpating
the spatial derivatives of conserved quantities at mesh points in the
neighborhood of a discontinuity. Consider the situation of a right
running shock in the computational plane between times n and n+l
as shown in Fig. 18A. There is difficulty in computing the predictor
level of MacCormack's scheme at node {n,i), the high pressure side
bof the shock. Performing the forward spatial derivative using nodal
points s and i leads to instabilities resulting from large truncation
errors, while Moretti's3l recommendation of using values at the shock
and the three adjacent mesh points introduces too large a numerical
domain of dependence. Results replacing forward differences with

backward differences in the predictor remained stable for axis speeds
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less than the shock induced particle speeds. The cause of the instability
is thought to involve the improper transmission of information along
the three characteristics adjacent to the shock.?3 Instead the following

second order accurate approximation for the forward derivatives is

’

used>4
oll _2(2 - ¢) n _ n (L - £)(2e - 1) n (5.1)
9x 1l + ¢ []s + (2 3)[]i + 1+ ¢ []i—l
where
n n
_ (x)s - (x)i
£ = —————75;—-——

and [] represents a conser ved quantity. In Pig. 18B a similar situation
occurs,- but involving the corrector level at node (n+l, i+l), the high

pressure side of the shock. The backward derivative is approximated

by

3 _ 2(2 - ¢) n+l L, (1 - g)(2e - 1) n+l

dx 1+ ¢ []s * (e -3 []i+1 ¥ 1+e []i+2

(5.2)
where
n+l n+l
co M - M
Ax

For the low pressure side, stable computations are obtained by reversing
the forward and/or backward differences in the predictor and/or corrector

levels.
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Figure 19 presents the five identifiable cases of shock motion
relative to the uniformly translating difference grid. The lower and
upper mesh lines represent nodal positions at the beginning and end
of the time step under consideration, the thick solid line is the shock
trajectory, and the thin upward and downward arrowed lines are symbols
used‘to indicate application of MacCormack's predictor or corrector
step respeptively at the note indicated by the head. The leftward
or rightward direction of the arrowed lines denotes whether a forward
or backward space difference is to be used. The strength of the shock
is simply determined from the Rankine-Hugoniot relations for pressure
as a function of shock strength. The predicted shock strength uses
predicted values of pressure, while the cor:ected shock strength relies
on corrected pressure values. To maintain higher order accuracy, the
shock's trajectory is evaluated on the basis of the average of the
initial and predicted speeds. After completion of the corrector step,
a corrected shock speed and strength are calculated. These are retained
.as the initial shock speed and strength during the next cycle. The
vertical arrowed lines appear because the discontinuity floated over
a node'of the mesh. In such cases the predicted and corrected values
of the gasdynamic variables are determined by applying the Rankine-
Hugoniot relations to upstream conditions at the beginning of the time
step. The predicted values of the gasdynamic variables are based on
.the initial shock strength while the corrected values use an average
of the initial and predicted shock strengths. Thé inverted "T" and

"T" symbols indicate the use of Egqs. (5.1) and (5.2) respéctively.
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A technique developed by Moretti et a1.33,55 utilizing the
information carried along the characteristic intersecting the shock
on the high pressure side, i.e., the compatability equation along
with the Rankine-Hﬁgoniot relations to determine the gasdynamic states
about the shock, was tested. Moretti's technique showed no advantages
over floating shock fitting. 1In addition, Salas®2 mentions the difficulty
of determining the origin.of the characteristic reaching the shock
in the immediate viscinity of other discontinuities.

MacCofmack's scﬁeme combined with the floating shock fitting
techniue properly models the shock. The appropriate difference schemes

for all five cases are thus completely described.

5.2. Floating Contact Discontinuity Fitting

A Contact discontinuity is an interface separating two fluids
having a common pressure and fluid velocity but different densities
and specific energies. Contact discontinuities are created by the
following flow field inﬁeraction systems:

1) shock-shock collision and merging (Figs. 7 and 8)

2) shock-deflagration merging (Fig. 13)

3) deflagration—contact discontinuity (Fig. 14)

Strictly speaking, numerical differentiation of density and specific
internal energy across the surface is not permitted. Figure 20 shows
the resulting density-space profile of a contact surface after 40 cycles
of the MacCormack scheme. Though the oscillation is minimal and
negligibly influences shock wave calculations, the sensitivity of the

combustion front parameters to small changes in density is significant.
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The floating contact discontinuity fitting technique devised by the

author, as suggested by Cho?in,s6 overcomes this difficulty by treating

the contact discontinuity as a physical discontinuity. With reference

to Fig. 21A, the basis for calculating the contact discontinuity's

motion and associated discontinuous gasdynamic states is the generalization
of the solution of Riemann's>’ problem to include any two arbitrary
independent gasdynamic states, 1 and 2. States 3 and 4 are the required
gasdynamic states on either side of the contact surf;ace° A rapidly
convergiﬁg algorithm58 is used for solving the Riemann problem. Figure 21B
shows the trajectory of the contact discontinuity, denoted by the dashed
line, in the computational plane between times n and n+l. Parameters

at locations i+l and i correspond to states 1 aﬁd 2 respectively while
values for states 3 and 4 reside at the "+" nodes which travel with

the contact surface. The "bursting star™ symbol is used to identify

states 1 through 4. In the course of the calculations the shock strengths
associated witﬁ the Riemann solution were monitored and found to vary
insignificantly from that of sound waves. Figure 22 presents the difference
schemes in symbolic form used in the four identifiable cases of contact

discontinuity motion relative to the difference grid.

5.3. TFloating Flame Fitting

This section describes floating flame fitting, a novel technique
for encorporating a flame, treated as a deflagration, into a bilevel
difference scheme. The technique is based on the ability of sound
waves to traverse a flame from positions upstream and downstream of

the flame. Equations (2.1) and (2.2) relate the burning speed to the



-37-

value of the thermodynamic pressure and temperature immediately ahead
of the flame. In order to avoid the complications of evaluating the
thermodynamic state immediately ahead of the deflagration as the
deflagration progresses through a stationary mesh, eventually crossing
a mesh point, this technique requires that the deflagration always

coincide with one of the nodes. 1In addition the computational mesh

moves with the deflagrétion velocity. This is accomplished by judiciously

distributing the initial mesh about the deflagration position and trans-
forming the indépendent time and space coordinates of the governing
differential equations as shown in Egs. (4.5a) and (4.5b). |

Figure 23 shows the deflagration trajectory, denoted by a thick
dashed line, and the nodal distribution about the deflagration during
time instant n to n+l. Nodes i and i+l represent the gasdynamic states
of the medium immediately ahead of, denoted by 3, and behind, denoted
by 4, the deflagration respectively. For the case of a perfect gas,
the conservation rélations governing the motion of the deflagration

can be expressed as>9

Continuity: Vg = v4/v3 = (S + u; - u4)/S (5.3)
Momentum: P, = / =1+ v Sz(l -Vv)/ 2 5.4
Hugoniot: (Py + B) (vg - By = (1 + B)(Vf - B) (5.5)

where
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Yg +1
where p, v, a, and u represent the pressure, specific volume, speed
of sound, and particle velocity respectively, S - the burning speed,
M - the mean molecular weight, and y - the ratio of specific heats.
The Hugoniot equation has been written in terms of the hyperbolic relation
where the heat liberated during combustion is expressed in terms of
Vg, the ratié'of specific volumes at the reference pressure.

When conditions ahead of the deflagration affect conditions behind,

the forward jump equations, obtained by substituting Eg. (5.3) into
Eq. (5.4) and solving for specific volume, are used. For flame burning

speeds less than the Chapman-Jougquet value, these equations are

§+6 $

) v
o-sd) (2)
o o

Vo = V3 .E_:._LE (5.7)
n
where
n= zy3s2/a§ and  E£= (1 +B8)(1 + n/2)
=2 - 2niBn/2 + (1 +B) V]

Py = Pyl + n(l - vy)/2) V (5.8)

u, = ug - S(\)d -1 _ (5.9)
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A Chapman-Jouguet deflagratibn corresponds to [ = 0. In the Chapman-

Jougquet case, the burning speed law becomes

l .
\ﬁ + B) Pyv, [v@ “E- RS 1] (5.10)

Sci =TI g £

while the forward jump Egs. (5.7) to (5.9) remain unchanged with the
exception that Scy replaces S. When conditions behind the deflagrgtion
influence conditions ahead; the backward jump equations are employed.

As the burning speed represents an additional unknown, these equations

no longer have a closed form, rather the equations require Newton's
method for their solution. The algorithm for the backward jump equations
begins by guessing a value for the density, P3r and iteratively solving

for pressure, p3, from Eq. (5.4) as follows

P; = Py - Gp/(3Gp/3p,) (5.11)

where

&+6 S
S=S}'§) %o
Opo p3

-p. - 2, (1 -

9G_ _ 2 -
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Then by substituting Eq. (5.4) into Eq. (5.5) and using p3 from

Eq. (5.11), the value of Ps3 is obtained by the following iteration
Py = Py = G /(3G /3p;) (5.12)
where
§+6 8
s=s(§3_> (&
Opo p3
Gp =P, (B-va (1 + B + (1L+B(Vp-X) Py +p,(1+B(X=-B

+82p,(1 = va) [B(vg=B) ~ (1L + B) (X - B)]

96 _ &2 - -
30, = S%p,(1 - vg) [B(vg — B)

2 38 (1 = 2vg)
- (1L + B)(y - B)I [g 3p3 + p3(l — Vdi]

- (1 +B) 94/p4 + 1+ B) vy - x)

op
as _ _ | 3
<Ss/p3 + (§+ 0) 8 ap3/p3

9Py [(26 -~ 1) (1 - vg) + vg] S2
9Py 1 + 20p3(8 + 6) S2(1 - vg)/p3

'Using the momentum equation, Eq. (5.4), to determine (393/803) proved

a better choice than the Hugoniot equation, Eq. (5.5), for flame burning
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speeds approaching the Chapman-Jouguet value. A new value of p3, based
on the value of 03 from BEq. (5.12), is obtained from Eq. (5.11). The
iterative procedure ends when the changes in P, and p3 fall below 107N,

where N is a large integer. The particle velocity ahead of the

deflagration is evaluated from

u, = u

3 4 + S(\)d - 1) (5.13)

This completes the calculation of state 3.

In the case of a Chapman-Jouguet deflagration, Eq. (5.7) yields

2 . (1 +8) py (5.14)
cJ p3[2\)d - (1 + 8)]

Substituting Eq. (5.14) into Eq. (5.4) gives

P4(l + B) (5.15)
2R -~ (1 -8

\)d=

Substituting Eq. (5.15) into Eg. (5.5) yields the following relation

-c + Vaz - 4&n (5.16)

Py = 2

where

Y
L+p2= (=X - L-8

g = P,
=2 [(1+ B)X - 2B]
n=1(1-8 [B-x 1+ B

and y is defined as Eq. (5.12). The values of 03, Scg. and u3 are obtained
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from Egs. (5.15), (5.14), and (5.13) respectively. This completes the
calculation of state 3 in the Chapman-Jouguet case.

‘Figure 23 presents the difference scheme in symbolic form used
in the floating flame fitting technique.. The semi-circular backward
and forward arrowed arcs represent application of the forward and backward
jump equations. The algorithm in Fig. 23 consists of the following
five steps:

1) forward predictor at i+l

2) fo;ward jump equations at i+l

3) forward predictor at i-1

4) backwards corrector at i

5) backward jump equations at i
An algorithm applying the backward jump equations prior to the forward

jump equations gives the same results.

5.4. Floating Detonation Fitting

Floating detonation fitting is based on the classical treatment
of a detonation front as a shock front followed by a deflagration.
Figure 24 describes this thermodynamic process on the pressure-specific
volume plane for the case of a Chapman-Jouguet detonation. Symbol
u refers to the upstream conditions, N corresponds to conditions at
the von Neumann spike, and J denotes conditions associated with the
Chapman—Jougqet deflagration. Not shown are overdriven detonations
which correspond to the upper interaction point of the Rayleigh line
with the Hugoniot curve. Rayleigh lines associated with overdriven

detonations have slopes in the pressure-specific volume plane greater
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than the Rayleigh line corresponding to Chapman-Jouguet detonation.
This occurs because overdriven detonations have wave speeds greater
than the Chapman-Jouguet detonation wave speed.

The condition of tangency of the Rayleigh line to the Hugoniot

at state J is expressed by
u. +a =D (5.17)

where uJ and ay represent the particle and sound speed respectively

at state J, and D refers to the detonation speed. The physical inter-
pretation of Eq. (5.17) is that detonation states N and J only depend

on the upstream conditions, state u, as information carried by downstream
disturbances cannot penetrate the detonation front. This condition

is reflected in the floating detonation fitting technique by using

the following relations®? to evaluate states N and J

ZPGu— (1 - R) + 2 ‘lPéu— (1 - R) PGu— B
M; - M2 - M: - (5.18)
3 -8 v,
where
Pg. -1
pe, = L+ 2
u (ao/au)

+

2 - -
Yy [l - (ao/au) ](BYu/\(J - Mu/MJ)

(1 + B)(VF - B)
PGo = 1 -8 - -8B
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- )
B.:IJ___]; and Bg_.g.___]...
Yi-l YJ+1

and Np represents the heat liberated during combustion in terms of

the ratio of specific volumes at the undisturbed pressure.

2
.1 -8 2 P, = (1 + RB) - B (5.19a,b)
Py = 2 (l + YuMD> N "
where
Py = Fy'Py Py = Py°Py
b= p By + B (5.20a)
37w (r 48 - (1-B(P - Bg)
2
Py = P, —3 ! (5.20b)
BM.N + (1 - B)
1/2
(1 - B (P, - Pz )(p_ =~ 1)
- J u J
Uy = [ Yo7 B ] a, +u (5.21)

Uy = |:(1 - B)( - %) Mn] a, + uy (5.22)
M
n

Relations (5.18) to (5.22) are derived by applying the Chapman-Jouguet

condition, Eq. (5.17), to the basic relations (5.3) to (5.5).
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For overdriven detonations, a greater than inequality replaces
the equality in relation (5.17). Under this circumstance, rarefaction
waves can interact with the leading overdriven detonation front causing
the overdriven detonation front to decay to Chapman-Jouguet detonation.
The relations for evaluating the gasdynamic states associated with
the overdriven detonation remain relations (5.19) to (5.22) with the

exception that (5.19a) is replaced by59

_ (1 -18) 2) (5.23)
PJ - 2 1+ YuMD + 4
where
2
2 _ (1-6)2

2 2
3 <l+yuMD> -—yu(l—B)MDPGu+B

The overdriven detonation Mach number is obtained from the analysis

given in Section 3.2.2.

In the floating detonation fitting technigque, the difference mesh

remains at rest. Figure 25 shows the appropriate differencing scheme

in symbolic form used in the two identifiable cases of detonation motion
relative to the grid. The detonation trajectory is denoted by a thick
solid line.

A detonation wave is modelled as a detonation front followed by a
rarefaction wave. Even though the gasdynamic parameters are continuous
across a rarefaction wave, MacCormack's scheme, a combination of two
first order difference steps, can only accurately model a rarefaction
of sufficient smoothness. Numerical experiments performed by the author

indicate that the rarefaction associated with Chapman-Jouguet detonation
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must span at least five node spacings to avoid instébility induced

by truncation error. fhe number of node spacings depends on the strength

of thevrarefaction w;ve. When modelling the early stages of a detonation
wave, in addition to using floating detonation fitting, the rarefaction

is treated analytically. For a perfect gas the equations for the distribution

of the gasdynamic parameters in a right running rarefaction are>d

(x - x)
h X (5.24)
u =u + (u - u) T
X h h t (xh Xt)
U
a = (.i + i) a (5.25)
X o h
where
u - u
Ux = —55———E and - o = 2 i
h Yh
a
%« . ' (5.26)
o. ==
X ah h
oy 240,
- t—'h_ a (5.27)
px-2+0L(px. )+1Ph

where subscripts h, t, and x represent the conditions at the head, tail,
and intermediate point in the rarefaction wave respectively, and p, p,
u, a, and x represent the pressure, density, particle velocity, speed
of sound, and the position respectively. The velocity is distributed

linearly in a rarefaction.
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Figure 26 compares the pressure-, density-, and particle velocity-
space profiles computed by 139 cycles 6f MacCormack's scheme with
floating detonation fitting to the exact solutionl® for the case of
a Chapman-Jouguet detonation in a closed end tube. The results are
for a typical hydrocarbon-air mixture initially at atmospheric conditions.

The profiles compare very well.
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6. APPROACH AND SEPARATION OF DISCONTINUITIES

The Courant-Friedrichs-Lewy stability condition states that a
necessary condition for stability is that the numerical domain of
dependence at every point in the flow field include all of the partial
differential equation's domain of dependence at least as the time step
and mesh spacing approach zero. The floating discontinuity techniques
were designed to satisfy this condition ﬁhereby ensuring that the
computed motion of the discontinuities depended on all the data physically
influencing the motion. Generally, the numerical domains of dependence
exceed the analytical domains. These larger numerical domains of dependence
do not increase the stability as the numerical scheme inherently neglects
all but the physically meaningful data associated with the node under
consideration. However, the accuracy of the solution can be upgraded
if the numerical scheme is designed for that purpose.60 The larger
numer ical domains arise in the attempt to include the physically pertinent
data when the only data available exists at the equally spaced nodes.

The four discontinuities in the flow field explicitly treated
in the numerical scheme are shock waves, contact surfaces, deflagrations,
and detonations. When these discontinuities exist alone or are well
separated from each other and points of symmetry, such as solid walls,
Figs. 19, 22, 23, and 25 show the difference scheme to be applied in
the immediate neighborhood of the discontinuity for each of the
identifiable cases of the discontinuity's relative motion to the
difference grid. The inner and outermost nodes specifically involved
in the floating discontinuities computations define the left and right

hand boundaries respectively of the numerical domain of dependence.
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Deflagration has the smallest domain spanning only one mesh width on
either side of the deflagration. Values at six nodal positions are
included in the numerical domain of dependence for a right running
shock or detonation crossing a node. A right running contact surface
crossing a node has the largest numerical domain of dependence involving
values at eight nodal positions and stretching over five cell spacings.
Two discontinuities are well separated when the left hand boundary

of the numerical domain of dependence of the leading discontinuity

lies to the right of the trailing discontinuity's position during the
time step At and the right hand boundary of the trailing discoﬁtinuity's
numerical domain of dependence lies to the left of the leading dis-
continuity's initial location. When the discontinuities are not well
separated from each other or points of symmetry, one or more of the
predictor and/or corrector steps, indicated in Figs. 19, 22, 23, and 25,
involve differentiation across a discontinuity. Therefore, special
differencing algorithms about the discontinuities are necessary. Procedures
for handling of discontinuities which are not well separated fall into
two categories: . (A) procedures invélving only two discontinuities,

(B) procedures involving three or more discontinuities. Generally,
category (A) represents the approach of discontinuities prior to an
interaction, while category (B) is representative of the flow field

soon after the interaction process. The details of the intéraction
process are set fofth in Chapter 3. The following interaction systems

are included in category (A):
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(1) shock-shock

(2) shock~-contact discontinuity

(3) shock-deflagration

(4) shock-détonation

(5) contact discontinuity-shock

{6) contact discoptinuity—deflagration

(7) contact discontinuity-rarefaction (interface)

(8) deflagration-shock:

(9) deflagration-contact discontinuity

(10) detonation-shock

(11) detonation-contact discontinuity

(12) plane of symmetry-shock

(13) rarefaction-CJ detonation
Associated with each situation are the many ways in which the
discontinuities are not wéll separated. In the actual computations,
it proved helpful to print a code number identifying the particular
way in which the two discontinuities were not well separated. The

code is calculated as follows
NSC = 100 (NDISCL1 - NDISCL2 - A) + 10 NXS2 + NXS1 (6.1)

where NDISCL1 and NDISCL2 are the mesh node numbers immediately behind
the leading and trailing discontinuities respectively at time instant n.
NXS1 and NXS2 indicate that the leading and. trailing discontinuities
cross over the node on the right, left or not at all during time interval
n ton + 1 by assuming values 1, -1, or 0. Interaction systems involving

a contact discontinuity assign A a value of unity, otherwise A equals
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zero. The appropriate numerical scheme and identifying code for all
the ways for each of the first twelve interaction systems are presented
in symbolic form in Fig. 27 to 38. Interaction system (13) has been discussed
in Section 5.4. The chain dotted line in Fig. 33 denotes the trajectory
of the tail of the raréfaction wave in interaction system (7). Interactions
in which the identifying code points to another identifying code indicate
that the difference scheme to be applied corresponds to the latter
identifying code number. Asterisk superscripts denote that an interéctiqn
between discontinuities can occur. The interaction systems included
in category B are:

{1) shock-shock-shock

(2) shock-shock-detonation

(3) shock-contact discontinuity-shock

(4) shock-contact discontinuity-deflagration

{5) shock-detonation-shock

(6) contact discontinuity~deflagration-~-shock

(7) contact discontinuity-rarefaction-CJ detonation

(8) detonation-shock-shock

(9) shock-contact discontinuity-deflagration-shock

(10) shock~contact discontinuity-rarefaction-CJ detonation
The first eight situations were treated by decomposing each situation
into two appropriate category (A) situations and properly matching
values at fhe inter face. Situation (9) was decomposed into situation
(6), category (B), andbsituation (2) , category A, while situation (10)
was»decomposed into situation (7), category (B) and situation (2),

category (A).
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7. APPLICAT_ION OF THE NUMERICAL METHOD

The flow diagram presented in Fig. 39 describes the executive
instructions controlling the whole of the computational process. Thé
block entitled FIDIF (Finite Difference) controls the application of
the numerical method. The flow diagram of FIDIF is presented in Fig. 40.

The strategy in applying the numerical method is to first treat
the flow field as it were devoid of discontinuities, and apply
'MacCormack's predictor corrector bilevel scheme at all points. By
predicting values at nddes 1 to N and applying the corrector step in
the reverse nodal order, that is, nodes N to 1, considerable savings
in the required computer storage is realized.

The next step is to locate and identify the type of discontinuity
nearest to the origin. A determination of whether the discontinuity
is well separated in the flow field can be made after the next nearest
disconfinuity to the origin is located and identified. 1If the first
discontinuity is well separated, then the flow field about the discontinuity
is calculated using the appropriate floating discontinuity technique.
Then the next nearest discontinuity to the origin is located and the
type identified. Now the adequacy of the separation of the second discontinuity
can be determined. This procedure continues until two discontinuities
are not wgll separated. Again the location and type of the next nearest
discontinuity is made. The adequacy of the separation between this
discontinuity and the previous discontinuity is checked. ‘If they are
well separated, then the previous two discontinuities correspond to
a situation in category (A), described in Chapter 6. The particular

way in which the two discontinuities are not well separated is noted
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and the aépropriate difference scheme is used. If the discontinuities
undergo an interaction, the appropriate solution to the interaction
is obtained by the polar method discussed in Chapter 3. Bowever, if
the test fails, all three discontinuities are inadequately separated
and a check for the possibility of a fourth or more is made. In any
event, the situation belongs in category (B), described in Chapter 6.
If the three or more discontinuities undergo an interaction, the vector
polar method provides the solution. This step terminates when all
“the discontinuities have been explicitly handled.

The next step is to reorder the discontinuities in the flow field
by location. The purpose is to add and/or terminate in the appropriate
positions those discontinuities which, as a result of an interaction
process, have been introduced or eliminated into the flow field. Prior
to applying the polar method to interactions which occur in the burnt
medium and involve shock waves and contact discontinuities, an evaluation
of their strengths is made. Shocks with Mach number less than 1.001
and contact surfaces with density differences less than 2% are terminated
in the flow field. This avoids needlessly computing infinitessimal
disturbances as discontinuities and unclutters the flow field. The
last two steps are enclosed by a dashed line in Fig. 40. The remaining
steps are to calculate particle paths and characteristic trajectories
along which information is transmitted and to print out and write on
tape a description of the flow field at desired intervals. This completes
the description of the numerical method used in solving the problem.

Appendix C contains a listing of the computational code FLAME,
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8. RESULTS

8.1. Stable and Unstable Cases

Of particular interest in the study reported here was the evaluation
of the non~steady.effects caused by an abrupt change in the burning
speed of an initially Steady deflagration propagating in an unconfined
combustible gas mixture. The numerical solutions presented here were
obtained for the particular case of hydrocarbon-air mixtures initially
at NTP conditions. . In the computations, the burned and unburned media
were considered to behave as thermally and calorically perfect gases
with constant isentropic indices, Yy = 1.3 and Yp = 1.2 respectively.
The energy deposited by combustion was expressed in terms of the specific
volume ratio corresponding to a change of state at constant pressure,
vF = 7, and the ratio of molecular weights, M, set equal to one.
Time-space wave diagrams for two cases corresponding to the same
initial burning speed of 9.6 meters per second but experiencing different
increments in burning speed, AS, of 14.6 and 19.0 meters per second
respectively, are illustrated in Figs. 41 and 42. The thick dashed
lines in the wave diagrams denote deflagration, the solid lines represent
shock fronts, the thick solid line denotes detonation, and thin dashed
lines are the representative particle paths. 1In the first case, the
disturbances associated with an increment in the burning speed of
14.6 meters per second have, after experiencing eight interactions

with the deflagration, been reduced to sound waves. Meanwhile the

deflagration's burning speed has.increased to the final value of

37.2 meters per second. This process has taken approximately 240 Xe

milliseconds and the deflagration has travelled a distance equal to
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53 xé meters, that is, 53 times the distance, expressed in meters,
traversed by the deflagration prior to the actuation of the initial
disturbance. The strengt£ of the front of the leading blast wave has
increased from a Mach number of 1.1 to 1.4. 1In this case, the non-
steady disturbances have died down and the flow field that is established
corresponds to another steady state self-similar solution as it was

at the start.

In contrast, in the second case, the disturbances associated with
the increment in the burning speed of 19.0 meters per second have been
of sufficient intensity to trigger ‘transition to detonation. Associated
with the establishment of a detonation wave travelling at 2250 meters
per second into the unburned medium is the occurrence of a retonation
wave, Mach number 1.29, travelling at 1250 meters per second into the

burned medium. these wave speeds are quite typical of those reported

in the literature.34 Detonation occurred at 76 xé milliseconds

and at a distance of 20.3 xé meters from the origin. The Chapman-
Jouguet detonation speed in the undisturbed medium is 1690 meters per
second. The effect of the transition to detonation is manifested dra-
matically by the trajectories of the representative particle paths.
Details of the trénsition to detonation, in the form of the trajectories
of the forward and backward running characteristics denoted by thin
solid lines, afe illustrated in the time-space wave diagram in Fig. 43.
The basis of their importance is that it is along these trajectories
that‘gasdynamic information is transmitted from one part of the flow

field to another. The time and space intervals used in Fig. 43 correspond

to the area enclosed by the rectangle in Fig. 42.
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At the establishment of detontation, the generation of a strong
centered rarefaction wave attached to the back of the detonation front
is evidenced. The strength of this rarefaction wave is qualitatively
shown by the curvature of the backward running, u-a, characteristic
behind the detonation front. The rapidly increasing extent of this
centered rarefaction wave is indicated in Fig. 43 by the trajectory
of the tail of the rarefaction, denoted by the chain double dotted
line. Also the effect of the detonation-shock merging interaction,
resulting in a non-steady overdriven detonation which decayed to the
appropriate Chapman-Jouguet level, is aptly indicated by the
separatidn of the trajectories of the backward running characteristics
eminating from a position immediately ahead of and behind the point
of interaction. The effect of the rarefaction fans on the particle
path initiated at R = 18 is noted.

In addition, pressure~space profiles at various instants in time
for the two cases are presented in ?igs. 44 and 45. The vertical
dashed lines denote a pressure change due to the deflagration process.
The horizontal dashed lines, used only as a drawing aid to distinguish
the individual profiles, indicate that over that portion of the profile
the pressure equals that of the adjacent solid line. The pressure
profile at T = 4.5 correspond to the spatial pressure distributions
at the instant prior to the increment in the burning speed. 1In Fig. 45,
the rapid pressure change which first appears at T = 22.3 and progresses
into a rarefaction wave at T = 24.2 is attributed to the effect of

the gasdynamics of overdriven detonation on the flow field in the
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immediate neighborhood of the point of interaction. The
detonation-shock interaction occurred at T = 22.2. The last
pressure profile at T = 25.8 shows that the flow field is rapidly
approaching that given by a steady state self-similar Chapman-Jouguet
»analysis.le

For completeness, pressure histories at various locations are
presented in Figs. 46 and 47 for the stable and unstable solutions
respectively. The vertical and horizontal dashed lines maintain their
meaning as previously explained. In Fig. 46 all the pressure histories
can be approximated by a single pressure rise followed by a pressure
drop, due to the deflagration process. Such a pressure signature is
indicative of a flow field corresponding to a steady state self-similar
solution.20 However, in Fig. 47, the evidence of transition to
detonation is provided for in the pressure signature by the rapid
exponential-like decrease of pressure with distance.l6

In this section the differences in the time-space wave diagrams
and the differences in the spatial and time distributions of the most
significant physical parametér, pressure, have been presented for
two cases of increase in burning speed leading to steady state deflagration
and transition to detonation. A significant similarity of the time-
space wave diagram in the case of transition to detonation to that
of Oppenheim and Stern's34 time-space wave analysis of Schmidt et al.'s?.8

exper imental record of transition to detonation is noted.
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8.2. Critical Curve

The most important conclusion reached on the basis of the results
of the two cases presented in Section 8.1 is that for a given initial
flame burning speed there exists a critical increment in the burning
speed above which the acceleration process is capable of triggering
the transition to detonation.' Below this limit the flow field reaches
a new steady state corresponding to a self-similar solution for the
final deflagration velocity. Figure 48 presents the limit line between
the steady, denoted by S, and non-steady unstable, denoted by U, regimes
of solution in the case of plane-symmetrical flow. For example, with
an initial flame bﬁrning speed of 6, 21, and 40 metes per second the
critical increments in burning speed necessary to promote transition
are 17.5, 10.0, and 2.5 meters per second‘respectively. The two cases
considered in Section 8.1 are indicated in the stability plane by the
4" signs adjacent to the symbols S and U. The critical curves correspond-
ing to flow geometries with line and point symmetry are expected to

lie above the plane-symmetrical flow curve, that is, for each initial
flame burning speed a larger increment in the burning speed would be
required for transition than in the plane-symmetrical case. The

expected greater stability with increasing geometrical symmetry is
attributed to the decreasing maximum value of the thermodynamic variables
with increasing geometrical symmetry for the same normal flame burning
speed. For example, see Figs. 4 and 5.

Included in the stability plane are three data points obtained
from the experimental results of Dorge, Pangritz and Wagner.17 They

reported that large spherical stoichiometric hydrocarbon-air mixtures,
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after being centrally ignited, burned at constant velocity. Then upon
passing through a screen the flames experienced a significant increase
in burning speed, but 4id not transist to detonation. Rather they
developed a new thermodynamic and gaédynamic state commensurate with
the higher flame burning speed. The largest such increases in burning
rates, factors of six and twelve for single and triple screens
respectively, occurred in the case of stoichiometric CgoHz-air. These
conditions are denoted by points Wsl and WS3 respectively located in
the stable lower portion of the stability plane. However, they reﬁorted
that in the case of largef initial flame propagation rates, on the
order of 50 meters per second, it was indeed possible to trigger transition
to detonation. x}n fact, their results indicate that the higher the
initial flame propagation speed, the fewer number of screens were required
to promote transition. These higher burhing speeds were achieved in
CoHp-air mixtures by reducing the Ny content to 36%. For the case
of a single screen, the_data point is indicated by WUl.

The exper imental results of DOrge et al.l7 corroborate the predicted

critical stability curve.
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9. SUMMARY AND CONCLUSIONS
Summary |

A brief summary of the more significant aspects of this work follow:

1) Transition to detonation is dependent on the interaction processes
between waves generated by the accelerating flame.

2) Proper account of the progress of shock waves, contact
discontinuities, detonations, and flames in the flow field
can be achieved by treating these elementary wave processes
as plane finite waves.

3) The flame burning speed law governing the motion of the deflagration
was expressed in the form of a power law dependence on the
pressure and temperature immediately ahead of the deflagration.

4) The vector polar method provided a facility for solving the
problem of multiple wave interactions involving non-reactive
and reactive waves.

5) The conservation equations, governing the non-steady motion
of the flow field, formed a system of non-linear hyperbolic
equations which had to be solved numerically.

6) MacCormack's algorithm, an explicit two step second order
accurate finite difference technique utilizing implicit artificial
viscosity, was employed to integrate the governing equations
expressed in divergence form. Time steps were computed using
the Courant-Freidrichs-Lewy stability condition times the

factor 0.7.
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7) Shock fronts, contact discontinuities, detonations, and
deflagrations were computationally maintained as sharp dis-
continuities through the technique of floating discontinuity
fitting. A technique based on the solution of the Riemann
problem was proposed for the t;eatment of contact discontinuities.
Detonation fronts were modelled as a shock front followed
by a deflagration, thereby allowing for the possibility of
obtaining overdriven as well as Chapman-Jouguet detonations.

The most important principle in the floating flame fitting
technique was fhat at each time interval the Eulerian computational
grid is shifted throughout the whole flow field with a speed

equal to that of the deflagration. .When detonation is established
the computational mesh is stationary. |

8) Associated with each of the floating discontinuity techniques
was a zone of influence. When two or more zones of influence
overlaped, more elaborate difference algorithms were
employed.

9) The results of the computations for two cases, one leading
to the transition to detonation and the other to a steady
state self-similar flow field were presented in the form
ofbtime—space wave diagrams, pressure-space profiles and
pressure-time signatures.

10) Presented in the stability plane, for the case of
plane-symmetrical flow is a limit curve, a line of demarcation
between the‘steady and non-steady regimes of solution. Agreement

with experiments was noted.
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9.2, Conclusions
A numerical technique for the analysis of non-steady flow fields
generated by accelerating flames in gaseous media has been introduced.
This versatile technique is not limited in scope to flow fields containing
only blast waves, nor are the combustion processes restricted to the
case of detonations or Chapmaﬁ-Jouguet deflagrations.25'26 Rather the
numer ical technique is capable of responding to and tracing the flow
field processes which occur during the development of detonation.
Contrary to many currently proposed numerical schemes, 2425 this technique
is devoid of explicit artificial viscosity. The influence of the existing
implicit artificial viscosity has been minimized through the judicious
choice of the basic algoritm of MacCormack and the implementation of
floating discontinuity fitting techniques. 1In addition, provisions for
the evaluation of interaction phenomena involving reactive and non-
reactive waves, necessary for the transition to detonation, are included.
“The most significant conclusion derived from the results of this
work is that in the plane of increment in flame burning speed and
its initial value, the possible solutions to the problem of an initially
steady flame experiencing an instantaneous increment in burning speed
can be divided into steady and non-steady regimes., That is, for each
and every initial burning speed there exists a critical burning speed
increment above which the acceleration process is capable of triggering
transition to detonation. Below this limit the flow field reaches
a new steady state commensurate with a final higher flame burning speed.
the significance of this result is that in so far as it has been well

established® that if a sufficient amount of energy is deposited at
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a sufficiently high rate in an explosive gas a detonation wave is
directly initiated, while below a certain critical value of the
initiation energy and power there ensues a flame front that gradually
recedes from that of the leading blast wave, no indication as to the
level of disturbance necessary to trigger transition from deflagration
to detonation has ever been reported. The importance of the existence
of a critical level of disturbance necessary to cause acceleration

to detonation is that in the event of an accidental fuel spill,lz-l5
the potential danger resulting from‘the blast waves generated by the
gxploding cloud practically depends on the combustion process16 by
which the cloud is consummed. Detonative combustion of the cloud produces
a higher level of damage than in the case of deflagrative combustion.
However, it is noted that by time the leading front reaches a distance
of five initial cloud radii, these individual differences fade away.
Therefore, knowledge of this critical level of disturbance should make
it possible to minimize the occurrence of detonation by prohibiting
design configurations, including the location of energy sources and
turbulence sources which could directly or indirectly trigger

detonation.
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APPENDIX A. CHAPMAN-JOUGUET FLAME BURNING SPEED LAW
For the case of a thermally and calorically perfect gas, the
conservation equations governing the motion of the deflagration can

be expressed as>?

Continuity: Vig = v4/v3 = (8 + u, + u4)/s (A.1)
: P = =1+ v.8%(1 - v,)/a2 (a.2)
Momentum: P p4/p3 = Né a) /23 .
Hugoniot: (B + B) (Vg = B) = (1 + B)(V, = B) (A.3)
where

2 2+ -
Y. -1 M
ag ap 3 Y 3
= | — AV) - — —_— —— - ==
vt (33) A (a3) [Y4 V3 -1 't

Y4+l

where p, v, a, and u are the gasdynamic parameters pressure, specific
volume, speed of sound, and particle velocity respectively, S is the
deflagration burning speed, M is the.mean molecular weight and the
ratio of specific heats. Subscripts 0, 3 and 4 denote the undisturbed
reference state, and the uncbmbusted and combusted states immediately
ahead of and behind the deflagration respectively. The Hugoniot relation
has been written in terms of a hyperbolic relation where the heat
liberated during combustion is expressed in terms of Vg, the ratio
of specific volumes at the undisturbed pressure.

Substituting Egs. (A.2) into (A.3) and solving for the specific

volume ratio yields
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2
1 LS 1
(1 +8) + > (1 - Yd) (vd -B) -
a
3
(1 +8) Ve = R(L +R) =0
2 2
Y357\ 2 Y3S
5 Vd - @ +8) {1+ 5 Vg +
aq ; a3
2
By 1S
(1 +B) vg + v3 =
a3
Theréfore
_b* /L
\)d - n
where
2
2Y.S
n = g and E=(1+ B)(l + %)

a3

Y
il

2 n
£ - 2n[85+ (1 +B) Vf]

The two roots correspond to strong and weak deflagration.

Jouguet correspond to [ = 0. That is

(A.4)

(A.5)

(A.6)

Chapman-
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2 2 2
v.S 4vy_S BY.S
(1+f3)21+3 - 3 3 + (1 + B) v =0 (R.7)
2 2 a f
a3 a5 3

Expanding in powers of s2 yields

2
Y3 |
= - 4
[ > (1 B)] s
a, |

2y
+[-——§- (L+B(+8- 2vf)] s+ 1+pf=0 *Y

a3

Solving for s2 gives

(1 + B a§

_ a2
Y41 B)

2
[(2\)f-8-1)12£— \)f-B\)f+\)f] (A.9)

2

3.
- B)2

Yy - B)

(1 + B a
S =

[(vf - D+, - B) + 2/00 - B (Vg - 1)] - (A.10)

-2
(1 + B) a 2
2 . 3 (A.11)
§ = —-——|A_ -1+ N, - ]
Y3(1_B)2[vf f B
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Therefore

a3 1+ 8 ]
S=71T7% ‘/ Y, [/vf - B~ Vv -1

where the positive subsonic character of the flame burning speed has
In terms of temperature,

(A.12)

been used to eliminate the extraneous solutions.

the chapman-Jouguet flame burning speed law becomes

(A.13)

V(1 + B) R3T3
Scg = 1-8 [/Vf'B'/"f'l']

where
To To Yb ' 1ow
\)f=-li;—\)F+ —"T—-Y—'Y_l—?’+l
3 3 4 o 4
B Y4 + 1

where subscript 0, 3, and 4 refer to the reference, uncombusted, and

combusted states respectively.
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APPENDIX B. -PROGRAMS FOR THE INITIAL CONDITIONS
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PROGRAM ZF{ INPUT OLTPLTY 4PLNCH)
C- PHASE PLARE IANTEG IN FLy FCF CCAST VEL UNIF INITIAL DENSITY DEFLAG

DZLDFL(AJ yGoFL 2L )= (20 (EXFIZL)-(3«—EXP(FL))}?22)3AJR(G~1a)*(Le~EXP
B(FLII®EXP(FL) D/((AJ+1I*EXP(ZL)~(1 .—EXF(FL))#82)

CXLDFLCAJ y GoFL ¢ZL)=~(EXP(ZL)~( 1 e~EXP(FL))}*%Z)/((AJeL.)PEXP(2L )~
{1.-EXP(FL))*%*2) :

DATA INPUTY
NJOBS=ND. OF CASES TC BE RUN
20=2(FISTCN)
FO=F(FISTCA)
XC=INITIAL VALUE CF X/XF
SO=INITIAL STEF SIZE(INPLT AS A NECATIVE NCa)
DELO=REQD ACC IN (22-2) TC TERNMINATE THIS CASE
J=0,1,2 SYMMETRY FACIOR
W=NAX NCoe CF ITERATICNS ALLCWELC TC ACFIEVE CELO
READ 1CCO,NJOBS
1000 FCFMAT (15)
DO 1 JOB=1,NJCHE
READ 1001¢G9Z0,F0sX0,SCyCELOsJ oM
1001 FCRNAT(F1048yF10e442F10e8,2F10e5,215)
c
c- PRINT INPUT CATA
PKINT 1002 ,J¢GyZ04F04X0 S0 ,DELD oM
1002 FCRMAT(1H1,42/42CX,8SELF SIMILAR, CCNST FROMNT VEL, LNIF INITIAL DEN
®¥SITY, EULERIAN SFACE ELAST WAVE®,2/,SXo#J=8,11,EX,#G=% ,FE,3,5X,
BE 2028 F1CaEySX g ¥FCER gF 1 Co8oSXo3X0#)F 10e8,EX 4¥S0=#4FT05,5X,
SEDELOTH, F10eB8¢SX M=%, 14,3/ 16X o820 422X #F 8 g 1EX E X/ XPH S 1€ Xg¥22~7%

nANDNANANOADOAN

%,7)
4
c- INITIAL CCADITICNS
F=FO0
2=20
X=30

FL=ALOCI(F)
ZL=ALCG(2)
XL=ALOG( X)
Ad=J
$=50
PRINT 10C3429eF X
1003 FCFMATLIh ,4(5X,F16410))

DC 2 KK=1,M
IF(FolLYeO0edeCReFaGTalal) €CC TC £

C INTEGRATICN FRUNGE KLTTA
AO=SSCZLCFL(AJ,CyFL,2L)
AL1=S¥DZLDFLIAJyCoFL4+.S0S,20L¢oS%AC0)
A2=SeC2LDFL{AJy CoFL4.589S,ZL ¢+.59A1)
AJ=SEDZLOFL(AJ ¢ CFL#S,2L4A2)
BO=S%CXLOFL(AJyCoFL,2L)
BI=SAXDXLOFLUAJyCoFL4eS%S 2L #e52%A0)
B2=SOCXLOFL(AIy CoFL 4.505,2L+.5%2A))
B3=S¥OXLDFL{AJ g C4FL4S,2L+A2)
ZL=ZU 4(A0#2,%A142.3A2+4A2) /€0
XL=XL4(BO4+2.%EL142,%E2 4R3)/6
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FL=FL 45

2=EXF(2L)
F=EXP(FL)
X=EXF (XL)

- B8C AT SHCCK FRONT
Z2=(G-1e)*(1e—F)*(2s/7(G-1)¢F)/2.
DEL=22-2

PRINY RESLLTS
PRINT 10024Z4FyXoDEL
IF(DEL) 3,5,5
3 FLSAV=FL
ZLSAv=ZL
XLEAvV= XL
cC 16 2
IF(CELO~DEL) 44€4¢€
4 FL=FLSAV
2ZL=2LS AV
XL=XLEAV
S=S/2z.
2 CCATINVE

[

[ F2=F
22=2
Y=1e—(G+1e)%F2/ 20
XF=1e/X
AMACH=1e/SCRT(Y)
PRINY 1004¢J4Ce2CoFCy Yo XFyZcoFZAMACH
1004 FCFNAT(IH'.3/.1X.*J=#,Il.3x.‘c="Ft.A.3x.’Zc="FlColO.!X.‘F0=‘.
OF 120 1Cy3X g ¥YZX F 18,12 43X y¥XF=8 gFlEe129/ 41X o¥22=%,F15,1295X,
*EF2=%3F18al29y5Xy2aMACKF=2,F 15,10}
PRINY 32000,4KK
3000 FCFRMAT(LIF (SX,y*KK=¥%,1£)

C- FUNCH CATA

PUNCH 10CE ¢J9GyDELOWZCsFCoYoXF 422 49F2
1005 FCRMAT (11 ¢F7e44E12e5¢2E20e129/744E2C012)
1 CCANTINLE

STCF
END
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1
142 4.E55 1.0 1«0 ~0.0Ce€ «000001 1 2€C0O
FRELA AL ARV L LA BN LLANRLARBEEREND (F DATASRAECH ORI 20008% 000020088892



C=—
C-

NN NN NN NN NONNANN AN

1000

1001

10C2

-73-

FFOGRAM CFLAGUINPUT OLTRLT PLANCH)

PHASE PLANE INYEG IN FLy FCF CCAST VEL UNIF CEN

SELFSIMILAR EULERIAN SPACE FRCFILES
DINMEMNSICN XUPV(4,110)

CFLAC Ok PIST PBM

CZLOFL(AJ ) CoFLyZL)=(2 ¢4 (EXP(ZL )-( 1e~EXF(FL))I##2)4AUS(G=1e)%(1l.-EXP
S FLII*EXP(FLII/Z((AJI]L JIPEXFL2ZL)~(1 a~EXF(FL ) )N%Z)
DXLODFL(AJ3GyFL ¢ZL)==(EXPIZL)=(1a~EXP(FL))IB2)/((AJ01)PEXP(2L )~

X(1la~EXF(FL))®2*2)

DATA INPLT
NJOBS=N0O. OF CASES TC BE RULM

FCLLCWING 9 PIECES CF CATA GETAINELC FRCVM PRCGRAM ZF

J=049142 SEYMMCIRY FACTCH

GC=UBCCMBUSTED VALUE CF TrHE SPECIFIC FEAT RATIC

DELO=ACC TC wrIdH Z2 wAS CALC IN FFCG
ZO0=INITIAL VALUE CF Z (lesEe 2=FIST(N)
FO=INITIAL VALUF CF F (l.Ee F-FISTCN)
Y=1/(MACH NC, %%2)

XF=INITIAL VALUL GF X (lsEe X~-FISTCN)
Z2=VALUE CF Z AY SHCCK FRONT

FZ=VALUE CF F AT ShCCK FFCATY

Z2F-KURYLO

GA=CCV¥BLETFD VALLE CF TFE SFECIFIC HEAT RATIC
AA=UNCISTUREED VELCCITY CF SCULNL IN M/SEC
R4RI=RATIC CFf NMCLECULAK WwWTSe. (STATE1/STATEW)

SC=INITIAL SYEP SI2ZE

ANUFO=SPEC VOL RATIC FCR CCNSTY PRESS CEFLAC (wWRTe STATEL)
DELNL=ACC KEQD I[N CALC AMUF (THIS FIXES THE FLAME POSITICHN)
M=NMAX NCe CF DC LCOP YO CENERATE FLCw FRCFILE
RFURNCH=(04y1)y (ANC PUNCFHING REQLC THIS CASE,PUNCHING REQD)
NPIST=(0y1) (THIS IS A DFLAG KUMN, TFIS IS A& FISTCAN FEV FRUN)

NC=N0o OF CFLLS EETWEEN X=D40 AND x=1.C

WRN=SHGCK FRCNT VELCCITY IN M/SEC
AMACH=FRCNYT MACH NC

READ 10004MJCES

FORMAT(TS)

CC 1 JOB=1,NJCES

READ 1001 4J¢GyDELO92Z0yF 34V ¢XF422,F2

FCRMAT (I 14F704)F12¢5)2E2Ca129794E2C012)

READ 1002¢G44#24R4R1 4SO ¢ANLFOZCELNUGNAPUNCFoANPISTogNC

FORMAT(F Se2)EF10e7¢91S412,13,15)
AMACh=1,/SORT(Y)

WBANZAATANACH

zZl=yY

1271=22721
PZP1=(G=1:)/7(G¢1)%(2:8G/7(G-10)/V=1,.)
VaVI=(C~10422Y)/(G2) )

C201=})e/V2V]

PRINY INFUT DATA
IF(NPIST4EQ.0) PRINT 101IC
1F(NFISToEQel1) PRINT 1C11

1010 FCRMAT(IHL 9/ 425X y®¥SELFSINMILAR EULERIAN SFACE PROFILES FOR CONSY VE
*L UNIF INITIAL DERNSITY DEFLAGRATICA®,2/)



1011

1003

[aNaNaXaNaRaaNaNaNaNal

-74-

FORMAT(1H! 3/ 425X ¢*SELFSINILAR EULLEFIAN SFACE FROFILES FOR CONST VE
% UNIF INITIAL DENSITY PISYTCN FFROBLEN¥*,2/)

PRINT 1003,Z04F04XP,Yy22,F24CELOyJ9GyCAayAA,RAR],AMACH,WWN,S0,
EANUF O ¢gDELNU M yNELNCH,APIST  ANC ,T2T1 4F2F1,C2C1

FCRMAT (1H ¢1X ¢#Z0=%,F14,7,23X,%F0=¢%,
EF Co7 g SX o ¥ XP=% JF12,10,SXy8Y=83F12.1095Xy222=4,F12.1095X,0F2=1%,
RF1Ze10,8X ) *DELO=#,F11eGy/ 9% J=%,01,5X 8622 FSa3,5X,%¥Ga=#,F5,3,5X,
CEAATE G F10eC o SK SRARIZS 4 F7 eSSy SXyIANBCHET® FlZIaS e Xy tWWN=2%,F15,1C,/,
B X ¥S0=8 FP,.5,5X ¥ ARNLFO0=% yF7e5 ¢SX #DELAU=% ,F1047,EX,8M=%,14,5X,
SENPUNCH=%, 11, SX) #NPIST=#,11,5SX ,#NC=%,1Z,

* 27 45X 92T 2/T 1% qF 1248, SEX38P2/P 158, F12484EX,
FED2/D1=8,F 126643/ y SXpRF 2 1EX B2 J1EX 43 XE (12X ¥ L/SCRY(FV)#*,10X,
CEP/PI¥ G 13X, %D/D %, 12X 4% T/T1%,12X4%ANUFS, /)

INITIAL FRCFILE VALLUES

SYNBCL REPRESEANTAYICA

H=DENSITY/DENSITY2

UFV=PART ICLE VEL/SGRY(P1/,D1)

ANUF=CALCLLATED SFLCIFIC VCL F2ATIC (VF/ZV1Y) FCR TFHAE Rl o
SF=FLAME VEL IN M/SEC RELAYIVE TC FARTICLES IN STATE3
KP=FRINT CANLY £33 LINES FErk PACE

KGC=Cy 1,2

UBA=XFIWWNEFO/ZAA

LFV=LAASSCRT(C)

TT2=2C%xP%¢2/22

ITI1=TT2%72T)

H=1722¢%(1,/(G-1e))

vVvi=vevVise

DD1=1e/VV!

PPZ=r22G

FFI=FF2%P2F1

PRINT INITIAL PRCFILE VALLES
PRINT 1004,F042Z04XPUPV,FF1,CC1,TT1
FCRMAT ( 1+ , 1XoF14a124SE1741C0,1E1€aF9EXGFINFINTITYS)

INITIAL CCADITICANS
F=FO0

Z2=20

xX=Xxp
ZL=ALCC(2)
FL=ALCG(F)
XL=ALCG( X}
5$=50

AJd=d

KF=10
KGC=0

IFINFISTLECSO) GC TC 15
KGC=1

IF(NPUNCH .. EeC) €O TO 1S
XM1=XUPV{1,41)=X
UMI=XUPV({2,1)=UPV
PM1=XUPVI3,1)=PF1



=75~

OM1=XUPV(4,1)=DD1
DX=1e/FLCAT(NC)
NC=2
XUFV(2,1)=X¢DX

1S DN 2 MM=1,M
1F({FelTe0edeCReFeGT ol a0) GC TG 1

C INTECRATICN  FRURNCE KLTTA
AC=S*CZLOFL(AJCoFL 421
Al=S*DZLDFLLAJ)CyFL4oS¥S,21L¢,53AC)
A2=SEL2LCFLIAUy (o FL4S45,2L ¢.58A1)
A2=S¥DZLDFL(AJ,CFL#S,2L+A2)
EO=S*CXLCFL(AJy CoyFLZL)
B1=S*DXLDFLUIAJ CoFL4S2S,2L+e51980)
B2=SODXLODFL{AJsCyFLE.S#*S,21 4.52A1)
E3=S*CXLCFL(AJy (yFL4S,2L4A2)
2L =ZL4+(A0+2.%A142.%A2443)/C
XL=XLe{BO+Zo%E14Ze%B2¢B2)/€C0
FL=FL+S
Z=EXP(2ZL)

F=EXF(FL)
X=EXP{ xL)

LAASXEwwN¥F /AP
UFV=UAA$SGRY(G)

T12=2%x%82/22

TT1=ST12%T271

F=TT22%(1e/(G~14))

VVISV2VI/ZH

DC1=1./VV]

FF2=r%%G

PF1=PP2%P2P1
ANUF=X2X32/219(1e/(1e-F)=-G/GAa8F /2% (104(G8=14)/2a%F))~
*(G¥(G4~14)7GA/{G=1e)~FRARI414)8(XIXIZ/21—10)

c- ERINT RESULTS OF THIS STEP
KF=KF+1
IF(KP-E2,LT.,0) GC TD 2
ERINT 1005 _
100S FORMAT{1H1 /) OX #F % 15X 528 16X ¥ 2% 4 12X 4¥L/SCRT(FV)#,10X,%P/P1 %,
$13X3C/D13, 12X, 0T/T1%, 12X, 8ANUF#,/)

KP=0
100G FORMAT(IH 41X eF14.129SE1743C9ZE1€468)
3 PRINT 1009 ¢F o2y XoUPV4FP1,4,CD1,TT1,yANUF
C
IF(KGC) 4,4,6
L) DEL=ANUFQO-ANUF
IF(DEL) 7,8¢8
8 IF(DELNU-DEL) 9,10,10
C

10 Vav3i=le/(1e-F)
vavli=vav3ievvl
DAC1=1./VAaV]
P4P3=1.4C/72%(1.-V4VI)I/VAVI/VAN2
PA4aP =P aP3%PP1
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24=G4/G%PAP3EVaAVItZ

T4a73=24%G/2/GAa/RAaR]

SF=X¢WwN2(1e—-F)

SFPY=SF/AA®SQRT(G) ]

PRINT 10093sF 42y Xy UPVyFPP1yDD14TT14AnLF

PRINT 1008,FaP34V4V3ITAT2,P4aP 1 ,CACI4ANLFQ,SF,SFPV

10C8 FORMAT(IH 2/ ¢IXy3%P8/P3=%4E16e1C 43X y¥VA/ VI gE16Gal10¢3XydTATI=S,E

3010

1cCe

17

11

216.1093Xy2P4/P1=83,E1641093%X,%04/D1=%,E1€01C,

¥2/7410Xy $THE L AST TuWC LIMES AECVE CCRRES TO TFHE FLAME FRONTY
*(STATE3) FOR WHICH ANLFC=#%,F 1Se1Ce/7 91 CXy%FLAME SFEED=%,F17.12,
FLIXg¥W/SECH,SX,¥EF/PV= ¥ ,Fl€.l12)

PRINT 201CeMM

FORMAT (1 45Xy 3MM 3,15)

PUNCF ING

IF(NFUNCHF<LESO) GC TC 11
DX=14/FLCAY{NC)
NCFLM=NC=X/CX 42

FRINT 1CCEX4NC

FCRMAT( IR 2/ ,1CX*¥FLANE FOUSITICN % ,F12.1C* CCFRRES TO MESE PT NO
*%,14)

DO 17 L=1,AC .
XUFV(14L)=X-FLGAT(NC-L)¥CX
XLFV(2,L)=0.0
XUPV{Z,L)=PapP1
XUFV(4,L)=Ca4C]
XLPV( 1 NCH+1)=X
XUFV(Z4yNC+1)=UPV
XLFV(3,hC+1)=FF]
XUPV({44NC+1)=DDI

NC=NC+2

XLPV(1 4NCI=X4DX

FLNMI=FL
ZLM1=2L
XLMl=xL
KGC=1 -
$=S0
KF=53

GC YD €0
FLM1=FL
ZLNM1=2L
XLM1=xL
GC TC 2
S=E/2.
FL=FLM1
ZL=2Lwt
XL=XLML
¢C TC 2

IF(KGC +EC.Z) CO YD 132

IF(F.LTF2) GC YC 13 .
IF(ABS(PP1=1¢)0eGTeCeE=6sCReABS(LFV)eGT e eE~CelReAES(ECI-10)oGTa
¥5.E-6) GC YC £3

DP=PPI~1. $ KGC=2

FRINY 10224,CP,yX
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1022 FORMATU(IH 42741 X4*SHCCK TREATED AS SAC WVE AS SHK STFRANCTF= *,EL1S.7
*,2 AT X= $,E1S.7)
GO0 Y0 £4
€3 FLMI=FL
ZLv1=2L
XLML=Xxy
¢C TC =0
13 S=ALCG(F2)-FL M) ~
(€] REMEMBER € IS A NEG Q7TY
KCC=2
GC T0 14

12 222458 (G100 )% (1o~F)%(2./7(G-14)2F)
DEL=22Z-2Z
FFINT 10074CELyCELO
10C7 FCRMAT(IH /510X s%ACC IN EVAL SHCCK FROAT FCSITICN CN THIS RUN=®,
FEL11e4 49X ¥ACC IN EVAL 1T IN PRCOG 2F-KLRYLC=%,E11e4 4/)
€4 TF(NFUNCHG4LELO) CC TC I
¢C TC £2

€0 IF{NPUNCH.LE.C) GC TC 2

52 IF(XeGToaXUPV(14NC)) GC TC €1
IF{KGC.EC.2) CLC TC 1
XMl=X $ LNMI=UFV $& PHI=PF1 $ CHFI=DCI
GC 1C 2

S XLPV(2 yNC)SULNI+IXUFV(1gARCI-XFT1 )}/ (X=-XN]}*(UFV-UM])
XUPV (3 4yNC)=PMI+{XUPV(1,NC)~XML1)}/(X=XM1)E(PF1-FN])
XLEVLA yNC)=CMI 4+ (XUFV(14ANC)=XM] )/ (X=-XN1)¥(DC1-DM1)
NC=NCe 1
XUFV L ¢yNC)=XUFV(1yNC-10+4CX
XMi=x § LMISUFV & FMI=PF1 §$ CW1=CC1!
IF(KCC.EQ.2) GC TC 1

2 CCATINVE

1 FRINT 3010 .MM
IF(NPLNCFOLESO) ESTCF

NCFS=RC+5
DO €0 N=NC,NCFE
XUFVL1yN)=XUPV(1,N=-1)4DX
XLFV(? ¢N)}=0eC § XUFVI3,4N)=140
€C XUPV{4ayN)=1,0
. FFRINT 1020
1020 FOFMAY(IHIQ?/,*»CELL ACS g 7X g ¥ X2 g1 3XgBL/7SCRY(FI/D1)S,12X,3P%,17X,
E5L/D1%, 15X, %E8,/)
DC €1 MF=1,hCPE
CE=C4 § IF(M.GTNCFLM) GE=G
E=XUPV{3yNMI/XUPV(4,,N)/(CE-1a)4XLPV(Z,M)¥82/2,
PRINT 30214V (XUPV(I )N}, 1=1,44)E
1021 FOURMATULEF 418 ,2X,F1€c5,Q(2X4E1%65))
61 FUNCH ?COO'”pXUFV(|'N,'XLFV(Z'F,\' Mo XUPVY {24V ) XUPV(A,M),E
2000 FORMAT(15,2E2%e¢173/7¢1E42E2%617)
C
<ICP
ENC
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1
3 13000 1+00000E-0€ 4,855CCCCCCCCOE®QOC 1«CCCCCCCCCCCCE®CO
B,€27472E4G4S3E-01 4,3913€2€83C72E~01 B845€41€4E825352E~-01 141935S0187000€E-01
1e20 330.€S0E73 1.0 ~CeCC4 7.C C.CCCCCI €00 ¢ 0 100
L300 2202H0R2BBLABRC N RLLNRIREEDIAL CF CATASLLLH AL 240800308 4343000302%08



~79~

APPENDIX C. PROGRAM FLAME



NN NANDADONOADTNOAD AN ANANAOANDNNNNNONNN AN AN
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PROGRAM FLAMF(INPUT,OLTFLT ¢FUNCKH,TAPEL)

COMMCN/URDCND/NUBC

COMMCAN/PARAM/ N, JyAJ,CoCF o DELRyNFLM
COMMCN/TIME/T 4DToDTLy TRARITELDELTDTCX, AT

COMMCN/FIRFET C/ZINDE Xy NCYCLE ¢ NN yARAN¢NSTCRE gRS,NITRCTN
COMMCN/FIR/LSTARY yTERPMINGNCELLyASTEPS,NCISC NPUNCH,PF,DF (UF
COMMCN/ARRAYS/ZR(S01) ¢UC2,501) 4yF(24501)40(24501),E02,501),2(501)
CCNMCAN/DISCS/NTDISC,NDISCNNIS1 )¢ ANTYPE(EL),NDISCLIE1)4SE{S1),SLIS1)
*,RD(51) yNTOISCT,ANTDISCS

--=-RESULTS FOR PLANE-SYMNFETRIC FLCw FIELCS

LSTART=NO OF RUNS FOR THIS CASE THLS FAR
NCYCLE=NC OF CYCLES ASOF LSTART=0

NFUNCH=(0,1) (NC PUNCF, FUNCH)

NSTORE=(0,1) (DC NCT WRITE CN TAPE,wRITE CN TAPE)

NSTEPS=MAX NO OF CYCLES FOR THIS RUN

NCELL=MAX NO 0OF CELLS FCRMING ThE FLNw FIELED

NDISC=MAX NO OF DISCONTINLITIES IN THE FLO® FIELD

NN=PRINT CN PAPER EVERYTH NN CYCLE (MUSY BE .GTa 0)

NNAN=DRINT CN PAPER EVERYTH AAN CELL IN CYCLE AN (MUST BE «GT, 0)
NS=WRITE CN TAPE EVERYTH NS CYCLE (MUST RE oGTe 0)

TERMIN=MAX COMPULTING TINE IN CECIMAL SECONCS

N=NO DF CELL BCUNDARIES FORMING THE FLCw FIELD

J(0e142)=GECMETRY INODEX NGo (FLANE,L INE,POINT-SYMMETRY}

G ¢GF=URCM3STD,CVESTD RTYIC CF SPCFC KTS (NFLN,ANFLM¢]1 BDRS FOR G,GF)
DELR=CELL SPACING -

VCAPF=CCNSTANT FRESSURE SPECIFIC VCLUNE RATIO AT UNDIST CONDITS
R4RI=RATIO OF BURNT TO UNBURNT GAS CCAST, I.E. (MWUKBURNT/MWAURNT)
PCFONER, FFCWEE=PWER IN FLMF SPD LAW — S=(P/D)#*PDPORER ¢ PE&OPOWER
PeDsU{ D91 FI=PRESS,DFRETY,PRTCL VL(CFVESTC,CNERSC,UNDSTURBD)
XE=INITIAL FLM POSITICN :

DELY=TIME BETWEEN STEFS CN TAFE

SFLMNEwW=SS FLM SPH REL PRTCLE AFD FLM WRT URDST STTE, AFT INIT ACC
ATDISCT=ND OF DISC IN THE FLOW FIELD AT TIME Y

NDISCNO=DISC NO wWRT THF INITIAL FLCw FIELC
NTYPE(142,346¢9S6¢7,48)=(FLM,SHK ,CD yRARECT 4DET,CHOTRDy TRARE yCORARE)
NDISCL=CCLL KC CCANTAINING THE CISC ( LT+ 0 o VYERMINATE DISC)
SL=SHK-MCH NI WRT STTE AHD,FLN¥-SPD REL PRTCLE AHD WRT UNDSY
RD=FOSITICN OF THE DISCCATINUITY

NPPTH=NDa OF IRNITIAL PARTICLE FATHS

PTHNEXT=POSITION OF THF NEXT PARTICLE PATH

DCLPPTH=DST BET SCCSSVE ERTCL FTFS(MST PE > 9. YO FVE AODTLN PTHS)
NUMA=NO. OF INITIAL NEGATIVE CRARACTERISTIC TRAJECYCKRIES
RUMANXT=FOSITICN CF THE NEXT NEGATIVE CHARACTERISTIC TRAJECTORY
DELUMA=DST RCT SCCSSVE NG CHR TRJS(NSY BE > Oe TC HVE ACOTLN TRJS)
NUPA=NO. OF INITIAL POSITIVE CHARACTERISTIC TRAJECTCRIES
TUPANXT=FOSITICN OF THE NEXT FOSITIVE CHARACTERISTIC TRAJECTORY
DELUPA=DST HET SCCSSVE PS CHR TRJS(MSY BE > 0. ¥C HVE ADDTLN TRJS)
RPPTH,PUMA,RUPA=PRTCLE, NEGTVE CHRACT, FCSTVE CHARCY PSTN

INDEX=NOes OF TIME SYEPS FOR THIS VALUE CF LETARY

T DT ¢DIL=CURRENT TIMF o, LASYT Y IME STEF o, PREVIOUS TIME SYEP
TWwRITE=NEXT TINE THAY SHCULD BE CN TAFE

CAD=NCKADIWV CONSY USED IN THE FLAMF SPD LAW

[FLM,NFLM=DISC KC CF FL¥ WRT IATL FLWFLC, CEL NOo CNT FLM OR CET
NTNISC=NO OF DISC THY ARF OR HAVE EBEEMN IN THE FLW FLD AS OF TIVME T
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QCAPF=HEAT RFLEASLD AY UARDIST CCACITICANS FLR CCASTY PRESS CoOME
SE=EUJLFRIAN DISCOCNTINULTYY SPFEC

NYOI1SCS=NO DISC IN FLWFLLC AFTY IRTERCTN USC IN DETY INCRSG SPCL OHDR
DTYDX=RATIO OF TFEF TIME SYEP YC THE CELL SPACING

AT=ACDYNL TMF DERVE DUE YN CHNCE IN INCP CRDS FRM (X, T) e (X=-ST,T)
SFELSFFOLD=EULERIAN FLM SPEEC AT YHE CURREANY, PREVICUS TYIME STEP
NUSCt NOJYFS)=(SYD, MCDIFD tLeHeEBs VELCCITY CNODY)

NCJ( NO,YES)=(FLVM SPD LT CJ VALUE.,CJ FLM SPC)
PLTR(DLTRJULTR,FLTR=PRSS,DASTY 4FRTCL SFDy ENRGY AT TYAIL OF CJ RARE
CVERDAM=QOVERNRIVEN OFTCANAT JCN MACK NUMBER

NOVERDN=N0O., CF TINME STEPS DETY +AS EEEM CVERCKRIVEN

NUMAFST=NT, NF THF FRST AEG CHARACT TRJ wTh PSTN > 0,0
NCLPFTH,NCLUMA ACLUFA=CL NC CF FRTCL PTF(NC CHRCT TRJ,PS CHRCT 7RJY
NITRCTN(YES, NN)=(D0C,D0 NT)WRITE CAR TAFE AS IATRCTN BEY DISCS OCRD

FCRMAT(415)

FORMAT (I1H), sCOMPUYTER TYIME 1S AFPRCACHING CESIGNATYED MAXIMUME)
FORMAT(IHO 42T [ME STEFS FGUAL CESICGNATEC MAX IMUM®)

FORMAY(1HO¥* MFSH EFXPARNSICN(N) CR DISC(NTICISC) LIMIT®,216)
FCRMAT (1HO,,¥NCN-OCSITIVE TIME STFP #,E£12.€)

CETERMINDG INITIAL CF RESTART COCNCITICNS

CALL SECCND(TA)

INDEX=0

READ 10004LSTART yNCYCLE o NPUNCHE ¢ASTCKE

TF(LSTART.EQ.J) CALL INITIAL § IF(LSTART.ANELD) CALL RESTART

SET LSTARY

LETART=LSTART 4]

INDEX=INDFX41 § NCYCLE=NCYCLE+]

CHECK CENTQAL PFCCFSSOR ELAFSEC TIME

CALL SECCAD(TB) $ TC=S5.%(TE~-TA) $§ TD=TERMIN-TE § TA=TBH
1IF(TC.C(E.TD) PRINT 2000

Cr=m== CHFCK MNUMIBER CF TIME STEFS

IF(INDEX«GTNSTERPS) BPRINT 2001

CHECK FDR MESH EXPANSICA
IF(ARS(D(PyN-E)~DF ) el Tale"-5) GO TC 2

N=N+1 $§ F2(N)}=RP{(N-1)4CELR

Pl24,1)=PF §$ D(2,N)=DF $ L(24N)=LFSDF
E(2¢N)=DF*(PF/7DF/(C—14)4UF%%2/2,)
IF(R2{1)+LT404.2) GO TC S

N=N+1

DC 3 M=2,N

L=N¢2-M

DE2,L1=D(2,0=1) ¢ U(2,L)=U(2,L~1) ¢ PL2yLIZF(ZyL~1) $R2(LI=R2(L-1)
E(2,L)=E(2,0L-1)

NFLM=NFLM41 & R201)1=R2(2)-DELR § L(2,2)=-U(Z2,2)
IF(NUBCoEQe3HYFS) U(2,21==-U(2,2)

DO 4 T11=1,NTDISCY

ADISCLATI)=NDISCLETIT) ¢

Comm= CHFCK FOR MESE EXPANSICN OR DISCCAYIANLITYY LIMITY

IF(NeGY.ANCFLL e DFeNTDISCY.GT.NCISC) PRINT 2C02yNyNTDISCY
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————— DETERMINE TIME STFP,TIME AND REINITYIAL FRCPERTIFS
CALL TSYEP
IF(DTeLEeD.0) PRINT 2007,C1
TF(TCeGT eTDORGINDEX e CToNSTEPS OReNoeGE «NCELL<CReNTDISCT.GELNDI SC
$,0ReDTaLELD.0) GC TC 20
————— DETERMINE PROPERTIES AY NEw TIME
CALL FIDIF
----- RPECYCLE
GC TC 1

————— PUNCH RESTART ANC TERMINATE
20 CALL RESTARTY

STOP § END
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SUBROUTINF INITIAL
COMMON/UBDCND /NUHC

COMMCN/PARAM/ N J g AJy Gy CFyaCELRy NFLM

COMMCN/TINE/T 91.nTL.vuRIIE,DFLi.CIDx.AI

CCMMCN/TRDT/PLYR, DLTR,ULYR,ELTR,CVFROMN ,ACVERDN

COMMON/F IRFETC/INDEXyRCYCLE gAN g ARA JRSTCRE yASy NITRCTN
COMMON/FIR/LSTART yTERMIN NCELL yRSTEPSyADISC ¢y NPUNCF o PF o DF o UF
COMMEN/FCWER/VCAPF yRAK], FLPOWEFy FFCWER ¢y CNCyCCAPF o SFEOL Dy SFE ¢ NCJ
COMMCN/ARRAYS/RIS01) 4U(24531) 4P(2,501),D(2,501)4E(2,501)1,R2(531)
CCVMCN/DISCQIATP!SC.NClS(NO(Sl).N!VPE(‘!)-NDISCL(‘I)'SE(‘I)'SLISI)
%, RD{51) 4ANTDISCT4RTDISCS

CCMMON/PPCHR/NPPTH NUMA JRUNAF ST yALFA,FFFTH(24), FUMA(!%O),QUDA(ISO)
% ,NCLFFTH(24) yNCLUMA(150) ¢NCLUFA(1S0),PTENEXT RUMANXT  TUPANXT ,
*DELPPTH,NELUMA ,DELUPA

FORMAT(1H] #FESTART NCoe%,13,/,% MAX=CETINES ;FToly/¢% MAX-STEPSS,
¥T6g/ ¢ GFOMFTRY®,12,/,% GANMA UNCCNB¥ ,E12,.€,7X,*GANMA CCVRE®,E13,
X649/ 9% CFLL SPACING*4F13.€4/,2% TIME BETWEEN TAPE WRITES#*,E13.64/,
a% FREE FIELD PeyNDyU #*,3E2C10)

FCRMAT (I1H 4/, % CONSYT PRESS COME SPEC VCL RATIC(AT UANDISY SYATE CCA
ED)¥4E13e€ /9% RAVIC CF CAS CCANST, RAR1%3,E134€64/4% HEAT RELEASE AT
AUNDIST CONDIT2,012.64/4% FLAME ACCELERATION LAW FOPCWER* ,F 7,3,
TAXGEPFORWERS,F 7434/ 4% LACRANCE FLAME SFFELCS EEFORE, AFTER ACCL™®,
£2F206109/7y% CELL CCATAINING THE FLAME#*,1S5,/,% INITIAL FLAME POSITI
ZCN %#,E20419)

FOFMAT(IH +/+% NCe OF TNTL FSTCLE FTES #,[23,8X, *NEXT PRYCLE PTH ¢,
EF10.545Xy ¥SPCING PET SCCESVE PRTCLE FTFS % 4F1CeS¢/4% FRST AND TNT
*¥NCoe CF INTL NEG CHNPCT TSAJS $4714,SX,2NEXT TRAJ AT $,F10,5,5X,%5PC
XING BEY SCCSSVE TRAJS ¥ 4,F10e5¢/¢% NCe CF INTL PCS CHRCTY TRAJS %,148
TeHEXyANFXT TRAJ AT #,F10.S4EX, % SPCING BEY SCCESVE TRAJS *,F10.5)

—RCAD INOUY (DISC MULST BE INPUT IN INCREASINC SPATIAL ORDER)
READ 1000 ¢NSTERS yNCELLGACISCo NN ARRN GRS, TERNMIN, NyJoGyeyGF,DELR,
2VCARPF yFAR ] ,PDCNNER,FPCWFRy POyDCyLCy P1le¢DI UL,y PFDF JUF 4 XF,
*DELTY SFLMNZwW, NTCISCT,

E(NDISCNO(I )W NTYRPE( I ) yNDISCLIT) oSLIT) yRC(TI ) I=1oNTCISCT)

1000 FCRMAT (OIS, F1 084/ 921547F 104849/ 43F2%eal?9/92E25ea174/,

1001

1002

K2F 206 1S 4E30e174F1C079/32F20e1S4/ 4154/ 43(31S,2E25417))

READ 1001 4RPPTH FTHNEXTyDELPPTH ¢AUNARULVARNXT (DELUNA NUPA, TUPANXT,
SDELURA

FORMAT(I(I1E,2F1CeS))

ITI(NFFTHGT +0) READ 1002,(RPPTH(I1)y1=1,NPPT})

IF(NUMA.GTL0) READ 1202, (RUMA(T),1=1,AUNA)

IF(NUPA.GT .0) RFAD 10024 {RUPA(T ) y1=14ALFA)

FCRMAT(8F10.5)

INITIALIZE FRCGRAM VARIABLES

AJ=FLCAT(J) & T=DT=0.0 $ TURITE=T4CELY $& CAC=040 $ NTDISC=NTDISCY
NUSC=3k ND $ NCJU=3H NO $§ PLTR=DLTIR=ULTR=ELTF=0.0 $§ AUMNAFST=}
OVERNANM=040 ¢ NCVERDN=100 $§ NITRCYN=3F NO

~DET IFLM AND AFLW
DG 1 1=1,NTDIECY
IFINTYPE(T1.ECel) GO TD 2
CCNT INUF
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NFLM= IFLM=0 ¢ SFE=0.0 $ GO TO 2
2 NFLM=NDISCLI(T) §& IFLM=1

———— DEFINE INITIAL MESK POINTS ANLC PARAVWETFERS

----- SPECIAL PROCEDURE FOR J=0, IFLNV=}, ATCISCT=2
TF{(JeNE QD) ePRA{IFLMoNE e 1) eOR(NTCISCTNES2)) GC TC 3
NFLM=NDISCL(1)=(UFC(])-14E~-12)/DELR+2a)
R?2(1)=RD(1)-FLOAT(NFLM-])}*DFLR
ABISCL(2)=(IRC(2)~1.F-12)/DELR¢Z.) $ ASNDISCL(Z)+E
DD 19 M=1 N
IF(MNE.1) R2(M)=R2(M-1)+DELR
IF{M,FCoNFLM41) R2(MI=SR2(M=-1)
TF(M,GT.NIISCL(2)) G TC 12
IF(MGT«NDISCL(1)) CN TO 11
Pl2yM)=P0 & D(2,M)=DO0 $ LI?,M)=UD
GO TN 13

11 P{2,M)=P1 $ D(2,¥)=D1 $ U(2,M)=U1L
GC YC 13

12 P{24M)=PF ¢ D(2,M)=DF & U(2,M)=LF

13 GE=GF $& IF(M.GY.NFLVM) GE=G

10 E(2,M)=P(2,M)/D(2,M)/{(GE-1e)+4L(2,N)%%Z/2,0

GC YC 15

----- PKOCEDURF FOR ALL CTHER CASFS
2 READ 10039 (KyR2{M) yUl29M)y KyF(29N)yCL2yM)yE(24M)yP=],N)
1003 FORMAT(12J1(IC42E2Ce17¢/91S42E2S41747))

----- SET REMAINING GASDYNANMIC VALUES
15 D0 16 M=],N

F(MI=R2(M) & UC1,M)=U(P4¥) § F(L1yM)IZF(2,M) & D(L,M)=D(2,M)
16 E{14VM)=E(2,M)

----- CALCULATE HEAT RELEASE AT ULANDIST CCACITS FCF CCAST PRESS COMB
QCAPF=(VCAPF-1,)%GF/({GF~-1.) )

————— CALC LAGFRANGI AN FL AML SPEEC CCNST, ELLERIAN DISCS SPDS
IF(IFLMJNFEL0) CNC=SL{IFLV)/Z(P{Z,NFLM+1)/D(Z,NFLVM+1))%&PDPCWER
*/P(2,NFLM#1 )X EPFLWER
CE=CF '
DO 20 I=1,NTDISCY
NDISCLS=NDISCLIT)
L=1 & INT{SL(I)elT.Ca0}) L=0
IF(NDISCLSeGTNFLM) GE=G
SE(I)I=SL{II*SORT(GE#P(2,NDISCLS4L)/D(2yADTISCLE#LIISUC2 yADISCLSHL)
IFINTYPE(I)eFCal) SECII=SLII)SU(2,NDISCLS+]1)
20 CCONTINUE

..... PARTICLE PATHS AND CHARACTERISTIC VTRAJECTCRIES AT THE INITIAL TVIME
CALL CHARDIR(NCYCLE)

----- PRINTING INSTRUCTICAS :
PRINT 20004LSTART yTERNININSTEPS yJ4GyGF yDELR 4DFLT 4 PF ,DF oUF
IF(IFLMoNESO) PRINT 2201 ¢VCAPF,RAR]Y ,CCAPF PLCFNWER,PPOWER,SL (IFLM),
XSFLMNEW,NFLM, XF
PEINT 2002, NPPTHyPTHNEXT ¢ DELPFTFH ALMAFST ;NUMA ,RUMANXT s DELUMA
ENUPA,TUPANKT ,DELUPA
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RCCDE=IOFINIYIAL $ CALL FRANTFF(NCOCE)

~--wRIVING INSTRPUCTICNS

IFINSTDPEL.LE.C) GC TC 30
WRITE(1) JyGyGF yDELR¢VCAPF ¢yRAR1 yCCAPF yFDFONER yFPPCOERZDELY 4XF,

EPTHENEXT yOELPPTH yRUMANXT yCELUMA , TUPANXT CFLUPA

WRITE(1) NCYCLL g Ty ATDISCT o ANFLNJAPFTH NUNAFST AUNMANUPA, (NCISCNOC(T)
K ATYPEUT I NDISCLIT) ySECT) oSLIT)yRE(TI DI gI=19gNTDISCY) oA o(R2(M) yU(2,¥7)

'*.P(Z'M).D(Z'M)'lwl.N)

IF(NPPTH.GT«0) WRITE(1) (RPPTH(I),4I=1,NPFTF)
IFINUMALCTe0) WRITE(1) (RUMA(TI),I=ANUMAFST,ANUMA)
IF(NULPALGT0) WRITE(1) (FULPA(T) sI=14AUFA)

-=FOR SUDDEN FLM ACC- DET SeSs CCADITS, FRINT AND wRITE

IF(IFLM,FCe0) GO TO 40

~~L GRNGE FLM SPD BEF#AFT ACC MSY DFFF 1E-€ IF SCCN FLM ACC IS CNSDRD

IFUAAS(SFLMAFW=-SLITIFLM))alLYeleE—-€) GC TC 32

CALL FLMAZCL(SFLMANFW, IFLV¥,F30,C30)

OT=T=z1eE~12 & NCYCLE=NCYCLFE+! $ INCEX=INDEX+]

CALL DISC(1)

CALL CHARDIR(ANCYCLE)

DO 31 IFLM=],NTNDISCT

IF(NTYPE(IFLM)WEC.1) CC TC 32

CCNTINUE .

CAND=SL{IFLVN)/ (P30/D30)**FPCPORER/PI0*IFFCEER

NCODE=J10KRINITIALACC $ CALL FRMYFF(NCCCE)

IFINSTORE.LE.0N) GO TO 23

WRITE(1) NCYCLE Ty ATDISCT NFLM,NFFTH,AUMAFST,NUMA NUPA,{NDISCNOLI)
FyNTYPE(T) ¢yNDISCL(T) oSELT) ySLIT) ¢yRC(I) oI=1yNICISCTI 4N {R2{IM)yU(?,M)
"D(ZQ”)'C(ZVV)"’=I"\,

IFINPPTHeGTe2) WRITE(1) (RPPTH(I),41=1,APPTH)

TF{NUMA.GT.0) WRITE(1)} (RUMALTL) I=RUMAFST ,ALMA)

IFINUFALGT0) WRITE(L) (FUPA(I),1=1,NUFA)

SFEOLD=SFE=SE (IFLM)

DO a1 M=1,N
UC2,M)=U(2,M)*D (2, V)
E(2,%)=E(2,M)&D(2,¥)
AT=-SFE

RETURN § ENC
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SLBROUTINE FESTARY
COMMCN/UBDCND /NUSC

CCNMMCN/EARAM/ Ny JgAJy Cy CF yDELRyANFLM
CCOMMCN/TIME/T yOT DTLy TWRITEDELT4CYIOX, AT

COMMCN/TRDT/PLTR, DLTRyULTR,ELTR,CVERDAV yNCVERDN
COMMCN/FIRFETC/INDEX, NCYCLE s AN 4AKN yNSTCRE JASoNITRCTN

COMMCN/F IR/ZLSTART yTERVMINGNCELL ¢NSTEPS yNDISC yNPUNCh, PF, DF yUF
CCMNCN/FOWER/ VCAPF ,RaAR 1, FCPOWER, FFCWER ¢CNC y GCAPF , SFEDL D o SFE ¢NCJ
COMMCN/ARRAYS /R(S01) 4UL2¢501)4F(24501)4C(2,501)4,E(2,501),R2(501)
COMMCR/DISCS/NTDISC,NDISCNO(ST ) ATYPE(S] ) JADISCLIE1)4SF(S51),SLIS1)
% RD(S1)yNTDISCT 4NTDISCS
COMMON/PPCHR/NPPTH,NUMA {NUNAF ST oRUFA ,RFPTH(24) ,RUMA(150), RUPA(150)
¥y NCLPFTH{24) yNCLUMA{150)yNCLUFA{1S0),PTHNEXT,RUMANXT , TUPANXT,
*DELPPTH,DELUMA,DELUPA

1000 FCSMAT(415)

1001 FORMAT(EIS,E1Ce@y/,y3625617)

1002 FORMAT (215, 7F 1084/ 48F200173/yEZ€e1743E17.G,/42E2%17511C,/,
$315,2X9A3¢2X9A33/ 436256174/ 4( 13411 ,3184E25.17,F22,18,E25.17))

1003 FORMAYT (1001(1S,EPSo17,4/¢1E,3F2C017,/))

1004 FCRMAT(SX 9215 45X ¢215,10X9/43E25417)

1005 FORMAT(I S y2F 1005921 542F10e5,1€92F1Ca5)

1006 FCRMAT (40(8(F10.5,15¢5X)47/))

2700 FORMAT(IHL ,#PESTARY NCa®,13,/,% MAX~CFTINE#® ,F741,/4% MAX-STEPSH*,
BE6y/ 9% GFCMETRY #,12,7,¢ GAMMA UNCCNB® ,E123.€,7X,%GANNA CCMB#,El 3.
®6,/4% CELL SPACING*,E13e6,74¢ TINE PETWEEN TAPE WRITES*,E13.6,/,
& FREE FIELD P,D,U %*,3E20410) _

2001 FCEMAT(1H ,/,% CCNST PRESS CONME SFEC VCL RATIO(AT UNDISY STATE CON
®D)E4E13.€4/4% RATIC CF GAS CCAST, FRaARI¥,E13.64/,% HEAT RELEASE AY
XUNDIST CONDIT#,E13.6,/9% FLAME ACCELERATICN LAW PDPCRERS ¢F7,.3,
AIXEPPCWERY yF7439/ 4% EULERIAN FLAME SFC¥,E20410,/4% CELL CONTAININ
*G THSE FLAME®%,15)

2002 FCRWAT(1H 4/, % ACe CF PRYCLE PYFS #,13,SX,¢AXT PTH $,F1C0e5,5X,
¥ SPACING #¥,F10e5¢/9% FST AND TCT ACe NEG CHARCY TRAJS #%,214,5X,
EXNEXT TRAJ #,F10.S,SXy*SPACING #,F10.54/4% KCe CF FCS CHARCY TRAJS
* %, 14,5X,4¥NEXT TRAJ %,F10.5,5X¢#SFACING #,F105)

IF(INDEXeNEL0) GC TC 10

————— READ IN DATA CARCS
READ 1001 NSTEPSGNCELLYNCTISCoANgANN G NSH,TERMINy PF,DF,UF
READ 1002¢NyJyGyGFyDELRYyVCAPF yR4R L POPCRER FPCWER,
*¥DELTyCCAPF SFEySFFCLDy CADyToCT4TRRITE, AT,CVERCAN,NOVERDN,
ENFLM NTIDISCyNTIDISCT ¢yNCJ4NUBCy FLTRDLTRL,ULTF, ’
¥(NODISCNO(TI) ¢yNTYPE(I) NCISCLET) SLUT)¢SECIIGRCIIIoI=1,NTD1ISCT)
READ 10034y(KyR?(1)y KogU(2,1)4P(241)¢C{2431)s1=1,N)
READ 100S NPPTH RPTHNFXToDELPPTF ¢ALNAF ST JALNMAJRUNAAXT ¢DELUNAJANUPA,
*TUPANXT  DELUPA
IF(NPPYH.GYo0) READ loaﬁv(RPpiﬁ([)'NCLFF‘H(I)'I=|'RPPYF’
IF(NUMACGT.0) READ 1006, (RUMA(T) NCLUMAM(I ) I=SNUMAFST ¢NUMA)
{F(NUPA:GTL40) READ 10062 (RUPA(T )} ACLUFA(TI),I=1oNUFA)
NITRCTA=3H NO § FLTR=0.0
IF(DLTReGTeals E-10)ELTR=DLYR®{PLYR/CLTR/(GF-1,)¢ULTR3I%2/DL TR&%2/2,)
CE=GF
DC 1 [=]1,4N



11

C
C

29

21

-87-

IF(1+GTNFLM)Y GE=G
F(241)=P(2,1)/70(2,1)/(CE-1a)+Ul2,1)082/2,

AJ=FLCAT(J) § GC TC 20

-PUNCH DATA CARDS

NCYCLE=NCYCLS -1 ¢ INCEX=INDEX~-1 § T=T-CV § CT=DTL

DC 11 1=1,N

U2, 1)=0(2,1)/C(2,1)

Fl2,1)=E(2,1)/D(2,1)

IF(NPUNCHNEL.1) GC TO 290

PURCH 1000 ,LSTYART yNCYCLE yNPUNCH4ASTORE

PUNCH 1004, NCELL ¢ NDISC, RARN GRS, PF,CF,UF

FUNCH 1002¢yNyJy Cy GF ¢ DFL KRy VCAPF4RAR 1 PLCFCRER yPPCREFR,
XDELT ¢yCCAPF ySFEZSFELLDy CANDoT,CT,TWRITE, AT,CVERCAN,NOVERDN,
ENFLMyNTODISCyNTDISCT ¢yNCJUyNLBCy PLTR,DLTR,ULTR,
“(NCISCANCCIINTYPF(II NDISCLUI) o SLUT)ySE(T)yRC(I),41I=1,NTDISCT)
PUNCH 1003,(1 4R2(T)y T4U(2¢1)4yPl241),D(241)91=1,4N)

PUNCE 100EyNFETEGPTENEXT JNELPPTHALMAFSET JALNARUVMANXT sDELUMAGNUPA,
ETUPANXT DELUPA

IFINPPTH.GY 0 ) FUNCH 10069 (RFFTHIT) JANCLPETH(1)g1=1 ANPPTH)
IF(NLMALGTL0) PUNCK 1006, (RUMA(LI)4ANCLUNA( 1)y ISNUMAFST NUMA)
TF(NUPALGT«0) PLACH 1C064{RUPA(I) ACLUFA(1)oI=1,NUFA)

PRINT 20004LSTARTZTERVMINNETEPS ¢J9GyGF ¢DELFR,DELT, PF,DF,UF
IF{NFLM(NEL,0) PFRINT 2001 ,VCAPF F4R1,CCAFF,FCPOWFR,PPOWER ¢ SFE 4NFLM
PRINT 2002 4APPRTHPTHAFXT yDFLFF T MNUVAFST jAUNALZRUMARNXT ¢ CELUMA,
ENUPA ,TUPANXT,DELUPA

NCODE=10HREST ARTY ¢ CALL FRNTFF(NCOCE)

IF(INDEXeNF o0 ) RETURN
DO 21 [=1,4N

U2, 1)=ul2,11#(2,1)
EC241)=E(2,1)2C(2,1)

RETURN §& END
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SLARDOUTINE FIDIF

CCVMMCN/URDCND/NUEBC

CONMMCA/PARAMN/N gy JyAJyGyGF yCELRGNFLWV
CCMMONZ/TIME/T qDT 4DTLy TWRITE (DELT ¢DTOXH AT
CCVMCN/FIRFETYTC/ZINDEXy NCYCLEGARM yANN g NSTCRE¢NSEyNITRCTIN
COMMCAN/POWER/VCAPF yRAR L ¢ FOPCWER FFIWER yCAND 4 CCAPF G SFEOLL ySFEZNC Y
COUMMIA/ARRAYS/R{S01) yUT2,501)4P(2,501),D(2,E01)4E(Z,%501),R2(SC1)
COMMCA/DISCS/NTLCISCoNCISCNO(ST ) ¢y NTYPE(S1 )4, MCISCLIE1)ySE(S1),SL(51)
¥, RO(S1)yNTDISCT,NTDISCS

CCWNIN/PRCHR/APPTFyNUMAZNUNAFST yNUFBA,RPPTHI(ZA),RUMA(1SC)RUPA(15S0)
¥y NCLOPTH(24) yNCLUMA({ 1SO) g NCLUFA(IEC)FTIFNEXT yRU¥ANXT , TUPANXT,
*¥DELPFETHh DELUMA,DFLUPA

C
C--=--ADVANCE MESH POSITIONS
. SDY=SFFaDT
DO 1 T=14N
1 R2UT)=R(I1)+SNT
C
(=== DIFFERENCE SCHEME———=—-

AT=~=SFFE ¢ IF(NCYCLF+GCTel) AT=-SFF-(T-CT)IS(ESFE-SFEOLD)/CTL
NDYDX=DY/DELR ¢ AL=N-1 $ CE=GF
[t PREDICTOR
DC S I=2,4NL
D2, 1)=D0 1, 1)=-DTDXE(U(141¢1)=-LU14T))-ATHDTCX${D(1,141)-C(1,1))
UC2, 11201 I1)=DTOXS(UI1,14¢1)%22/CC0,141)4P(3,141)-U(1,1)%%2/
FD(L4I)=Pl1,1))-ATHDTOX®(L(1,141)=-Ulle1)})
E(2yI)FE(11)=DTOXS(U( 1y J41)/CC1,141)1%CE(1,1¢2)eP(1,1[+1))
T—U(LpI)/C01 4 E)¥(E01 4 1)+F (1,4 1)))-ATRCTCXS(ECL4141)-E(1,1))
IF(1eGTaNFLM) GE=G
S P2, 1)=(E(2,1)/70(2, 1)-U(Zo 1) ¥82/D( 2 1)8%2/2,C)¥D(2,1)*{(GE~1,)
C-=---= PREDICTOR 3.C.
U(2,1)==U(242) & PL2,1)=P12,2) § B(291)=D(Z242) $ E(2,1)=E(2,2)
IFI(NUBCeEC3HYFS) U(241)=U(1,1)

C
C-——==CCRRECTCR
GE=G
DL 6 T=2,NL
11=N=-[+1
O211=(DU1,11)4N(2,11)-DTICXE(U2481)~U(2,11-1))-ATHDTCXS*
#(D(2,11)-D(2,11-1)))/20
U2TT=CqUCL 1T 4U(2411)~0TCX*(U(2,11)232/C{2,11)4PLZ,11)=U(2,11~1)%%
%2/0(2, 11=1)-P (2, 11-1))-ATRDTOXR(L(C,IT1)-U(CellI-1)D)/2,
E(2411)=(E(2,11)4E(1,13)-DYOX#(UCZ,11)/C(2,10)8(EC2,11)eP(2,11))
(2411137002481 -1)%(E(2,11-1)}4P(2,11~1)))
F-ATEONTOXE(FE(2,111-E(2,11-1))D/2.
D(2,11)=D2I1 $ U(2,i1)=U?l1]
IF(ITLE'NFLM) GE=GF
[ Pl2o11)=LE(2,11)/D(2, 11 )-U(2,11)322/D(2,11)882/2,)98D(2,11)8(GE~-1.)
C~——-= CORRECTOR BeCe
Ul21)0=-U(242) $ Pl2,1)=P(2,2) $ 0(241)=D{2,2) § E(2?2,1)2E(2,2)
IF(NUBC.FCa3IHYES) U(2'|)=U(l'le
c '
C
SFEOLD=SFE
C

Cr=rm—= DISCCATYINULITY CYNAMICS
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CALL D1SC (D)

-PHRINY GASCYNAMIC PARAMETLCRS APCLTY EACKF OISC AT EVERY NCY-TH CYCLF

NCY=5000

TF(NCYCLD /NCY®NCYJNESANCYCLE) GC TC 20

DO 10 I1I=1,KRTCISCY

NFSNDISCLITITI) §& IF(NF oL TaS) NF=5 § K=NF=-4 ¢ L=NFe¢4 § NFM3=NF-3

DO 11 M=K,L

U2y M)ISU(24,VM)/7D(24M)

F(24V)=F(2,M)/D(2,M)

PRINY 2000yNCYCLE NDISCNCITID NYYPE(TT)JADISCLATT)SECIT),SL(TT), .

FRDCITYyR2(1DI G (R2UIDIISAFNIGL )9 THCTy (U2, 1) 015Kl ) (PL2,1)e1=K,4l),

D02, 1) 9T =Kol )y (F(241),T=K,yL)

2000 FORMAT(IH 31Xy 14,413,12,14,2F 1445, 10F7.4,2F1Ce744(/¢1X4SF14,.10))

1?2
13

3S

41

DC 12 M=K,L
U(2,M)=U(2,M)¥D(2,¥)
E(24M)=F(2,M)8D(2,M)
CONTINUE

EEINY 2001}

FCAIMAT(LIH 42/)

-PARTICLE PATHS ANC CHARACTEFRISYIC TRAJECTCRIES
CALL CHAKRDIR(ANCYCLE)

=PRINT AND WRITE JASTRUCTICAS

NXx=NSXx=D

IF(NCYCLF/RANEANSCNCYCLE) AX=1 § IF(NCYCLE/NSEINSEQNCYCLE) NSX=1
IF{INXeEGeD) e AND o ( (NSTORE eLEeO) e CRe(NSXeEC0))aAND{(NSTORE LE D}
BCRe(TeLTaTWRITE) ) e ANCo((NITRCTNGECeIF AC)IeCRe{ANSTCRESLESC)))
*GC TC SO :

=CALCULATE ULE
DO ) wv=1 4N
U{2,¥)=U(2,M)/CL(2,¥V)
El2,M)=E(2,M)/C(2,M™)

-WRITE :

IFCINSTORF aGT00) e ARDe (I AEXeF Qa1 )aCRalTeCECTRFRITE)aCR(NITRCTINLEG.
*3HYES))) GO YO 23S

GC YC 36

WRITE(1) NCYCLE qToNTDOISCTGAFLVN APFTHALVNAFSTLAUNAKNUPA, (NCISCNC(L)
X ANTYPE(TI) o NDISCLUTI) SECTI)oSLITI)RCITIIZI=1,ANTDISCT)yNo(R2(M) qUl2,M)
EogP{24M)4D{(24¥) gW¥=1,4N)

IFINPPTH.GT «0) WRITE(1) (RPPTHIT) 4 I=14APPTH)

IF(RNLMALGT«0) WRITE(1) (RUMA(I), I=NUMAFST,AUMA)

IFINUPALGT«0) WRITE(L) (RUPA(I)y1=14NUFA)

NITRCYN=3H NO

—-PRINY HEACERS
IF(NX.EQ0es0) GC TC 4C
NCCNDE=10FFIDIF $ CALL PRAYFF{ANCCDE)

DO 41 M=1,N
Ul2,M)I=U(2,M)8C(2,M)
E(ZyMISEL2,VM)$D(2,W)
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C .
S0 IF(TGELTWRITE) YWRITE=T4+DELY
C

RETURN ¢ END



SURROUTINE DISC{NINITL)
CCVNON/PARAM/ N,y JyAJyGyGF yDELR,NFLM
COMMCN/TIME/T yDT4DTL  TWRITEZDELT,CTDX, AT

COMMCAZF IRFETC/ZINDE Xy NCYCLE s AN oARN yNSTCPE A€o NTTRC TN
CCMMCA/DISCSKF/RDSAV(S]E ) yALHS(51) yNRFS(51),ACRCSS(E])
COMMCN/ARRAYS/R(S501) yUL2,5S01) 4F(24S01)4D(2,501),E(2y501),R2(S01)
CCMMCR/DISCS/ATLISC o NDISCNOTUST) yNTYPE(E1) yNCISCLISL) ySECS1),SL(51)
% ,RC{S1)4NTDISCT,ATOISCS

C
C NLHS,ARHS=LEFT,RIGHT FANL CELL ACe. INFLUENCEC BY THE D1SC
c NI=NO. OF DISCS INTERACTING
C NFIRST yNLAST=FIRST,LAST CISC IN THE INTERACYIODN
c NUMBER=INTERACYICN CCDE NC.
C NINITL(O,1)=(DOESNT,D0ES CCME FROV SUB-IARIYIAL SO CNLY RESEY DISC)
C .
c
C—---—=DET If CALLED FRCM SUE-INITIAL
IF(NINITL.EQ.1) GC TC 139
C
c ) .
Cmmmme LCCP 1 DETS AND EXECUTES ALL CISCUFLM,SHK,CCoDET,TRARE) INTRCINS
ANTDISCS=RTDISCT § NI=0 § NFIRST=)
DC 1 I=1,NTDISCS
NI=NI+]
c
C---—-DEYERVINE CELL RANGE INFLUENCE CF THE CISC
NDISCLS=NDISCL(T)
RDSAV(I)=ROC{I)+SE(I)&CT
TF((NTYPE(T)eEQe2) sOKINTYPE(T)EC.E)) GC TC 2
IF (ANTYPE(I) eERe3)eO0Re(ANTYPE(I)2ECe4) o 0F«(NTYPE(T).EQu€)aDR.
*(NTYPE(]).EQ.E)) GC TC 4
IF(NTYPE(I).FCWs7) GO TC 7
c
NCROSS(T)=9
ALHSCI)=RIISCLS—1 & NRFS({I)=NTISCLS+2
6C TC s
c .
2 TF(((RDSAVIT) LT «F2(NCISCLS))aARCe(SLEI)elToa040))eCRe

*((RDSAV(I)aGT «R2(NDISCLE41))ANCo(SLCI)eGTe0eCl)eCRe((RDSAVITI)eGT.
XR2(ADISCLS)I) e ANC e (RDOSAVII) LT <R2(NDISCLS+1)))) GO TO 3
PRINTI000¢1 ¢yNDISCNCO(T )y NDISCLE ZATYFE(TI)4RD(T)I, RCSAV(I) R2INDISCLS)
B, RP(NDISCLS+1),SLUI),SE(I),0T
1000 FORMATU(IH o/ 1Xy%* SPECIAL CISC X/C #2,415,T7TE12.6)
3 NCROSS(1)=D
IF(RCSAVII)oGT o R2(NDISCLS+1)) NCROSS(I)=1)
TF{ROSAV(I)eLTR2INDISCLE)) ACRCSS(I)=~1
NLHS(1)=NDISCLS~1-NCROSS(I)*(NCROSS(1)-1)/2
NRHS(I)=NCISCLS+3+NCRCSS (1)
. GO YO €
4 . NCFCSS(I)=0
IF(ROSAV(I)eGT R2(NDISCLS#2)) NCFCSS(TI)=1
IF(RNSAVII) L T.R2(NDISCLS-1)) NCRCSS(I)=-1
NLHSELI)=NDISCLS-2¢NCFCSS(T)*(NCRCES(TI)-1)72
NRHZ{I)=NDISCLS+4¢NCROSS(I)
GC YC S
? NCROSS(1)=)
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24

23

30

-92-

IF(ROSAV(I)eGTR2(NDISCLS+1)) NCFROSS(I)=}
IF{RDSAVII} L TeR2(NDISCLE)) ANCFRCSS(1)=-1}
NLHSCI)=NDISCLS $§ NRHS(I)=NCISCLS+12

~=-L0CP 10 DETS IF THE OISC IS SLFF CLOSE FCR INTERACTION

IFINLFS(I)al Tl ) NLES(ID=1

IF{(NTDISCS«EQal} GC TC 23

IF(NI.EQ.1) GO TO 1

MLHS=0
IF(I(NTYPE(T)IE*NCROSS(I)eaEQe~3)eCRa(NTYPE(TI®*NCRCSS(ID)eFCoe-4).0R.
E(NTYPE(L)INCROSS(I) eFQe—€E)eORJ(NTYPE( I)eECe7)) MLHS==1
TE((NTYPE(TD)FTNCPCSS(T) eECe~2) e ARCe{NTYFE(I=1)aNEal)eANT,
E(NCROSS{I-=1)eNE=1)}) MLHS=]

TF(NRHS(I-1).,LEALES(T)4+LI+MLES) GC TO 10 ¢ CC YO 21

—==AC IANTERACTICN

NI=NT-1
GO YO 20

-=INTERACTICN

IF((NTeCQe?) e AND(NTYPE(T=1)eECe2) sANDe(NTYPEIT) *NCRCSS(1)EQe~2)
%oAND < ( (CINDISCLCI)-NDISCL{I~1)eECeCleANC(NCRCSSII-1)ehEe—1)).0R,
#((NDISCLCI)=NCISCL(T-1)4EQe1)eANCa(RCRCSS(I~1).ECe1))}) GO TO 22

G0 10 25

IF(NDISCL{E-11+EC.ADISCL(TI}-1) GC TC 22

NCROSS{I-1)=3 $ NKHS(I-1)=NDISCLII-1)43

NCFDSS(I)=0 § NRFS(II=NCISCL(I)+2 ¢ NLFSC(I}=ADISCL(I)-Z

GC TC 28

M=NDISCL (1) .

IF(RDUII4(RC(I)-RC(I-1))/(SE(I-1)~-SECI)IPSE(I)aLTaR2(M)}) GO YO 25

GC TO 26 :

IF(T.NE.NTDISCS) GO TC. 1

--DETERMINE INYERACTICN CODE NO.

ANUMBER=0

DO 30 I11=14NI

NUVBER=ANUMRER+410%%{4-1] }3NTYPF(AFIRST~1411)
NI=NFIRSTeNT~1

C-+===PRINY THE INTERACTICN NC. AT EVERY ANCY-T+ CYCLE

NCY=5000
IF(NCYCLE/NCYSNCYEGCs NCYCLE) FERIRNT JO02,NUNEERy (N NCECSSIM)NCISCL
E(M)NTYPE(WV)y ¥V=NFIRSTyN1)

1002 FOCRMAT(LIH L171(S)

=~ChECK IF INTFRACYION BELUNGSE TC A KACwh NMOTICA

IF(I{NUMBERGFQ.1000) sORs{NUMRAERFQ¢1200)+0R«(NUMBERLEQs 1800)+0R.
* (NUMBERFEQe20C0) e CRe (ML VEERECCZ100)eCRe((NUNEERLEQe2200)AND.
FUSLINFIRST )eGTe0e))eOR(NUMBERFQe2220)eCRe{NUNBER.ECe2250)0R,
* (NUMBEFR.EQa2300) ¢CRe (NUMBEFRcEGCe2310)e0R s (NUNEERCEQ22312)e0RW
(NUMBERGFQ22220) ¢ORe(NLMBERGEC+2400)eCRoe (NUNPERSECa2500)0o0R.
(NUMBFR,F0e2520) e DR (ANUMBERGEC«Z600)e0R« (NUMPER.EQW 2€T70)«0R
(NUMBEReEQe2ETS5) sORe (NUNBEREC 28701 eCRe(NUNEERGECLTI000)«0Re
(NUMRER.EQ +2100) e DR ( NUMBERCEQ.Z120)sCR4s (AUMBER.FCe3200)+0R.
(ANUMBERGENe4000) e CRe (MNUMEER oECe4200)0CFRe(NUMPEREQS000)eDR .
(NUMBEReEQ«S200)eORs (ANUMBERGEC+E220)«CRe (NUNPERGECT300).0R,
(ANUMBERSY 145800 ) eNRe(ANUMEER (EQa€000)eNR(NUMAFRFQe €7C0)«OR .
(ANUMBERFEQe6750) eCRe (MNUNMRERGEGCe70%0) e CR«(NUNBERGEC7500) oo
(NUMRFR.EQ.8000) «ORs[NUMBEFR.EQ.R200)) GC YO 35

LR BE BN BE-BE K BE BN )



C~—-~——CARRY OLT THE

a]

1001

35

DELR=-ABS{DELR)
FCRMAT (1 H

IF{NUMBER.,EQ.10200)
IF(AUNBFER,FQ.1200)
IF(NUMBER.FQ.14C0)
IF(NUMBRERLFQ.2000)
IF(NUMBER.EQ.2100)

$ PRINTY
¢S5/ % NUMRBER=
INTEFRACTICA

CALL
CALL
CALL
CALL
CALL

- =93~

1001 4ALVMBEF $ RETUFRN
*,1€)

FLMIRCUINL) 4SE(NL) 4SLUINL) 4EH )
FLMSEK (A-ZERCWNFIRST,N1)
FLRCOU(NFIRST o N1 ,NCFCSS(NYL))
SEFKARCUINTI) ¢SE(NI) g SLENL) o ADISCL(NL))
SEKFLNM(NFTIRST 4N1)

IF{(NUMBFReFQa22C0) e ANDe(SLINL) eGT a0eC)eANC(SLINFIRST )oGT.0.0))
XCALL SKSKPP(NFIRST N1 ¢NFIRSY,,7+ D1SCSS)

IF((NUMBEReEQ42200) eANDo(SLINI) eLEeOeD)eARL(SLINFIRST)GT040))
*CALL SKSKOPN(NFIRST,N1)

1F(NUMEER.EC.2220)
IF (NUMPER.EQa22%0)
IF(NUMBER.FC.2300)
IF(NUMPFR,FQ.2210)
IF{NUMAER EQ.2212)
IF(NUMPER.EQ.2320)
IF(NUMBER.EQ.24C0)
IF(NUVMBAERLEQL2500)
IF{NUMBER.EQ.252))

"1F({NUMRER.,EQ.2600)

IF(AUNBERLEC.2670)
IF(NUMBFR.,EQe.2€75)

CALL
CALL
CALL
CALL
CALL
cAatLlL
CALL
CALL
CALL
CALL
CALL
CALL

SKSKSKI{RFIFST AFIRST41,M1)}
DISKEK(AFIRST gh1-1401)

SHFKCDINF IRST ¢N1,y Eh ZERD)
SCOFLM(AFIRST JAFIRST+4+1401)
SCOFLVS{ANFIRST JNFIRSET#1 ,AFIRSTH24N1)
SKCDSHFK (NFIRST JNFIFST414,N1)
SHKCOUNFIRST yN1 4BHRARCD )
CSCRSC(NFIRSTyN1y,NI47H DISCSD)
CYSKSK(NFIFRST R1-14RM1)

SHKCOINF IRST 4Nl fHEKCDDY )
SCYRDTRUNFIRST NFIFST414N1y,NDISCLIN1))
SCOTDETINFIRSTY yACRCSS(NFIRST ) N1-2,

ENCFCSSINI=2) A1 -1 4,ARCFOSSINI-1)osN1,hCRCSSIN]1)44HZETE)

*

IF (ANUMBER,EQe28C0)
IF(NJMBER.EQ.3000)
IF{NUMPFR.FQa3100)
IF{NUMBER.EQ.2120)
T1F(NIMEBEEP.EC.2200)
TF{NUVBER.EQ.40CD)
IF(NUMPER.EQ.4200)
IF(NUMRER.FGe5000)
(N1),7H DF 1)

IF(NUNBERLEQ.S2C0)
IF(NUMPER.EQ.S229)
IF{NUMRER.FQ,S300)
IF(NUMEER.EGC.5400)
IFI(NUVMBER.EQ.ECCD)
IF(NUVEFR.EQ.ENCC)
IFINUMBERL.EC.E7CO)
IF(NUMBER.EQ.€E750)

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL
CALL
CALL
CALL

SHKCCU(NFIRST 43Nl 48BHSHKCCRAR)

CD(RDIN1L) ySECNTL) JADISCLANL)4SH )
COFLM(AFZERGyNFIRSTyN1)

COFLMSK{AFIRST AFIRET+1,401)

COSHK(NFIRST 4N1,€+ ZERD)
CCIRCINT1)4ySE(RI )y ANCISCLINI1)ySHRARCD)
COSHK(NFIRSET ¢N1 ,€H. RARCN)

CET(RCINI ) ¢SFE(NT )y SLINL)NDISCLIN1)4NCROSS

CSCRSDINFIRST yA14A1,7H DISCDE)
CISKSKINFIRST Al1=14RA1)

SHKCDINFIRSY yN1 4EHCETCD )
SHEKCDINFIRST ¢yN1,PFLETRARCD)
CD(RO(N]L) ySE(NL) ¢NCISCLIN]) (SHCDTRD)

NTYPE(NFIRST )=2

CALL
CALL

COTROTRINFIRST yN1 4, NCISCL(NL))
SCODTDET(AFIKST JNCRCESINFIRST)gN1~2,

XNCFRCSS(NL-2)yN1 =14 NCFRCSSI(NI-1),N1,NCROSS(N1),4+€E7EC)

*

1F (NUMBERGEQ.7C00)

CALL

TRARE(NCISCLINFIRST))

IF(NUMBER+EQe7500) CALL TRDET(NFIRSY ACRCSS(AFIRST)IyN14ACRCSSI{NT) .

8HDISC T1D)

IFINUMBER.EQ.€CCOY CALL CO(RD(NI).SF(B!)'hClSCL(Nl)'SPCDFAR)
IF(NUMEER.EQ.8200) CALL CDSHK(NFIRST4N1,€+CCRSHK)
CHECK IF ALL DISC HAVE BEEN HANCLEC

ANFIRST=1
NI =1

IF(IN]IcEQNTNDISCS=1)AND{I+EC.NICISCE)) GC TC 20

CCATYINUF
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————— LOOP 200 RESFTS DISC IN AN ASCEMNDING SFACIAL CRDEF
100 NT=0

N0 200 I=1,ATDIECY

IF(NDISCL(I).LY.0) GO YO zO0O

NT=SNT+1

IF(NTeNCal}) GO TO 210

————— SEY 1SY DISC FOSIVICN AND FARANETEFS
NTYPE(AT)=NTYPE(T) $ NDISCL(NTY)=NDISCL(I) $ ADISCAC(ATY)I=ADISCAC(I)
SLINTY)=SL(I) $ SE(NT)=SE(I) & RC(NTI=RC(I)
GO TO 200

----- SFT NDISC RELATIVE YO THE CTHER LCISC
210 TILAST=NT-]
DC 220 I1=1411LASY
IF(RD(I)e3T«RD(IT)) GC TC 220

————— SEY DISC FTWEEN THE CTHERS
NTYPE(NTOISCT41)I=NTYRE(L) § NDISCLINYDISCTY41)=ADISCL(T)
NDISCNCINTCISCT+1)=NCISCAC(I)
SLINTDEISCT+1)=SLIT)} & SE(NTDISCY+1)=SE(I) ¢ RC(ATDISCYR1)=RO(])
nc 221 111=11,11LASTY
L=NT-111+11
NTYPE(LISNTYPE(L=-1) $ NDISCL(L)=NDISCLIL—-1)
NDTISCANO(L)=NDISCAC(L~-1) ¢ SLIL)=SL(L-1 ) $SE(L)I=SE(L-1)

221 RO(LI=RD(L~-1)
NYYPF(ILI)SANTYPE(ATZISCT4+1) & NCISCLOIT)=ADISCL(NTDISCY+1)
NDISCNO(IL)=NCISCACIATDISCTY+1)
SLOTT)I=SLINTDISCT+1) ¢ SE(III=CSE(NTDISCT+1) § RO(IT)I=RC(NTDISCY+1)
GC TC 200

220 CCANTIANUE

————— SET DISC AS L 8STY CISC
NTYPE(NT)I=SNTYPC(1) $ NNDISCL(ATI=SNDISCL{T) & ACISCACI(AT)I=NDISCACLI)
SLINTI=SL{1} §& SFINT)I=SE(I) $ RC(NT)=RC(I)

200 CCATINUE

NTDISCTI=NT
RETURN § END
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SLBROLTINE FLVMACCL(SFLNAEW,IFLN,F2C,C30)
COMMON/PARAM/N y J 3 Ad oG o GF ¢DELR JNF LW
CCMMEN/YIME/T 0T yDTL TWRITE,DELT,CT0X, AT
CCVNCN/POWER/VCAPE yR4K] yFOPOWER yFFCRER ¢CNC o CCAPF g SFECLE ¢SFE ¢NCJ
COMMEN/ARRAYS/RIS01)4U(2,501)¢P(2,S01)DI2,501)4F(Z,501) 4R2(5C1)
CCMMEN/DISCS/RTEISCoNCISCRC{S1 ) 4yNTYPE(SL )9 RCISCLEET)¢SE(S1)4SLIST)
*,RD{51),NTDISCT,NTDISCS

~DET SS FLW FLD (STYTES 3,44,5) CUE TC SLECEN FL¥ ACC BY FCLAR METHOC

P&3=TC BY REAC AS PRESS IN STAYF4 REL TC AND ACKNOIV B8Y STATE 3
US20=REAC AS FRTYCLE VEL IN STATES FREL TC SYATEZ2, NCNCIV WRY STATEO

-STATE~ ~==2-—=SFK=rE==C(D-=4==FLMm=2eeEpKmmmw= | mm = EHK === Cmmm
* * * ) *
% . % * *
* ) ) )
% * * * &
0 o *
% *® » * »
* 2 * k] ]
* % ¥ * *
e * *
$%  J
* *
FLM L
» *
*
: *
*
t .
[y Jpuyiy  JEQEIY, -

~SET STATES 1 AND 2

P1I=P{2NFLM+1) ¢ D10=C(2,AFLVEL) & LIO=U(2,NFLVe¢1)
P20=P(2yNFLM) $ D20=D{2NFLM) & L2C=U(Z4NFLBH)
A10=SQFT(®10/C10) % A20=SCRT(F20/C20%*CF/C)

-SET SURROLTINE CONSTE

BETAS(GF=1)/(CF41s) § B=(GF-1a)/(C~1e) § BFETI=(G-1e1/(G¢1e)
PGI=(1+PETA)3I(VCAPF-BCTA)Y/ (1 .-BET£)-EETA

DELP30=0,1 % EPS=1.C-14

~INITIALIZE IYERATICN CCUNTER ANL FRESSURE CLESS

NSIGN=0 & P39=FLOAT(IFIX{(P10%*100))/710+0 $ NITER=O

~PERFORM [TERATION OF THE FOLCFR SCLA,
FEINT 1002

1007 FORMAT (1M1 420X, ¥ SUDDEN FLM ACCLS,2/)

1

1001

NITER=NITER®]

TIFINITERLTL71) GC T 2

IFINITERWEQ.71) DFLLEAV=DELU

IFINITFR.LT.100) GC YC 2 o
IF({NELLEAV.LT 1o -12)eAND(CELLLTQ1E~12)) GO YC 10

PRINT 1001

FCRMAT(IH 4S5/ 41 0Xy#NCe CF ITERATICAS -AS REAMCHEC NMAXIMUM OF 100%)
DELR=-ABS(DELR}) ¢ RETURN
-GUESS P30



C
C

1000 FORMAT(1H
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P3I0=P304+DELP30

P21=F30/P10

SSL31=SORTI(P2I1+4BETINI/(1.¢BETT))

SSE30=SSL21#%A10%SORT(G)+LI1O
U310=(1e~BETI)%®(1c=1e/SSL3IR*2)2SSLIAL*AJI0®SCRT(G)
U2c=U31o+L10

D31=1e/(PETI+ (1.-BFY1)/SSL21%%Z) & C2C=C21#%C10
A21=SORT((1«~BETI)*#2%(SSLIISF2-FETI/{1¢BETI))*(1./5SL31%%24¢
*HETI/(1.-RFT1))*G)

A20=A31%A10

PG3=16+(PGO~1 )/ A30%%24GF2(1e~1e/8Z02%2)%(G/GFI3R-R4RL)
SSLA2=SFLMNEW/SQRTY(G) /A0

SSE40=SFLMAEW+U20

PaA=(-(BOTA-]1 o-SSLA3¢¥2# (| «~FEETA)IC)ISCRT((EETA-1,~SS5L 43%%25( |,
CRETAISG) ¥ 2244 .3 (AFTA-SEL43%*20(1,~FETA)®PG3G)))/2,

F£40=F43%P30

Da3=1e/(1e-(1.-BLTA)IX(FAQ2-PG3)/(PATSEETA)) § CA0=CA43%D2O
U430=-SORT ({1 .~BETA)#(PRI-PGI)I(PA3-1.)/G/(PE2+BETA)ISAICESART(G)
L4d=L420+U30
AG2=SOKT(((PG2+RFTA)+BLETAS(PAI-FG2))/(FAI+FETA)RGF/G*P4A3)
A40=AQ3%A30

~--ASSUNE FS50=Pa0

PEC=F40

PE2=PEQO/P2D

SSLB2=—SCRY((PSP2+PFTA )/ (1.4RFTH))

SETHI=CSSLE2HA20%SART(G)#L20
USP20=01e-83ETA)IX(1e=-1e/5SL.C2%%2)2CSSLE2PAZCH*SCRT(G)
UsS0o=L520+U20

DEE=14/(PETA+(1.-BETA)/SCLE2%%2) § DEC=CS2%C20

AS2=SQRT ({1 «—EFTA)RR2 R {(SSLS2442~PFTA/(1++4BETA))#(1./S55LS52%%2¢
*BETA/({1.-BETA))*GF)

AS0=AS2%A20

DELU=ASS5(L40-LS0)

PRINT 1002¢NIYERyJHyDELP3J3,FGOFC3,CELU,
*P10,D10,U04A 10 ¢P2CyD20,yUECHAZOISLIIFLY),
P21 4yP30,0219D205U310,U304A314A30,SSL31,SSE20,
*¥P4&43,P40,D42,D40,U83C4UGC A3 ,RA40,SCLA3,SCENC,
EPS2,PE0,CS2yDE0,US20,US09AG29)AS0,SSLE2,SSFEC
p1X 2198016089/ ¢1X38F130B8913Xe5F126843(/91Xp10F12.8),7)

IF(DELULLELEPS) GC TO 1C
IF{{UG0.LTUSO}eANDG(NSIGNSFEQe1)) CELPIC=AESIDFLFI0)/2.0
IF(U40.LT-U50) GC TC 1

DELP30=-ABS(DELP20)/724,0

NSIGN=1 & GC ¥C 1

~=-ADD THE DISCS VTC THE FLCw FIELLC

NT=NTDISCT
NRDISCNCINT#1)=NT41 ¢ ACISCNCINTEZI=NT4Z $ AU ISCNO(NT4I)=NTe3
NYYPE(NT+1)=2 ¢ AYYPL(NT42)=3 § ANYYPE(NYSRI)=2
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SLINT#1)=SSL52 ¢ SLIAT+2)=040 § SLCIFLMI=SFLMNEW t SLINT+3)=SSL3)
SE(NT+1)=SSESI § SE(NT+2)=L40 $ SE(IFLVM)=SSELO0 $ SE(NT+3)=SSE30
RD(NY41)=ROLIFLM)I®(1a~1eE-10) § RO(NT+Z)=RDO(IFLM)®(]1,-aSE~1C)
RO(NT+3I)=RD(IFLVM)*(1 ¢l eE~10)

DC 130 I=NFLM,N
M=N+NFLM=~]#?

D(2,M)=D(2,M=2) § ULP,M)=L(Z2,V=2)
E(Z'”)=E(2'N‘2' ¢ D(Q'M):P(Z'N—?)

100 RZ(MI=R2{(N-2)

N=N+2 .
R2INFLM)=I2(NFLVN+1)=RC(NT+2)
DC 131 ISIFLM,NY

101 NDISCLUI)=NCISCL(I)42
NFLM=NFLM4$2
NDISCLUANT 41 )=ANFLM-3 & ANDISCL(NTHZI=NFLM-Z ¢ NDISCLINTY+2)=NFLM+1
NTDISCT=NTIISC=AT+3. :

————— SET THERMD ANC CAS PARAMETFRS IN CELLS AFLW=Z4—140¢+1
D{2,NFLM=2)=NED & L(24NFLM-2)=US0 ¢ F(2,NFLM-Z)=P50
DI2,NFLM=1)=n40 $ L(2,NFLM=1)=LA40 $ F(2,NFLM=-1)=PA0
D(2,hFLM)=D¢O ¢ U(2,NFLVI=UAOD & FIZNFLM)=PAC
DE2yNFLMEL1)I=D3I0 $ UI2,AFL¥41)=L30 ¢ F(2,AFLN41)=P2I0
E(PyNFLM=-Z2)=PEQ/DSO/(GF-1e)+USCH*¥2/2,
E(Z.NFLM-I)=F(2.hFLM)=F40/C°b/(GF-l-)OUAO“ZIZ.
E(ZyNFLM$1)=D30/D32/{G-14)4L202%2/2,

RETURN ¢ END
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SUBRCUTINE FULM(RF,SFES,SFLNAME)
COWMEN/PARAM/N g JgAJ Gy GF yCELRAFL Y

COMMCN/T IME/ZY 3 DT 4 DTL o THRITEZDELT,0TDX AT
CCWNTAN/PRENDCCR/LPCUR2y13IUPC(2,13)4EFC{2,13),PPC(2,13)
COMMON/PNWER/ VCAPF yRAR1 yPOPONE R oFFCWFR CND s CCAPFoSFECLDpSFE¢NCY
COCWMOA/ZARRAYS/RISO1 I qUL2¢501 1R (2,501)4D(2,S010,E(24S01),R2(8C1)

C
C PC,VD=PRESS,SPECIFIC VOL RATIC ACKCSS THE FLAMNE
c
IF{RNAVMELEQ.H FLKCD) GO 70 1t
C-~=—-PRECICYCR FCR NFLM#1 = 3

M=NFLMs1
DPC{1¢3)1=0P(M,0) & UPC(1,43)=UF(WV,C)
EPCUL3)=ER(V,0) $ FPC(1,3)=PBR(3,C)
Cmmmmm PREDICTOFR FCR NFLW = 2
CALL SFVCPCU(G,CFyPPCL143)y0PCE1¢2)+SFL VD FDLDELR)
DPRC(1,2)=00C{1,43)/V0 § PFC(L142)=PPC{1,2)%PC
UPC(L42)=({SFLB(1.~VD)I+UPC(143)/0FCL1,23)2%DFC(1,2)
EFCI1421=0PCl142)18(FFC(142)/0FC{1,2)/0CF-12)¢UPCL1,2)%%2/DPC(1,2)
*2%2/2.0)
Com = FREDICTCF FCR AFLM-1 = )
1 M=NFLM-1
DPCL1,1)=DP(M0) ¢ UPCU141)=UF({N,C)
EPCCL 41 )SEF(VM,0) & PFC(L41)=FF(1,CF)
Commwmme— CORRECTOR FOP NFLWV = 2
DREC(2,2)=C(2,NFLWM)=CC(2,RFLM,01 § LPCUZ42)=L{Z RFLVIZUC(24NFL¥,C)
EFPCU242)=El2NFLNI=ECI2,AELH,0) & FPCL242)1=F (2, NFLM)I=PC(2,GF)
(o CORRECTOR FGR NFLMet = 3
VC=CPRC(1,3)/DFC{1,2)
CALL FLMG3(2,VvD,CSFL)

¥M=ANFL V4]
D{2,VM)=DFC(2¢3) & U(2,M)I=LFC(243) TE(2,M)ISEFC(2,3)8P(2.M)=PPC(2,3)
C=~=~==SET FLAMF POSITICN AND SREED

RF=SFFSACT4RF & SFES=SFE
C
REYUEN '$ END
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SLRROUTINE SFVDPL(GoCGFyFAVGyCAVCySF VL ,PCyCELR)
COMMOCN/PNWER/VCAPF yRAR] yPDPORERFFCWER ¢CAND o CCAPF g SFEOL LD, SFE 4NCJY

FLMSPD | (PAVG 'CAVG)=CND‘(F‘VG/C‘VG)Q‘FCF‘CNEF‘FAVG"PbOUER
VF=CCNST FPRESS SFECIFIC VCL FRATIC AV FLAMFE STAYE CCNDITIONS

SFSAV=SF

BETA=(GF~14}/(GF+14)
VF=VCAPF/PAVGEDAVG+({ 1 .-DAVG/DPAVG)I*(G¥(GF—1e}/GF/(G-1e)~RaR1I+14)
SF=FLNSFDI(FAVG,CAVG)

TF(ARS{SFSAV-SF) el TeleE-CB) SF=SFSAYV

C=2.%G*SF832/C/PAVGCEDAVE § A={1+PETAII(144C/Zs)

B=AKA-2 %k Ck(C/2.%BETA+(1,+BETA)#*VF)

IF(R.CE+0.0) GO TO |

SFSAVI=SF & IF(NCJeEGe3F NC) CELF=-AES(CELR)
SF=SORT((1.+BETA)*PAVG/DAVG) /(1 .~BETA)*(SQRT(VF-BETA)-SART(VF-1,.})
IF(APS{SFSAV-—SF ) el Tel «E~-08) SF=SFSAV

C=2.%GHSFER2/G/FAVGY¥LAVG $ A=(14EETAI®(1,.4C/2.)

PRINYT 100048y PAVGyDAVGySFSAV] (SF¢NCJ

FORMAT (1H (SX 32 EelTeO0¥¢FE17e991X98F20e12,SX,42)

VD=A/C

GC YC ?

IF(NCJU-EQa3HYES) DELD-—AES(DELF)

IFINCJ.EQ3IHYES) PRINT 1CO04RyPAVG4DAVG,SFERV,SFoNCJ
VD=(A-SCRT(P)II/C

PD=1++G#SF %2 /G/PAVG¥CAVG®(1e~VC)

RETURN ¢ FND
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SUBRCUT INF FLMA3(K,VD,SFL)

(C"“Ch/PAQAN/h.J.AJ'G'GF DELR, NEL W
COMMFN/PRCD(OQ/DDC(2'lBlyUpC(E.lJ)'EPC(2.13) PRCL2,13)
CCMMCN/PCWER/VCAPF RARL yFCFOWERyFPCWERyCNC o CCAPF ¢ SFEQLC3SFELNCJ

FLV§CDZ(PAVG.CAV()=CNC‘(DAVGICAVG)QQPDFCNEFOFAVG!‘FPCHFQ
L=Kel $ CONSY=GR(GF~14)/CF/(G~1a)-RAR141s § EETA=(GF-1,)/(GF41,.)

SFLSAV=SFL
IF(ANCULEC.3FYES) GO TC 1€

NITER=0 $§ SPS=1,.,E-14
TOPCL2,L)=CPC(2,K)#VD ¢ FFCL2,L)I=FPCl1,4L)

DO 1 ITER=1,4¢

SFL=FLMSFED2(PPC{2,L)4yCFC(Z,4L))
G1==FPC(24KI4FFCI24L)4SFL#*24CPC(2,L)%(1.-VC)

DCINPI=] (42 #SFLE* 28 (PDFCRERFFCRER)*(1a-VCI*CFC(2,L)/FFC(2,L)
DF3=-G1/NGIDP3 ¢ PPC(2,L)=FPC{Z,L)4CP2
IF(ASS(D3)LT1.FPS*¥PPC(1,4,L)) GC TC 2

CONY [ANUE ) )
PRINT 2000 NITER,PEC(14L)4FPC{2,4L)yCPI,C1,CCICP3,SFL,SFL
FORMAT (IR 141X #FLMG2%,14,7E17.10)
IF(ABSIDP3) oL F2000.2FFS#¥PPC(14L)) GO TC 2
DELR=-ARS(DELR) ¢ FETLRAN

SFL=FLMSPD2(PRCI24L),DPC(2,4L))

NITER=NITER+}

IFINITFRLLYSIS) GO TC 6

IFI(NITFRLEJ2S) DV3ISAV=DVI
PRINY P0004NITER GI4OVIPACI24L)oFPCI24K) CFC{24L)DPC(24K),SFL

IF(NITERSLTS&D) GC YC €&

IF((ABS{DVISAV) LT oS CO0tEPSRDFC{I 4L )) eANDG{AESICVIIaL T cS00%EPSYH
*CPC(1,L1}))) GO TC 16
PRINT 20004NITERGIDV3 JFRC(2,4L)oyFFCLZ4K), tFC(Z.L).CPC(?,KI.SFL
PRINY 2001
FCEMAT{IH S/ 41X *ITERATICN ECLALS MAXIMLM IN FLMAZ®)
DELR=-ABS{DELR) % RETURN

D3C4=CPCL2,L1/CPC(2,K)

GI=PPC(2yK)F(EETA~D3D4)4(1 +PETA)R(VCAFF-CCRETIMCPC(2,L )+
E(SFL2#2XDIC(24L )1%(1a-D3DQ)-PPC(2yK))*{RPETASCICA-BETAR¥2-(1,40ETA)*
B(CCNST-BFTAY)

DPOVI=(D3DA/( 1.-D3D4) 42 . *PDFOVEFR- I.)I(I.ISFL"ZI(I.-DJDA)O
X2 4¥CPC(2,L)/PPC(2,L)I*(PCFOMERIPECWER))

DENVI=~PCFOWFRESFL/CPC{2)yLI+(FCFCWERCFFCRER)ICSFL/ZFPC(2,L)DPOVI

DGIDVI=={ 1 4RETA}#PPC(2,K)I/DPCLZ KV 1. 4PETAIS(VCAPF~-CCAST)+

C RSFL#42%DPC(2,L)#(14-DIDG)H(EETAS(C2CA-EFTA)-(1.4BFTA)S$(CCNST-BETA)

) ¥(2./SFLEDSOVI4(14-2e%D2CQ)/CPCL2,4L)/(1-C2CAYIBFTA/DFC(2,K)/
S{ERETAS(D3INA-ACFTA)~(1.+4BETA)IF(CCAET-BETA)))

Dv3=-G2/0C30V3

DPC(2,L)=CPC(2,L 14NV

DC 19 ITER=1,45
G1=—FPC (2,K)4PPCI2,LI4SFL#I24CPC(Z,L)19(1.~VD)
DGIDP3=1.42.%SFL¥¥2& (PCPEWEREFFCRER)®(14-VLIICPCL2,L3I/PPC(2,L)
DP2=-G1/DGIDP2 § PPC(2,L)=PPCL2,L)4DP2
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SFL=FLNSFD2(PPC(2,L),0PC(2,L)})
TF(ABS(DP3) L T.EPSRPPC(1,4,L)) GC TC 11

CCATYINUE

PRINY 2000,NITERGPPC(1+L)4PPC(2,L)4DF2,G1,CCIDPI,SFL
IF{APS (NP} ol Fe2000.¥EPS*PPC(1,L)) GC TC 11
DELR=-APS(DELR) $ RETLRN

IF(ABS(DV3) «GT.EPSEDPCl 1,L)) GC TC €

PFINY 2003,NITER

FORMAT(1F ,IX*NITYER #*,1€)

GC TC 16

CONST=G®(GF~] ) /CF/(C-1.)-F4aR141,
AZ(1e+BETA)S®22EPC(2,K)/FPC(24K)*(VCAFF-(GAST)-1.4BETA
B=2¥((1.+9FTRA)RCCNST—2+#BETA) $C=(1.~BETA) M (BETA-CONST®(1.4BETA))
PD=(-P+SORT(BYC -0 .%A%C))/2e/A § VLC=PL2(1.4EETA)/(2.%PD—-16¢BETA)
PPC(24L)1=PPC(24K)/PD ¢ DPC(2,4LI=DFC(2,4k)%2VD
SFLTSCRT{(1.4EETAIBPPCI2,L)I/DFC(ZyLI/(Z4%VE-1.-BETA))

UPC(2,L)=(CPC(24L)/CFRC(24yK)IISFL-SFLHLFC(2,K)/CFC(Z,K))IFCPCL2,L)
EPC(2,L)=D2CL2,4,LIR(PPC(24L)/DPCI2yL)/7(G-1e)+ULPC(2yL)%**¥2/DPC(2,L)%*s
%¥2/24)

IF(ARS(SFLSAV-SFL )«5Te1+E~-08) CC TC 17
SFL=SFLSAV

DPC(2,L)=DPCl14L) $& UPC(ZHLISLPC(1,4L)
EPC(2,L)=EPCI1,L) ¢ PPC(ZyLISFFC(1,L)
CCANTINLE

SFE=SFL4URC(2,L}/DPC(2,L)

RETURN §& END
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SULRROUTINE DEV(RS,SSE ySSLoNSFKoAXES, NANE )
CCMMON/PARAM/N 3 ) oAJ 4G yGF ¢DELR 4NFLW
COWMCN/TIME/T yCToDYL, THRITE,DELT(CTDXqAY

COMMCAN/TRDT/FLTR ,DLTRyLLYR4ELTR,CVERCM¥ y ACVERCA
COMMCN/PRFDCOR/CPC(2412)4UPCI24512) 4EFC(2413)4PPC(2,413)
CCWMCN/ECWER/VCADE ,RAF1, FCFOWNER, FECWER ,CND, CCAPF 4 SFEDOLD ,SFE ¢ NC S
COMMCN/ARRAYS/R(S01) 4U(2,501)4F(2,501),C(2,501),E(2,521),K2(501)

PGI(A)=]1 ¢ (POO=1,)/A%824CF (] 4-1./A882)%(G/CF2B8~-R4R])

CVERDAM=0OVERDFRIVFAN CETCNATICN MaACH NUMEEFR
NOVERDA=NNe OF TIVME STEFS DET HAS EEEN CVERCRIVEN

BEYA={GF=16)/(GF+1a) & E=(CF~1e)/((-14)
PGO=(1+FETA)R(VCAPF~RAFTA)/(1.~-RETA)~-FETA

~=~PREDICTQOR FCR NSKK = 2

ASSORTU(P(1 4NSFK$+1)/CU14NEFKe¢L1)) § FG=FCLI(A)
PSI=Z(1ea=PETA)/2e%( 1 «+GXESL#2%2)

IFINCVFRDN LT o20) PSISPS14SORT(PSI##2~(1.~PETA)SGVESLAS2¢PG+BETA)
PE=PS18P (1 4 ASHK+1) : » -
DS=D{ 1 yNSHK+1 )1/ (1lo=(1~BETA)F(FPS1I-FG)/(PSL4BFTA))
US=DSE(SORT(G)I*AXSCRT ((1 a-EETAII(FSI-FCIM(PEL1-1.)/G/
F(PSI148ETA))IHU( L oNSHK+1) /D1 ¢yNEHK+1))
ES={PS/DS/Z7{CF~] . )4+US¥L2/C5¢82/2,)%CS

TF(NAMEFEQs7HTIRDET ) GC 1C 10

EPS={RS-R{NSHK) )/DFLR

Cl=2e%(2e~FFS)/(1e+EFS)

CP=R2a%FPS~2s ¢ C3=(1.~EPS)E(2.,%EPS~-1.0/7(1.4¢EPS)

CPCl1 42)=C Ll ASHFK)I-CTDXA(CIPUSH+CZIL( 1, NSHFKISCIFL(],NSHK=1))
UPC(142)=Ul1 gNSHK)=DTOX%(C12(LS*US/DSEFSARSIFJ)+C2PMINSHK )¢
*CIEPMINSHK=-1)) .

EPCI142)=E(1 ¢NSHK)I-DIDX2(CIHUS/CSO(FS+PSIRSII))IIC2IPE(NSHK )eCI®
*PE(NSHK=1))

PFC(1,2)=FP(2,GF)

IFI(NAMEFQo7HEKCD DT) GC TC 10

--PRECICTOR FOR NSKHK=-1 = 1

M=ANSHK-]
DPCl1,1)=NP(My) § UPC(1,1)=UPR(N,C)
EFCll1,1)1=EP(M,0) ¢ FPPCL1,41)=PF{14CF)

-=COKRECTOR FOR AS+K = 2

D2 ¢NSHK )I=DPC(242)=DC (24KSHKy0) $§ LI2ASHK)SLPCL2,42)=UCI2¢ASHK,0)
E(2yNSHK)=ERC(2492)=EC(2:ASHK,0) & F(2,NSHK)=PPL(242)=PCL2,GF)

~—PREDICTCR FCR NSHK#1#AXSS = 3J4NXSS

MTASHKSI4AXSS § MM=J4AXCSE
DFCU1 4MM)=DPIN,0) $ UPC(],MV)=UF(N,0)
EPC{1,MM)=EP(N,C) § PPC(1,MVISFF(WMN,G)

~—PREDICTOR FOR ASEHKI24AXSS = 4 ¢NXSS

M=NSHK424NXSS § MM=44+AXSES
DPC{1 yMMI=CP(NM,0) $§ URPC(1y#M)=LP(F,0)
CPCLIyMMISEP(N,0) & PRC(L1WVMI=FF(MN,C)

~~CORRECTCR FOR NSHK+J4NXSEE = 3eNXSE

M=NSHK+1 +AXSS & MM=34AXSS
D(2,M)=DPCIPyWNI=DCINFM N 1) § L(2,0)=LFC(2,MV)=UC(NN,M,1)
E{PyMISEPC(2,M¥)=FCIMV My1) § P(2,M)=PFCI2,MV)=ECINN,G)
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IF({AXSS.EC.0) GC YO 1
o PREDICTOR AND CCRRECTCR FCFR ANSkHKe] = 2
M=NSHK +]
D(24M)=DPC(2+3)=DFCI(1,2)=DS
E(24¥)=EPC(2,3)=EPC(],2)=ES
SSESAV=SSE
IF (NOVFRCN.GE«20) GC T1C 2
ASSQRTI(P(14M)/D(1,M)} $ FG=PG1(A)
SELSAV=SCRT((2+%FG-(1e—EETA}+4Zo¥SCFY(FC#22-(1.-BETA)SPG-BETA)})/
*(1.-BETA)/G)
TF(OVERDAN,GT ¢SSLSAV) SSLSAV={SSL4SSLEAVA(CVERDAN=SSLSAV)/20C.%
*FLCAT(20-NOVCRON-1))/2.
IF(CVERDAMLJLF o SSLSAV) SSLSAVS(SSL4SSLEAVI/ P,
SCESAV=SSLSAVAAYSCRT (G)4UlL4M)/C(14M)
P(24M)=(1e-BLOTA) /2% 1.+GESSLSAVESD)
Pl2,M)=(F(2,M)+SCRT(P(24M)IA92-C2(1—BETA)RSEL SAVRIZSPGHRFTA) )X
2P (1,M)
PSI1=P(2,M)/P(1,¥) )
D(2,M)1=C(1 NSFK41)/70{1e—(1e-PRETAIVN(FSI-PCI/(FSI4BETA))
Ul 24M)=D(2,M)*¥(SORT(G)SASSCRT ((1.~-EETA)X(PSI~-FG)¥(PSI-1.)/G/
*(PS14AETA)I4U (1 ASHK+ 1) /C(14NSFK41))
E(2yM)=D(2,M)2(F(24M)/D(2yMI/(CF-1e)4U(2,N)1832/D(2,M)%82/2,)
GO TO 2
C——---CALCULATE CETCNAYICN PCSITICN
i A=SORY(PPC(14,3)/70PC({1,3)) $ PG=FG1(A)
SSLSAVE=SORT((2.%PG-(1.—BETA)42.,¥SCRT(PG¥*%2~-(1.—-BETA)*PC
k—PEYA))/(1.-RETA)/G)
SSESAV=A*SQRV(G)*SELSAVHLPC(1,2)/0FC(1,3)
IFI{CVERDANMLF ,SSLSAV) GO TC 2
IF(NOCVERDN#1+GE+20) GC TC 2
SSL=SSLSAVE{OVERDAM=SSLSAV)/2C.*FLCAT(Z0-NCVERDA~-1)
. SSESAV=SSL*AESORT(G)+UPC(1,3)/CFC(1,3)
2 RS=RE4(SSE+SSESAVI/Z2.¥D7
IF(((RSeGTeR2INSHK $1) ) e ARDINXSSeECoC))eDOR((RSLTLR2INEHK+1)).
EAND(NXSS.EQal))) RS=R2(ASHK 1)

$ L(Z,yVMITUFC(2,2)=UPCLIL,3)=LS
$ P(2,M)I=FFC(2,3)=FPC(1,3)=PS

C-m—== ACVANCE ODETCNATICN INCEX
NFLMsNSHK=NSHK+NXSS

Cmm——- CALCULATE DETCNATICN SPEED
AZSORT (PPC(2, 3+NXSS)/DPC(2,3+AXEEY) & PG=PGI(A)
SSLE=SCRY((Pe¥FG-(14-EETA)42.#SCRT (FGH¥Z~(1+-PETA)IPG-BETA))/
*(1.-BETA)/G) '
 SSE=SSLESGRT(C)2ASUPC (2,4 24NXSS)I/CPC(Zy34NXES)
1F(NOVERDN.GF +20) RETURN
IF(OVERDANMLLE «SSL) NCVERCN=1CC
1F (OVERDANMLLE «SSL) FETUFEN
SSLSAV=SSL $§ SSESAV=SSF
" NCVERDN=NCVERCA 1
SSL=SSL+(OVERDNVN-SSL) /20.*%FLCAT(20-ACVERCN)
SSE=SSLY¥ASSORPT(GI+UPC (24 24NXES)/OPCL2,24NKES)
PRINT 1000 ,NOVERCN,DOVERCAM,SSL ySSLESAV,SSE,SSESAV
1000 FORMAT(IH 41€43E20e1Co10X,2E2C10)

RETURN $ END
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SLARDUTINE SHK(RS ySSE,SSL yNSHK)

COMMON/ZUBDCND/NUBC

CCNNCR/FPARAM/N, JyAJy Go GF ¢ DELRyNFL WV
CCVMMCN/TIME/T 4DT4DTL o TWRITE(DELY CTDX, AT
CCMMCN/PREDCOR/CPC( 24 12),UPC(2,13),EPC(2513),PPC(2,13)
COMMIN/ZARRAYS/R(S01),UL2,501)yFl24501)eCL2,S013,E(2,501),R2(S01)

GE=GF $§ IFINSHFKeGT.NFLM) GE=G
Commmm CHECK SKK DIRN AND SHK X/0

NSHKSGA=0 § IF(SSLeGT40e0) NSHKSGAZ1

NCROSS=0 $ IF(RS+SSE*DT.CELR2(NSHK41)) NCRCES=1

IF(ANSHK.EC.1) GO TC 1

IF(RS+SSE#DTLLTaR2(NSFK)) CC YC 10

Commm = PREDICTICR FCR ANSHK-1 = 1

M= ASkK-1

DPC(141)=DF(Myd) ¢ UFC(1,1)=UF(V,0)

EPC(141)=EP(M,43) & PPCl141)=3PR(1,CE)

Commm PRENICYOR. FCR NSKHK = 2

IF(NSFKSGAN.,FQe1) GO TC 3

DPC{142)=DP(NSHK,=1) § UPC(14Z2)=UP(ASFK,~1)
EPC(1¢2)=EP(NSHK,,=1) § FFCI{1,2)=FP(2,(CE)

GO YO 4 )

3 FS=P (] NSHFK¢1 ) #(P2¥CE/(CE414)8SSL222-(CE-1e)/(CFt1,))

DS=D( 1 yNSHK#1 ) /7{{(GE=1e3/(GEX] ) 42e/7{CE414)/7SSL#¥%D)

US=DSE (U1 4NSEK+1)I/DI1ASHK$LI)+SORT(CESP{1 JASHK$ 1) /D1 yASHK+1) ) %2,
T/(GE+1e)#SSLX(le~le/SCSL¥282))
ES=(PS/DS/ICE~1)+LSR%XD/DSEBR2/2,)8DS

EFS=(RS-R{(NSHK})I/DELR

C1=2.%(2.~EPS)/{1e+4EPS)

C2=2%EPS~3, ¢ C3=(1e~FPS)R(2,3EPS~14)/7(1¢EPS)
DPC(l.2)=D(l.NSHK)—DTD!’(CI#USOC2$U(quSPK)GCE’U(I'NSHK-l))
F~ATENTDOXE(CIEDS4CPED( 1 g ANEHK )SCIND( 1 yANENK=-1))

UFC{142)1=U{) JASEK)=DTDX#(CIE(LSRUS/DSHPSAINEIRY)4CZEPMINSEHK) ¢
¥CIEPV(ASHK=1) J~ATECTOXE(CIXLSHC2%L {1 4 ARSHKISCIBU( L JANSHK~1)})
EPC(142)=E( 1y NSHK)-DTDXF{CLRUS/CSO(FSHFSARSIRY)SC2¥PE(NSHK)SCI®
RPEANSEK-1) })~ATRCTDX*(CI®ES4C22E(1 yNSHFK )4CIFE( 1, NSHK-1))
PPC(1,42)=PP(2,GE)

C——m- CCRRECTCF FCF NSKK = 2
4 D(2yNSHK)I=NPC(242)=DCI24ASHK0) $ LI24ASHKIZUPC(2,2)3UCI2,NSHK40)
E(2,NSHK 1ZEPC( 24 2)1=EC(24yASHK4C) § FI2,hSHK)=PPC(242)=PC(2,GE)
C
IF(NSHKNE«?) GO YO ?
C
C—=-==SET DyUyE4P FCR ASHK(=2)-1 = 1
D(2,1)=D(2y2) $ Ul2,1)==0L(2,2) § EL2,1)=E(2,2) $ P(2,1)=P[2,2)
IF (NUBCoECo3RYES) U(2,1)=Ull,41)
GC TC ? )
C
Commm SET CyUsEP FCR ASHK(=1) = 2 .
1 D(2,1)1=DPCl142)=D(141) $ U(2,1)=UPRPCC1,42)=0L(1,41)
E(241)2EPCI142)=E(141) $ P(Z,1)=FPC(1,42)=P(141)
c .
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~—SHK CROSS OVER CECISICN

IF(NCRCSS.FCel) GO TO'S

~—PREDICTNR FOR NSFK#? = 4

M=ANSHK+2
DPC(1,4)=DP(M,0) $ LPC(148)=UP(N,C)
EPC(1,4)=FP(My0) & PPC(1,4)=PP(4a,CE)

-~PREDICTOR FCR NSHK+] = 3

M=NSHK+1
DPC(1,3)=DP(M,0) $ UFC(1,3)=UF(VN,C(C)
EPCL1,3)=EP(M,0) & PPC(1,3)=PP(2,(E)

~=CALC SFK PCSITICN

SELSAVESORT((PPC(1 3-NSHFKSGAN)/FFC(192¢NSHKSCA)S(GE~1e)/7(GE#+],))%
%(CE+1e)/2./GE) * SSL/ARS(SSL)
RE=(SSLSAVESCRT(CE¥PPC(1¢24NSHKSCAN)/CFC(1424NSFKSECN) )¢
FURC( 1, 2¢NSHKSGN) /DPC( 1 424NEHKEGN)4SSE)/2%¥LT+RS
IF((NSPK;ECol).AhD-(NShKSGN.EC.C).ANDo(RLHC.EC.EP NC)) FKS=RS-
2, %UPCLY ¢ 2¢NSHKEGN) /DFC (1 924¢NEFKSGR)/24%CY

IFIRS,CTR2(INSHK+1})) RE=RZINSKHK+1)

IF((NSFKeECal ) o ANN L (NSHKSChWeECeC)) CC TC S

IFIRSLTeR2(NSHK)}) RS=R2(NSHK)

~—CCRFRECTYCF FOP NSHK4) =2

IF(NSFKSGN,FCe9) GC YL 6 . )
D{2yM)=DPC({242)=DC(34Myt) $ LIZyM)=LFC(2,2)2LC(3oV,1)
E(2¢MITFFCL243)=ECI34Myt) & PLZyVM)I=PPC(Z2,2)=PC(24CE)

GC 10 7

SSL=(SSt +SSLSAV)/2,

PS=P (1 JRNSHK)IX (2 ,%CE/(CE+16)¥SSLA22~ (CE-I.)/(GE#I.))

DSTD(1 yNSHK )}/ {{GFE~14)/(CE4+1e)42e/7(CEC10)/SELRH2)

US=NSE (UL JNSHEK)I/ZD{1 ¢ ASHFK )+SORT (CE*P(1yNSHFKDI/Z/C(14NSHK) ) #2,
¥/(GE414)¥SSL&¥(1e-1a/5CL%%2)) '

IF((NSFKeFQel ) o ANCo (NUBCSEC3F NCHIILE=US-24FLL14NEHK)/ZC(1 4ASHK)®DS
ES=(PS/DS/(GE=1 . 4L S*82/LS%%2/2.)%(S

EPST(R2(NSHFK+1)-RS)/DELR

C1=2%(2+4~FPS)/(1.2EPS)

C2=2+%CPS=30 $ C3=(1e~EPS)F(2.%EPSE-16)1/(164EPS)
T DU24M)=DPC 2y 2)=0eS*¥(D(14MISDFC(1,2)4DTOXF(CIAUSHC2%UPC(1,43)0C3%
EUPC(148) )+ATHRCTOX*(C1%DS4C2%0FC(143)+CICCPC(1,44)))

U(2yMISUPC{ 29310058 { LI 4MISLFC( 1 43)ADTCX2(CLI*(USELS/DSHFSERSE% )
$CP28CNV(J)I4CIRCMIL))I4ATEDTOXI(CITLSHC2%UPC(192)4CIAMLPCI(L,4)))

E(2¢M)=FPC(2y3)=058(E(14MISEFC(1,,2)4CTEXS(CIBUS/LSH(ESHPSERSHE )
tcztcs(1)oc=t(F(a))+AT¢D?DX¢(C1‘E<¢C?*FFC(1.3)oc3tEFc(l.A)))

P{2¢¥)=PFC(2,3)=FC(3,CE)

—-=~CALC NEW SHX SPD

SSL=SCRT ((P{2 ¢y NSHFK41—ASFKSGN)I/P {2 ASHKENSHKEGN)I¢+(GE-1.)/(GE+1.))*
®¥(GE+16)/2e/GE) % SSEL/7ABS{SSL)

CSSE=SSLSSQART(CE#P( 2, ASHK ¢NSHKSGN) /C(2 yARSHK4NSHKEGA) ) U2 sASHKS
¥NSHKSGN) /D( 2y NSFK¢ASHKSGN)

IF{INSHKGEQel ) e ANDeINSHFKEGNECaO0)aAND o (NUBCEC3F AC)) SSE=SSE-
*¥2 XU (2 g NSHK4NSHKSGN)/D(2 yNSHK4NSHFKSEGA)

IF(RS.LT.0,0) GC TC 20

RE TURN
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Cormm FCSITIVF ShK CFRNSSES WFSE FT ASHK4)
c .
(=== PRKFDICTOR FOK NSHK+1l = 2 .
S PU2yNSHK+1)1=P (1 JASHK+1 )2 (2e%GE/(GE¢1+)SSL#E2-(GE~1e)/(GE+1,.))
Crmom~- PRFDICTOR FOR NSHKk+3 = €
MZASHFK+3

DPCU1,48)=DP(NV,0) & UPC(1,5)=UP(N,0)
EPC(1+S)=FP(W~¥,0) $ FPC{14€)=PP(E,GE)
[ PREDICTCR FCR ANSHK+2 = 4
M=NSHK + 2
DFC(148)=DF(My0) ¢ UPC(1,4)=UP(NyC)
EPCl148)SEP(MyD) & PPC(144)=PP(4,CE)
Commm= CORRECTOR FOR NSKHK+? = &
D(2,M)=DFC(2,4)=CCAasMy1) § UI2,M)=UPC(244)=ULC{AM,1)
E(2,MIZEPC(244)=EC(44M,y1) & P2,M)=PPC(24,64)=FC(4,CL)
C———- CALC NEW SHK FCSITICN
SSLSAVESORTI(P(2 ¢NSHK+1')/PFC(148)4(CE-1a)/7(CE+14)I*(GE+1.)/24/GE)
PS=(SSLSAVESORYIGERPPC(144)/0FC(1,4))4LPC(148)/DPC(1,44)¢SSE)/2.%DT
t+RS
IF{RS el TeR?2(ANSHKE1) ) RE=R2(NSKK+1)
Comm——— SET CoylUsEeP FrR ASHK+1]
SELSAV={SSL+SSLSAV)/? 40
DI2,NSHK+1)2D (1 yNSHK+ 1) /((GF~1e)/7(CE4#14)42+/7(CE4}e)/SSLSAVEE2)
U(Z.ﬁSHKﬂl)=D(2.hSonl)*(U(l'hSPKil)/C(l,hSFK#l)OSQRT(GF‘P(I.NSHK¢
E1)/DC 1 yNSHK+ 1)) (26 /(GE4+1 0 )PSSLEAVI( 1 a~1e/7SSLSAVER2)))
PIP2IANSHK41 )P (1 ASFK$ 1Y [2ePGE/Z(CF+ 1o )2SSLEAVESZ-(GE~14)1/(GE+1.))
El2y,NSHK+]1)=D(2 AShK+]1 ) (P(2,ASHEK41)/C(2,ANSHK+1)/7(GE~1a)¢
BULZyNSHK$ 1) 222/D(2,NSHK+1)%%2/2,0)
Cmm——= CALC NEw ShK SPC
SSL=SCPY(IP (2 4yNSHK+ 1) /P(2)ASHK$2)4(CGF-1e)/(CE41)IE(GE+1e)/2e/GE)
SSE=SSLE:SCET (CFAP (2, ANSFK42)/D(Z4NSEFK4Z)ICUCZJNEHKIZ)/ZD(2,ASHK+2)
c .
IFINSFK.NFE 1) GC 12 #
C——~==SFTY CyUyEsP FCR ASFK(=]1) = 2 . .
D(2y1)=D02,2) § L{291)=~L{242) 8 E(2,1)=E(292) ¢ P(241)=P(2,2)
IF(NUBCFCL3FYES) U(2y1)=U(1,1)

C
Co == ADVANCE S#K INDF X
8 ASHK=NSHK+]
C
RETURN
C
C
C .
Crmomvm= NEGATIVE SHK CRCSSES CVER MESH FT ASKHK
C
10 IF(NSHKefCe2) GC TC 11
Cowrmm= PRENDICTOR FOR NSHK-2 = 1
MN=ASHK-2

DPC(1,1)=DP(WVM42) & LFC(1,,1)=UF(Ny0)

EPCUL41)=EP(MyN) $ PPCL1,1)=PP(1,CE)
Cw=m—=- PREDICTCR FCF NSHK=-] = 2

M=ASHK-1

DPCL1,2)=DP{¥,0) $§ UPC(1,2)=UP(N,C)

EPCU1,42)=EP(My0) & FPC(1,42)=PP(2,CE)
Come e~ CNRRECTINR FOR NSKHK=-1 = 2
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DIZyM)=DPC(242)=DCL2,Me0) $ L(24¥)=UFC(2,2)=UC(2,¥,0)
E(24VM)=EPC(2,2)=FC(24MyC) & P(24¥)=PPC(2,42)=PC(2,GE)

IFINSHK«NE«3) GO TO 12
Creem= SEY CyUyEyP FCFR NSHK(=3)-2 = 1 #23)=C ONLYS*¢
D(2,1)=D(242) & LI2,1)=-L(292) $ E(241)=E(242) § P(2,1)=P(2,2)
TFLIURCLEQe3RYES) Ul2,1)=U(1,41)
GC YC 12

Commmmm SET CeU E4P FCR ASHK(=2)~1 = 2
1 D(2,1)=DPCL1,42)=NPCL242)=C{1,41) & U(241)=UFCL1,2)=UPC(2:,2)=U(1,1)
E(2y1)FEPC(142)FEPC(242)=E(141) § F(241)=PFC(142)=PPC(242)=P(1,41)

[ PREDICTOR FOR NEHK = 3
12 NE= -2 8NSHKSGN
PPCl143)=Pll1ANSHK)IS(2 3GE/(CE+1e)¥SSLE#2-(CE~1e)/(GE+14))8ANP
OPCL143)=D01¢NSHK ) /Z((CE~14)/(GEH1 )42 /(GE+14)/SSLER2)2¥0P
UFC(]143)=0FPC{14y3)%(U(1yASFKI/CUI 4 ASHFKISFLCAT(NF)ISORY(GE®P( 1 ,NSHK)
/D01 yNSHKIX(PPC(143)/P(1NSHK)I/CFC(1433)2D(1 ,ASHK))ISKNSHKSGN)
e (247 (CE+1e)ESSLH(1 e~ 1a/7SCSL*22)))
ERPC({1,3)=CPC(1,43)%(PPC{143)/CFCLl142)/(CE-14)+UPC(1,3)%%2/DPC(1,3)
*222/2,)
[ PREDICTCF FCF ANSHK+1 = &
M=ASHK 41
DEC(146)=0P(M,0) ¢ UPC(1,4)=UP(MsC)
EPCL1,4,4)=EF(M,40) $& FFC(1,44)=PF(4,CE)
[ CORRECTOR FOR NSHK 41 = 4
DE2,M)=0LPC(2,4)=CC(4a4Ny0) § UIZyM)IZUFC(Z94)=LC(4,M,0)
E(2yM)=FPCL2,4)=EC(Aay¥,0) % P(24VM)=PF((2,44)=FC(4,CE)
C~—=~=CALC SHK FCSITICN
SELSAVESORTI(FPC(] y3-NSHKSGAI/FFC(L42¢ASHEKSCA)S(CE-1)/7(GE*1))%(
ECF 41.)/2./GF)¥SEL/ARS(SSL)
RET(SSLSAVESCRT (CE#PPC{1424NSFKSCNI/CFC(1, Z4NSHKECN) )#LPC(1,2¢
ANSHKSGN) /DPC( 14 2+NSHKEGN)I+SSE) /724 ¥CTHRS
IF(INSFK eEQo2) e ANC o (NUBCLEC o2t NO)eARD(NSFHKEGANQECLO)) RS=RS~2,.%
XUFC(142)/0PC(142)/24%CT
IF({RS«GT«R2(NSHK)) RS=RZ{NSHK)
C——=== SFY CyUyPyE, FLF NSHK
SSLSAV=( SSLESSLSAV) /2,0
D(2¢NSHK IZDLI yNSHK)Z((CE=~ 14 )/(CF416)¢Zo/7(GE+1)/7SSLSAVREED )REAP
U(2 ¢NSHK)=C(24NSHEK)IE(UL]1 NSHKI/CUL 4NSHKISFLCAT(NP)RSORT(GF*
EP( 14 NSHK)/D(1 yNSHK)®(PPCU142) /P 1 JASHKDI/CPC(143)%D( 1 ASHK))I*&
ENSHKSGN ) #(2./(CFelo)2SSLSAVE(1a~1a/SSLSAVEHZ)))
P(2yNSHK)SP (1 yASHK) ®{ 2, ¢CE/(GE41e)2SSLSAVER2-(CE-14)/(CES1,))SEND
E(2¢NSHK }=D(2 ¢y NSHK )B{ FU2yNSHK ) /C( 2 4ANEFRK)Z7(CE=~1e) ¢
EU(2NSHK)IF¥2/C{2NSHK )*%2/2,0)
[ CALC NFW SHK SPD
SSL=SCRY((P(2 yNSEK~NSFKSCN)/P(2yNSFEK-T1ENSHKEGN)¢(GE~1.)7(GE+LL))*
S(GE+14)/2+/GF }*SSL/7ABS(SSL)
SSE=SSLASQRT(CE¥P( 2, ANSHK-14+NSHKEGN)I/D(2¢NEFK~-THNSEHKSGAN) ISU(2 ¢ ASHK
¥~14NSHKSGN)/D(2¢NSHK-14ASHKSCGN)
TFC(NSHK cEQ a2 ) e ANDe{NURCAEQeIN AC)AND.(NSEKSGNCEGeO)) SSE=SSFE-
%2 e ¥U(2¢NShK=1 }/D{2 s NSHK~1)
C-—~-= ADVANCE SHK INDEX
NSFK=NSHK=1
IF{RS«LT-0.0) GO TO 20



[a}

aNaNaRal

-108-

RFTURAN

SHK RFFLECTION CFF OF ThHE PY CF SYNMEIRY
U(241)=0.0
XI={U(291)/D(2,1)=U(2,7)/D(2¢2))/75CRTI(GF2P(2,2)/D(2,2))%(GF+1c)/2,

SSL=(XI#SORT(XI1%¢2+48.))/2,

P(2y1)=P(242)#(2%GF/(GF41)45SLE#2-(CF~14)/(GF41,))
D(2,1)=D(2,2)/0(CF—14)/(CF410)4Za/(GF+1a)/SSL*%2)
E(2,1)=D(241)2(P(2,1)1/0(291)/7(CF-14)4U(2,1)8%2/D(2y1)%82/2,)
TREFLCT=RS/SSFE '
SSE=SSLE®SQART(CFAP{2,2)/C(2,2))¢L(Z2,2)/C(2,2)

RS=SSE*TREFLCY

IF(RS ,GY (R2(2)) RS=R2(2)

NUBC=3H NC

RETURN §& ENC
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SURRCUTINE CC(RCC,SECC,ACD,NAME)
COMMCN/PARANMZN g JyAJeGeGF ¢DELRGNELW
COMMCN/TIME/T ,DT +DTL, TORITE,DELT,0TDOX,AY
COMMON/PREDCGR/CPC(2,13),UFC(2,13),FPC(2,12),PPC(2,13)
CGMMCN/ARRAYS /R{S01) yU( 245010 ¢F(24501)4D(2,50i) )E(2,501),R2(501)

C
C

RCDSAV=RCD $ RCC=RCO+SECD*NT

NCFROSS=0

IF(RCDeGTR2(ANCD+2)) NCROSS=1 $ IF{RCD«LTR2(NCD~1)) NCROSS=-~
C

GE=GF $ IF(NCDeGToNFLW¥) GE=G

Comm-- PRFDICTOR AND CORRECTOR FOR L AND K CF CD = .4,f%
M=NCO+2 $ IF(NANMELFC.SHCCTRC) M=NCC+1
CALL GLIM(NCD-14My4,NCD,SECD)

RCD=RCDSAV+SECD#DTY

IF(I(RCD«CT &RI2INCD#2) ) 4ARD (NCRCSCHEQC)) e CFRe(IRCDJLTR2(NCD*2)),
BARDS (NCRCSSWECe1))) RCC=R2(NCC+2) )
TF({(RCDeLTaR2(ACD=1)) eAND o (NCRCESeaECC))eChRoe ({RCCaCTeFR2(NCD~1)),
®ANCo+ (NCRCSSeECe—1))) RCC=R2(NCD-1)

R2(NCD)=R2(NCC+1 }=RCH

IF{NCRCSS+FQs0) GC TC 10
C—~—=- PRENICTOR AND CCRRECTYCFR FCR NCCH+(2¥NCRCSS41)/2 = 64(NCROSS~1)/2%2
MPM=S—(NCFNSS+1)/2 ¢ M=EH(NCROSSE—1)/7292 § MVN=ACD+(2RNCRCSSeL1) 72
U(2¢MVN)}ZURC(L 4 MITUFCI2 3 ¥)=UPC(L40N)
DI2yMMM)=DPC I 14M)I=DPC(24N)=DPC(14¥W)
P2 ,MMN)=FRC(1,NMISPFEC(Z4VM)=FFC(1,NMN)
E(2yMVNM)SEPC(1,N)=EFC(24M)=EFC(]eMV)
IF(NCFRCSSWECe~1) CO TC 1]
C----=PREDICTOF FCR NCC-2 = 2
10 IF{NAME ,EQ.S+FLRCD) GC T1C &
M=NCD-?
DPCU142)=0P(¥,0) & UPCL1,2)=UF(N,()
FPC(142)=FP(VM,0) & PPC(1,2)=PP(2,(E)
C~-—--PREDICTOF FOF NCC+3 = 7
9 M=NCD +2
DPC(1,7)=0P(M,0) § UPC(1,7)=UFR(M,C)
EPC(1,27)=EP(NM,0) ¢ PPC(1,472)SFF(7,CE)
IF(NCRCSS+EC0) CO TC 11
C—-=== PFEDICTCF FCF NCC+4 = 8
M=NCND <44
DFC(148)=DP(My0) $ URC(1,8)=UF(N,C)
EPC(1,8B)=EP(M33) ¢ FPC(148)=PP(ELCE)
GO TC 12
Ce—— PREDICTCF FCR NCC+42 = 6
11 M=NCD+2
DFC(146)=DP(VM,0) ¢ UPC(1,46)=UF(N,C)
EPCU146)=EP(NM,0) & PPC(1,46)=PP(C€,CE)
IF(NCRUOSS.EQe~1) GO TO 12
12 IF(NANCJFCL,SHFLRCC) GC YC 17
Covm== PREDICTOR FOR NCO-1 = 3
EFS=(RCNTAV-R(NCC~1))/DELR
Cl=2%{2.-EPS)/{1.4EPS)
C2=2e%EPS~=36 § CA=(Jo—EPSI®(2.%EPS~14)/(1,¢EPE)
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DPCU1,3)=D(1,NCD-1)-DTDXE(CIXL (1 ¢hCC)+C2%UC14NCC~1)0C3BU(1,NCD~2))
R-ATECTDX®(CIEC (14 NCCIAC2ED(1¢NCC—2)eC23C(1,ACD~2))
UPC(1533)=U(1NCD-1)-DTDX*(CIOFNM(NCLC)IS¢C22PV(ACC~1)4CIBPM(NCD~2))
F-ATEOTDXZT(CIHU{ 1 yNCD)IIC2L( 1 ¢ACD-1)¢C23L(1,ACC-2))

EPC(143)=€E(1 yNCD-1)~DTDXA(CI2FE(NCL)®C28PF(NCC~1)9CI®PE(NCD~2);
F~ATEOTOX®(CUIE( 1 yNCDIH#C2¥E () s NCC-1)+C22E(] 4NCC-2))
PFECL1,3)=PP(3,C(F)

C--—-- CCRRECTCR FOR NCC-1 = 3
M=NCD-1
D(24¥)=DPC(2¢3)=CC{34M0) ¢ U(ZyMISURCI2,y2)=UC(24M,0)
E(2y¥)ZEPC(243)=EC(34¥yC) $ P(Zy¥)=FPC(243)=FC(3,GE)
C--—=- CCRRECTYCF FOR NCC+”2+4NCROSS = €4NCRCSS
17 M=NCO+NCFOSS+2 $ ¥NMMN=64NCRCSS
FPS=(R2(M)I-RCC)I/DFLR
Cl=2%{(2.—EPS)/7(1.4+EPS)
C2=24%EPS-T¢ § CI=(10-EPS)R(2.%EFS-1e)/(1a¢EFS)
‘D24 M)=DFC(2ywWN )= (C(14VM)DPC(14MMW)4CTOXS(CIBUPC(1,5)¢
HEC26UPC (1 4MNWM) $CIBUPCLL y¥NN41 ) )SATACTCX®(CI12CPCI1,S)¢C20DPC(1oMMM)
H4CAROPC( 1 MMM 1)) )72,
U2 4,MISUPCI2 4 MMV I= (UL ,WMISUFC( L4 WNMNM)ICTOXR(CTIRCHM(EIIC2%CH(MMM)+
ACIXCM(MMNEL) ) HATECTDXR(CIRUPC (L yS)AC2ILFC (1 oMV I+CIFUPC (] JMMMEI1)))
#/?‘
EC24V)=EFC{2¢bWMN)I=(E(L ¢N)GEPCIL ¢MENV)4CTCX2(CIFCE(E)GC22CE(MMM) ¢
TC3FICE(MMM AL ) I 4ATEDTDXR(CIREPC( 14 EI4C22EPC(14WMNN)SCIEFPC(] 4WMPMIL)))
*/2,
P(2,M)=PPC(2,MFNI=FC(WNN ,GE)
GC YC 14
C--—---CCFRRECTYCR FCF NCC+2 = 6
c IF J «NFo. 0 FIX UP ARCA TERM
13 v=NCD+2
D(24M)=DPC{24€)=DC(64¥50) § LIZ4¥IZUFC(2,4€)=LCLE¢N,40)
E(2¢M)=EPC(2, £)=EC{6,¥,0) § PI2,M)I=PPC(2,€E)=PClEHGE)
o
C--—== ADVANCE CD CELL PCSITICN IF NECCESSARY
14 IF{ACRCSS.EC.0) GC TN 16
M=NCO4+24+2%(NCRCSS-1)/2
PS=P(2yM) $ OS=D(2,M) § LS=U(23¥) § ES=E(2.¥) ¢ RE=R2(WV)
1F (NCFOSS.ECo-1) GC TC 15 ' _
PU2,NCD¢2)=P(24,NCD#+1) § PL2yNCD*1)=P(2yNCD) $ F(29NCD)I=PS
U(24NCDE21=U(2,NCC4+1) § LI2yNCD®1)=U(Z,NCD) § U(2,NCD)=LS
E(2¢NCD+2)zE(2¢NCD+1) & E(2,ACC41)=E(2,hCC) ¢ E(2,NCD)=ES
D{2yNCD4+2)=D(2,NCD+1) $ D(2,NCD¢1)=D(2,ARCD) § D(2,ACD)I=DS
R2(NCD+2)=R2(NCC+1) $ F2(RCD+1}=R2(NCL) § RZI(NCD)I=RS
GO TC 16
15 IF(NAMELFCSFFLRCD) FETURN
PU2yNCD=1)=P(2,ARCD}) $ P(2,NCD)=F(2,hCC41) § F(2,NCD&1)=PS
U(2¢NCD=13=U(2¢NCO) $ U2 ,NCOI=U(Z4NCC4L) § U(2,NCC21I=LS
D(24NCD-1)=Dl2NCD) & CUZJNCD)=C(2,NCL41) § C(2,NCD¢1)=DS
E(2NCD=1)=E(2,NCD} $& E(2 NCDIZE(2,NCC41) § E(2,NCD+]1)=ES
R2(NCC-1)=R2(ANCLC) § R2I(NCDI=ZRZ(NCC41) & RZ(NCD4+1)I=RS
C
16 NCC=NCD+NCRDSS
C

IFI{NAVME o NF o SHRARCD) GC YO 20
¥=ANCC~1 )
IF (NCRCSSeNFol) GC YC 20



20

D(24y¥)=D(2,M¥~1}
D(zZyNCD)=D(2,¥)
RETURN

IF(NANF (NESHCCR
M=NCD+2 .
IF(NRCFCSSeNFoe—1)
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SU(2,M)=U(24M=-1)
SU(24NCD)I=U(2,4¥)

AR) RETUFAN

co Yo 21

D(2,M)=D(2,M+1) SU(2,M)=L(2,V¢+1)

D(2yM-1)=D(2,M)

RETURN $ END

SU(2 M= 1 )=U(2,V)

SE(24M)I=E(Z4M-1)
SE(2,NCC)=F(2,¥)

SE(2,M)=E(Z NMe1)
SE(2yVM=1)=E(2,4WV)

$P(24M)=P(2,M-1)
SF(24NCD)I=P(2,M)

SP(24M)=P(2,Me1)
$P(24M=1)1=P(2,¥7)
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SURROUTINE GL IM( ML 4, MRoMPC4NCD,SECC)
CCMMCA/FARAM/N g JoAJ,CyCF CELRyNFLWM
COMMCN/FIRFETC/ZINDEX NCYCLE AR pANN (NSTCRE A S, AITRCTA
CCMPMCN/PREDCCR/CPC(25313)qUPCIZ912),EPC(2,13),PPC(Z,13) .
COVMMON/ARRAYS/R(S01 ) 4U(2,4501)F(24,S01),CL2,501)3E(29501),R2(501)

C
C
c- ML o MR=NODE NC REPRSATING LEFY ANC FRICH+HT STTES SATSFD BY THE CO
- ¥FC=FREDCCR NC FR TFHE STYYES TC YFE LEFT ANC RIGHTY CF THE CD
C~ NCD=CELL NC OF THE CD
C~ AN 4 AMR=MACH NO OF THE LEFY AND RICFT DISTREANCE (1,0 ¢ RARE)
C
PL=P(14ML) $ PR=F(1,MFR) $ RL=C(1,¥L) ¢ FR=C(1,MR)
UL=U(1,ML)}/RL $ UR=UL1,4MF)/RR
C
GE=GF $ IF{(NCD.GT.NFLM) CE=G
C

A=Ce0 $ ANzZ1,.C
Ce====SEYTINC UF THF RIENANN PRCBLEW

EPS=1.F~-14 $ ITER=0 $ IT#M=38 § GC3(CE-1e)/Ze/CE

PST=(PL+PR}/?.

CF=SCRT(PR*RR) $ CL=SORT(PLSRL)

FL=FR=z13Ce0

C-—--—= BEGINNING OF THE ITERAICKN
| ITER=ITER+]

IF(PSTLLTLEPS) PST=EPRS

X=FST/FR $ DX=]1 =X

IF(XelT40sG9GS) FRTI=CREGGESCRY(CEIRCX/ (] o~-X*$CG)

IF({XelT ol o) eAND o (X oGV 009999)) FRTI=CREGGESCRYI{GE)/GG/(1e4(GG—10)
$/24tDXE(=1o+({CG-2e)/34FCX3(1e9({GC~20)/84%CX%(~1.4(GGC=84)/50%DX))}))
IF(XeGEeleO) FRITCRESQORT((GE¢1e)/2%¥X4{GE-10)/24)

X=FST/FL § DOX=1]e—X

IF(Xol. Te0e5999) FLT=CL¥GG*SCRT(CEIICX/(1o—X¥HCG)
IF(I{XalToledleANDo(XeGTo0s9595)) FLI=CL®GGESCRY(GE) Z/GG/ (14 ¢(GG—10)
/280X (=104 (GG-20)/3c%CXB(1e4(CC-20)/8020XE(~1,4(GG-480)/5a90KX))))
TF(XeGFole0) FLT=CL¥SCRY((GE+1c)/2:¢X4(GE-1c1/24)

DFF=ABS(FR-FRT) ¢ FR=FRY '

DFL=ABS(FL-FL1) § FL=FLY

P<S=PST

PET=(LL-UR$PR/FR4PL/FLIZ(1a/FRIT4/FL)

PST=AMSPST+A%PS )

IF(ITERLLYT.ITNVM) GC TC 2
IF(ARS(PS-PST).LT.EPS) GC YO 2
A=A40.5%(1.~A) § AM=].~A § ITER=0
PRINT 10004AsAN,FL,FR,PS

1000 FCRMAT (1H 41X,3CCNVERCERNCE FACTCR®,SE1%,7)
IF(AM.GTol1e/33.) GC TC 2
PRINT 1001

1001 FCEMAT(IF o/,% CCAVERCENCE FACTCR STOP?)
DELR=~ABS({DELR) $ RETULRA

C

2 IFC(DFL.CT.FPS)eCRe(DFR,CTWEPS)) CC TO 1
Cormm END OF THE ITERATICN

3 SECC=US=(FL~PRIFROURIFLSUL )/ (FLAFR)

M=z=MPC § MV=MPC+L
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P{2¢NCD)=P(2 ¢ NCD21)=FFC 1y M)SFFC(ZyM)I=FFCLL14MN)=PPC(2,MN)=PST
BETA=(GE-14)/(GE414) $§ ALPHA=Z/(CE-14) .
IF(PSY/PLWGEale0) C(2y,NCCI=ZCPC(14¥ISCFCIZ4VM)I=RL®¥(PET/PL4BETA)/
®(1.+PST/PLEBETA)

IF(PST/PLoLTel1eC) D(2yNCDI=DPC 1 4M)=SCFCI2yNM)I=FLE((2.¢ALFFA)/ALPRHA/
CCER(PSY/PL~1e )41 ) 2% (ALFFA/ (264 /LFHA))

IF(PST/PR4GEel1e0) C(2yNCCH+1)=SCFC(L yMM)=CFC{24¥F)=RRE(PST/PR4BETA)/
(1 +FST/PR*PETA) .

IF(PSYT/PReLTele0) C(Z.h(t'll=DFC(l'Nﬁ)ﬁCPC(Z.NN)=FF'((2.+ALDHA)/
TALPHA/CEX(PST/PR=-14)+1 )43 (ALFHA/(Z24ALPHA))
U(2,ACDI=UPC(14MISUFC(24V)ISUSEICFC(1,M)
U(ZoNCD+1)=UPC( 1 ¢WNMI=LFC(2,MN)=LSSCPC(14NV)

E(29,NCDI=ZEDOC {14 M)=FEPC (24N )=DPC(ZyMI(PFC{Z4WMI/DPCL2yVM)/(GE~1.)+
HLS*EE2/2,) ,

E(2,NCD#1)=EPC(1 MM)ZEPC(2MN)I=DFC(2,MN)S(FEFEC(2,MN)/DPC(24MM)/
¥(CF—1a)4LS*%2/2,)

AML=-1a0 $§ A¥MK=1,0

IF{FST/PL eGE 016 0)AML=-SCRTI((CE414)/24/7CEX(FST/PL4(GE=16)/7(GE+14)))
IF(FST/PReGEwle0) AMR=SCRT((GE+14,)/2./CE*(FST/PRI(GE~-1a)/(GE+14)))

C-——= PRINT RIEMANN SCLUTICN AT EVERY NCY-T+ CYCLE

NCY=5000 ’ .

IFI(NCYCLE/NCYENCYLECL.ACYCLE)
XPRINT 1002,ITER,PSTPRIyPLYyCPCU14¥)} DFCILyMMIUL URQUS,,ANL yANR

1002 FORMAT(1H 415 ,5E20e12¢7/+15EX9¢5E20412)
c .
RETURN § ENC
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SUBRDUY INE FLMSHKINAME ;NFIRST,N1)
COMMCN/FEARAM/ N 4 JgAJyGoeGF yCELRGNFLM
COMMON/TIME/ZT DT yDTL, TWRITE 4DELT (DTDX, AT
COMMCN/PREDCOR/CPC(2,13)yUPC(Z913),EFC(Z¢12)4PPC(2,12)
CCMMOIN/ARRAYS /R(ISO1 ) oUL2,501)9F(24501),C(2,501)3E(2,501),R2(501)
COMMON/DISCS/NTDISC ¢yNDTSCNOCS1) JATYPECE1) 4, ADISCL(S1),SF(S1),SL(S1)
% RD(S51) 4ARTDISCTATDISCS

PFINT 1001yNANME

1001 FORMAT(1IH 41X4A4,315)
SSL=SL(N1}) $ SSE=SEINI) & RS=RDI(A1) $ ASEK=ANDISCLIAL)
SFE=SE(NFIRST) $§ SFL=SL(NFIRST) ¢ FF=RL(NF IRST)

IFUINAMECEQedFCFS2) eCRo(NANMELEC.8+-SCFK)}) GC YC 9

NSHKSGN=0 $§ JTF(SSL «GY,0.0) ANSHKSGA=]

RESAV=RS $§ RS=RS4SSE*CT

NCREOSS=0

IF(RSeCT 4R2(NSHK+1)) NCRCEE= $ IF(RSeLTeRZ(ASHK)) ACRCSSa=)

NEC=100% (NSHK-ANFLWV)}+NCFKCES

PRINT 1001 4NANMEJNCHKSGN JACRCES JASC

IF(FSeGT«R2(NFLN)) CC TCT 1 ’

PRINT 10094RSSAV DT JRSyRINFLV) ;R2(NFLMV),SSL4SSEgSFL ¢SFE (NFLMyNSHK
1700 FCRMAT (1H 41X e9E124€6,21Sy/9% SELBRCLTINE FLWEHRK #)

DELR=-~ARS(DELF) $ RETYLRN

C
Com——= FRECICTOF FOR ASHK4NCFCSS#(NCFCSS+1)/7241 = 1C
1 M=NSHK+NCRCESH#(NCRCSES¢1)r2+41
CFCl1410)=CP(¥M,C) & UPC(I1410)=LP(¥,0)
EPC(1410)EP(N,C) § PFC(1,10)=FP(104C)
IF(NCROSS.£Q.~1) GO TC 1¢C
C——-——PFEDICTCF FOR NSHK4NCRCSSE®INCFCSS+1IY/7242 = 11

M=Ms 1

CPC(1,11)=0P(¥,0) § UPC(1,411)=LP(¥,C)

EPCU1,11)=EP(MN,C) § PFC(1411)=FF(11,G)

IF(NCROSS.EQeC) GO TO 2 '
C-——= PREDICTCF FCR NSHK4(NCENSS41I/Z = §

19 M=NSHK+{NCRCSS+1) /2
DPCL1,9)1=D(1,M)/((C-1e)/(G41e)42e7(Go1a)/7SSL%%2)
UPC(149)=DPCI1,9)%(U(1sMI/CIL14MISSCRTICEP(1,M)/D(E,M))2

¥D./(G41a)0SSLA(1e~14/7SSLEK2)) -
PECI149)1P (1, MI¥(2.8C/7(C41e)3SSLEZ-(C-1)/(C410))
EPC{149)=DPCL1,SI®(PPC(149)/DPC(149)/(C-14)4UFC(149)8¢2/
EDPC(1,9)%22/2.)

2 IF((NCFROSScECa0)e ANCo(ARSFKSGNGECL0)) C€C YO 2

C-—--- CORRECTOR FOR NSHK4NCRCSSH*#{NCROSS¢1)/2¢1 = 10
V=ASHK+RNCRCSSP(NCROSS+1)/241
MM=NCROSS*(NCRCSS¢1) /2~(NCRCSSH1IP(ACRCSS-1)
D(24M)=DPC(2,10)=DC{10,MeMM) § L{2,¥)=LPC(Z,100=UCLL1Q4N,NMK)
E(24V)=EFC(2,10)=FC(104MyMN) § F(2,M)=UFC(Z,10)2PC(10,6G)
GO YC 4 .

C—-—== CCFRECYCF FCFR ASHK+1 = 10

3 M=ASHK+] . )
SSLSAV={SSL4+SORT((PPC(1,10)/P (1 4NSHKII(C-1e3/(Ge10))8(Ce1a)l2./G)

BESSL/ARSISSLY I/2.
PPC149)=P( 1, ASHK) {2, #G/(G41 I FSSLSAVEID-(C-1,1/(C+14))
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DFC U1 49)=CU14ASHKI/((C~1e)/7(G41a)42e/7(C¢1e)/SSLSAVES?)

UPCIL149)=DPCL14S)IT(U(LI4NEHK)I/C(L yNEHK}+SCRT(GHF (1 4ASHK)I/D{1L¢NSHK))
E2,/7(G41 5 )¥SSLSAVE(]l o~ 14/5SLSAVREZ))

EPC{14S)=0PC(149)%(PPC(1,9)/CFC{14S)/7(C-1e)4UFC(]1,9)%2%2
¥/DPCL1,9)%%2/2,)

RE=RESAVH{(SSLSAVEZ ¢ ~SSLISSCRTI(F {1 WNSHK)/C(14NSEK)SGI®U( T NSHK )/
¥D(1NSHK )+SSE)/2.%¥DY

IF(RSeLTaRZ2(NFLWV¥)) RS=R2(NFLM)

Cl=2.,%(2+~-EPS)/(1+EPS)

C2=2+%EPS~3, ¢ C3=(1.—EPSI2(2.%EPS—1.)/(1.4EPS)
D{2yM)=DFC(2410)=(C(LyNMIHCFC(L410)4CTCXI(CIFUPC(1,G)4CZ8UPC(1,10)
*4C3%UPC(1,11))-ATEDTDXR{C1*¥DPC(1,S)+CZ*DPC(1410)¢C3*¥DPC(1,11)))/2,

U2y MI=UPC(2,41001=(U(LMIHUPCI1,10)4DTCXR(CIICM(SI+C23CM(10)+
EC3FCHM(11))-ATIDTDX*(CIFLPCI14SI+CZIUPC(1,41C)ICIIUPC(1,411)))/2a
E(2¢M)ZEPC{2410)=(E(1M)I+EPC{141C)4DTOXF(CIMCE(GI+C2*CE(10)+
SCIXCE(L11))-ATHCTDOX*(CI*EFC(1 99 )4C24EPC(1,10)+C2%EPC(I,11))) /2.
P{2yM)=PPC(2410)=PC(10,4G)

4 IF{NCRCSS.AF.-1) GC TC S
C—~~~-PREDICTCR FCR ANFLNM&1 = 8
M=NFLM#+1

DEC(148)=DF(M40) ¢ UFC(148)=UF(V,0)
EPC(14B)=EP(M40) ¢ PPC(1,8)=PP(E,G)
C——--=- PREDICYCF FCR NFLVM = 7
CALL SFVDPD(G.GF,PDC(I'8),09((1.8).SFL.VC.FE.DELR)
DPC(14,7)=DPC{148)/7VD $ PPC{147)=PPC(1,E)*PD
UPCC1 43 7)=(SFL*(1.-VZ)HLFC(]148)/CFC(1,B8))I®CFC(1,7)
EPC(147)=CPCL1,47)%(PPCC147)/DPCL147)/7(CF~14)4LPC(1,47)%22/DPC(1,7)2
k2 /2,)
GC TC €
C—-—-- PFEDICTCR FOF NFLM#1,NFLM = 8,7
s M=NFLMe]
DPC(1,8)=D(1,M) $UPC(1,2)=U(14N) SEPCL1,E)=E(L4N) SPPCL1,8)=P (1 M)
M= NFL WV
DRC(147)=C(14¥) SUPC(147)=L(14k) SEPC(197)=€ElLleW) SPPC(1,7)=P(1,M)
C—-=== CORRECTOR FCR NFLM,NFLMeL = T,8
[ M=NFLW¥
D(2,M)=DPC (P, 7)=0PCL147) & LIZ24M)=LPC(2y7)=LPC(1,7)
F(2¢V¥)=EPC(2,7)=SFPC(1,7) P(2¢V)=FPC(2,7)=PPC(1,7)
M=NFLWV+]
D(2:M)=DPC(2,8)=DPC{1,4,8) § ULZyMI=LPC{2,E)=LPC(],8)
E(24V¥)=EFC(2,8)=EFC(148) ¢ P(2,VM)=FFC(240)=FPC(1,80)
IF(NAME ,EQ.aHSCFS) GO YO 7
RDINF IRST )=RF=R2(NFLVM)=R2(NFLWV*1}=RF{SFLOLFC(1,8)/7DPC(1,8))%DT
IF(NAMEL.EQ.4HCFST) GC TC 7
Ceme== PRFDICYOR FOR NFLM~-1 = €
M=AFLM=-]
DPC(1,€)=DP(M,0) $ ULPC(1,6)=UP(V,C}
EFC(146)=FP{(M,0) § PPC{146)=PF(€,CF)
C——=-= CORRECTOR FOR NFLM = 7
D(2y,NFLM)SDPC{2,7)=DCI7,NFLMyC) $ LI2,NFLM)=LPC{2,7)=UC(7,AFLWV,0)
E(2yNFLMI=EPC(2,47)=EC{74AFLMy0) & F(2,NFLV)=PPC(24,7)=PC{7,GF)
Cem=—= CORRECTOR FDR NFLM+1 = 8
VC=CPC(1,8)/CFEC(1,7)
CALL FLM4G3(7,VD,ySFL)
M=NFLM+1
D(24V)=DPC(2+8) $ U(2,VM)=UFC(248) SE(ZV)I=EFC(2,8)8P(2,M)=PPC(2,P)

“
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SLINFIFST)=SFL % SE(NFIRSTY)I=SFLAL(Z,M)/D(24%)
----- PREDICTYOR FOR ShK FCS ANC VEL
7 MH=10~28NSHKSGN4NCROSS ¢ ML=R4Z2*¥ASFKSGA
SSLSAVESORT(L{FPCUL 4 MF)/FFCIL oMLY (C~1a)/7(Ca1ad)8(Go1e)/2./G
®)FSSL/ZABS(SSL)
RS=RSSAV4 (SSLSAVASCRY(FRC( 1,4 ML)I/CPCULoMLIRCIAUPCLL,MLI/ZDFC 14V )¢
*SSE)/2.%DV
IF(((RSALTWRPINSHK +1)) e ANDe{NCRCESeEC 1)) el Fol(RSoCTJR2(NSHK+1)),
SAND. (NCRNSSFCe0))) RS=R2(NSHK+1)
IF(((RSeGTeR2INSEHK) ) e AND e (NCRLEEaECo=1))eCFa({FSeLToR2(NSFK))eANC,
E{NCROSS.EQ.0))) RS=R?(NSHK)
RDUN1)=RS
EPS={(R2(NSHK+1)~RE) /DELK
IFINCFCSS.EC.0) CO TO 8
----- CCRRECTCR FCR NSHK4(NCRCESSel1)/2 = 6§
M=NSHK+(NCROSS+1)/2
SEL={SSL+SSLSAV)/2,
D(24MIZDPC(2,G)=D{14M)/((C=1a)/LG4+1e)42.7(CH4]1.)/5S5L%8E2)
U(2yMI=UFC(2,9)1=C( (24 W)2(U(1yM)/D(1,MIESCRT(CHP(1,M)/D(2I,M))%2,/
(Gl )ESSLE(] o~1e/SCLE¥2))
Pl2,MISPPCI{2,9)=P( 1 MITLZ8G/(G+]1e)PSSL*¥2-(G-1,)/(G+1e))
E(2yV)ERC(249ICLP2 ¢ WIS (F(24,M)/C(24V)/7{C-14)4U(2,M)X82/C{2,M)B%2

*/2.)
8 IF((NAME . FC.OFCFS1) CRa(NANEGECA+SCFS) ) FETURN
----- CCRRECTCR FCR SHK VEL ’
9 M=NFLM+NSHKSGRENCROSS#(NCRCSS+1) /741

SLENL)=SSL=SCRT({(F(2yANFLNI2-ASFEKSCANINCFCESE(NCROSS+1)/72)/7P12,M) 4
B(G-1e)/7(G+1e))%(G+1e)/24/G)*SEL/ARLSCISEL)
SFINL)=SSE=SSLOSCRT(GSP(Z4MI/C 2oV II4L(Z4N)I/D(2ZV)
NDISCL(N] ) =ANSHK=NSHK+NCRCSS

RETURN $ ENC
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SUBROUTINE FLRCDINFIRET¢N1 4NXCD) )
CONMNON/TINE/T o DT, CTL,TRRITEZDELYCTOX,HAT
COVMMON/PREDCCR/CPC(2413)4,UPC(2,13)4EFC(2,12),PPC(2,13)
COMMUCN/POWER/VCAPF 4RAR ] s PDPOWER yFPCWER yCND ¢ CCAPF 4 SFECLDSFE ¢ NCJ
CTOVMMONZAGRAYS/RIS01)4U(24501)¢F(2,501),C(2,501):,E(2,501),RP2(S01)
COMMON/DI SCS/NYDISC ¢NDISCNO(SI) 4dNTYFEIEL ) JACISCLUISI) ySE(S1),S5L(51)
®,FC{SE D) NTCISCT«NTCISCS

RCDSAV=RC(NL) $ SFESAV=SE(NFIRSY) ¢ RFSAV=RC(NFIRST)
KASC=100%(NCISCL(N]1 }=ACISCLUNFIRSTY )~-1)¢nAXCD

PRINY 1000,NSC
1000 FORMAT(1h L,15)

C

Coom—- PREDICTOR FCR NCD(O0y1429234NXCC) = A4S ,€474MXCD
CALL CD(FDIN1)oSE(NL)yNCISCLIN1)(E+FFLRCD)

C-—-——-PREDICYOK FCR NFLM,1 = 2,3

NFLM=NDISCLINFIRST)
DPC(142)=C(14NFLNM) & DFC(142)=C(1yAFLNVe1)
UPC(142)3Ul14NFLV) § UPC(143)20L(1,AFLV4L1)
EFCUL42)=E(14NFLM) § EPC(142)=ECL4AFLM+])
PPCU142)=F{1 AFLN) & FPC(1¢3)=P(LNFLNH1)

Com=== PREDICTOR FOR NFLM=1 = 1 CORRECTCFR FCF AFLWN4(Cyl) = 2,3
CALL FLM{RCUNFIRSTY),SE(NFIRST ),SL(NFIRST ), €+ FLRCOD)

C
V=ADISCLINI)-AXCCH®(NXCC+1)/2
D(2¢V)=D(2,M=1) SU(2,M)I=L(2¢N¥=1) SE(2,N)TELZ2¢¥~1) SP(2,M)=P(2yM~-1)
IF(NXCD) 14242
3 D(24M41)=C(24M) SU(2,M41)I=UL24VM) SE(ZVILI=E(24N) SP(2,Met1)=P(2,V)
RETURN
1 TRFLCY=(RCCSAV~FFSAV)/Z(SFESAV~SE(NT))
IF(TRFLCTeGT«CT¥(1e—14E-8)) TRFLCTI=CT®(la~-1.E~-8)
RD(NF IRSY )=RD(N1)I=RCOSAVHTRFLCTI#SE(NY)
IFINCJSEC «3RYES) CALL FCJRCDA(NFIRST ¢N1,TRFLCY)
IFI{NCJeFQe3H ANDO) CALL FKCCA(NFIRST N] ,TRFLCT)
C

2 RETURN & END
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SUBROLUTINE FRCDA(IT (NI LTRFLCTY)
CCMMON/PARANM/N g JyAJg GyGF 4 DELRyNFLWV
COMMCN/TIMFE/ZY DT 4DTL 9y TWRITEGDELToCTICX,y AT
COMMCN/FIRFFTC/ZINDEXyNCYCLE yhh JARN GASTCRE gNSpANITRCTA
CCNMNON/PCWER/VCAPF ¢RARL yPCPOWFR yFFCWER yCND ¢ CCAPF g SFEOL D oSFE ¢NCU
COVMMCN/ARRAYS/R(501 ) 4U(235001) 4F(24501)4C(24501),E(2,501),R2(501)
COMMCN/DISCS/ZANTDISCoNDISCNDO(EL) yNTYPF{EL ) 4ADISCL(E1 )} ,SE(S51),5L(51)
*,RD{S1 ) NTDISCTATDISCS

C

C-———- NEY SS FLW FLC (STTES 4,5¢6) CUE TC FLM—FRCCT INTERACTIN BY PLR MTHD
C SCLN REQUIRES FINAL FL#¥ SPD CF FLN SPC L AW

C SFT STATE 0 AS YHE REF SYAYE FCR FCLCF AND CVFRALL SCLAN |

C VEL REF WRY SCRT(G%®FO/DO)

C PEa=T0 BF REAL AS PRESS IN STAYES4 KREL TC ANC ACADIN BY STATE 4
C US40=READ AS PRYCLE VFL IN STAYES REL TC STATE4, NONDIM eRY STATEO
C

C ~STATE- —mme e e ShKmm e~ == e—F V= m—— == CH K= | e =

C * 3 ) ' ®

c & * * *

C » ? * °

C ® * ® &

C ¢t 8 9 %

C * 4% & @

C %% %

c °

c *s

c * ®

C v 3

C % *

c » $

C * ®

C =3==F M- 2= RCD~~1~

C

C-=-——-=CSET STATES 1 AND R

SG=SCRT(G) $ WNI=NDISCLI(NI)®]

F10=F(23MNI) & C10=C(2,¥NI) ¢ L1D=L(2,MNI)/C10/SC

P23=P{ 2,MNI~-1) & D2C=D(2,MNI-1) § L20=L(2,FMNI-1)/D20/SG
P3O=F{2,NFLV) $ C30=C(2,NFLM) § L2C=ULZ,NFL¥)/DIC/ESQRTIG)
A10=SORT(P10/D10) $ A20=SQRT(FZO/CZ20) ¢ AIC=SCRTY(P3O/C20¢GF/G)

C

C—mm—= SET SLERCUTINE CCASYS, ITFFR CCULANTEFR ANC FRESS CUESS
BETA=(GF~16)/(GF41e) § B=(GF=16)/(C-1s) 8§ BETI=(G-1,)/(G+le)
PGO=(143EETA) $(VCAPF~-BETA)/(1-~BETA)-BETA

C

C----= PERFORM ITERATICN OF ThHE POLCR SCLA
DELF40=P10/30.

1 NSIGN==1 § EPS=1oE~14 § AITER=0 § F4C=F10-CELFA0

OFLUI=DELU?=NELU3=CFLUA=CELUS=Z 1.E420C
PRINT 1000¢NCJyP10,D104A10sUI0y FZCsCZ00A20U20,
ASUL(T1),SE(11)4P2C,D3C,A3C,L3C
1000 FCRMAT (IR o/ ¢ 10X s %FLN=-RCC INTERACTEON R4A04/,2( /92X aF 12.8)0/41X,
£6F12.8,27)
10 NITER=ANITER4]
IF(NITER.LT«90) GC TC 11
IF(NITER.EQ.90) OELUSAV=DELU
IF(NITER.LT.100) GC TC 11
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IF((DELUSAV L Te1eE-12)ANC.(DELL«LTal4F—-12)) GC YC 100
PRINT 1001 yNCJJNITER,DELULWCELLSAV,CELUL,CELU2,DFLUJI,DELU4,DELUS

1001 FORMAT(1H 48/ 42%X,*1TER hAS RCKD MAX IN FILN=-R(CD-A NCJU= %,A3,/,

*1Xy15¢7E179)

IF(NCJFQW3RYES) SC YC 2

NCJ=3+YES $ NDELPAO=PIC/7.5 $ GC TC 1
DELR=-AES(DELFR) $ FRETURN

--GUESS P4&D

P40=F404+DELP4O

P41=F40/P10

SLA1=SORT((PAI+BETII/{1.+BETI))

SE40=SL41%A104U10

DA1=1e/(EBETI+(1.-BETI)/ELA1%%D)

CA40=Ca1%C10

AG1I=SAORT((1e=BLTI)/(1 e4BETIIR(14FEETIHECETIN(FA1-1.))/7(PAL4BETI)IRGS
*pP4y)
A4C=4841%A10
UG10=(1-BFTI)*(1e~le/SLAIRR2)2SL41%A1C
Uad=uUal10+ul10

PG4T 1 e +(PGI-14)/7A80%424GF (1= 1e/7A4C*22)S(G/GF*P~RAR])
IF(NCJJFCL3FYES) CC YC 2

~=—FLAME HURNING SPC BELCw CJ VALLE

SLS4=CAD*¥(F40/DA0)**OCPOMERIPACLTFFOMER/SCRTIIG)ZAAC
XI=(1ea-PETA)XSLEQEX2%C
PE4=(14-PETA+XI+SART((PETA= o= XTI ) 244, (BETA-PGA*XI)))/2.
GC YC 4

-=-CJ FLANE RJURNING SPC

PE4TPG4-SCRT(PG4**2=-(1o~FETA)FFCA-EETA)
SLE4=SCRT((2.%Pc4-(1.-BETA) I/ (1.~-BETA)/G)

SEE)=SLS4%A4C0+L4T
DE4=1e/{1e—(1.-RFTAIS(PEA-PGA)/(PEA+BFTA))

FEC=P54%P40

DEJ=DE4¥D4D
AS54=SCRT((PGA+EBETA+PFTA*(PS4-PCA))/(PSA¢BETA)SGF/GHPSA)
AE0=AS54%AA4C
US40=~-SQRT((1.-PETA)/C*(FEA-PGA)*(PEA—1.)/(PSA+BETA))I®*ALD
UsS0=US40+U40

PEO=PED

PEI=FE0/P30

SLE3=-SQRT((PE3+BETA) /(1 ++BETA))

SE60=SLE3FAIO+UIC

D631/ (PETA+{1 .-PFTA)/SLEI*22)

D€O=DE3*D 2D
AEI=SCRY((1e-EETA)/ (1 4BETA)N(1.4RPETAHRETAS(FE2-1))/(PEIEBETA)SGF
*%PEI)

AEC=A€C3%A30

UE30=(1o~EETAIR(1o~1o/SLEIRR2)ISLE22AIC

UEO=UE30+UI0

DELU=APS{US0~U60)

PRINT 10024NITEFR,Pal 4F40,0481,L40,441,A40,U81C,UL0,5LA1],SEAD,
¥DFLUJPEGPE04DS44DSC4ASA4AS0,LEQ0,LS0+SLS54,SF50,
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$DELPAO yFE3 yFEOyLHI,CE0yAEI9AC0UG2CoUED,SLET$SEED
1002 FORMAT(IH 41X ol S oSX 1 C0F12e83/92(1XE1104,10F12:84/))
C
IF(DELUSLEGEPS) GC TC 100
DELUI=DELU2 $ DELU?2=DELU: ¢ DELL2=CFLLA4A § DELU4=DELUS $ DELUS=DELU
TF((DELUSoGT o DFLUYG ) e ARNC o (DELUG o CT o LCELUZ) eANC o (DFLUJIGT oDELU2) «AND
*#"DELU2«GTYSDELLL!)) GO 1D €

C
IF({UGOeL ToUSC)oAND(NSIGAGLESO)) CELFA0=~AES{CELPAO)
IF({UB0L,LTUS0)cAND(NSIGNFQe~1)) ASIGA=0
IFC(US0eLTeUS0) 0 ANCo (NS ICNeEGCal)) CELFAO=-BES(CELP40)/2.
IF({USOWLTUBC)eANDSINSICRNOEGe—1)) DELFA4O0=AFS(DELP40)
IF((USOLToUED) s AND (NS JCN «CF «0)) CELFAC=ABS(DELPA40D) /2.
IF((US0eLToUEDQ) c AND(NSTIGRECSO)) ASTIGA=]
GO 10 toO

C

C

C~=-—=~=ADC ANC VERMINATE CISCS IN THFE FLCW FIFLD

100 TARFLCT=DV-TRFLCT $ IF(YARFLCTolTaloeE-G) TARFLCT=S]4E-9
NT=NTDISCT )
NCISCACI(AT 41 )=NTOISC41 § ACISCACINTRZ)=NTCISCe2
NTYPE(NT+1)=2 $§ NTYPF(ANT42)=2 § ARTYPF(AI)=3
SLINT+1)=SLEDT ¢ SLINY42)=SLAL1 ¢ SLIl)=SL5SA42SG*A40
SFINT4+1)=SF60*SGC $ SE(NT+2)=SEQDI¥SC § SE(NI)=US09EG
SFEOLD=SFE=SE(11)=SESO0%*5G
PD(II)}=R2(NFLN) ¢ RCUIANT 21 )=RO(NT)I4SEINTSILIPTARFLCY
RDINT+2)=PDINI)SSE(NT+2)¢TAQFLCY $ RC(NII=RE(ANTIDISE(NIISTARFLCY
IF(RD(NT 41 ) oL YoR2(NFLIVM=1)) RCIANT+1)=R2(NFLV~-1)
IF(RCINT42) s GTR2(AFL¥44 ) ) KC(NT42)I=R2(NFLWVGA)
IF(RC(NI) oLT oRD(NT+1)) RD(NID}=(RC(PTe1)4RD(1I1)) /2,

ADISCLCIT)=AFLN=NFLN¢2
R2(NFLM=-2)=FR2 (NFLM—=1)=FD(NI)
NDISCL(NI)=NFL¥-2 § NCISCL(NT41)=NFL¥~2 ¢ ACISCLIATSZ)=NFLM®L
C-m—== SET THERMD AND CAS PARAVETERS A CELLS RFLW=24~14Co#1
D2, AFLM=2)=D60 $ U(2 NFLV=-2)1=UECADEDISG ¢ FLZ,NFLM=-2)=PE0
D{2yNFL.M=1)=NS0 § U(2AFLM~1)=LECECE0ISC § F(2,AFL¥=1)=P50
DI2yRFLMIZNS0 8§ U(2,NFLM)I=USCRCECHSG § P(2,AFLM)=PSQ
DI2¢NFLM$1)=D40 & U(2,ANFLMI1)=LA0ACA0%SC § FI2,AFLMe1)=P4O
E(ZyNFLM=2)=(PEC/DEO/(GF~1+)+LE0222%G/2.)%DED
E(2yNFLM=1)=E(2 AFLM)=(PE0/DSO0/(CF~1,)4US04922G/2,)9DSC
E(2yNFLM41)=(PA0/DA0/(G-1,)2LA0%323G/2.)38040
NYDISCT=NTDISCT#2 § NTDISC=NTCISC+2

KRCCDE=10FHFRCDA § CALL PRATFF(NCODE)
NI TRCTN=3HYES

RETURN $& END
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SLBRCLTINE FCJRCCAIN3,NL,TRFLCT)
CCOMNONZPARAN/N 3 J oAU 4G ¢GF yDELRJNFLW
CCNMCAN/TINEZY ,CY 4OV, TRRITE,CELT,CIDX,AT

COMMCN/TRDT/PLTR yCLTRZULTRGELTR,CVERCAN,NCVERCN

CCMMCN/F IRFETC/INDE X yNCYCLE ¢ AN JARE NSTCRE yRS 4 AT TRCTN
CCWMOCA/NISCSKF/RCSAVISL) yALFS(S1)4ARFS(E1),ACROES(E L)
CCVYMCN/POWER/VCAPF yR4R1 yFCFOWER ¢FFCWER yCNC  CCAPF , SFEQLE 4SFE ,NCJ
CCNMON/ZARRAYS/R(S01D,UC2+SC1)4P(2,501)4D(2,501)4E(Z4501)4R2(SC1)
COMMCN/DI SCS/NTDISC yNDISCAC(ST )y RTYPE(S1 )y ACISCLIST1),SECST)eSLIST)
*,RD(S1),NTDISCT NTDISCSE
COMMOA/PPCFR/NEETF AUNAy NUNBEST yNUFALFEPTH(Z4),RUMA(ISC),RUPA(150)
* NCLPETH{ 28) yACLUMA (150) JNCLUFA(I1SC) y)FTHREXT,RUMANXT ,TUPANXT,
*DELPFTH,DELUMA, CELUPA

----- DETYT SS FLWFLD=STTIES S4€,7 DLEYIC FLNMICJI-RARE-CD IANTRCTN RY PLRMTFD
" SCLN RECUIRFS FINAL FLWVM SFD OF CJ FLM CF CJ CEY
SET SYATE D AS THF REF STATE FCF FCLCF ANC C(VERALL SCLAN
VEL REF WRY SCRY(G¥PO/CO)
PES=TC PE REAC AS PRESS IN STATEG KFL TO ANC ANCACIM BY STATE £
" USA0=READ AS PRYICLE VEL IN STATES FEL YC SYATE4, NCNCIM WRT STYATEO

—s1aTE- eem3em—EHK==7==CC-=€=~RAREFACT ICN-5~CETCNAT ICN~=~ [~on
—3—-—FLM==2==CD-==1~==

----- SET STATES 1,2 AND 2
MI=NDISCL(A3) $ MI=ANCISCL(NL)¢] ¢ SC=SCFY(C)
P10=P{2,M1) & D10=D(2yM1) % LLIO=L(Z,VM1)/D10O/SGC
P20=P(2,V/3+41) ¢ C20=D(2,7341) § L2C=U(Z,MI+1)/D20/SG
P20=P(24¥3) ¢ D3IC=C(2,V3) & UIO=U(2,V¥2)/C20/SC
A10=SQRT(P10/D10) $ A20=SQRT(PZC/020) § A3IC=SCRT(F3I0/DI0*GF/G)

----- SFT SUBROLTINE CCARSTAMNTIS
BETA=(CF-1+)/(GF41e) § B=(CF=-1e)/(C-1e) & ALFFA=Z4/(GF—-1.)
PGI=(1e+EETA)S(VCAPF-BETA)/(1.-EETA)-EETA

----- CET STAYC S DUF TO A CJ CETCNATICAN
PGI=144(PGO~1e)/A1CH¥E24GF ¥ (1 o-1e/7A108%2)%(C/CF*P-R4RY)
SLSI=SCRT((2e%PC1=(1e—BETA)42,¢SQRI(PG12¢2-(1.-BETA)*PGI-BETA))/
*(1.-BETA)/G)

SES0=SLS1*AIC+UL0

PSI=(1+-EETA)/2%(14GHSLS1%%2) § FEQ=FEIWPIC
DS1=1a/(1e~(1+-BETA)I*(PE1-FG1)/(PE1+EETYA)) § CSO=CS51%010
USIO0=SCRT((1.~BFTA)#(PS1-PGL)It(PE1-1,)/C/(FSI+BETA))*ALC
UEO=US10+UIL0
AS1=SCRT((PGI+RETA4RETAR(PSLI-FC1))/(FE14¢CETA)SGF/CHPS))
AS0=A5]1%A10

USOPASO=US0+ASO
PRINY 10004yNCJy USOFASQ,SESOy FCOeFGl,
2P 1CsDIC AIC U1y SLINT),SEINL),
¥P204D20,A20,U20y P30,030,A30,U30,SL{N2),SE(N2),
P Sl 4PEODS1 ¢DE0yAST yAS0,LS5109LE0+SLEL4SESO
1000 FORMAT (1H1 42/ 424X 3FLAME(* A3, *)-RARE-CC INTERACTICAN o DETCAMATICAN(
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#DEY)#,2/,40X#USC ¢ AS0O = SESC %,
B/ 437X 2F 106698/ 4 1X92F 134059791 3¢8( 123X 4F130S)92F 135507/,
FIXeQU13XpF 130S) 9701 X98(13X3F130G)eZF 130997 91Xy10F126993/)

C
C
Crmm-= SET UP TTFR CCUNTER ANC FRESSLRE CLESS
ARSIGA=—1 ¢ NITER=0.8% DELFEO=(PEC~-P2C)/1%c § EPSsS|.F~14
PEO=F30~-DELFGC
C-—=—- PERFORM TYERATICN OF THE PCLCKR SCLA
1 ANITER=NITERS)

IF(NITER.LY.51) GC C ?
IF(NITER.EQ.S1) DELUSAV=CELU
IF(NITERLT.?E) GO TC 2
IF((DELUSAVeLTeloE~12)eARDA{DELLLTo1E~12)) GO TC 107
PFRINY 1001,NCJ,CELLSAV,DELU
1091 FORMAT(1H o5/ ¢10X,*NCe CF ITERATICAS FAS REACHEL WAX CF 75 IN €CJR
HCCA(*,A3,2)%,EX,2E15.7)
IF(DELULToleF~10) GC TC 100
DELR=-ABS(DELR) $§ RETURN
C——v=- GUESS P60
2 PE0=PEQ+DELPEC
PES=P6O/PE)D
DES=((2e+ALPHA)/ALFFA/CFA(FES~1e041c) 28 (ALEFA/(2.4ALPHAY))
DEO=DESEDEC
AESSNESk% (| /ALFFA) § AEC=AESHASC
UESHI=ALPHAX(AES-1.)2A50 § L60=LESC4USO
SLE=SLT=1o $§ SEFSO-SLHEASCHUSC § SETEC=SLYSAE0+LED

P7C=RP6D & PT3=PTC/F3C
SL73==SCRT((P73+RPETA)/(1.+FETA)) § SET7C=SLT72#A20#L20
D73=1e/(PETA+ (1 «.~-RETA)/SL73%%2) ¢ L73=LT7I*#C20
A73=SCRT{(1e~BEYA)/(1.4BETA)S( 1. ¢BETAGPETAR(FTI-14))/7(F734BETA)SGF
x%F?73)

A7C=AT2%A2)
U730=(1e—FFTAIR(1e-1e/SLL72%32)25L730A3C § LICELIIC4UI0
U70=L7204U30

DELU=ABS(LEO-UTO)

PRINY 1002.NITER,DELULDELPEC,
XSLH«SEHSO
EPESyPECICEEINEOQ)AEE JAECH)LESCILEDWSLT,SFYED,
CFT734P70eC734yD70,A7TXI,AT0,U73INLUTCySLT7290EETC
1002 FORMAT(IH o¢IX 1S9 1Xg2E15aT7¢60X92F12e83/42(1X%X10F1208457))
C .
IF(DELULFE.FPS) GC T0 100
TFCCL70eLTaUGCYoAND c(NSIGANLEOC)) DELFEO=-AFES(CELF€0)
IF(lU70oLT.UG0)eANDA(ANSICAEGCa~1)) NSICNRC
IF({U70eLToUHG0) e AND(NSICAGEGo1)) CELFEN=-AES(CELFED)/ 20
IF(lUGO LT U7C)sANDSINSTICAN.ECe—~1)) DELFEC=APS(DELFEOD)
IF(IL60eLYoU70)eANDG(NSEICANSCF20)) CELFEO0=AESICELPED)/2a
IF((UEODL TaU7CYoAND (NS IGNECSO)) MPSIGAS]

G0 10,

10C ANT=NTDISCY
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RDISCAC(NT #1)=NTDISC41 $ ADISCRC(AT42Z)=ATDIEC+2
NDISCNCINT#3)=NTOISC+3 § NCISCAC(NT¢4)=ANTCISC+a

NTYPF(NT+1)=2 $ NTYPE(NT+42)=€ $ NTYPE(RT+3)=7 § AVYYPE(NT+4)=5
SLINT#1)=SL73 $ SLINT42)=0.0 § SLINT+2)=1e ¢ SLINT4A)=SLSI
SE(NT+1)=SF70¢SG $° SCUNT+Z)=UCO®SC § SE(NT+2)=SEYoT#SG
SE(NT+4)=SES0#SC

RD(NT+1)=RO(NI)+SE(NT 41 )t (CT-TRFLCT)
RD(NT#2)=ROANT)+SE(NT#2)2(DT=-TRFLCT)
RO(NT+3)=SRD(NT1)4SE(NT 43I (CT-TRFLCT)
RD(NT#4)=RD(N1)+SE(NT+4) ¥ (CT-TRFLCT)

IF(RDIAT +4) sCT,R2(M141)) RDINT+4)=R2(V141)
IF(RO(AT41) oL ToFR2(M3I~1)) RC(NT#1)=R2(¥v2-1)
IF(RCINT+1) LT .R?2(M3)) GG TO 103

PFINT 1003 4NT,R2(M3),RD(NT41)¢RCUNT) CY TRFLCTySE(NT41),SLINTs1)

1003 FORMAT(IH 4/, 1X*¥TRCURLF IN FCJRCCA*,15,3F1Z2e8,2E1547,2F12.8)
DELR=-AES(CELF)

102 TF(RD(NT4#2) L TeRC(NT41)) RCUNT42)=FC(RT41)4CELRSJ.E-E
IF(RCINT42) eGTRD(NT+4)) RO(NT+Z)=FD(NY+4)~CELR¥*|.E~B
IF(RDINT43) LT oRC(NT42)) RDINT42)=RD(NTHZ)4CELRIELE-S
IF(RC(NT+2) .GT.RD(NT+4)) RC(NT42)=RC(AT44)-CELRIS,E~9

N=N-1
DO 121 [I=M] N
1F1=141 .
D(2y1)=D(2,121) SU(2,1)=L(2,1IF]1) SE(2,1)=E(Z,IF1) SP(2,1)=P(2,1P)1)
D{14T1)=D(1,121) SULL,II=L{1,1P1) SEUL,I)=E(1,1P1) SP(141)=P(],IP})
R{I)=R(IPY)
101 R2(I1)=R2(IP1)
DC 102 I=1,NTCISCY
IF(NDISCLIT)eGYQaNI) ANCISCLUI)=ACISCLIT)~]
102 CCONYINUE
IF(N141 4LESANYCISCS) NRFSI(NI#L)=NRFS(N14]1)=~1
IF(NI*1LENTCISCS) NLFS(AN141)=NLFS(NL1#1)-1
ANCISCL(N3)I=NDISCL(NI)==]
NTIDISCT=NTDISCT+4 § ARTCTSC=AYCISC+4
NCJ=3I+DET $ SFE=SFECLD=0.0
————— SEYT THERNMC ANC CAS FAFRAMETERS IN CELLS ACET-2,-1,0
NDISCLINT#1)=M3-1 & NDISCL(NT44)=M242
ADISCLINT+#3)=NCISCL(ANT44) ¢ NFLM=NCISCLI(NTY4+4)
IF(RDINT+3) oL TeR2(M3)) NCISCLIAT43)=NCISCLI(NT+4)-1)
D(2,M3)=DT0 & U{2,M3)=L7C=UTCPEGHDTIC § P(2,473)=P7C
F(24¥3)=D70%¥(F?C/C70/7(CF=1)¢U7CH82/C7C¥%2/2,)
IF(RD(NT+#2)eLTeR2(M3)) GC TC 104
D(2,¥341)=D70 § U(2,M341)I5UT0 § PIZyN241)=FIC § E(Z,MI41)=E(24M3)
DU24¥342)=D60 $§ U(2,M342)=L60=L60*SGP*CE0 § F(2,VMI42)=P¢O
D(2¢M342)=DEO¥(PEC/DOO0/(CF~1)¢LECHRX2/DECESZ/2,)
R2(M34¢1)=R2(M3I+2)=RD(ANT+2)
NDISCLINT#2)=NDISCL(NT#]1)¢2
GC TC 200
104 D(2,M3+41)=D€E0 $§ L2 ,M3+1)=2UEO=UE0*SGECED § F(2,NI¢1)=PE€O
E(24M341)=DEOM(PEQ/DARQ/Z(GF~1,)4UEC**2/DECE*%2/2,)
IF(RNP(INTY+3) LYSR2(M3)) CC TYC 105
DI2yM342)=D€E0 $ UL2yM242)=0L60 $ P(2M242)=FC0 SE(2,MI¢2)=F(2,M2¢1)
106 P2{M3+2)=R2("" ", ¢ R2(NMI)I=R2(MI41)=RDINT2Z)
NDISCLUNT#2) -ADISCLINT®#]1 )¢
GO 1O 200
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10 WU(2,M342)=US0%SC-(LS0%EG-LEO/CEQIBIRCINT44)-R2(¥3))/(RC(NT 44 )~

ERD(NT+3)) :

Al =SCRV(GF*P50/050) § UI=(U(2,#ISZ)I-UE0PSCI/AT § AI=UL/ALPHAtLLO
DI=AI*%ALPHA $ DI2,M342)=DI®DEO

PISALPHARCF/ (2.9ALPFA)N(CIZR((Z.¢ALPFA)/ALPFA)-10)¢10
PL2yMI42)1=PI*FS0 8 UC24MI¢+Z)SL(Z,MI42)%0(2,¥322)
E(2¢M342)=D(2,MI42)2(P(2,M2¢42)/0(Z4M232)1/7(GF~10deU(2,M342)0%2/
AD(2,83¢2)1582/2,) ’

GC 70 10¢

203 PLTIR=PE€0 $ DLTR=DEO $ LULTR=UGD
ELTR=D60#(PEO/NDAO/(GF~1)4UECRB2/DECER2/2,)

----- ACCT FCR PRYCLE PTH ANC NEC AAND FCS CHRCT TRAJ CELL LCCTNS CHANGES
IFINFPTH,LELO) CC TO 110
DC 111 I=1,4NPPTH
IEINCLPPTHF(T).GTaMI) NCLPPTH(T)=NCLPETH(I}-1
111  CCATIRUE
110 IF(AUVAGLLELO) GC TC 112
DC 113 ISAUNAFST  AUMA
: TF(NCLUMACT) «CTa¥1) NCLULVNALT)=ACLUNA(T)~1
113 CCNTINUE
112 1F(NUFAJLE.O0) GC TC 114
DC 115 T=1,NUPA
IFINCLUPACI)oGT ab1) NCLUFA(I)SNCLLEACT )=
11€  CCNTINUE

114 NCCDE=10FFCJFCTA ¢ CalLL FRATFF(ANCOCE)
NITRCTA=2HYES

RETURN $ TAND
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SUBROUTINE SHKFLM{11,N]1)

CCVMNCN/PARAM/N g UgAJgGoCF 4DELR GANFL WV
COMMCN/TIME/T yDT 4DTL 3 TRRITE ¢DELT4DIDX 4 AT
COMMCA/DISCSKF/RDSAVIST Dy NLHS(51),ARFS(S1),NCROSS(E])
COMVMON/PREDCCR/CPC(2,13) yUFCEZ413) ¢EFC(2,13),PPC(2,13)
CCNNCN/FOWFR/VCAPF yRAR] , PCPOWER yFFCRER yCAD yCCAPF ¢ SFECLC ¢ SFE ¢NCJ
COMMCN/ARRAYS /R(S01 ) qUC2 4501 ) ¢F (24501 04C 2,501)4E(2,501),R2(501)
COMMCN/DISCS/NTDISC JNDISCNO(S1) oA TYPE(E1) gNEISCLEET) ¢SE(S1)4SLIST)
#,RC(51)yNTDISCT NTDISCS

C .

C-=—==SUB HACLS IACMG SHK UFTC AND INCLCC INTERACTN WwTH FLW¥
C PDyVD=PRESS,SFECIFIC VvOL RATIC ACFCSS TFE FLAVE

C

C .

Cam==- CFT CLCSENESS OF THE INCCMING SHX TC THE FL#

NSC=100*{NDISCLINT)-NCISCLCTT)}41COINCRCESACIT)
PEINT 1001411 4NIoNRHS{TIT)¢NFLN ¢NCFOSSCTITIyASC
1031 FORMAT(IH 41X4€15)
CIFINRFSUI1)oGToNFLM41) GC YC 1C

R . PREDCTR FR NFIWVM-1 = 1y PRECCTR ANC CCRRCTCRK FR ANFLWV AFLWM¢L = 2,3
CALL FLM{RCINID)oSE(NI)ySLINT)GEFSEKFLM)
Comm=- CORRECTOF FOR NFLM-1 = 1
V=AFL V-1

DIZyM)I=DPCI2,11=0C 1gNgl) § UC2,¥)ISUFC(2,10=UCI1,4¥,y1)

E(2,M)=EPCL2,1)=EC(14My1) § P(2,M)=PPC(2,1)=PCL1,GF)
Comeem FRFCICTCR FOP NSHK-1 = 3

M=NDISCL(IT)=1 i

DEC(143)=DP(¥,0) $ UPC{1,3)=UPIN,C)

EPCI1,3)=EP(V,C) § PPCL143)=PF(3,CF)
[ —— PREDICTOR FOR NSHK = 4

M=NDISCLCIT)

PS=P(14M+1)2( 2e%GF /(GF+1e)9SLIIT)#82-(GF~1.)/(GF41.))

DS=D(14M4) 1/ {(GF~1e)1/(CF41e)4Ze/(CF41.)/SL(LT)S%2)

USSDEH (UC1 oM+ 1) /D01y N41 J4SCRTIGFHFECI¢N41 1/ C{14N21))924/(GF¢1)0

ESLCTTII®(1e~14/5L011)82)) .

ES=DSH*(PS/CS/ (GF~14)¢US#92/0S842/24)

EPS=(RO(II1)-R{M)) /DELR

C1=2.%(2=EPS)/(1.4EPE)

CP2=2.%FPS~3¢s § C3=(1+~EPS)#(2.0EPS=14)/(1e¢EFS)

DPC(1441=D(1,M)~DTDOXS{CIPLS+CZRLI1,M)+CIFULT1o¥~1))

€~ ATHCTDX*(CI14CS+C2¥C( 1y M) 4CIAC (L 4M=1))

UPCL1,8)=U(14¥)=DTOXS(CI*#(LERLE/CSIPSERO(TT N J)eC24PU(N) 4

HCIHPM(M=1))—ATACTOXS(CIOLS4+C24L(1,¥)4C32U(14¥~1))

EPCU144)=E(14N)=CTDX*(CISLE/CSA(ESHPSPRE(TIT IS I)C24PE(M)SCTI®

*PE(M-1))-ATADTOX#(CI¢ESHC20E( 1 (M) 4CIPE(L,N=§))

PPC(144)=FP(4& ¢GF)
C-~-=~=CORRECTCR FCR NSHK = 4

D(24M)=DPCL2¢4)=CC(A,Me0) § LIZyWM)=UPC(Z,4)=UC(Q,N,0)

E(?,N)ZEFC(2,8)=EC(44N40) § P(2,M)=PEC(2,4)=PCl4,GF)

C
C~--~=DET IF S+HK CRCSSES A MESF FT CF NOT
L=0
TFINCRCSS(II)) 2,3,8
2 PRINT 100011 oNTYFECTIL),SECY. ) ySLUIID),RC(IT])

1300 FCRMATI(IH /41Xy #NEG X/0 OF DISC ACo®*ol3,¢ (F TYFE®*,I2,® WTH SELSL
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® DF®,2F1644,% AT PCSITICN®,E1204)

DELR=-ARS(DELR) § RETURN

SSLESCRY((PFC(1,8)/FPC(141)4(CF=10)/(CF41o))9(GF410)/20/GF)

RO(II}=RD(II)+(SSL*¥SQRY(PPC(1,1)/DFC(1,11%CGF)+UPC(1o1)/CPCl1,1)%
*SF(I1))/2.0%D07T

IF({INRHS(IT) LEoNFLN$2 ) oARC o (RO{IT) oCToR2(PFLW=19L ) ) ) oCRa( {NRKS(1
B1)aGY oNFLME?) sAND e {RD(TI ) eLTeR2(NFLM=14L1))) RD(:1)=R2{NFLM~1¢L)

SLUIL)=SQRTCIFPL(2,8)/PFC(2,1)4(CF~10)/(CF41.))%(CF414)/724/GF)

SE(IL)= SL(ll)tsonv(ppc(z.l)/nﬁccg.l)tCF)oLPC(z.l)/cpctz.l)

IF(NRFS(II).GY.RFLNOZ) GC TO 20

RETURA

PPC(1,5)=P( 1 NFLM-24L)2(2,3GF /(GF 41, )3SL(T11)*82~(GF=1,)/(GF¢1.))

SSL=SCRTI(FPC(1,45)/FPCl141)4(CF=10)/(CE414))9(CFela)/2e/GF)

RD(TT)=PD(II)+{SSL*SORT(PPC{141)/DFC{1,1)*GF)+UPC{1,1)/DPC(1,1)
®+SE(1L)) /72,0807

IF(RD(IT)LTeRP(NFLN=24L3) RC(II)=F2(NFLM=Z4L)

NDISCL(IT)=NDISCL(ITI)+1

SSL=(SSL+SL(II))/2.0

DU2,NFLM=2#L)=D(1 4 NFLM-24L)/((GF=10)/(GF+]14)424/(GF¢1s)/SSLE%2)

UT2,AFLM=28L )=DE2,NFLV=24L V(UL 1 AFLM-Z¢L ) /BL 1, AFLM-241L )+ SORTLCES
AP (1 NFLUM=240L) /DL Gy NFLVN=24L )1 #(Z2o/(CF41.)0SSL¥(14=14/5S5L887)))

P2, NFLM=28L )=P( | yNFLN=241L )% (2 #%GF/(GF¢1o)TCEL #82—(GF~1.)/(GF¢1e))

FU2yNFLM-24L)=C(2,NFLV=24L)8(F (2 NFLM=24L )/CUZyNFLM=-2¢L)/{GF=1,)+
EU(2yNFLM~Z4L) 252/D( 2 RFLM~24 ) %%2/2,0)

SLUTII=SCRT((F (2, ANFLM=24L )/PPCIZ,1)4(CF=-1o)/(GF¢1e))P(GF41.)/24/GF
*)
SE(TI)=SLCTT)*SCRI(PPC(Z41)/0FCL2,1)%GF)4UFC(2,1)/CPCL2,1)
RE TURN

IF(ANRFESC{ITI)eGToRFLM42) NCRCSS(II)=C

--PREDICTOR AND CCRFECTCR FCR NFLWVMel = 2

M=ANF{_M4+])
D(2,M)=DFC(142)=CF(M,0) ¢ U(2,M)I=UFC(1,2)=LUF(M,C)
EC2¢MIZEPC({1,2)=EPRP(VMyC) § F(2,d)=FFC(1,2)5FF(2,G)

~~FFREDICTOF ANT CCRRECTCFR FOR NFLWV = |

SFL=SL{NT)

CALL SFVDPC(G.GF yP(2y,M)D(2y¥)4SFL ¢VC ¢FDDELR)
D(2,NFLN)=DFC{1,41)=DPC(2,1)=D(Z4¥I/VL :
PZJNFLN)=PPC(141)=PPC(241)3SF(2,F)SFC
U2¢AFLV¥)ISUPC{141)=UPC(2¢41)1=(SFL3{1o~VCISU(ZyM)/D(24¥))8D(2,NFLHW)
E(PyNFLNV)TEFC(1 41 )=ERCI241)=D(2NFLF)IS(F(2,NFLM)I/D(2,NFLM)/(GF=-1,)
QU2 JNFLM)XEZ/C( 24 NFLM)$22/2,)

-=CALC NEW FLLM SPC ANC FCSITICN

RDINT)=RO(NI)+SE(NTI)I*DT $ SLINT)=SFL S$SFE=SE(NI)=SFLAU(2,M)/D(2,4)

-~-PREDICTOF FCF NSHK=-] = 3

M=NDISCL(IY)-1
DPC(1¢3)=DP{M,C) $ UPCI(1,3)=UP(NV,C)
EPC(143)=EP(M,0) §& FPC(1,3)=PP(3,GF)

-~PREDICTOR FOR NEHK = ‘

M=ADISCLUIT)

PE=P( 1 ME1)R(2.%GF/(CF41)9SLILLI)#92-(CF-1.)/(CGF4le))

DS=D(1 )M+ 1I/7{(GF~-1.)/(GF 21 .)42./7(CF+1e)/5LLTT1)%%2)

US=NDSEIUCL M+ )/D01 ¢ M4 )I4SORTICFIP (I, M 1)/CL1,M+1)) 22, /(GF¢+la)®
ESL(TIN#(le~1e/7SL(TIT)%%2))

ESZDSE(RPS/DS/{GF~14)4USH22/DS882/2,)

EFS=(RC(IT)-R(M))I/DECLF
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C1=2:%(2.~EPS)/7(1+4FEPS)

C2=2.%EPS=3s § C3=(1~EPS)S(2.%EPS-1)/(144EPS)
DPC{1434)=D{14M)-DTDXF{(CIRLESCZAL(14M)I4C2¥UC 4M-1))
F—ATACTOX¥(CL¥DS+C23DU VM )+CISC(LoM-11))
UPC(1¢4)3U(1,¥)~OTOX®{CI#(LSHLE/CSHFSERC(TIT )#2)¢C20PU( M)+
SCI*PV (M- ) )—ATHCTOXR(CLALS4C20L (1,47 )IIC20L(1,40-1))
EPC(194)=E(1 4VM)~-DTOX®(CL1ILE/CEH(ESHPSARO(TIIINI)IC2SPE(M ¢C3*
XPE(M=1))-AT*DTDOXR(CLI¥ES4C2%EL 1 4NI4CI*F(L,¥-1))

PPC(] 44)=PP(4,CF) :

-=-CORRECTCR FCR ANSHK = §

D(2y¥)=DPC(2¢4)=CC(AyNMy30) § U(Z4V)=UFC(2,48)=3LC(ayV,0)
E(2¢M)=FPC(2448)=EC(4,4M,0) §& P(24VM)=PPC(2,4)=FC(4,GF)

L=1
IF{NCRCSS(II)) 2,34

~=~SHK AND FLM TNTERACT

CALL SFHFXFLMA(II4NI)

RETURN § END
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SURROUTINE SHKFLWMA{TT NI)

CCMMCN/PARAM/ N g JogAJyCoCF ¢ DELRyNFLM
COMMCAN/TIME /T DT yDTL 4y TURITEGDELT ¢CTCX,AT
CCMMCN/FIRFETC/INCEX NCYCLE g AR yARN o NETCPE RSy RITRCTR

COMMCN /DI SCSKF/RCSAVIS1 ) o ALFS(ST )} 4 FRFS(S1 ) ACRCSS(EL)
CCMMCN/POWER/VCAPF yRAR1 g PDPORER ¢ FFCWER ¢CAD g CCAFF g SFEDLC o SFE ¢ACJ
CCWMCN/AFRAYS/R{501)4U(2y501)4F(2,501),C(2,501)4E(Z,501),R2(5C1)
CCMMCN/DISCS/NTDISCoNDISCACISI) yMATYPE(S1) g ACISCLIST),SE(S51),SLIS1)
&, RD(ST) 4 NTDISCT,ATCISCS
CCNWMCN/FPCHR/NEETH NUMA JNUNAFST \ARUFA,RFPTH (24 ), RUMA(1S0),RUPAC1S0)
%y NCLPPTH(24)yNCLUMA(I1SC)¢NCLUFACTIEC) ¢FTHNEXT,RUMANXT ,TUFANXT,
¥NELFETHDELUMA,CELUFA

-=-DET SS FLW FLD (STTES 4,E54€) CLE TO SHK—FLF INTERACTN BY PLR MTHD

SCLN REFCUIRFS FINAL FLWVM SPC OF FLM SPC LAW

SET SYAYE 0 AS ThF REF STATE FCR FCLTF AND CVERAMLL SCLA

VEL RFF WRT SCRY(G*FO/CO0)

Pt4=T0 BE READ AS PRESS IN STATES REL YC ARC ACACIM BY STATE 4
USA0=RFAD AS FRYCLF VFL IN STYATES REL 1C SYATE4, NCADIN WPT STATYED

-STATE- e e CFK=~€-=CD-~~§=~~-FLWN----8~cv-ShK~me~m—
» % » &
% s 2 MK
] * % 4
* * * ?
s 2 » »
* x  » 2
exs *
*
e
s %
* ]
* *
* *
® E

~3-=SHK==2=—FL Mo—{-

-—SCTVT STATES 1 AND 3

P10=P(2,NFLM%1) $ NDI0=D(Z2,NFLVFe1) $§ LIC=U(Z NFL#+1)/SCRT(G)/D10
Al0=SCRT(P10/C10)

SLZ10=SLINTD)/ZSQORTY(G) § SL22=SL(I1) § ADISCLS=ANCISCLLT)
F30=P(2,NDISCLS) § C330=C(2,NDISCLS) $ LIAC=U(ZNDISCLE)/SCRT(G) /D30
A20=SORT(P30/C30%GF /G) '

--SET SURROUTINE CCASTS, ITER CCUNTER ANL FPRESSE GLESS

BETA=(GF~1.)/(GF¢+1.) $ B=(GF-1.)/(C=1e) ¢ BETI=(G-14)/(G41s)
PGO=(1 «+EETA)S(VCAPF-BETA)/(1.~RETYA)-BETA

~~PERFCRM ITERATION OF THE POLCF SCLA

DELP40=P30/30« § IF({NCJEC3FYES) CELFAC=PIC/ 7.5

NSIGN==1 § EPS=1.E~14 $ MNITER=0 § FAC=F30-DELP4O
DELUI=DFLU2=DELU3=CFLUA=CELUS=1.E¢20C

PRINT 1200,NCJ,P10,D10,L10,A10,SLP10,F30,02C4,U20,A30,5'.32

1200 FORMAT(1H1 Xy 2SHK~FLM TRNTRACTN 2,A2,1X01CF11.7927)

10

NITER=NITER+I]
IF(NITER.LTo9C) GC TC 11
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IF(NITERL.ECa90) CELUSAV=CELU
IF(NITER.LT.1€0) GO 1C 11
IF((CELUSAV.LTel+E—12).ANCL(DELUT+1.E—-12)) GO TO 1CO
£ PRINT 1001 ,NCJe NITER,DELL+DELLSAV,CELL],CELU2,CELU3, DELUS,CELUS
1001 FORMAT(1H o5/ 42X,%ITER HAS RCHD MAX IN SHK-FLN=A RKCJ= $,A3,/,1X,
£]5,7E17+9)
IF(NCJ.EQ.3IHYES) GO TO 2
I3 ACJ=3+YES $ DELFPA0=P30/7.5 § GC TC 1
2 DELR=~ABS(DELR) $ RETLRN
----- GUESS P40
11 Pa0=P40+CELFA4O
P41=P40/P10
SLA1=SCRT((PA1+4BETI)/(14BETI))
SE40=SLA1%A10+U1 0D
DAl1=1e/(RETI+(1.~PET1)/5L41%%2)
D40=041%C10
AG1=SORT((1e~PETI)/(1e+EETII®*(1+EETI4PETI®(FA1-14))/(PAI+BET]I)SGH
*pap)
AQ0=A4Q1%A10
UB102(1e~BETIN#( 1a—14/SLAL#32)%SLATIFAIC
U4a0=L4a104U10

PGA=1.4(PGO-1.)/A80%%24CFA( 14~ 1.,/A60%32)2(G/GF*B-R4R1)
IF(NCJ.FCe3HYES) GC TC 3

————— FLAME BURNING SPD RELOwW-CJ VALLE
SLS4a=CND*(F40/DA0)t*PCFOWERPPQOY*FFOWER/SCRT(G)/A40
XI1=(1e~BETA)XSLEQCX2%G
PEQ:(!.—FETA#XIOSCFT((EC1A—I.—Xl)‘*204.*(851A—P64’XI))l/?o
GC TC 4 :

————— CJ FLAME EURNING SFC
3 PEA=ZPG4—SART(PGA**2-(1-EETA)*FCA-EETA)
SLEG=SCRT((2.%PEA4~(1.~-EFTA))/(1~EETA)/C)

"4  SES0=SLS4%*A4C+UAC

DS4=1e/(1e~(1.~EETAYS(PS4-FC&A)/(PSA4EETA))

PE0=PE4A%P40

DE0=DE4%DA0

A€4=SCRT((PGA+BETA+EETA%(PSA—-FCA))/ (FEA4EETA)IGF/CIPES)

AE9=AS4%A40

US40=-SORT ((1 «~EFTA)/ G (PEA-PCA)(FEa~ 1.)/(p=40351n))#AQc

US0=US40+0A0 -

P60=P50

F63=F60/P30

SLEN=-SORT((PEI+BETA) /(1 +BETA))

SE60=SL6E3#A304U30

D63=1./(BCTA+(1.-BETA)/SL6E3%%2)

DE0=D63%D30

AG3= SCFT((I--EETA)/(I.OFFTA)‘(l.GEETlo[EYA'(P63~I-))/(PC’OBFYA)OGF

*4PEI)

A€E0=AE3%&AID

UE30= (l.—PETAl*(l--I./°L63°¢2)05L6’t‘30

UE0=UE304U30

DELU=ABS{US0-L60)
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" PRINT JO02¢NITER P41,P40,D4]1,DA0yA4] +A4CyUALICoLS0,SL41,SFA40,

¥NELUYPE4,PS50, 564 yDS0 A5G ,A50,LEA0,LEOSLEA,ESFE0,

¥DELPA) yPE3JPEI4DE3 yDEOJAEI yAOC ¢L620oUECySLE2(SEED

1002 FORMAY (IH 41X o1SeEX)1CF 12685/ 32l 1X9E11e441CF12.€8,5/))
C

IF(DELU.LE.EPS) GO YO 10C
DELU1=DELU2 $ DELU2=DELU2 ¢ DELUI=DELU4 ¢ DELUG=DELUE $ DELUS=DELU
TF((DELUSGTaDELLS) s ANDa (DELUG o CTCELLI) ANL{DELU3GT oLCELU2)aANDS

*(DELU2.GY .DELUI)) GC TC €

C
TF{(UGOLTeUSC)e ANDe{NSIGhLELC)) DELFAC=-RES(DELPAD)
TF((UG0LTUSO)eANDC(NSIGNEQ 1)) NSIGN=C
IF({UBO0eL ToUSC) e ANDa(ARSIGReFCoel)) CELFAO0=-AES{CELRAO)/ 2.
IF((USOLTeUECD) e ANDe(NSIGNeEQe~1)) DELPAC=AES(DELF40)
IF((LS0oLToeURO) e ANCo(NSICANLCEL0)) CELPAO=AES(CELP40)/ 2,
IF((US0eLToUG0) e AND(NSIGNSEC.C)) MSIGA=]
GC TC 10

C

C

C--=~-ADD AND TERMINATE CISCS IN THE FLCWw FIELC
100 TARFLCT=(RD(IT)=-RD(NI))/Z(SECII)-SEINT))

NT=NTCISCT _
ADISCANCUNT+1)=NTCISC+l $ NDISCAC(NT42)=NTCISCe2
NDISCNO(NT+3)=NTDISC+2
NTIYPE(NT$1)=2 ¢ NTYFE(NT42)=32 § NYYFE(NT43)=2
SLINT#1)=SL63 $ SL(NT+2)=0e $ SLINI)SSLESA*SCRT(G)244D
SLINT4+3)=SL41
SE(NT4+1)=SE€O*SQART(C) $ SE(NT42)=LEOQISCRT(C)
SE(NT+2)=SEAQ*SQRTY(G)
SFEDLC=SFF=SF(NI)=SESO*SCRT(G)
RD(NII=RD(II)-SE(II)*YARFLCY § IF{VARFLCTeLTeleE-10)TARFLCT=1,E-10
ERINT+1)=RD(II)I4SE(NT 41 IATARFLCY '
PO(NT+2)=RC(II)4SE(NT42)9TARFLCT $SAD(ATHI)I=RC(IT)4SE(NTRI)RTARFLCY
IF(RDINT+1) LT R2(NFLM~1)) ROINT+1)=K2(NFLV=1)¢]eE~-10
IF(RCINT42)LT<RDINT41)) RC(NT+Z)I=(RC(NT¢1)4RD(ILIIDI/ 20
IF(RO(NT#2) GT.R2(NFLV+2)) RD(AT¢3)=R2(NFLWN42)-14E~10

DC 101 I=AFLM,N
M=N+24NF| M~| .
N(24MITSD(2,M=2) $ U(2¢VM)SUL2,N~Z) SELZyMI=E(c,M=2)8P(2,M)=P(24M~2)
DOLeMI=D(14¥=2) § UCL1eM)=L(14¥=2) SE(LMIZE(1,NM=-2)SP(1 M)=P(1o4M=-2)
FI{M)=R(M=2) :

101 R2(M)=F2(NV=-2)

’ N=N#+2
R2INFLM)=R2INFLN41)=RC(NT42)
DO 102 I=14NTDISCY
TF(NDISCL{1)GENFLM) NOISCLELI)=NCISCL(I)42

102 CCNTINUE
ITF(NI+1sLENTIDISCS) NRHSINI+1DI=ARFE(NTGTI D42
IF(NT®1 cLESNTDISCS) NLFSC(ANT41)I=ALFS(NT L) 2
NFLMzANFLM¢2 .
NDISCLUIT)}=—1 § NDISCLEAT+1)}=ANFLM-2 $ AODISCLUNT42)=NFLIV-2
NDISCLANT#3)=NFLM2]

Cmmmm= SET THERMO AND GAS PARAMETERS IN CELLS NFLV-24,-1,40,4¢1

DI{2y,ANFLM~-2)=D60 $ U(2,NFLN-2)=UEQLCECHESCRTI(C) § P(2,NFLM-2)=PE&C
DU2yAFLM~-1)=DS0 § L(P,AFLV-1)}=LSCICSCISCRIIC) ¢ FI2,NFLM~1)=P50



-131-

D({2+NFLM)I=DS0 $§ U(2,NFLW)I=USOILE0USCRTIC) § P(2,NFLHM)=PSO
DU2,NFLM+1)=DA40 $§ U(2P,AFLMH1)=LA0PCACHECRTI(C) § F(2,NFLM¢1)=P4D
E(2¢NFLM=-2)=(PEO/CEO/(GCF~1.)¢LEDST:2G/2.)2DEC
E(2yNFLM-1)=E(2,AFLF)I=(PEO0/DSO/(CF-1.)4US0%328G/2,)%D%50
E(2,NFLM+1)=(P80/DA0/(G-10)¢LA0%2Z8G/2,)2DAC
NYDISCT=NTDISCT+3 ¢ NTDISC=NTCISC4?
C . .
C~—=~—ACCY FCFR PRYCLF PTF ANC NEC ANC PCS CHRCY TRAJ CELL LCCYAS CHAANGES
IF(NPPTH.LE-O0) GC TC 110
DO 111 I=14NPPTH
IF(NCLPPTH(I)eCENFLM-2) NCLFFTH(I)=NCLPFTH(I1)e2
111 CCNTINUE
110 IF(NUMALLESO) GC ¥YC 112
OC 113 I=AUMAFST,ALMA
IFINCLUMA( ) o GE oNFLM=-2) ACLUMA(I)I=ACLLIA(TI) 42
113 CCATINUE
112 IF({(NUPA.LEL.O) GC TC 114
DC 115 Ixz14NUFA
TF(NCLUPA(I)aGE-NFLM=-2) RNCLUFA(I)=NCLUFA(1)¢2
118 CCANTINUE
C
114 NCOCDE=]1OHSHKFLMA ¢ CALL FRrTFF(NRCCCE)
NITRCTA=3HYCS

RETURN § END
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SURRGUTINE SKSKPP(I1 AT ,AigNARE)
COMMON/ZPARAM/ZN g J 9 AJyGoGF qDELR oANF LWV
CCMMCA/TIME/T (DT yCTL, YORITE(DELY ¢CTC Xy AT
COVMON/DI SCSKF/RDSAV(S]1) gALHS(£1) 8RS (51 ) ;ACRCSS(51)
CCMMCR/PREDCOR/ZEPC{2,13)4UPC(Zo12) 4EPCL2,12),PPC(2412)
COMMEN/ARRAYS JR(S01) ¢U(2 y501 ) eF(29501)4C(2,501),E(Z,501),R2(501)
COMMON/DISCS/NTDISC yNDISCNOUS1) oATYFE(S1) JNCTISCLASI ) ¢SELST)SLIST)

*4R0(51 )y ATDISCT,AYCISCS

=SL(TTYT) ANC SL{NI) MUST BE GCY CaC

D2N{SSL yCEoM)IZD (14 M)/ ((CE-14)/ (GE41e)42a/(CELLa)/ESLHOZ)

UM SSLyGE ¢MY=D( 2y IS (U(14N¥) /001 y¥ 1 4SCRT(GENF(L 4N )I/D(1 M) )E(24/
®(CE+1.)2SSLE(1e~1,/5SL¥%2))) '

U2MMISSL ¢GEgM)=C(2,M)F (UL ¢M)I/D(L 4N )I-SCFT(CEBP(1,M¢1)/C(L1yMe1))H¢(
22./(GE+1.)%SSL*(1e~1,/755L2%2)))
P2N(SSLyCEyM)=(1 M) 2(243CE/(CE414)9SSL#42=(CE~1o)/(GE+10a))
E2M{GE M)=D(2,M)2(P(24M)/Ci2,M)/7(CE~1a)U(2,N)%42/D(2,M)%22/2,)

SELS(FAHD ¢PPHL ¢ CE)=SCRT ((FFIHC/FAHCA(CE-10)/(CE41e))¥(GE416)/20/GE)
SSFSISSL,GFyKyL)=SSLESCRT(GE*®PPC(KGL)/CPC(KL))ISUPC(K,L)/DPCIK,L)

GE=G $ IF{NDISCL(NI).LE «NFLM) GE=GF

NCRSII=NCRCSS(IT) $ MII=RCISCLUEL)41 ¢ NFII=(NCRSII-1)/2
NCRSNI=NCROSS(NI) § MNI=ADISCL(NI)41 $ NPAL=(ARCRSAI-1)/2
NSC=100%(ARCISCLANTI)=NCISCL{ITI)410INCFSTII#NCRENT

PRINT 200CshANE JACKSTIoRCRSAT yWI1o0RT, TI4NT,ASC

FORMAT (1H 31X oA741X,71€)

NEC=0 & SLAISAV=SL(NT)
IF((MIToCQaMNT) oAND o (NCREIT4ECa1) e ARD(NCRERTECLO)) GC TO 72
TE((VTToFCeMNI) ARD W (NCRSTI4EC<0) cANCo(ACRENTILECa~1)) GO TO 73
TF((MITaEQeNNI) cARDs (NCFERTLECe=1)ARL o(ACFSTILECL1)) GO TO 74
GO TO 71

NCESII=NCFECSS(II)=0 § NRFS{II)=ARFS(IY)-1 § €O TO 71
NCRSNI=NCRTSS (NI }=NPNI=0 $ NRHS({AT)=NRFS(ATI)41 § GC TO 71
NCESRI=NCFCSS (NII=NFRI=0 § ARFS(AII=RRFSINTIDSI
NCRSIT=NCKESS(TI)=2 § ARFS(ITD=ARFSCIT)-1
TF((NRRS{IT)oNEWMNT ) sORGINCRSTIToECoe=1)oCRJ{RCRSNIECe~11) GC TO 1

-SHEKNI({ANCRS=0) PRCTR FR NSHK—1,0¢l192=1929398 - CRRCTR FR NSHK41=2,2
~SEKAT(ACES=1) PRCYR FR NSHFK=1,0919293 AND CRRCTYR FR NSHKy1,42=2,3,4

IF(NAVME.FQo7HEKSKSEKO) GC TC 2

IF((NAME cEQe7FSPECIAL ) oANC o (ACISCLI(NII-ADISCL{TITI).ECa3)) GC VC 2

IF((NAMEGEC7HSPECIAL ) c ANCo(NCISCLUNII-NCISCL(TI1)eEQea2)0sAND
*(NCRSII1.EQ.,0)) GC YC 2

CALL SHKURCINT)oSFUNTD SLANID) (ACISCLNT))

GO 7C 2

-SEKN! PRECICTYOR FOR NSHKk424NCRER]T 3 4

IF((NAME sEQe7FSKSKSKM) eCFo(NANFGEC «7HFSKSKSKC)eOR(NAME .EQe 7THSPECIEA
%)) GG Tr ?

M=ADISCLINTI42¢NCRSNIT

DPC{144)=DP({M,0) § UPCIL ,4)=UP(V,;0)

EPC(144)=EP(M,0) $ PPCU144)=PF(A,CE}

IF(NCRSNI4FCe~-1) GO TC 2
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Com—=—= SHKNI PRFODICTCR FOR ASHK#14¢ARCRSENY = 2
M=NDISCL(N])+14NCFSN]

DPC(1,3)=DP{MyC) $ UPC(1,42)=UF(F,C)
EPC(1,3)=ER(M,0) § PPC(1,2)=PP(2,CF)

Cm—n=- SHKN] CCRRECYCR FCR ASHK+14ACRSAI = 3
D(2yM)=DPC(2,2)=DC(39Mya1) § U(2,MISURPCL2,2)=LC(3,M,1)
E(2yM)ZEPC(2,3)=EC({3yMy1) § F(2yMI=FFC(2,3)=FCLI,CE)

C—---- SHKI! PREDICTOR FOR NSHK~1 = €

2 IF(NAME.FQ.7+ SKSKSK) €O YO 7
M=ADISCL(1I)~1
DPC{1,6)=DP(M,0) $ UPC(14E)SUFIN,C)
EPC(146)=CR(M,0) $ FFC(156)=FF(€,4CE)
IF(NCRSII<NEo=-1) GO 70O &

C——~~=SKKI1 FFEDICTCR FCR NSKFK~2 = €
M=MIT-3
DPC{1yS)=DP(M,0) $ UPC(14S)=UF(N,C)

EPC(1,S)=EF(M,0) $ FFC(1¢S)=PF(S,CE)

Cmmmm= SHKI] COPRECTCR FCR NSHK-2 = €
(Y 8 B
D(2,M)=DFC(2,€)=CCL64N40) 8§ L2,V )=UPC(2,€E)=UC(EoN,0)
E(24M)=EPCI24E)=EC(E4My0) § P2,NM)=PFCL2,E)=RCIE,CF)

GC YC 7
C-m==- SHKIT PREDICYCR FCR NSKHK = 7
8 M=NDISCL(II)
IF(NDISCL(II)eEGeNCISCLINI)) CC TC S
PSSP2M(SLIIT ) yGEZMIT) § DS=O2N(SLUTI)GELNMIT)
LS=U2MISLIIT) yCEWMII)/C(2,M11)%CS
GC T1C €
s IF(({NAME<ECe7HSKSKSKO) e ARD A INCISCLINJII®*14EC¥NI)) GO TC 6
IF((NAMEEC.THSPFCIAL)«ARC(NCISCLINJ)414EC¥NI)) GC TO 102
PS=POMISLINI) CE4MNT) § DS=D2N(SLIMI) 4CE ¥NT)
LSE=U2M(SLINT) 4 CF MRNI)/C(2,MN1)2CS )
GC TC S7
102 PS=PFC(141) & CS=CPC{1,1) § US=LPC(1,1)
GC TC &7
T3 PS=PIM{SLINJ) ¢GFE yMNT) § DS=D2M(SL(NJ)9CGEsNAT)
LSS U2MISLINJ) gCEgMNTI)/C(2,MN])¥DS
US=LS/DS+SART(GE#PS/CS) 2o/ (CE+1 ) 2SLIAT)®(1o-1a/SLINT I®22)
DS1=DS=N2M{SLINT),GE,MNI) /(1 ,#N])2DS
LSISLS=USHDS $§ FSI=FS=F2M(SL(NTI),CEZNNT)/P(1,MN])SPS
s7 US=US/DS+SORTIGF¢PS /DS )#247(CE® 14D 4SLUTT IR (1e~1o/7SL(1])%2%2)
DS=D2M(SLCI1)CEZMNI)/C(1,MNL)*DS
LS=USEDS
PS=P2M(SLITI),GE,MNT)}/P(1,MNI)®PS
6 ES=(PS/CS/{CF=1,)4US*82/CS%232/2,)0CS
EFS=(RO(II)-R(M) )/DELR
C1=2.%(24~FPS )/ (14EPS)
C2=2.%EPS=3e § CA=(1e~ERPS)#(2%EPS-1e)/(14EFE)
DPCl147)=0(1,¥)-DTDXB(CIFUSHC25L(14M) ¢CIEU(LyM=1))
*_ATEDTYDXS(CISCS4C2%D(1 M) 4C3L (1, ,W~1))
UPC(147)=U(1,M)-DTDX*(CI12{LESLS/DS+PSIRD(ITI)ISSJ)4CPeFPMIN) <
BCIHPN(M=-1) )-ATACTOX#{CI*USHCZEUC T, M)4C2IUC L, M=1))
EPC(147)=E(1,M)-DIDX (CI#LS/CSH{ESHPS¥RC(TITI$0J)4C28PE(M)¢CI®
EPF(M=1))-ATHDTDXE(CIFESH+C28E(14,M)4CIPELL,M~1))
FFC(1,7)=FFP(7 4CE)
Ce-mu= SHKIT1 CORRECTOR FOR NSHK = 7
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D(2¢M)=DFC(297)=CCl7e/M40) § L(2¢M)=UFC(2,7)=UC(74W,0)
E(2oM)I=FPCI2,y7TIZEC( T My 0) & P(24yM)=PFC(2,7)=FC(7,CE)

7 IF(NCROSS(IT)982,NE.1) CC TO =
IF((NAMFLEQeTH SKSKEK) e ARDo(ACRSITIOZEGCL~1)) €C TC 3
C—~——=S+KI1 PREDICTCR FCR NSFK414NPII = £
Pl2yMITENPITI=PFCIL48)=(F2NISLUIL)CELWILIN(F(1,¥11)2P(L,MIE~1))
LEENP ] )EENCRSI]
IF(NCRSIYoNFol) CGC TO 3
DPC(1,8)=D2MISL{I1),GEWVII)
UFC{1,8)=U2M(SL(II),CEWVI1)/DIZ¥11)12CPC(1,82)
EPC(198)=CPC(14+8)%(FFC(148)/CFC(1,8)/(CE=-1,)4UPC(1,8)%32/0PC(1,")
€8 2/2,)
3 IF(NCRESSINI )I%22,NEe1) CC TC 4
IFC{NAME GEQe7HSKSKSKD) e CRo(RAMESEQ.THSFECTAL)) GC YC 4
IF((NRFS (11)eFQeMNI ) e ANC e (NCRETIoNEe— 1) sAND(NCRERTI (AE—-13)GD TC &
C—=m- SHKANI FREDICTCFR FCR NSHFK#1NERT = Z4RPNI#37
P2 yMNISNFNLY=PPC{ 1 g2~-NPNIDI=(FEN(SLINI)JGEZNMNT)E(P(LMANTI)®
TP (14 MNI=1))XEAFNT)2BACRSNI
IF(NCRSNI oAFa=-1) GC YC &
C—vo—- SHKA1 COMPLETE PRFDICTOF FOR NSHK = Z4NFANI®¥?
DI24yMNTI=1)1=DPC{1¢43)=D2M{SLUIN] ) JCEMNIIEINCREANIZ(DC(L4MNT)RD(L4MNEI-]
%) )E&ENPNI
U(2¢MNI-1)=UPC(143)=U2MNM(SLINTI,CE MNI~-1)
IF{(NAME sEQo7THSKSEKSKNM) o ANC{NCISCLI{NJII41ECMNT)) GO TC 82
GO TO 83
82 LI2yMANT=1)=UPC(L 43)=0FC (14322 (L(L4NNI~1)/CCIoMN]~1)=SORT(GES
HPPC(143)1/0PCl153))82./0CE41)9SLUINIYIZ(1a~1e/SLIRNTI)E%R2))
83 EPC(1¢3)=E2NM(CEy¥NI~1)
IF{NAVMELFQ,7HSKSKSKY¥) GC TC 4
[ SHKN] CORRECYCR FOR NSHK+1 = 4
D(2,MNI)=CPC{244)=CC(Aa s ¥NI40) § U(Z4MNT)=UPC(294)=UC(A,¥N];0)
E{2NII=EPC(244)=EC(A4MN1,0) $ F(2,MNI)=PPC(2,4)=PC(4,4GE)
C
C
C
4 JIF(ANCRSYIIoFCo=1)oCRo{NCFShNTIWECWe~1)) CC TO %¢
IF(NRHS(IT)sEQeMNI) GC YO 10
IFI(NRFSCIT).ECaMNI¢]) CC TC 20
IF(NRHS(II)eEGsV¥NT22) GC TC 30
IF(NRHFSUIT).ECeMNI®+3) GC TO 24
C
10 IF(NAVE 4NE s PHSEKSKSKO) GO 10 80
GC TC 22 )
Crwe—— SHKNI PRECICYCR FOR ASkK = 2(=1) -
el DPC{1,2)=DPCl1,1) ¢ UPC(1,2)=LFC(1,1)
EFC(1,2)=EPCI{141) § FFCL142)=FPC(1,1)
[ SHKN] PREDICTCR FCR NSHK=] = -1
¥=NDISCL(N])=-1 ]
DPC(1,41)=CF(M0) § UPCCL,41)=UF(¥,0)
EPC(141)=CP(M,0) & PPC(1,1)=PP(1,CE)
[ SHKN1 CGRRECTCF FCR ASHFK = 2

M=RDISCL(NT)
DU2¥)=DPC(2,2)=CC(2,MpC) § U(Z4VMIZUPCLZ42)=UC(Z,4%,0)
F(2,N)=CFC(2,2)=FC(2,M40) § P(24¥)=PFC(2,2)=PC(2,CE)}

C-~~-=SFKJI CORRECTINR FOR KNSHK414+NCRELIT = 1

80

D24 MITe¢NCRSITI=CPC(2,1)=CClloNITHNCFSTIT,41)
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UC2,MTI4NCRSTIIISUPC(241)=UCI14MIT4NCRETT 41)
E(2,MIT4NCRSTT)=FPC (2,1 )=ECL1,MII4NCRSTI1,41)
P(2,MITtNCRSIT)=PPC(2,1)=PC(1,CE)

IFCINAME (ECo7F SKSKSK)eAND(NCPSITLEC«~1)) GO YO 7%
ML=1474NCRSIT#*(NCRSII~1)/2
SSL=SSLS{PPCU1yML)4PPC(1,74NCFSIT),GE) $ SSE=ZSSFSCSSL4GE,1,¥L)
IF(NCRSII®%2.NEsl) GC TG 11 :

~—-SHKII] CORRECTOR FOR NSHK4I14NPI] = §

NCISCLCTII=NDISCLUTITI)4NCRSTI

SSL=(SSL+SL(I1))/240 -
T O(2,MII4NPIT1)=DPC( 2,8 )=C2M( SSL 4GE ¢MIT)I34NCREII/Z(D(L4MIT)ED(1, 7]
s-1))**npPl I

IFINCRSTT eEQel) U(2,MIT4NPTITI=LPC(Z,E)=U2N(SSL(GENMIT)

IF(NCRSI1eEQo—1) U{2,MNIT4NPEI)I=UPC(2,E)=U2WV{SSL 4GE yMII—1)

IF(I{NSCeEQe=9) e CRe(NSCeECo=10)aCFRe(NSCaECe=~11)) U(2,NIT4NPIT )=
XUPC(2¢8)=DPCI2,B)3(U(14METI~1)/D(14NII=1)-SCRY(GE®EPC(],48)/DPC(1,4R)
)R (2./(GET1e) #SSL%.(la=-1e/5SL%%2)))

P2, FIT4NPII)=FFC(2,8)=(P2M{SSL CEMITIN(P(1,MIT)EF(1,MLT~1))
EXXNPL] )t_#N(F_S 11

E(2,MII+MDI1)=EPC(2,B)=E2N(GEpIL4API])
RD(IY)=RC(ITI)4(SSE+SE(TI))/Z.4DT

SLOII)=SSLS(PFC(24NL) 4FPC(Z474NCFRSII)4CE)

SFUII)=SSES{SL{TI)CE¢2,NL)

IF((RC(IT)eCT aR?(MII))eAND(NCRSII.ECeC)) RD({II)=R2(VII)-DELR®*
*1.E-10

IF((RDCITY aLY dR2IMIT))eANDoINCRSEITEC1)) RC(IT)=R2(¥I1)+DELR®
*1.E-10 : :

TF({({RD(TITI)eGTeR2(NITI=1))eANCo(NCRSTITeEC~13) RC(II)=R2(MII~1)
$-DELR%14F-10

IFC(RC(IT) eLT eR2(MII-12)oeANCo(NCRSIILEC0)) RC(LILII=R2(NIT=1)
*4DELR*1,,E~10 '

IF(NSC.EQe~11) CC TC 61 N

IF((RDIIT)eGT«RDINT))@ANCo(NANME LEC7F CISCES)) GC TO 100

FETURN . . .

IF({NCRSIIEQe0) eAND.(NCKSNI.EC,0)) CC TC 21
IF((NCRSITEQol ) eAND(NCRSARTECLO)) CO TO 22

-—-HERE NCRSII=1 AND ACRSAI=1 CR NCRSII=C ANC NCRSAI=1
-~SHKNI COMPLETE PRECICTCR FOR NSHK41l = 2

IF(NAMELEC.7HSPFCIAL) CC TC 27
D{2,MNE)=CPC(1,42)=D02M(SLINI ) CE 4MNT)
U{24MNT1)=UPCHLL,2)=U2FM(SLANTIZCE MNT) § EPCU1,2)=ECMIGE ¢MNIT)
IF({NCRSIIcEQeN)cANDJ(NCRSAILECL1)}) CC TC 21

--SHKN1 PREDICYCR FCR NSHK = 1

IF ((NAME.ECa7FSFECTIAL) «ARCo(MKI-NIT4ECSZ)eANCo(NCRSITIEGal))
*GC T0O 76

TF((NAME.ECTHSKSKSKO ) e ARC o INCTISCLUINJII41.,EC.MNT)) GO T0 77
GC TC 78 . : ‘ '
PS=P2M(SLINJ),CFyMAT) 8 DS=D2VM(SU(NJ)¢CE MR T)

US=UPM(SLINJI) yCE,NMNT)/C(2,MNE)RCS

US=US/DS+SURT (GEXPS/NS)I$2./(GE+1s)9SLINTI®(1~1,/SLINI)%%2)
DS=D2N(SLINE) ¢ CEoMNI)/C( 14MNT)OCS

US=US*DS

PS=P2M(SLINI) 4CE,MNT)/P(1,MNT)*FS

GC TC 79

PS=P2NISLINT) yGF,MNT) § LS=D2NM(SL(NT),GE 4MNI)
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LE=U2NMISLINI) GF MANI)I/C(2,4NANT)HCS
79 ES=(PS/DS/(GE-1)4LS$92/DS#¥2,/2,)¢CS
VM= ADISCL (NT) )
EPS=({RD(NI)=R(M))/DELR
C1=2e3(2.~EPS)/(1e4EPS)
C2=2.%EPS-34 § C3=(1+~EFS)3(2+9EFS~1e)/(1e4EPS)
D(2,M)=DPC{141)=DPC(2,1)=C{14M)-DIDXS(CIEUSIC2RU(T,MISCISU(L1,M-1))
BoATECTOX*(CL1ECS4C23D( 1, M)I4CIAC(1,M=1)) )
U(24¥)SUPC(141)=UPCL241)=L (14N )-CICXP(CIR(LERS/CSIPSHRC(TITIBSRY )
BC2¥PM{M)4CIEON(M=] ) )—ATEDTCXS(CIBLSHC2%U( T, MISCIRL(L o N~1))
E(2,M)SEPC(141)IEFC(2y1 )=E{14NM)-CTYCXP(CIPUS/CSO(ES+PSERD(ITIB*)¢
BC2#PE(M)4CI*PE(M-1 ) )-AT#DTOX2(CIBESHC2RE( L M I4CIBE( I 4M~1))
PPy ¥)=PFC(1,1)=PPC(2,1)=PP(1,CE) )
IF ({NAME ¢EQ4 7HSKEKSKO) o ANCa(NRFS(IT)&ECeMNT}) GC YC 81
76 IF((NCRSII.EQe1)}eAND.(NCRSANL.ECe0)) GC TC 24
C~~——-SHKA] CCRRECTCR FCF ASkK = 1
23 M=NDISCL{NI)
D(2,¥)=DFC(2,1)SCC{1sMy1) ¢ UCZyg¥ISUFCIZ41)=LC(14M,1)
FU24¥)SEPCI241)=FCllyNMyl) § P(24¥)=PFC(241)=FCl1,4CE)
GO TO 24
C-~==- SHKI1 FRECICTCR ANC CCRRECYCR FCFR ANSHK = 1
21 D(2yMIT)=DPC(1,1)=DPC{2,1)=D(1,VI1)
U(2,MIT)=UPC(1,1)5UPC(2,1)=U(Ll M1
E(24MIT)ISEPC(1,41)SFPC(2,1)SELL4¥]I1)
P(2,411)=PPC{1,1)=PPC{2,1)=P(1,MII)
IF((NCFSIIeECe0) e ANCa(NCFSNIECW0)) CC TG Z4
G0 10O 73 )
Cmm—— CALC SHKNI(REFRE) ANC SFKII(AY 12) SPCS AND FCSITICA
24 IF(NAME,EQ.7HSKSKEKO0) GC TC 12
IF(NAMEL.EQ.?+FSPFCIAL) GC YC 2€
MH=] +ANCRSANI+NCRSAIZ(NCRSNI-1)/2
SSL=SSLS{PPC(193),FPC(1,NMF)4GE)
CSE=SSFS(SSLy(Fely3)
IFI(NCRSNI®%2,NEQl) GO TC 25 .
Cm—m== SHKN] COKRECTCR FOR NShK414NFAL = ZeNFNIS8Z
" NDISCLU(NI)=ANISCLINI)I+NCRSNI
SSEL=(SSL+SLCNID) ) /2.
DU2y MNI#NFNI)=CPRC(2y2-APANT)=C2VM(SSLoCEMNTISIACRENTIZ(DLL4MN] )2
ED( 1 MNI-1) )*%NENT
P(ZyUNT4NPNI)I=PPC(2¢2-NPNII=(FEMISSLoCELMNIIS(P{1,MNT)P*F(1L,
HAMNI-1))EENENT )X ENCRSN]
TIF(NCRSENT«EGel) L(2,MNI4RFNT)ISULEC(242-RENT)=L2M(SSL,CE ¢MNT)
IF(NCRSAT.ECe1) CC TC €%
UC2 AT +NFNT ) SUFC(2,2-NFANT)=U2WNNI(SSLoCE MR I=1)
TF{(NAME ,EQ,7FSKSKSKM) sARD{NCISCLINJ)I+1ECMNI)) GC TC B4
. GC TC A&s )
.84 U(24MNTI=1)2UPC(2,3)=NPC(Z¢3)3 (L1 MAT=-1)/C(14¥NI-3)~SCRY(GE®
*OFEC(143)/DPC 1,3 )¥20/7(CE41 ) ASSL (1 a—14/5SL#22))
B5.  F(2,VNI+NFNIL)I=EFC(242-NFNI)}=E2N(CE,NMNI4NFNL)
2< RD(NII=RC(NTII4(SSF4SE(NT))I/Z%0DT
SLIRNT)I=SSLS(PPC(293)4FPC(2,MF)4CE)
SE(NI)ITSSSESISLINI) GCEL2,42)
IF((RD(NT)oGT «RP(MNI))eARD.{NCRENI FCaC)) RDINI)=R2Z(MNI)-DELR®
®1.E-10 .
IF((RDINT ) ol T R2{MNT ) ) ARD L {NCRSEATEGa1)) RC(NT)=R2({MNI)¢DELR®
%1 .E-10
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TFCIRNDINT) oGT eR2(MNI=1))cAND(ACRENTGECe-1)) RCINIDI=R2(WNI~-1)
*-DELFR®).E-10
IF((RO(NTI D)ol TeR?2(MNI~-1))oARNDG(NCRENT ECo0)) RCINIDI=R2(MNI-1)
¥4+DELR*1.E-10
26 IF(NSCoECo=-11) CC TC 9
IFINRES(II)EC.MNI+2) GC TC 4C
GC TC 12

30 IFU(NCRSITIEQed)oARC.(NCFESAILEC.0)) CC TC 21
IF((NCRSIIeEQel) eAND(NCKRENI ECL0)) GC TC 22

————— FERE NCRSII=1 ANC ACFSA1=]1 OF NCFRSII=0 ANC ACRSENI=1

————— PRDCYR ANC CRRCTYR FCR FCTITCUS NCE =1}
IF{NAMELEQ.7FSPECIAL) GC TO 24
D(24MN1D)=CPC(141)=D2MISLINT)}CE MNIT)
UPC(141)=UPMISL(NTI) GE4,MNI) $ FFC(1,41)=PPC(1,2)
SEL=(SSLSIPPC(1,43)FPC(1,2),CEIISLINIDII/2.
DPC(241)=DPM(SSLWGEsMNI ) § PPC(Z41)=F2N(SSLGyCE4MAT)
UPC(241)=UCM(SSLyGEyMNI)/C(2,MNT)2CPC(Z,1)
GC TC 24

~—-=-=SHKII1 PRCCTR ANC CRRCTR FCR FCYIOLS ANCE =1

31 DPC(2,1)=CPC{141)=D2M(SLINI),CEMNT)
L PPC(241)=PPC(141)=P2N(SLINTI) CE4NNT)
UPC{2,13zUPCC 1y 1)1ZUZM(SLINI) 4CELNNTI)/D(2,MNTIFDPC(1,1)
IF((NAMEQEC7HFSKSKSKO )« ANC < INCISCLINJ)#1.ECMNI)) GC YO 101
GC TN 24

101 DFC(2,1)=CPC(1,1)=DS1 $ UPC(2,1)=UFC(1,1)=LS1
PPC(2,1)=PPRC{1,1)=F¢&1
GO 10 24

----- SHKI1 FPREDICTYCK ANC CCKRRECTCFR FCF ANSHKe3 =

a2 DPC(Z41)=DPC{141)=D(1,MIT) ¢ LPC(2,1)=UPC(1,1)=Ull,¥I1)
PPC(2:,1)=FPC(141)=P(1,V11)
GO TC >4

~

————— SHKI1 EREDICTCF FOR ANSEK4] = &

40 IF(NAME .EQ<7HSPECIAL) GO YO 41
FRC(1,1)=FPC(142) & C(2,MN1)=CPC{1,1)=C2NM(SLAISAV,GE MNI)
UPC({1,1)=U2N(SLRTSAV,CE ¢WATDI/C(2,¥VNT)ISCPC(141)

41 PPC(14BY=P2MISLITT),CE,MITV/P{1,MI1)SPFEC(1,1)
DFCUL,48)=02M(SLITT)4CE,MII)/C(Lt,MI1)8CPC(1,1)
UPC(1,8)=DPCL1,8)%(UPC{141)/DPC(141)4SCRT(GE*PPC(1,1)/DPC(1,1))%

$(P24/7(GE+1)%SLITT)®(1a~147SLCEI1%42)))
EPC(1,8)=0PC(1,8)%(FPC(1,3)/0FC(1,48)/(CE~1+)4UPC(1,8)%22/DPC(1,8)
$%42/2,)

SSL=SSLSUFPCI141)yFFC(148)yCE) § SSE=SSES(SSL¢GEy141)
NDISCL(IIYI=NDISCLUTIT)+NCRSI

SSL=(SSL+SL(II))/2.
D(2yMIT)=CPC(2,B)=D2M{SSL,GEZNTI)/C(1,NMII)$CFCCLy1)
P(2,MIT)=PPC(2,8)SP2M(SSLyGENIT)/F(14MIT)#FPCl1,41) .
U(24MIT)=UPC(248)=CPC(248)*#(UFC(141)/CFC(1,1)¢SCRT(GE*PPC(1y1)/
ADPC 1y 1)) %124 /7(CE+1o)2SSL¥(1a-1e/5SL2%2)))
E(2,MI1)=EPC(2,8)=FE2M(CELNIT)

DPC(2,1)=DPC(2,2) $§ UPC(2,1)=LPC(2,2)

EPC{241)=EPC(252) § FPC(Z,1)=FPC(Z42)

ML=t

GO Y0 11
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NSC=100%(MNI-VMIT)2105NCRETTIHACRENT
PRINT 2002 ,NSCy "Nl.wll,NCRSllghCFShl

2002 FORMAT(1IH o1X,51¢%)

IFI(NSCEQ.~9) GO TO €£¢C
IF((NSCeNE2DQ0) o AN (NSCoAELTL)) CC TC €1

Cmwmm SHKI! PREDICTCR FOR NSHK41 = G,
DPC(149)=CPCIL,1)=Cl14MI1) ¢ UPC(1,4S)=URC(141)=L(1,MII)
FPCU143G)=FPC(14y1)=E(1,VMI]) § FFRC(199)=FFC(1,1)=P(1,¥IT)
GO YO 60
51 IF((NSCoNEG019G) e ANCa(ARSCahE 3CS)eAPLa(NSCaNELLIBI)) GO YC €7
Cew==~==SHKNI PREDICTCR AND CORRECTOR FCK ANSHkK=-1 = G,}
D(2,¥MNI-2)=0PC(1,S)=0PC(141)=CPC(Z4¢1)=CF(NMNI=-C,0)
U2y ¥MNTI=2)=UPCI1,49)=UPC{141)=LFC(241)=UP(NMNI=-2,0)
E(2,MNI-2)SFPC(149)=EPCl141)1=EFC(241)=EF(WAI-2,0)
PI2yMNT=2)=PPC(149)SFFC{]141)=FFC(Z41)=FF(1,CF)
fFINSCeNEL.189) GC TC 24
Camme- SFKIT CCVMPLETE CCFRECTOR FCR NSHK = €
69 IF{I(NAMEECo T SKSKSK)aARDK(ACRSTII JECo~1)) C€C TC €3
D(2yMIT~1)=DPCl 148 )=D2MISL(IT)yCEWNITISANCRETIIZ(CUL yMITIRD(14MIT-]
#))seNF L]
U2y VTTI—12=UPCL1,8)=USNMNISLITTI) sCEWMTII~1)
IF((ASCeEGa—11)eCRo(NSCoFQs—10)sCRe(NSCoEQoe-S)) GC TC &2
GC TC es
S3 ULZ¢MNI-1)=UPC(1,8)= DPC(I.E)’(U(!,&RI—I)/D(l'“R]-I) SQRT(GE®
XPPC (1 4B)/DPC148))1¥2./7(CEH1)ASL{IT)IE(1e-2/SL(1T)%32))
Be EPC(148)=E2F(GE ¥I11-1)
53 TF(INSCeFCo~9)eCrRo(NSCeECe~10)eCRoINSCoECLES)) GC TC 24
IF(NSCeEGe=~11) GC TC t2
Cre=m-- SHEFKI1 CORRECTCR FCR ANSkKey = 1
D(2,VMIII=CFC(2,1)=NCIIy¥I1,40) ¢ ULZMIII=UPC(Zo1)=UCIG,M11,0)
E(24MIT)=EPC({2,1)=EC{SyMII40) $ FU2,MI11)=PPC(241)=FC{1 4GE)
GC TC 24
57 IF(I(NSCoNEo-123) «ANCo(NSCNELAS)) CC TC £4
[ it SHFKI1 PREDICTOR AND CCRRECTCFR FCR AShk = 1
FPC(141)=PPC(1,8)
SELU=SSLS(PPRC(14P0)4PPC{1,€)yGE) § SSLI=(ESLIASL(TII))/2,
PREC(2y1)=(P2M(SSLL,CEWMTITIIA(PILIyWIIIMP (1, MII-1))2EAPIT)SONCRSI]
IF((NAMF 4ECe 7+ SKSKSK)sANDS(NCRSIIeEQe—=1)) FRC(Z,1)=PPC(2,8)
GO TO 60
54 IFI(NSCLNF .209) CGC TC 55
C-—=~- SHKIT PREDICYCR ANC CCRRECTCR FCR PSHEKel = i
DPCUL1o1)=DPCI21)=(Cl1oMILI)OD{1,/1I221))/2.
UPC(1,41)3=UPCI241)=(UlT14MIT)/CU1¥TTI)4UCT,NMIT21)/DC1 MITe1))®
&CPC(1,1)/20
PPC(L,1)=PPCL2,1)=(P(1,MITISPC1,MTI1))/2q
GC TC 24
55 IF(NSC.NFa99) GN TO S¢€
Cr==m- SHKII FREDICYCR ANC CCRFRECTCR FCR ASHK4el = 3
€3 DPC(141)=DPC(241)=D(1,MII) $ FPCLLl1)=PPCIZol)=F(1,MEE)
UPC{1,1)=URC(2,1)=U(1,MI1)
GC TC 24
56 IF(NSCeNF+~11) GC YO S8&
GC TC 60
C-r-—- SHKNT PREDICTOR FOR NSKK = 3
61 P2yMNL~) )= PPC‘I.J)‘(PZ”(SL(N!)'(Ethl)Q(p(loMNI).PPC(l.E))“NPNl)
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*EANCRENI

D2 yMANI=-1)=DPCI143)=D2M(SLINT)9CEyWNI)}PINCRENI/Z(D(I,MNI)2DPC(1,8)
®)eENPAN]

U2y MAT=1)=UPC(143)=DPC(142)8(LFC{I;E)/CPCC14EB)-SCRTY(GESF(Ll,MNT)/
DL yMNI))I®( 2 /(CF#1 o )¥SLINI)*(1e-1a/SL(NT)}222)))

IF ((NAME .EQe7FHSKSKSKM) s ANDINCISCLINJ)41ECMNI)) GC TC €9

GC TC 90
UCZeMNI=-1)=UPC(143)=CFC{1,3)%(LFC(1,8)/CFC(148)-SCRT(GE®PPC(1,3)/
*DPCU143) 122/ (CF41)2SLANII®(1~1/7SLUINT)R22))
EPC(143)=E2M{CEsNMNI-1)

SSL=SSLSIPPC(1,7)4PPCl14E)4GE) § SSE=CSSFS(ESL¢GE1,43)
ADISCLINI)I=NDISCLUNTI)4NCRSNI

- SHKNY CCRRECTCR FCR ANEHK = 3

SSL={SSL+SLINI))/2.
D(2yMRNI-1)=0CPC(243)=D2V{SSLoCEMNIIASNCFSNIZIC(1,MNI)*DPC(1,8))
EENFNI

P2y MANI=1)=POC(2,43)=(P2M(SSLICEZMNI}IF(F1,MNTI)2PPC(1,E))*ENPNI)
*HENCRSNI
UL2y¥ANTI-1)3UDC(243)=DPCIZ 21 *(UPC{19E)/DPC(14E)-SCRT(GE®P(1,MN])

7#/0(1.NNI))’(2./((F01.)°SSL°(1.-1./‘SL“?)))

SR

€a
62
1000

100

IF((NAME FQe7HSKEKEKM) cANDJINCTISCL(NJ)41ECMAIDNIGC TO 91
GC TC 92
U2y ¥NI=-1)=UPCI2 ¢3)=0PC(243)8(LFC{1,8)/CFC(1,8)~SCRTY(GE®*PPC(1,3)
2/0PC(143))%2e/7{CE+1)#SSLR(1e—1e/75SLR%Z))
E(2yMNI-1)=EP((243)=E2N(CEyMNi-1)
-SHKNIT CORRECTOR FOR NSKKel = &4
IF(NAMF,ECe7HSKSKSKMY CC TP S6§ .
DIU24MNI)=DPC(2,8)=DCI84NMMNT,0) ¢ UI(Z,MNIIZUFC(2,8)=UC(A,NNT,0)
E(2,MNI)=FPCU2,8)=EC{A,MN1,0) § P(Z,MNI)=PFC(2,4)=PCL4,GE)
MH=9
GO 17 ?€
IF(NSCeNFal109) GC TC 62
TRFLCY=(RO(NIDI~RE(ITI)I/C(SECIT)I-SECNTL))
MM=NCD+1 ¢ IF(NSHK~NCD=14CEol1) MM=NCD42Z
IF(RD(NI)+TRFLCTXSFE(NT) o CToR2(NMIL1)) CC TO €4
NPEI=NCRCSS(TI)I=NCRSTII=0 $ NRFS(TII)=NRHS(II)-Y § GC TO 63
RCFRCSS(NT)=NCRSNI=AFNI=0 ¢ NRFS(NI)=ARFS(AI)¢1l § GC TO 71
PRINT 10004NSC
FCRMAT({1H ¢3/4% TROUBLE IN SKSKPFy NSC= %,1%)
DFLR=-AES(CELF) $ FETUFRN

TARFLCY=(RC(II)I-RCUNI)I/Z(SECIT)-SE(NI))
RD(INI)=RD(IT)})=RCINI)-SE(NI)RTARFL(CY
CALL SKSKPPA{II NI ,6HSKSKPFTARFLCT)

RETURN $ END



AOOONANAOOANANNNOADNAANOONONNANNDNADNANNAAOANONODN

b4

*
¥

-140-

SLBROUTINE SKSKPPA{ IT NI ANAME TARFLCY)
CCNNCN/PARAM/N gy JyAJ Gy CFgCELRoNFLY
COVMMCN/TIMF/T oDY oDTL , VORITE (DELT ;CTCx,AT
CCMMIN/FIRFETC/INDEXy NCYCLE ¢ AR g ANRN ¢NSTCRE gANSoNITRCTERN

CCNMECN/DI SCSKF/RLSAVISE ) yRLHS (51 ), PRES(S1 ) ACRCSS(SL)
COMMCN/ARRAYS/R(SO1 ) ¢U(24501)4F(29501)4D(2,E01)E(2,501),R2¢501)
COMMCN/DISCS/ATDISCoNDISCNCIS 1) o ATYPE(EL ) NLCISCLUSI),SE(SI),SLESL)
sRD{S1)4ANTDISCT4,NTDISCS
CCWWCN/FPCHR/NPETHyAUMAZRUNAF ST JALFALRFPTH(ZA) RUNMA(1ISC)RUFA(150)
s NCLPFTH(24) yACLUMA(150) yACLUFA(1S0),FTHFREXT,RUMARNXT , TUPANXT,
DELPPTH,DELUMA ,DELUPA

DETY SS FLW FLD (STYES 445¢6) CLE TC Srk-Stxk INTRCTIN BY T+ PLR MTHD
SET STATE1,0 AS REF STATE FCR FCLAR SCLRhy AS CVERALL REF STAYE

VEL KREF WRT SCRT(G*F1/C1) IN FLF SCLA

P41=TD RE REALC AS PRESSE IN STATF4 REL TC ARC MNCADIM BY STATYE 1
US31=READ AS FRYCLE VEL IN STATES REL YO SYATEZ, NONDIM ®8RYT STATEL

wSTAYE~ =3«4++6¢44RACEFACTIONG 446000 mBucanlDrer=facresSilem e

H P * * Y D *
S » £ 2 C ®
9 % * % 7 c
H * 2 s c *
H * » » A § o} L}
2] 2 * * C
*- 4 b ] 4 h | 0 b
H ¢ % * C *
H ? * * h § D .
[ 4 % % ] C *
= * % o h o] ]
o8 3 9 c
H 38 % 7 o ]
Y c »
r2297 L 0
HE2TIC
+ET%
L
L X
® ]
% &
* B
*® ]
* &
3= aSHK====2-==—= SHK=——- 1~

SEY STYAYES 1 AND 3

GE=GC ¢ IF(NDISCL(NTI ) LESNFLM) CEx=GF

MNI=ADISCLINIL)+1 & MII=NCISCL(IT)

PLO=P(2,MNI) $ D10=D(2,MN1) $ L10:=L(2,VRL1)/C10
A1O0=SCRT(P10/C10%CE/G)

P1i=D11=A11=1e0 $ U11=060

PA1=P(2,MI{T)I/P(2,MNT} & DI1=D(2,FIT)/0(ZeVMNID
UI1=(U(2yMIT)/C(2,MIT)-U(2,MNT)I/C(2,MNTI))I/SCRTL(C)IZALOD
A21=SQRY(P31/031) % SL21=SLINI) $ SLI2=sL(1D)
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————— SET SUB CCNSTS AND IYERATICN CCULNTFER
BETAS(CE~1a)/(CE+1le) ¢ ALPHA=Zo/(CF~1,)
NSIGN=~1 § EPS=1.E~-14 $§ NITER=0 § CELF%41=1.0

————— GUESS FS51=P41 AS AVG CF ‘P21 ANC P FCR L=UL31 AT A=A1ll
XI=(UL31-0e)*%x2/A11%%2%CE/(1a-EETA)
PAal1=(2+¢XI+SORT(XI*%244 . ¥XT*(1.4BETA)))/2.
P51=F81=(FAa14F31)/2.0~1a0

————— PERFORV ITFR CF THE PLR SCLN
PRINT 1002 NANMEZTI NI ,SLITT1)SLANTD)
1002 FCRMAT(IHY ¢ EX 9y XSFK=-SHK INTERACTICN (#,4€,%)%,5X,21I3,10X,*MACH NODS
%= #,2F12.8)
1 NITER=NITER+1!
IF(NITER.LT.S51) GO TO 2
IF(NITER,ECeS1) CELLSAV=CELU
TFI(NITERSLTe7C) GC 70O 2
TF({CFLUSAV WL T el oF—12)eARCe(DFLLLTaleE~11)) GO TO 1C
PRINT 13CCyDELLSAV,DCLU
1000 FORMAT(IH 5/3SXy*ITERATICNS HAVE FEACHD VWAX [N SHK=-SHK (%,A6,
%)% ,5X42F11e8,45/)
DELR=~ARS(DELFR) % RETLRN
2 PS1=FAL=P414+CELFSA4] )
SL4L=SORT((PAI1+BETAI/(14BETA)) $ SE41=SLAL1PALL4U11
DA1=1./(8FTA+ (1 .-BETA)/SLA1%%Z)
UVal1=(1e-BETA)*(1la-1o/5L41%42)%SL41%A]1
AQ1=SORT((1e~BETA) /(1 +BETA)F {1 a+EBETAYEETA?(P41-1.))/C(PALISBETA)SGE
*%kpP4{y)
PE3I=PEL/PI]
DS3=( {24 ALPHA)/CE/ALPHAS(PSE2~ 1)+ 1) #8(ALFRA/(2.4ALPHA))
DE1=053*D31
AE3=DE2xE(14/ALFHA) § ASL1=ASINLAT]
US31=~ALFFAR(ASI~1,)9A21 § USI=LSII4U21
SLHII=SLTE1=~1oC § SEr31=SLE312A319U31 § SETSI=SLTES1%AS)eUSt

DELU=ABS(U4AL1-US])

PRINY 1001 ,NITER,DELPSA1,DFLUWPIC4C1C,AC,L10,S121,
*P31,D21,A21,U21,5L32,
¥P41y0DA1,A819UQ)4ySLALySEQ],
L EPEILPS]L 4 LE39DC1 9y AEIJACELI ,US21,LE1,SLE21,SEF2Y,
% SLTYEY ZSETSI
1001 FORMAY (IH ¢ 1XpIC ) 2F13e€ 4 F 12089701 %9Q(12%X4F1268)¢F12e849/7,01X,
X4( 12X 4 F12eE) 3 2F12eBy/ 41 Xy10F 12684/ 497X 92F1Ze8y7)

IF(OFLUGCLELEPS) GC TO 10

IFU{US1 LT UAL) e ANDe(NSTCANeLEC)) CELPEAL=-ARS(DELFSA1)
TF((US1elLToUG1) e ANCo(NSICNEGe=13) ANSICATO

TF((UST oL TeU81) eAND (NS IGNEGCal)) CELFEQ1=-AES(CELFSA1)/2,.0
IF((LAl oL TeUS1)eANDW(NSICANeFCo~1)) CELFESA1I=ARS(DELPTAL)
TF((UA1 ol ToUS1) e AND(NSTIGNeCE D)) CELPSA1I=AES(CELPS41)/200
TF((UAT oL T oUSTII AR (NSTCANFCWaC)) NSIGH=]

GC YO0 1



10

11

12

13

111
110

113
112
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NT=NTYDISCY :

NDISCNCINT+1)=NTDISCe1 $§ NCISCACINT+Z)=NVCTIECO2
NYYPE(ANT+1)=8 § NTYPE(NT42)=2

SLIANT¢1)=0.0 $ SLINY+2)=SL41

SE(NTY+]1)=U4G1%A1O*SORT(C)#L10 ¢ SE(NT+2)=SEQISALO0SSCRT(G)I2UIO
IF(RD(I1).GT.,R2(MIL)) GO TO 11
CYRFLCTY=((RDCITISECITII¥TARFLCT4RZ(MLI[))I/Zo-RC(TITDI/SECTLL)
RD(UII=RO(NII=REC(TITIDI+SE(ITIV*CTIRFLCY

IF{NAMEFQ.EFESKSKSK) RC(1I¢1)=RC(I])

TARFLCT=TARFLCY-CTYRFLCTY

RDINT#1)=RD(I1)+SE(NTH+LIITARFLCT SRDINTR2)=RD(IT)SSEINTYS2)IBTYBRFLCY
IF(RDINT42)GCT R2(MANT)) RCINT2Z)=RZ(MUNI)
TF(RDINT 1)L T4R2(NVIT)) RCUNT41Y=FRZ2(M]1)

IF(RO(MNT +1)oCELRCINT$2)) ROINTI1)I=(RO(CITIGRC(AT4Z))/ 2,

DG 12 [I=MNI,N

F=NE24MNI-1]

DISyMIZD(24¥=-2) SLI24VMI=L(24V=-2) SE(2,F)=E(Z4N=2) SP(2,M)=P(2,M~2)
DULIaMITD(1gM=2) SU(L14M)IZU(14¥=2) SE(L4NISE(TIy¥—2) SP({14¥M)=P(1le¢MN-2)
R{¥)=R(M~2) ' -

R2(M}=R2(M-2)

A=hN+2

R2(MII+1)=R2(NI1¢+2)=RC(NT¢])

DO 13 I=14ANTDISCY

IFINDISCL(I)aCFEoMNI) NDISCL(T)=NCISCLET)®2

CCNTINUE

IF(NI4) .LENTCISCS) KNRES(NI41)=ARFS(NI41)42Z

IF{NT4+1.LENTDISCS) ALFSINI#1)=NLFESINIS41)4Z
NDISCLATIT)=NDISCL(NT)==1

IF{NAMEGECeAPSKSKSK) ADISCL(TE¢1)=~1

NDISCLINT#1)=MIT41 & NDISCLINT42)=NMI1¢2

~SET GAS ANC THEFRMC PARAMETEFRS IN CELLS MIIdi42

DE2¢NMITHT1)I=D(2,MIT) ¢ L2, NMIT41)I=U(2,MIT) § E(2,MIT91)=E(2,MI1)
P(2,MI14+1)=P(2,MI1)

D{2,MI142)=D41%C10 $& UL2,MII42)=(USLIRALICHSCRTI(CI+ULIOIRC(24M]I122)
P(2,MI1+42)=P41%P10
Fl2y%1142)=C(2yVI142) (P (2, MITIZI/C(CyMITSZI/(GE~1e)eU(2,MITI4Z)%%2
X/D(2,MIT+42)822/2,)

NTDISCT=NTDISCT42 & ANTDISCINTCISCeZ

~ACCY FCR PRYCLE PTH AND NEGC AND PLE CHRCY TRAJ CELL LCCYNS CHANGES
IF(NFFYFLLELO0) CC TC 110

OC 111 I=1,NPFTH

IFINCLPRTF(T) ¢CEMNTI) NCLPFTHIT)=NCLFFTIFI(TI)42
CCATYINUE i
IF(NUNALLESO) GC TC 112

CC 113 I=AUNMAFST,ANUMA

IF(NCLUMA(T)«CFa¥NI) ACLULMACL)=NCLUVA(T)92
CCANTINUE

IF(NUPALLE.O) GC TO 118

DD 115 I=1,4,NUFA

IFINCLUPA(TI)«CESNMNT) NCLUFA(T)=ACLLPA(T)¢2
CCATINUE

NCCNE=10FSKSKEPA $ CALL FRATFF(NCOCE)
NITRCYN=2HYES '
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RETURN $ END
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SUERCUTINE SKSKFER(N1,R2) -

CCNMMON/PARAM/N 4 JyAJsGyGF gDELR G AFL W
COMMCN/TIMEZT yOT ,DTL, TRRITE¢DEL T DIDX, 487
CCMMCN/DISCSKF/RESAVIS ) JALFS{S1),RRFS(S1),NCROSS(EL)
CCNMCN/PREDCCR/CPCI2y13)4UPCIZ413)4EFC(2o13)4PPC(2,13)
CCMVNON/AFRAYS/RUS01),U(2,5S01),PUZ,%01)4D(2,501)4E(Z,%01)4R2(SCL)
CCMMCN/DISCS/ZNTLISC ¢NOISCACISE ) yATYFEL(ST )y ACISCLIST)oeSE(S1)ySLIST)
*,RC{S51)yNTDISCT,NTDISCS

————— SL1oGY 0060 9 SL2eLTeCol

D2MESSL 4 CEGM)I=D( 1 ¢MI/I(CE-1e)/(CER1e)¢Ce/7(CEFL1)/7SSLOR2)
U2MUSSLyCEZM)I=U(T 4 ¥)I/CL1 yM)I4SCRT(CEFF(14M)/C(1oM)IR(2./
B{CE+1e)¥SSLE( 1a-1e/SSLEEZ))
F2M{SSLyCEWM)I=P (14 M) 2(2 8 CE/(CE+14)2SCL222-(CE-1.)/(GE+1.))
EPM(CE ¢MyL)I=OPCANML IR (PRCIN)LI/CPCINML )/ (CE-T14)4UPCIM,L }*22/
FOPC(NM,L)%%2/2,)

SSLS{PHGOH yPLORGGE)=SQRT((FFGH/FLIW4{CE-14)/7(CE4+1))¢(GEML1.)/2./GE)
SSES(SSL yCEy KoL ISSSLH¥SCRT(CFAPPC (KoL ) /CPCIK L ) I#UFC(K,HL)I/DPC(K,L)

CE=G $ IF(NDISCL{N2).LENFLM) CE=CF
NSHK ISADISCL(RN1) & ASHK2:=NCISCL(A2)
AXST=RCRCSSINI) $ NXS2=NCROSS(NZ)
NEKSKX=3H NC & IF(RCSAV(NLI)eCToRCS2AVI(N2)) ASKSKX=3HYES
NSC=100%(NSHK2~NSHKT )41 08NXSI4AXEZ
PEINY 1000,NT ¢R2,ANXS1 yAXS2yNSFK14NSHKZyNSCyNSKSKX

1902 FORMAT(IH ,1X *SKSKPRN® ,215,A1)
TRELCT=(RD(N? )~RO(NT))IZ(SE(NTI-SELN2))
RRFLCT=PC(NL) +SEINL }STRFLCY
TF{(NSCeNTo10)eAND{NSCeNEo~1)4ARC{NSCeNELS)) GC TC 7
NXS1=NXSP=0 $ NSC=0 $ CC TC 9

7 1IF(NSCeNE410G) GC TC 9
1F(RRFLCT «GT.R2{ASHK2)) CD TC 14
NXS1=0 § NSC=$9 $ GC TC &

14 NXE2=0 $ NSC=11C

9 IF(NSCsNE«D) GC TC &
----- PREDICTOR AND CORRECTCR FCR NCDES 4,
DFC(148)=CPC(2,4)=CFC(1,5)=CFC(2,5)=C(1,ASFK1)882/C2M(SLINL1),GE,
ENSHK 1) )
PPC(143)=PPC(248)=FFC(15S)=PPC{2yE)=F(1,NSFK1)382/P2M( SLIN1),GE,
£NSHK1)
UPC{148)=JPCI2,y4)=UPCI1,8)=UPCLZ,5)=(L(1,ASFK1)/D(T1ASHKI)=SCRT(
EGEPPPC(144)/7C0FC(148))824/7(CE41a)3SLINLIYI®(1a-14/SLINL)SR2))2DPC(1,4
*) :
----- PFECICTCF FCF ASHK24l = €
4 M=RNSHK 2+ 1
DPC(1,€£)=DP(M,0) § URC(1,€)=UF(¥,C)
EPC(146)=EP(Ny0) § FFC(14€)=PF(€,CE)
IF(NXS2.FNa=1) GC TO 1
————— FRECICYICF FCF NSHEK242 = 7
MzASHK2¢+?
CPCL1,7)=0P(My0) § UPC(147)=UF(N,C)
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EPCL147)=EP(NVM,0) §& FPC(1,7)=FF(7,CE)

Go TN 2
Commwm FREDICTICF FOR NSKFK2 = §
1 DPC( 1,5)=D2M{SLIN2) yGF,NSHK?) $ FFCU]4S)=F2M(SLIN2),CEASHK2)
UPRCE1435)=U2MISLIN?) yCEZNSHK2)ECPCI1,5) $ EFC(1,4S)=E2M(GE,1,45)
C—---= CORRECTICR FCR ANSHK241 = €
M=NSHK 2+ 1 .
D(2yN)=DFC{24€6)=CC(H4NMy0) § UL24M)I=UFCI2,€)=UCIELN,0)
E(24M)=EPC(2,€)=FC(6E,M,C) & P(2,M)=PPC(24,€)=FCl6,CF)
C-——~-PFREDICYOF FOR NSHKI-1 = 1
2 M=ASHK1-1
DPCl1,1)=DP(M,0) § UPC{1,1)=UP(N,C)
EFC(141)=ER(M,0) & FECH141)=FF(1,CE)}
[ PREDICTOR FCR NSHK)] = 2 )
M= ASHK]+1
DPC(1413)=D2VM{SLUNL)CEGN) § FFC{1413)=P2P(SLINT)CELN)
UPC(1413)=UPMISUINT)¢GE o MIBSCPC(1412) § EPCC1413)=E2W(GFelyl3)
IF(NSC.NE.O0) GC TC 16
DPCI1,13)=DPC(1,413)/D(14¥)%CFC{1,44)
FRC(1413)=0RPC(1413)/7P(147)1¢PPC{1,44)
UPCU1413)=CPC(1,13)%(LPC(1,4)/CFC(1,4)+4SCRT(GESFFC(1,4)/70PC(1,4))
E%24/(GE+113SLUINTII®(1a~1/SLINL1)*%Z))
EPC(] ¢13)=C2M(CF41,13)
1P EFS=(RND(N1)-R(NSHK1))/DELF
C1=2.%(2e-EFS)/7(1,4EFS)
C2=P¢%EPS-2, ¢ C3={1 —FPS)#(2.4EFS-14)/(1e+4EFS)
DPC({1,2)=D(1,NSHKI)=-DTDXI(CIFLPCI1,1204C2%L (1 ,NSHK])4C3®U{] 4ASFK}|~
1 ))-ATHDICXE(CI#CPC(],13)4C22C(14,NSHRKI)4C23C(1,NSFKI=-1))
UPC(142)=U(1ASHKT)=-DIDX®(CI#CN(T12)4C2¥FNM(NSEK] I4CISFEM(ASHKLI~1))
B ATHECTOX*(CIMUDC{Ly 1T)4CZ0U(1yNSFK1I)I4CIILL ] JASHKI=1))
EPCI142)=F(l4NSFK1)I=CTOX#(C12CE(1I)4C24FE(NSHKI)4C2ERPE(NSHK]I-1))
S~ ATH*OTOXP(CI*EPC( 141 2)4CZ¥F (1 4ARSHK )4 CIRE (] JNSHKL~1))
PPC(142)=FP(2,CF)
C--==- CCRRECTCF FCA& ANEHK] = 2
N=ASHK1
D(2,M)=0PCL2,2)=CC(24¥,0) § LI2¢VM)I=UFC(2¢2)=UC(Zy¥,0)
E(2yM)=ZEPC(242)=EC(2,My0) & PUZ M)ZFFC(2,2)=FC(24CE)
IF(NSCL.ECL0) CO TD 11
IF(NXS1eRNEel) GC TC 2
[ PREDICTCRk FOR ASHKL141 = 3
MzNSHK ] +1
CPC(1,2)=D2M{SLINL)CEZM) & PFCUI4Z)=F2N(SLINL),CELM)
UPCI1,31=U2MISLINYI)CEZNMI*CFC(143) & EPCUL142)=EZMIGE,1,2)
3 IF((NSCeNFE110)sANCo(NSCoNE«100)eadPCa(PMNSCoRECS9)) GC YC ¢
IF(ASC.EC.99) GC YO S
C—=---~ FRFDICYCR ANC CCFRECTYCF FCF NS+K2 = £
D(2yNSHK2 1=CPC(2,S)=DPC(14E)=C(I14NEHKZ)
U(2,ASHK2)=UPCI2,45)=UPC(1,S)=L(1,\SHKZ)
E(2yNSHK2)=EPC(24S)=EPCL1¢S)=E(1,4,NSHK2)
P(2,ASHK2)=PPC(2,5)=PPC(1,5)1=P(1NSHKZ}
C-=w-== PFEDICTCF ANC CCFRECTCF FCR NCCE 4
) DPC(2,4)=DPC{1,4)=D(14NSFK2} § LFC(144)=UPCLZ,a)=U(1,NSKK?)
CPCI2,4)=FPCL]44)=F(1,NSFK?) § FPC(1,44)=PPC(Z,4)=P(1,NSHK2)
GC 1C 11
6 IF(NSC.EQ.209) ¢O TO 10

IFICNSCeNL e210) e ANCo(NSCoNE2220) e ANC(NSCNF210)) GC TC €
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C—--~PREDICTCR AND CCRRECTCFR ECR NSHKZ = 4,8
D(2yNSHK2)=DDC(244)=0CPC{1¢4)=CPC(2,5)=CPC(1,5)=DP(NSHK2¢=1)
Ul 24NSHFK2)=UPC(2¢98)=LPC(194)=UPCL24S)=UFC{145)=UF(RSHK2 =1
E(2yNSHK2)=FPC(2,4)=EPC(144)=FFC(Z¢S)=EPC(1,S)=EP(NSHKZ,~1)
P2yNSHK2)=PPC(2,8)=FPC(1,48)=FFC(2,5)=FPC(1,5)=FP(8,CGE)
"IF({ASCL.EC.210) CC TC 11
C----- PEEDICYCK BANDE CCRRFCTCR FCR NSHK2-1 = 4
a M=NSHK -1
D(24yM)=CPC{24,8)=CFC(1,4)=CF(¥,0)
U(24¥)=UPC({2,8)=LPC(1,4)=LP(¥,0)
E(24M)=EPC(P2,8)=FPC(1,8)ZEP(M,C)
P(2,M)=PFC(2,4)=FFC(148)=FP(4,CE)
TF{I{NSCNE «20C) «ANDo(NSCNEo21C)) CC TC 11
(=== CCRRECTOR FOR ASHK2-1 = &
MzASHK2-1
D{2,7)=DPC(2y8)=CCLayMy1) § LLZ¥)=ULPCL2,8)2LC(8yMq1)
E(2,M)ZEPC(2,4)TEC(A,My1) § PL2,¥)=PFEC(2,4)=PC(4,CE)
C--==- CORRECTOR FOP NSHKZ2 = €
V= ASHK2
DI{ZyM)=DPCI2,5)=DCI{5y¥el) $ ULZyW)ZUFC(2,5)=UC(S54¥,0)
E(24¥)SFFC(2,E)TEC(E,MyC) & P(2,M)I=PPCL24S)=FC(S,CE)
GC TC 11
Cr==—- PREFCICTOR AND CCRRECYCR FCR NCCE a
10 DEC(] 48 )=DPCU248)=(T{1oNSFK141)4D(14NSFKZ)) /2o
UPC{1,44)=UPCI2481={U(1oMSHKI+1)/CC14NSFKLI+1)4
BULL W ANSEK2)I/DU14,ASHK2) )/2.8%CPC(144)
PPC(1,4)=FPC(2,4)=(F(1,NSFKI 41 }4F (1 NSFKZ))/2s
Cemmem CALCULATF SHK VEL AND PCSITICAM
11 MHEITZ26AXS] & MLYI=4 § ME2=64NXSZ ¢ ML2=S4NXSZ
SSEL1=SSLS(PPC (1 yMH1) 4PPC(1,ML1)4CE)
SSLP=~SSLS(PPC( 1,MF2)4PPC(14ML2)4CE)
SSFI=CSES(SSLI CF oMLl ) § SSE2=SSES(SSL2,CEy14ML2)
RD(N1)SROCINID)+(SE(NII4SSEL) /2,407
RNDINZ2)I=REC(N2) +(SE(N2)¢SSEZ)/2.¢CT
TF{U(RD(NL)oGToR2(ASHKI41)) o ANCo(AXS10EC0))olFRol(RECINTIDILT o
ER2(NSHKI 413 ) sAND(AXS1ECe1))) RCINLII=R2(NEFKI¢1)
IFC((PDIN2)aLToRP2(NSHK2 ) ) e AN o (AXS24ECo0)) aCRa((RLIN?)oCToR2(NSHK2
21) AND o (NXS2eEQe~1))) RD(N2)=R2{NSHK2)
IF(AXS1 eNEWl) GC TO 12
C-m--== CCRRECTCR FCR NSHKi¢l = 3
M=NSHK1+1 ¢ SSL=(SLI(N1)*ESLLI)/2,
D(2,¥)=DFC(2:3)=C2NM(SSLCEWM) § PU2,M)}=FFC(Z,2)=P2M(SSL 4GE M)
UC2,M)=UPC(2y2)=UPM(SSL4CELM)RDFC(2¢3) § E(24M)I=E2N(GE2,3)
12 IFINXS2.NFe=-1) CC TC 13 .
C-—--= CCRRECTCR FCOR ASHK2 = §
M=NSHK2 $§ SSL=(SL(N2)4SSL2)/2.
D(24yM)=0PC(24S)3C2NISSLyCE M) § PU2,NM)SFFC(Z,S)=PZM(SSLoGE M)
U(2,M)=UPC(2,5)=U2M(SSL 4GE 4M)EDFC(2,5) $ F(2,N)I=E2N(CE2,5)
GC YC 20
C—--=-- CCRRECTICR FCR ASHK2%] = €
13 MNSHK2+1 $ SSL=(SLIN2)+SSL2)/2.
DPC(1,9)=C2M{SSLGENSFK2) § FFC(1,9)=F2M(SSL4CEsNSFK2)
UPC(1,9)=U2M{SSL ¢GE ¢NSHK2)#DPC (1 45) § EPC(1,9)=E2KM(GE,1,%)
IF(RSCNF.0) CC TO 16 .
DPC(1,5)=DPCI1,9)/C(1 jASFK2)I*CFC(1,4)
UPC(1,9)=DPCL 1,9)%{UPC(1,4)/0PC(1,8)3+SCRTI(CESPPC{1,4)/0CFC{1,4))%
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24/(GE#4]14)9SSLE(1e~1e/5SLE%2))
PPC(1,49)=PPC(149)/P({ 1 NSFEKZ}2PPC(1,4)
EPC(149)=E2M(CE,1,G) ’
16 EPS=(R2(M)-RD(N2))/DELR
C1=2.%(2~EPS)/(1.+EPS)
C2=2.%EPS~3e § C3=(1-EPS)R(2+2EFS-1a)/(14EFS)
D(2yM)I=DPC( 2y €)=(DU1,M)I4DPCIL14yEI+TCIOXS(CI*LFC(1,9)¢C2¢UPC(1,6)¢
XCIHUPC(1 4 7)) +ATRCTOXE(CI¥DPC(1,49)¢C23CPC(1,€)4C20DPCLL,7))) /2.
Ul2,M)=UPCI2,€)=(UIT14MI4LPCIT yEI4DTIDX*(CI*¥CN(I)I4C2¢CH(E)+
RCIECN(TIVCATHCTOXS(CIFUPC(149)4C20UPC(1,€)4C20UPCL1L,7))) /2,
E(2,M)=EPC(24€)=(F(14VM)4EFCI146)4CTCXS(CISCE(DISC2PCE(E)
ECIXCE(TIIIATICTOXF(CIEERC( 14SI+CZRYEPC(14€)4CI*EPC(147))) /72,
Pl24M)=PFC(24€)=FC(6,CE)
----- CALC FINAL SHK SPEED
20 SLINL)I=SSLSIPPC(2,MF1)4PFC(2y¥L 1), CE)
SLINZ2)=—SSLSIFPC{24+¥H2) 4FPC(2¢NML2)4CE)
SE(Nt )=SSES(SLINL)¢GEy2y¥L 1) $ SE(N2)I=SSES(ELIN2) 4GF ¢2,m2)
NDISCL(NII=NDISCLURNII4AXEL $ ANLISCLUINZ)I=NCISCLUINZ)IENXS2

IF(NSKSKX eEQe3FYFS) CALL SKSKFRAA(NTZNZ4TRFLCTY,RRFLCY)

- RETURN § END
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SURRDUTINE SKSKFNA(N? NI ,TRFLCT (RRFLCT)

COCWMEN/PARAM/ NgJoAJgCoyCF yCFLEGRFLM
COMMCN/TIME/T DT oDTLy TRRITEDELToCT¥Cx,AY

COWMON/F LRFETC/ZINDE Xy NCYCLE AR gRRR JRETCRE GRS GNTTRCTN
COWMCN/DISCSKF/RDSAVISE )y ALFS(S1 ) ARFS(S 1) RCRCSS(51)
COMMCN/ARRAYS/R(E01 D yUL29CE01)oP(24,E01)14D(24C01)4E(2:50108,R2{501)
CCVMMCA/DISCS/NTRISCHYNDISCNCISI) g RTYPF(S1)oRNCISCLCEL)oSE(STI)oSL(5])
®oRDIS1) yANTDISCT,ANTDISCS
COMMON/PPCHR/ANPPTH AUMA NUNAF ST JALFAZRFPTHR(Z48) sRUMA(150) ,RUPAL150)
S yNCLPFTH(24) yNCLUMA{I1SO)¢yRCLUFBA(150)FTENEXT RUVARXT , TUPANXT,
2DELPPTH DELUMA ;DELUPA

~-~SET STATE 0 AS FCLAR AND CVERALL FREFERENCE STATE
--VEL REF wRY SQRY(G*PO/DC)

~==2=SHK=~==5-CD=4~~=SHK~= ===

e 2e= SHK————— 1————- SHK—=J==n

GE=G & TF{(NDISCLIN3)LENFLVM) CGE=CF

~—SET STATES 2 AN[ 3

NS2=NDISCLIN2) ¢ NS3=NDISCLI{N2)+t ¢ SC=SCRT(C)
P27=P(2y,NS2) ¢ D20=D(24,NSZ) $ LZC=L(Z,NEZ)/sL2C/SG
P30=F(24NS3) % C30=C(2,NhE3) $ LIC=LI(Z,NE2)/CI0/S6
A20=SQPY(PP0/02C*GE/G) $ A20=SCFY(F2C/C30%CE/G)

--GUESS FS0=P40 AS AVC CF FS50 AND P4C AT A3C FCKR L=(L20C+L3C)/2

BETA=(GE~14)/(CE+1e)
XI=((U30-L20)/2./SGI12%2/A2C%%c3CGE/(1.-CETA)
P43 (24 XT+SOAFRTIXI*¥244.9X18(1¢EFTA)))/ 2
XI=(lU20-U20)/2e/SG)1%%2/A20%528CE/(1e~EETA)
PE2= (244X I4SQART(XI®2248.4xI2( 144BETA)) )/ 20
PSO=P4a0=(P43%F304PCS28F20)/2.

-=-SET SUBROLTYINE CCNET1E AND IYER CCULAYER

NSIGN=~1 § EPS=1.F~14 § NITER=0
DELPZ40=PEC/S.7 $ PEQ=PSC-DELFSA0

~-=PERFCHM ITEF OF T+HE FCLAR SCULN

PRINY 10024SLIN2 ) ¢gSLIND) ¢N2,N2yADISCLIRZ) oACTISCLINZ)

1002 FCRMAT (1H1 42/ 95X 4 *SHK(F)-SFK{R)} INTERBTICN MACK NOSex= 3,2F11.7,

1

*¥EX41E427)
NITER=NTITECR41
IF(NITERGLY.5C) GC TC 2
IF(NITER.EG.SC) DFLLSAV=DELL
IF(NITER.LTAL7S) €C TC 2
IF((DELUSAV.L Yo1eF=-12),ANCo(DELLoLTolaE~12)) GO TC 10
FRINY 1000,DELUSAV,DELU

1000 FORMAT(IH 45/ 3SXg%ITERTNS FAS RCHC MX IR SHK(P)-SHK(N)-A8,2FE10.,10)

IF(DELUWTYo1.E-10) GO TC 130

DELR=-AES(CELR) % RFTURN

PEC=P40=P40+DELPSAD

P43=F40/P30

SLA3=SCRT((PA3FEETA)/ {1 9EETA)) § SE40=5L42%A8204U20
DA3=1/(RETAL(1.~RETA)/SLATIS$2) & £ 40=0CQ2¢C3C
US30=(1o-EFTA)®R(1,~-1.,/5L483492)8S5L42242C § L4C=LA2CEL20

AG3=SORT((1 4~ CETA)/ (1 ¢BETA)I( 1. 4EETAMEETAT(PAD-1,))/(PAJ¢BETA)RGE
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1001

10

11
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®%xF43)

A40=A43%A2]

FR2=FEO/P20

SLE2=~SQRTI(PE24BFTA)/(1.+BETA)) § SESO=SLSZ%A204U20
DEZ=1/(BFTA+(1.~-RETA)/SLEP%%2) § CEO=NEP*CZC
US20=(1e~BFTA)#(1e~-1./SLEZE#2)9S E22A2ZC ¢ LEC=USZCHL20
AS2=SORT(([(1e—RETA)/(1¢BFTA) ¥ (1 4EETAGEETAY(PS52-1¢))/(PS?¢RETR)SGE
EXPE2)

AED=AC2%A20

DELU=ARAS(U40-US50)

FEINT 1001+NIVER,CELPS4C,DELU,
50 Z0,0204A20,U?20,SLIR2)4SEC(NP ),

#PIC0,CIC,AZ0,UZ0,SLINZ)4SE(N3),
2C43,P40,C43,D80,843,400,U820,L4C,SL42,SEAC,

P EZ,PED DE2,DEO0,AE2 ,AE0,LE20,LE0,SLE2,CE€0

FORMAT (1F 41X g TSy PE 1 e€ 47 (/9 1Xgal 12X ¢F1246) 42F 12450 92(/41X410F12.9
) 4 /) N

TF(DELULFEPS) GC TC 10

TRFL(USO LT oU40) aAND<{ANSIGNJLFWC)) CELFEAC=—AES{LELFSA0)
IF({US0el TaUG0) e ARDe{NSICNGECo~1)) NSICN=D
TFI{US0eL.TeUAC)eANDJINSIGNGECI)) DELFEAC=-LES(CELFSA401)/2.0
TF({UA0LTAUSO)eARD A (RKNSICNWFQe~1)) DELFE4C=AFS(CELP%40)
IF({LANAL T USC)eANDW(ASTICRCGE «0)) CELFPES4C=LES(CELPS540) /240
IF(L JO0 LT aUSO) e ANDLINSIGNSEQeC)) ASIGA=]

GC TC 1

NT=NTDISCY

NCISCNO{NT+1)=NTDISC+t ¢ NIYPE(NT+1)=2

SLIN2)=SL4A3 % SL(NT41)=0.0 ¢ SLINI)I=SLS2

SE(NZ)=SC40%S5G ¢ SE(NTH1)I=0LA0%SG $¢ SE(NI}=SESC®SG
RDIN2I=REFLCT4SE(N2)S(DT-TRFLCT)

RD(N3) =RRFLCTH#SEIN3)I=(DT-TRFLCY)
PC(NT4+1)=RRFLCTY4SE(NT 41 )8(DT-TRFLCTY)

IF(PDIN3S) LT «R2(NS2)) RC(NII=RZ(NEZ)

IF(RD(IN2)eGTeR2{NS3)) RDINZ)I=RZ(NS2)

IF(RDINT ¢1 )L F.Q2(NS2)) RDINT41)=RZINSZ)+1.E-E*DFLR
TF(RD(ANT4+1)eGEWR2(NS3)) RO(ANT41)=FRZ(NS2)-1.,E~-B¢DELR

DO 11 I=NS3,yN

MzA+2+4NS3-1

D(24M)=D(2,M=2) ¢ UL2,M)=L{2y¥=2) SE(ZWVN)I=E(24V-2)8F(2M)=P(2,M4-2)
D{14¥)=D(1,M=2) & U1 ,M)SU(1eM=2) SE(L4V)=F(1,VM-2)8P(1,M)=P(]1,M=2)
R(M) =R (M=-2)

R2(M)=R2(M=-2)

N=N+2
RE(INS2)=R2(NS3+1)=RD(NT+1)
DC 12 I=1,ANTDISCT
TEF(NDISCL(IDeCFeNS3) NCISCL(TI)I=NCISCL(T)¢2
CCNT INUE

IF(NFLM,CEWNS3) ANFLM=NFLME2

IF(NS2LLF JATNISCS) NRHSE(ANSI)=ARFS(NS2)42
TF (NSRLESNTDISCS) NLFS(INS2)=NLFE(NE2) 02
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NDISCLIN2)=NS2 $ NDISCL(AT+1)PNE2¢1 8 ACISCLIN2)SAS242

C——-~SEYT TFHERNC ANLC GAS PARAMETERS N CELLS ASZ¢1,2

111
110

113
112

11¢

114

PU2yNS2+1)=P(2,NS242)=P5C & DI(2,hS2¢1)=CS50 § C(2,nhS2¢+2)=D40
U(2,NS241)=US0=USO*SGH¥DE0 $ UL2,NSZ24+2)=U4C=LO0%ESGEDAO0
E(2,NS2+¢1)=DSO0*(PSO0/DSO/ (GE=1)4USO¥92/C500882/2,)
E(2¢NS5242)=D40%(P40/DA0/(GE-1a)2UAC*E2/DACER2/2,)
ATDISCT=NTDISCY+1 ¢ NTDISC=NTODISC+1

ACCY FOR PRYCLE PTH AND NEG AND FCS C(HRCT TRKAJ CELL LCCIAS CHANGES
IF(NFPTHWLESO) GC TO 110

DO 111 I=1,NPFTH

IFINCLPPTF(I)eCENS3) NCLPPTH(T)I=NCLPFTF(I)4zZ
CCNTINUE

IF(NUMALLE.O0) GO TO 112

DO 113 I=ANUMAFST ,NUMA

ITF(NCLUMA(T)eGE«RST) ANCLULMA(T)=NCLLNMA{])+2
CONY INUE

IF(NUFA.LE.O) GC TD 114

DO 118 I=1,NUPA

TF(NCLUPA(T)eCENS3) NCLUFA(T)I=NCLUFA(])42
CONTINUE :

NCODE=10FSKSKFAA $ CALL FRMIFFIMNCCCE)
NITRCIN=2+YES

RETURN § END
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SUPRCLTINE SKSKSKINL1,A24N2)

COMMON/PARAM/N g JgAUyGyGF yCELRyNFL N
COMMON/DISCSKF/ROCSAVIEL) ¢NLHS(E1) 4ARFS(E1) 4RCRCES(EY)
CCMMCN/PREDCCR/CPCI2913)9UFC(2413)4FFCL2,412),PPClZ,13)
COMMON/ARRAYS/R(E01) 4UC24SE01)4F(2,501)4D(29€01),E(2,501),R2(S501)
CCVWMER/DISCS/NTCISCNDISCNC{S 1) ANTYPE (S ) NLTSCLUEL) ,SENEL),SL(51)
® yRDUSI Y} NTDISCT,ANTCTSCS

PRINT 1000¢N1 oN23,N34RCAN1)¢yRC(N2)yRCINI)yNTISCLINEDI¢ADISCLINZ),
ENDTSCLIN2) yNCROSSINE) yNCROSS(NZ) RCRCES(NI) 4ARHE(NT ) ARFSIN2),
*AFHS{AN3)

ITFI(NCRCSSINZ2)) 1,243

2 NACD=0
IF({NDISCLIN?)-NDISCLINT)eEQe2) eCRa(INCISCLIN2)I=-NDISCLUINI)LEG.2)
B AND o (NCRCSS(N1)oFQeN))) NADD=]
CALL SKSKPPRP{NI N2 N3, 7HSKSKEKO)
----- PREDICTOR AND CCOWECTCR FCR NCDE 7 = (1)
DPCUI147)=DFC(1,14NACT) § UFC(1,7)=LPC(1414NACE)
EPC(1,7)=EPC({1,)14NACC) & PPCL1,7)=FFC(1,14NACC)
DPC(2,7)=0PC(2,14NACR) § UPCIZ,7)=LPC(Z,14NAND)
EPC(2,7)=CPCI2,1+NADC) & PFC{2,7)=FPC(Z414NACE)
CALL SKSKPP(N2yN3¢N1,7?7H SKESKSK)

GC TC 20

1 IFC(ADISCLUIN] ) oFCeNCISCL(NZ2)) eARCo(NCRTSS(NM1)ehFe=1)) CC YO 2
IFC(NCTSCLINLI ) eECeNDISCLIN2)-1) e ANCa(NCRCSS(NL1)eECel)) CGr TO 11
GO 7O 13

11 TRFLCT=(FROI(N2)=-CCINT)IZ(SE(NLT)=-SEA(NZ))

' M=NDTSCL(N2)
IFIRC(N2)4SE(R2)B3TIRFLCT LT WLRE(V)) CC YO 12
NCROSSIN2)I=)D & NRHES(A2)=NREFS(N2)+41 § CC TC <

12 NCRCSSIN1)=D § NRHES(N])=AREFS(NT)-

13 CALL SKSKFF(M] s N24yN3,7FSKSKSKN)

----- PRFDICTOR ANO CCRKFECTICK FCHh NCLCE £ = (2)
CPC(1,8)=CFC(142) % URC(1,E)=LPCIl1,23)
EPC(1,8)=ERPC{1,3) & FPRC(14RI=FFEC(1,2)
DPC(2,8)=DPC(2y2) & LPCI{Z,48)=LFC(2,42)
FPC(2,4,8)=FFEC(243) & FFC{Z,4RPI=ZFFC(2,3)
NDISCLIN?)=NDISCLIN2)~-NCFLCSS(A2)

CALL SKSKFF(N2,KA3,N147F SKEKEK)
NDISCLAN?2)Y=NDISCL(M2)ENCFCSS(NZ)

GO Y0 20

3 TF((NDISCLIN?)eECeNDISCL(NI))oeANC o{ACRLSS(A2)AEQLl)) GC TO 2
IFCUANDISCLAN2)oEC NCISCLINI)I-1)sANC(NCFCSE(NI)aEC.~1)) GC YO S
GC YC 6

s TRFLCT=(RC(NTI)I~RO(N2II/(SS(N2)I-SECNZ))

M=KNDISCL (AN3)
IF(RC(N2)4TRFLCTISSE(RNT) CToR2(NM)) CC TC 4
NCROSS(N2)=0 $ NFHS(NZ2)=ARFS(AN2)-1 ¢ CC IC 2
a4 NCRCESSIN3)I=0 ¢ NFRS(NIDI=NRFES(AN3 )]
6 . CALEL SKSKPP{N2;NIyN1,7FSKEKEKF)
ADISCLIN2)=NCISCLIN?I-NCFOSS(ANZ) $NDISCL(N2)=NDISCLIN3)-NCROSSI(NI)
ITF(INDISCLIN? I-NDISCLIRY1)eECe2)eCRe((NCTSCLIN2)-NCISCLINT)WLEQL?)
W AND J{NCKOSSINI).LCC.0))) GC YC 7
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GO 10 #
C—m=== PRECICYCFK FCF NCEF 1 = (€)
7 DPC(141)=DPC(146) $ UFC(1,41)=UFC(1,6)
EPCUI1)=EPC(14€) $ PPC(1,41)=PPC(1L,€)
Cm=-- PREDICYCR FCR NODE 2 = (7)

OPC(142)=DPC{1,7) & UEC(1¢2)=LRPC(1,T7)
EPC(152)=EPC(147) 8§ PPCU1,,21=PPC11,7)

GC TC 10
Cmov—= PREDICTOR AND CORRECTOR FCR NCDES 241 = (8)
a8 CPC(1,1)=CPC(142)=DPC(1,8) § UFC(1,1)=UPC(1,2)=LPC(1,8)

EPC(141)=EPC(1,2)=EPC(148) $ FPC(1,1)=FFC(1,2)=PPC(1,8)
CFCU2,1)=0PC(2,2)=CPC(24E) § LPCLZ,31)=LPC(2,2)=URC(2,8)
EPC(2,1)=EPC(2,2)=ERC(24+8) § FFCL2,1)=FFC(2,2)=PPC(2,8)
TFCINDISCL{N2)-NDISCLINY)eEQaZ)cANC+{NCRCSE(N1).ECe1}) GO TO 9

GC YC 10
C-r==r PREDICYCF FCR NCDE 1 = (7)
9 DPCI141)=NPCI1,7) & UFC(1,41)=LPC{1,7)

EPC(141)=EPC({147) $ FEC(1y1)=FFRC(1,7)
10 CALL SKSKPP(N1,N2,N3,2-SFECIAL)

ADISCL (N2 )=NDISCLIN2I4NCRCSSIAZ) $ACISCL(N2)=NDISCLUNID4NCROSS(N3)
c i
C
20 CCATINLE )

PRINT 10024N14N2,N3,RDIN1)¢RCIN2) JFDINI)JACTISCLINE Y JADISCLIN2),
*NDISCL(N3)yNCROSSINL) yNCROSSINZ2)4NCRCSSIANZ) JARHSINL) JNRHSIN2) ,
ENRHS(AN])

1000 FORMAY (1H 41X,315,3F12.E,615)

IF({RD(N1) LT oRC(N2)) ¢ANC<(RC(N2 ) 4L ToRCIN3)))ICO TO 21

JF((RDINI)aGTeRDIN2)) AN (RDINZ)CTRC(NI)D)IGE TC 31

IF((RDINI ) oL T oRC (NI ) ) eANC{RC(N2).CYRCIN2)IIGO TO 32

IF((RDIN1)«GYLRD(N2)) ¢ANC. (RDC(R1)«CTaRE(A3)))ICC TC 31

TF({RD(N1)+GT RD(N?)) AND(RD(N1)cLT.RD(N3))}IGC TC 34

IF((RD(N])oGT «RC(N3)) «ARCA(RD(NLI )L T<RC(N2))})GD TO 25

GO TD 2t :

31 AXS=A3

IF((RO(N1)=RD(N2)})I/(SECRTI)=SE(N2)) LT (RC(RY)I-RCINZ)I/(SE(N] )~
®SE(N3))) NXS=N2 =

TARFLCY=(RC(NI)-FCIAXS)}/(SEC(NLI)I-SE(NXS))

RD(N1)=RD(N2)=RO(NZ)=RDO(N1)-TARFLCT*SE(NL) § GC YC 22

32 RD(N3)=RD(N2) +DELR*,56-10 ¢ CC TC 21
34 RD(N2)=RD(N1)+DELR®,S5E=~10 $§ GC TC Z1
3s RDINJ)I=RO(IN2)+DELR*,S5E-1C $§ GC 10 21

2? PRINT 10019401 ¢N? N3 NDITSCLINY) ¢ADISCLER2) JNCISCLIAI) NCROSS(NT),
ARNCROSSIN2) yNCROSSINI) JARFSINI)oAREFSIAZIARESIND) ZRDINL) yRDIN2),
*ROINI) ySLUINL) ¢SLIN2)+SLIA3) 4SECNTL) ,SE(R2),SE(AD)

1701 FORMAT{1H 5/ 4% SHK-SHK-SHK TARTERACTICA%,/,1X,121S4/¢2X9F12.8)

CALL SKSKFFA(N] yA3,6HSKSKSK,TARFLCT)
C
C
21 RETURN $ END
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SLEROUTINE DTSKEK(MI gA24N3)

COMMON/PARAM/N ¢ J 4 AJ 4Gy GF ¢ DELR JAFL WV
COMMCAN/DISCSKF/RCSAVISL )y ALES(SE) o ARFE(ETL)JNCROSE(ST)
CCMMCN/PREDCCR/CPC(2412)4LPCIZ2,13)4EFC{2413),PPC(2,13)
CCVMNCA/ARRAYS/RIS01),U(29S01)4FP(CeS01)yLIZ,SC1)4ECZ2,%01) 4R2(SC1)
CCMMEN/DISCS/ZNTDISC G ANCISCNC(S] ) 4ATYPE(ST )} ACISCL(S1),SF(S]1),SL(S1)
*,RD(S1)yNTDISCT,NTDISCS

PEINT 1000,N1 N7 N3,RCINT I RDO(N2)4RO(R2) yACISCLANT) yADISCLIN2),
ANDTSCLIN3) NCRCSSENL ) ¢NCFRCSS(N2) yNCRCSSCINI) g hRFS(NL )y NRKES(N2 ),
ANREFS(NI)JNTYPELNL) NTYPF(N2) yNTYPE(N2)

IF(NTYFE(N3)eEC.S) GC TC 2€

IF(NTYPE(N?).EQeS) GC YC 27

IF((ADISCL(N2) eNENDISCLIN2))aCRo(RCEAV(N2) oL T RDSAV(NI)) 4CR,

X (RDSAV(N1) oGT eRDOSAVIR2) ) aCRe(NCRLSSINZ2)oECeCIeCRINCHOCSSING)EDo
£1)) GO TO 2e€

1F(N3.EC.NTDISCT) GC YO 28

TIF(NRHS(N2)«GTeNDISCL(NI4L)) CC YO 3€

TEL(NREHS (N2 ) o ECoNDISCLINZ41)) dANC(NTYFECR241)oAFo2)) GC TC 36

38  NCFDSS(N3)I=NCROSSIA2) ¢ NRFS(N3)I=NRFS(A2)
GO TN 3¢
37 IF(({RNSAVINT ) eCTeFDSAVINT) )4 ANCA(FLSAVINZ ) «CT.RDSAVINT) ) )R,
’ *(NCRNSSIN2)aECel)eCHe(ARCREESS(NL)eECeD) oCRal{FCSAVINT ) oL ToFDSAVIND))
X.CF. (NDISCLINT) sRFLRCISCLIN?))) €C TC 3¢
NCFOSS(N2)=NCFOSSINI) § ARFS(R2)=AEFS(AL)

3¢ IF(NCFRCSSIN? ) FCeY) CC TC 2

2 CALL DSORSD(N]1,N2yN7, 7HDTSKESKC()
Comom= PREDICTCR aANP CCCFECTCR FCF NCCE 7 = (1)
M=
IFCINCISCLIN?)=NCISCLANT)«EQa2) eDORe((NCISCLINZ)I-NDISCL(N]).FQ.2)
X oANDo(NCROSS(NE)EQ.0))) WM=2
CPCL1,7)=DPCI14M) § UPC(1,7)=LPC(1,4V)
EFPC(L47)=ERPC(14¥) $ FFC(1,7)=FFCL4M)
DPC(2,7)=DPC(2yM) & UPC(Z47)=LRPCIZ V)
EPC(247)1=EPC{247) & FPC(Z4T)I=PPC(Z4yM)
CALL DSORSD(IN2 N3 yN1 7H CTSKSK)
GO 1O 20

3 TEF((NDTISCLINZ)eFQeNDISCLIN2)) cANDINCRCES(NIINELl)) GC TO 2
CALL DSCRSD(N2¢N3yN1,THCTSKSKP)
NDISCLIN2)I=NDTISCLIN2)-NCFCSS(A2) SACISCLIN3)=ACISCL(N3)-NCROSS(NTY)
IF(NTYPE(N2).EQeS) NFLM=ADISCL(ND)
IFINTYPE(N3)oEC.E) ANFLM=ACISCL (N2)
IFCINDISCLIN?)-NDISCLAN]I)eEQe2)eCRe((NCISCL(N2)-ADISCLINI )} .EQ.2)
¥LAND (NCFCSS(N1)ENLO))) GG-TC 7
GO YO 8
Crm—=- PREDICTOR FCR NODE 1 = (€)
7 DPC(141)=0PC(146) $ UFC(1,41}=UPC(1,46)
EPC(1,1)=EPC(14€) & PPC{1,1)=PPC(1,€)
C-—-——--PRECICYCF FCP NORF 2 = (7)
DPC{142)=DPC(147) % UFC(1,2)=LPC(1,7)
EPCIL421=FPCLL14+7) & PPCL1,2)=FFCL1,47)
GC TC 10
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~=-PRENDICTYOR AND CCRRECTCF FCR NCLCES 2,1 = (8)

DPC(141)=DPC(142)=CPC(148) & LFC(1,41)=UPC(1,2)=UPC(1,8)
EPCU141)=EPCL142)=EPC(148) § FFC(141)3FPC{1,2)=FFC(1,8)
DFEC(241)=CPC(292)=CPC{2:48) ¢ LFC(Z41)=UPC(Z,42)=UPC(2,8)
EPC(2+1)=EPC(242)=EPC(P48) 8 FFC(Z,1)=FPC(242)=PPC(248)
IFCINDISCLINZ2 )-NDISCLANI)eEQe2) cANCL(NCRCSE(NTL)LFQal1)) GC ¥C 9
GC TT 10

-=-PREDICTOR FOR NGDE Y = (7)

NPEC(1413=DPC(1,7) § UPC{141)=UPC(1,7)

EPC(141)=EPC(147) $ FEC(1l41)=PFC(1,7)

CALL DSORSNINI¢N2yN3y 2HEFECIAL)

NDISCL (N2 )=NDISCLCA2)+NCFCSS(A2) SACISCL(NZ}=NDISCLANII4NCROSSINI)
IF(NTYPE(N2)EQeE) NFLVM=ADISCLNZ)

IF(NTYPE(N3)EQeS) NFLM=NDISCL(ND)

PEFINT 1000 3N1 ¢N2 ¢yN2yRC(NY ) ¢RC(N2) 9y RC N2 ) ¢NDISCLINTIZNDISCLIN2),
ENDISCLINT) JNCROSSINT ) yNCRCSS(N2) JACRCSS(AT) GARHSIRL ) g NRESINZ),
EARRESAA3) Gy NTYPFINLI ) ANTYFPE(NZ2 )4 ATYPF(NZ)

1000 FORMAT(IH 41¥,315,3F1248,1215)

32
34
35
C
22

IF({RDINI) LT oRDIN2))IAND(RD(AN2) L TLRD(NZ)))IGC TC 21
IF((RDINT) oGT 4PC(R2)) JANCo(RCIN2)«CTRC(NI})ICO YO 21
IF{{RDINI)4LT eRDIN3))cANCe(RD(NZ)eGToRO(N3)IIGE TC 22
IF((RC(N1 ) aCT «RC(N2)) eANCo(RDIN1}eGToFC(NZ))IGC TO 214
TF({RD(N1)oGTRC(N2)) ANCa (RO(NL )L TRC(NI)IICC TC 34
IF((RDINT}+GT cROIN3IIIGANCAIRDI(NIDILTLRCIN2)IIGC YC 35
GC TC 21
AXS=N2
IF((RCANLI-RCUN2IIZ(SEINTI)-SEINZ)) L T(ROINML)=RO(NZ)}I/Z(SE(NL)~
CESE(NZ))) NXS=N2
TARFLCTY={RC(N1)-RDINXS})I/Z(SE(NL)-SE(rXE))
RD(N1)}=FC(N2)=RLC(N3)=FRC(N1)-TARFLCY®SE(N1) § GC TYC 22
RDINZ)=RC(N?)4DELP*,SE~-1C & GC TG 21
EDC(R2)I=RT (NI )ACELR*®,SF—1C ¢ CC TC 21
RD(N3I)=RC(N2)+CELR*.5E~-10 ¢ GC TC 21

PRINY 1001 ¢NI ¢N2yN34NCTISCLINI)ZNCISCLIN2)NCISCLINI)NCRDSS(N1),
ANCROSSIN2) 4 NCHOSSIAI) JNRESINL )Y JARFS(N2)yNRES(AI )4 RDIAL)RDIN2),
FROINI ) ¢SLUANTI I G SLIR2)ySLUINI)ZSECNT) ySECRZ)SSE(NT) oMTYPF(NL),
FNTYPE(RN2) yNTYRE(N])

1001 FORMAT(IH S/4% DFT-SEK-SHK TATERACTICN®S 3/, 131214/ 41X,9F12,8,3i5

C

C
21

*)
CALL DTSKEKA(MN oA EFOTEKREKZTARFLCT)

RETURN ¢ END
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SLBROUYINE DISKSKA(TI JNLANANEZTARFLCT)
COMNCN/FARAM/NgJy2J9GyCFoyCELRyNFLM

DELR==-AES(CELF)
FRINY 10929
FORMAT (1H 42X ,%DT1SKEKA STCF%)

RETURN § END
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SUBROUTIANE SHKCD(NFIRSY ¢N] oNANE)

CCHMMOCN/UBCCNE/Z/NUBC

CCWMIN/SCS/SECCSCSyPCLSCESyAXCLECS
COMMON/ZPARAM/N 3 JoAJ oG 9y GF sDELR JAFLW
COMMCNIYIME/T.DT.DTL.YhFlTE'DELY.DYOX.AT

CNNMMON /DI SCSKF/RDSAVIS1 ) gNLHS(E1) yARFS(S) ) 4RCRCSSIEY)
CCHWNIN/PREDCCR/CPC(2,13),UPCLZe12)4EFCI2412)yFPC(2Z2,122)
COMMCN/POWER/VCAPF yRAR] yFLFCWEF yFF(WERoCMNCy CCAPFGSFEOLC,SFENCY
COMMONZARRAYS/R(IS01) LU 24S01) oF(24501)4D{2,501)+E(2,501),4RP2(501)
COMMCA/DISCS/ZNTCISCyNCISCNC(S 1) ANTYPRPE(TTI ) NCISCLIC1 ) SE(SL),SL(51)
€, RD(S1),ATDISCTANTDISCS

CCWVMON/PPCHR/AFPPTF,ANUMANUNAFST JALFAFRFFETH({Z4),RUMA(1ISC) ,RUPA(150)
FyNCLPFTH(24) yANCLUMA(LSO) ACLUFA(LIE0)FTHFNEXToRUVARNXT g TUPANXT,
¢DELPPTH,DELUMA ,DELUPA

RS=RN(AFEIRST) ¢ SSL=SLINFIRET) § SSE=SE(AFIREY)
NSHK=NDISCLINFIKST) $ R(C=RD{(A1) § SECC=SE(R]) § NCD=NCJISCLINI)

CE=G § IF(NCCLLESNFLN) CE=GF § CC=CE ¢ IF(ATYFE(NFIRST )eF0.5)GG=GF
NSHKSGAN=0 $ TF(SSLaGTe0e0) NSHKSGAN=1
SECDSAV=SECD § SSESAV=SSFE
RSSAV=RS § RS=RE4SSE¥CT § RCDSAVZRCL § RCL=FCC4SECCODY
NXSS=NXECN=0 § MSC=z0 $§ IF(NSHK4+1eECNCC) NEC=2
IF{PSaCTeF2(NSHK414MSC)) NXSS=1 ¢ IF(RS.LTeRZ(NSFK)) NXSS==1]
IF(RCD.GTRP(ANCD¢2)) AXSCD=1 § TF(RCC<LT<R2(NCD~1)) NXSCC=~1
TF(NAME FQ.BFSHKCESEK ) NXSCC=NXCCSCS
NSHKCDX=0 § IF(RSeGT«RCC) NSHKCLCX=1
NSC=100%(NCD-1~-NSHK )+ 10¥AXES4NXSCO
PRINT CQQQ ,NAME ¢yNXSS,NXSCL NSHKCDXNSC

999G FORMAT(IH L1X,A2,415)

IF(NSCeNFe10) GC YC 40
NSC=NXSS=¢

40 IF(((NAMELEQ. OH 2ERC) «CRe(NBVEEGCoRISHFKCLRAR) LR {NAMELEQ,
*8HRARCD }) e AND o {NSFKCOXeEQo 1) s ARC o (AFIRET (FCel)ecANDS
X¥({SLINFIRST)ol Tel16001)) CGC YO 100

TF(NAME sEQcBHSHKCDSHK) SECD=SECDSCSE
IF(NAVE GECoPHFSHKCDSFK } RCC=RCCSCS
----- PREDICTICR FOR ANSHK-1-AXSSZ(AXES-1)/2 = 1
M=NSHK~1-NXSS#{NXSE~-1)/2
DPC(1,41)=DP(M,0) $ UFC(1,1)=UF(Me0)
EPC(1,1)=EP(M,0) § PPCC(1,41)=PP(1,4GC)
IFINXSSeNEe~1) GC TC 1
————— PREDICTICR FOR ASHK~1 = 2
M=NSHK=1
DFC{1,4,2)=DF(N,0) $ UFC(1,2)=UF(MeC)
EPC(1,2)=EP(My0) & PPC(1,2)=PP(2,CE)

GC YC 2
1 IF(NSFKSGNLEQel) GC TC 3
C-—--- PREDICTIOR FOR NSHK = 2

DPC(1,2)Y=CP(NSHK,~1) ¢ UFC(1,2)=UF(NSFKy~-1)
EPCL1,Z)=EP{NSHK,y=1) 8 PPC(1,2)=FF(2,CE)
GC TC 2

----- FREDICTOR FOR ASHEK = 2
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3 IF(NTYPE(NFIRST )oFCeS) CGC TC 20C
PPC(1,13)=P(1 ¢hSHK#1)2(2.2GE/(CE¢+16)8SCSLB%2-(GE~-16)/(GE+1.))
DPCC14313)=C{ 1 yNSFK+1)/((GCF—1e)/(GE+1c)42./7(GE21,) /55 %22)
UPCI1413)=CPCU1413)%(UCLyASHK®1)/C(1 ANSFK+]1)4SORT(GE®P(1,NSHK¢1)/
RO (1 ¢NSHK+ 1)) 2o /7(GF+16)8SSL %(ta=1,/7SSL?**%2))
EPC{1413)=CPC(1,13)%(PPC(1413)/CPCL1412)/(CE-1a)¢LPC{1,13)822/
sDPC(1,13)%22/2,)
GO TN 201
2co BETA=(GF-1+)/1GF41a) § B={CF-1o)/7(C-1,)
PGO=(1+RETA)*({ VCAPF-BETA)/(1.-BETA)-PETA
A=SQORT(P(1,ASHFEK41)/7D(14ANSFK+1))
PGT1e¢(PGO-14)/A%822GF%¥(1a-1a/A%%2)¢(C/CFRE-RAR])
PSI={1e—-PETA /2,3 (1.,4G%SSL222) ¢ PPCL1412)=F{14ASHKS]1)EPS]
OPC(L g13)=C(1 ¢yNSHFK#1 )/ {1 a=(1e~CEETA)EIFSI-PC)/{(PSLI4EBETA))
UPC({1,413)=(SORT(G)I®AXSORTI((1.~-PETA)*(FS1-PG)*(PS1-1.)/G/
2(PSI4BETAIIAUL JASHFK41I/L{14ANSFK41))ICPC{1,12)
EPC(L413)=0PCH1,13)%(PFC({1413)/CFC(1412)/(CF=1.00UPC(1,¢413)%%2/
=DPC(14,13)222/2.)
201 EFS=(RSSAV-F(NSHK))/DELF
Cl1=24%(2.~-EPS)/(1e+EPE)
CP2=2.8FPS=3, ¢ C3=(1+~FEPS)T(2+.1FPS-1e)/(1.4EFE)
DPC(142)=C(1 4 ANSHK)-DTDX*(CL2UFC(] 41319C2%UC14ASHK J4CIRU(14NSHK~1))
- ATEXDTOX#(CIEDPC(1412)¢C20D(1oNEHKIHC2IMC( 1 4yASEHK~1))
UPC(1 42)=U(] yASHK)=-DTCX#(CI2CHM(13)4C24FM(NSEFK)ILCIEPM(NSHK-1))
E—ATEDTDXR(CIZUPC(1 41 3)4C2%UL 1 4ANSHK)+CIF*U(]1 4ASHK=-1))
EFCIE42)1=F(1 4 ANSHK )=CTOXI(CISCE(I2)4CCHFE(NSHKIHC2APE(NSHK~1))
E—ATEDTOXA(CLAXEPC{]1 413)4C22E(1 yANSHEK)4CARE(I 4ANSHK=-11)})
PPC(1,4,2)=PP(?,GC)
————— CCRRECTCFR FOF ASHFK-AXSSR(AXSS~1)/72 = 2
2 M=NSHK-AXSS&(AXSS~-1)/2
D(2yM)=CFC(2,2)=TC(2y¥40) § UlZyM)I=UFCIZ,2)=LC(Z4M,C)
Cl2yM)ZEPCL242)=EC(24yNM4y0) ¢ Fl2,¥)=PFC(2,2)=FC(2,CG}
IF(NAME ,FQ.8FSHKCDFLM) GC TC 4
IF(NAMF,FCoBFSHKCESHK) CC TO 10
————— PRECICTOR FOCR NCO+2+NXSCCE(NXSCLR1)/2 = &
V=ACO+?+RXSCD¥(NAXSCERL)IZE
DPC(148)=DP(V,40) & UPC(1,8)=UF(r,0)
EPC(1,8)=EP({V¥0) & PPC(1,8)=FF(ELCE)
IF{NXSCDeECe~1) GC TC 4
————— PREDICTCR FOR NCD+3¢AXSECC = 9
V=ACD+34AXSCD
DPC(149)Y=CF(M,0) $ UPC(149)=UF(d,0)
EPC(14S)=EP(My0) & PPCU1,4S)=PP(S,CE)
4 M=NCC $& IF(NCC-ASHK=~1.hNEo0) M=NCC~-1
M3=NCD+2 S$IF((NANMEJECBHEKCL LET)olRe(NANELECRFHSKCDDT )} IM2=NCD+1
CALL GLIM(NM,M3,E,NCCy, SECC)
IF(I{NAMEJNEJBFRARCLC ) o ANC o (NANE .AELBFDETFRARCE)) GC TO &
D(2¢NCDI=CPC{14,€E)=CPC(2,€)=D{14ACD)
UL2¢NCCIZURC(1,6)=UPC(2,€6)=U(1,NCC)
E(2¢NCD)=EPC(1,E)=ERC(2,€)=C(1,NC(C)
P(2yNCCI=PPC(14EI=PPC(2,€)=P(1,ACD)
GC TC €
) IF(NAME (NE . 8+SHKCDRARY)} GC Y0 ¢
D(2yNCC+1I=0PC(1,47V=CFC(2,7)=C(14NCD¢1)
UC2yNCD+1)=UPC(1,47)=UFC{2,7)=L(1,MCC21)
E(2yNCD41)=FPC 1,47)="PCL2,7)=E(14NCD¢1)
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P(2,ACD+1)=PPC(1,7)=PPC(Z2,7)=P(1,hCD¢1)

RCD=RCCSAVESECD®DT
IF(((RCDoGToR2(NCD¢2) ) o ARDo(AXSCL eECo0))olF el (RCOQLTOR2(NCD®2)) o
TANDS{NXSCD.FEQo1))) RCO=R2(NCDZ)
IF({(RCDLYeR2(NCD=1)) e AR o(NXSCLaECoC))eOFal{(RCDCTR2INCD-1)).
EAND o (NXSCDEQe—1))) RCO=R2(INCC-1)

IF(NXSCDaNEWa~1) GC YC 7

~--PREDICTOR AND CORRECTCR FOR NCD-) = €

M=NCD~-1
D(2y¥)=DPC(?2,5)=DPC(1,S¥sDFC(1,7)
U2, ¥)ISUPC(2, S)=UPCLLI S )=UPC(147)
F(24M)=EFC(2,5)1=EFC(]1,S)=ERC(1,7)
P(2yM)IZPPC(2,5)=PPC(1,4S)=PPC(1,47)
IF(NAMEJEGSBHSHKCCFLM) CC TC 10

~CORRECTCR FCR NCC+? = €

V=ANCC+?2

D(Z4M)=DFC(2,8)=CC(ByMy0) & L(2,M)=UPC(2,8)=UC(8yV,0)
E(24MI=EPC(2,B)=EC(8,My0) & PL24VM)=PFC(2,8)=FC(E,CE)
GC YC t0O

IF(NXSCD.EQ.0) GC TC €

~-PREDICTCE ANC CORRECTCR FCR NCC+4z = 1C(=¢€)

M=NCD+2
D(Z2yM)=DPC(2412)=DFC({1,1CI=CPC(14€)
U2 4M)SUFC(2,19)=URC(1,1C)I=UPC(L,€)
E(24M)=EPC(2,410)=EFC(1410)=EPC(1,€)
P(2,M)=PPC(2,10)=PPC({1,1C)=PPC(1,€)

-~CCRRECTYOR FOR NCC+2+4AXSECC = 8

IF(NAMFLEQ.FFSHKCDFLM) GC YO t0

M=ACD¢2+AXSCD

EPS={R2(NCD+2)-RCC)/CELF

C1T2:8(2.-FPS)/(1.¢EPS)

C2=2+%¥EPS=30c $ C3=(1.-EFS)N(2,EPS-14)/(1.4EPS)
D(2,M)=NPC(24,E)=(DI{1+MIFDPC(1,E)2CTDXB(CIRLFC(1,47)¢4C2%UPC(1,8)
FHC3IFUPC(1,9))4ATERTOXB(C1BDPC(1,7)4C2%0PC(15E)14CIDPCI145))) /20

U(243MIZUPC(248)=(ULL14NM)SLFCL1,8)FCTCXS(CIBCN(T)IC2ICM(E)CIBOCMII))

24ATEDTOXS(CI1EUPCL 1, 7)4C23UPC(1,E8)4C32LPC(1,4S)))/2,

FU2,¥)=EPC(248)=(E(Ly¥M)+EFCL1,8)+CTCXI(CIICE(TISC29CE(E)ICINCE(S))

SLATSDTDXR(CIREPC( L 47)4C2REPC{1,8)+CIEPC(1,S)))/2.
F(24M)=PPC(2,8)=PC(B,CF)

TF((NSCoNEoePDO0) o ANCo({NSCeNE 2320} aARLCo(ASCoNEQZ01) «ANDC(ASCeNEJIL1)

FoANDe(NSCoNF o 1G9) o ANDO(NSCsNE 4209)) GC TO 20

~=PRFDICYOR AND CCFRRECTCR FCFR NSHEK4314NXSS = 4

M=ASHK4+14AXES

D(2,M)=DPC(2,8)=DPC(144)=DP{My0) $L{2:¥)=UFC(2,8)=LPC(1,84)=UP(V,0)
Cl24M)=EPC(248)=EPC{1 44 )=EF(M,0)8P {2,V )I=PPCIZ,4)=FPC(1,4)=PP(4,GE)

IF({NSC.FQal19G) cOR(NSC.EQs30G6)) GC TC 11

-—-PFECICTCFR FCF ASHEK+2¢NXSS = €

M=NSHK+24AXSS

EPS={RCDSAV-R{(M))/NELR

Cl=2.%(2+-EPS)I/(16+EPS)

C232.%FPS-2s § C3=(1e—FPS)®(2.¢EPS~14)/(1¢EPS)
DFC(145)=D(1oM)~CTDX2{CISUCLI NCCIICItUC T M)4CI0L(14M—1))
¥-ATEDYOXE(CI1&C (1 yNCDI4C2%C (L oM )eCIID(1oVM-1))
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UPC(1 4S)=Ul1 o ¥)=CTINDXB(CI2FMINCD)ICZAPM(M) SCZOPM(M~1))
S-ATEDTOXR(CI*FL(14ACD)IHC22U(] W )4C28U(1,¥M-1))
EPCU1,SI=El1y W)-DTDX2(CI1¥PE(NCCI4CZIPE(V)IICIIFE(NM=1))
E—ATEDTOX*(CI%F (1 NCL)CC22E(L ¢M)ICINE(L¢¥=-1))
PPCL1,S)=PP(Z,CE)
11 IF(NTYFF(NFIRST).€EQe5) CC TC ZC2Z
IFINXSS.FCed) GC TC 12
(v PREDICTCR FOF ANSHK4(AXSS#+1)/2 = 2
M=NSHK+ (AXSS+1)/?2
PPC(193)=P(1yM)F( 2, %GE/(CE+14)8SSL322-(GF=~14)/(CE+1.))
DPCCE431=D(1yM)/((CE~1e)1/(CE+10)42e/7(CE+1.)/SSL**2)
UPC(143)0=DPC{142)% (U1 4 M)/C{L1oNMIISCRT(CERF (1,M)/C(1,4VM))224/(GE41.)
2ESSLB(1e-14755L%%2})
EPCU{1,43)=CPCl143)%(FFCUL1¢3)/CFC{1,43)/(CE~1a14UPC(1,201%42/DPC(1,2)

*&%x3/2,)
C-——-—-PREDICYCFE FCF SHK VEL ARNC PCS
12 MH=4-2%NSHKSGR+AXSS ¢ ML=242%5NSFKSCA

SSLSAV=SQRY((PPC(1yMR)}/PPC(14ML)4(GE=1:1/({CE+1))8(GE41.)/2./GF)%
¥SSL/ASS(SSL)
RS=RSSAV+{SSLSAVXSART(GESPPC(14NML)/DFCU1 4NLIIFUFCII yML)I/ZDPCILL ML I+
*SSENV/2 LT
GO TC 203
202 IF(NXSS.NEL,0) GO YD 204
A=SORT(PPC{1,4)/DFC(1,448))
PC=1e4(PGI-16)/A%E24GF % (1le-1e/7A%2Z )% (G/GFEF-RAK1)
SSLSAV=SCRY ({2 e3PG~ {1 +,~EETA)4Z +8SCRT(PC¥$Z-(1.—BETA)2PG-BETA})/
X(1.~EETA)/G)
RS=RSSAVH(SSF4SSLSAVESORT(GI*A+LPC(1,48)/DPC(1,4))%DY/2,
GC T2 203
204 RS=RSSAVH(7.%SSE)I*DT/ 2.
203 IF({{RSeGT e R2(NSFK414MSC)) eANC e (NXESefFCal)) eCRal(RSeLYT4RZINSHKS 1]
*+MSC)) e ANCo(NXSSeEGal))) RS=R2(NSHK414NSC) '
TF(({RSeL TeR2(NSHFK ) ) e ANDo(NXSEEoECaC) ) aCRea((RSeGTFR2(NSFK) )W
FANDL(NXSSeECe=1))) RS=R2(ASHK)

C
IFUE(RSoGT oaRCL) s ANCo(ASHFKCDX0EC 40} )eCRo((RECLTRCTIANCe (ASHKCD X
*eFCel))) RS=FCO
IF{INSCeNE «209) eANDo(NSCeNF e21C)eARC o (RSCoNRELZC1) 0 ARC.INSCeNEo31Y)
¥ AND o (ASCeNFe211)eANCo(NSCeNF o101 )eANCc(NSCeNFeQ1)eANNINSCeNELSGO)
*) GO TC 13 )
C

IFCUINXSSeECe0) e ANC o (ASHKSGANGECeO)) GC TC 14
Co—wm CCRRECYOR FOR NSHK414RAXSSOI(NXECEL)/Z = 4
M=NSHK41 4 AXSS?*(AXSS+1)/2
MM=NXSSHE(ANXSS®L1)/2-(AXSESH41IB(AXES~1)
DI(2,M)=DPC(248)=CC{A4, My MV} § UL?P4V)=UPC(2,4)zUC(A,N,NV)
E(24M)=FPC(24y8)=EC Gy VyNMN) § F(2,VM)=PFC(244)=PC(4&,GE)
GO 70 13
C————= CCRRECTOR FOR NSHK4+14AXSSP?(NXSS41)/Z2 = 4
14 M=NSHK+14AXSSHE(AXSS+1) /2 $ SLIZ(SSLASELSAV)/2,.
PS=P (1 yNSHK)I (2. %CE/(CF+14)4SL12¢2-(CF~1s)/(GE+14))
DS=D(] ¢NSHKDI/({CF-14)/(CE41 40324/ (LE4L1a)/7SL2WR2)
US=DS* (U1 NSEK) /DU L4NSHK)I+SARTICESF (I yNSHK ) /C{1 ¢yASHK))*2./(GE+1.)
EXSLIE(1.-1475L1%%2))
ES=DSE(PE/DS/{GE-1,)4LS5#22/CS*%2/2,)
EFS=(R2(NSHK+1)~-FRS)/CELR
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C1z2,C(2,-EPSI/(1o+EPE)
C2=2:%FPS=~3c § C3=(1.-FPE}B({2,9EPS~10)/7{8c2EFS)
D(2oM)=DPC(2:4)=(D(1oM)FCFC(1,Q)¢CICXD(CLIRBUSOC2PURLC(L,80)9
BCITUPCLL S D+ATIDTDXR(CIEDSECZHCFC(198)9CIFLPCL14E))d)/ 2,
Ul2eMIZUFC(248)=CU1 ¢ M)SUFC(14Q)CTCRA{(CI12(LEDV2/0SePS)ICC2BCM(A)¢
HCIASCM( ) JCATSDTDOXS(CIELSOC22UPC( 1 48)4CIPUPCI145)))/2,
E(2,M)=FPC(2,8)=(E(], N)°E°C(l.AibcTch(Clﬁutlo‘ﬂ(ECOPS)QCZGCE(QDG
ACIHCE(S) ) CATEDTOXB(CILSES4C22EFC (1,8 )4C2%EPC(145)))/20
P{2+M)=PPC(2,4)=PC(4,GE)
13 IF((NSCoNE c200) o ANCo(ASCoNE0IIC)e8RLo(RECaNEaZD1)0ANCoINSCoNEL211)
) GO TC 1%
-~~——CCRRECTCF FCR NSHFK92IAXES = €
M=ASHK¢2+RAXSS
D2, M)I=DPCI2,5)=DCISM0) & U(ZNMITUFC(2,5)=UC{E4W,0)
FUP2oMISEFRCI24S)=EC(Sy¥,0) § FlZ M)=PPC(2,C)=PC{S,CE)
15 IFINTYPEINFIRST)ECeS) GC YC 20¢
IF{(NXSSoeEC,0) GC TC 1€
----- CCRRECTOR FCR ASHK#(AXSSel)r2 = 3
M=NSHK+(NXSS+1)/2
SSLSAVZ(SSL+SSLSAV)I/2,
DPC{2¢3)1=D(14V)/({GE~1c)/(CGE+106)22./(CES)1)/7SSLSAYDR2) )
UF((Z.B)"DDC(Z.J)'(U(I.N)/D(l.w)oscpi(ceﬂp(l.w)ID(l.ﬁ))ﬂzal(
ZGE41 ) 2SSLSAVRE(1lo—~1o/SSLSAVES2))
PPCUCe2)=P( 1y M)O({2,2CGE/{CE2]10)10SSLEAVERZ-(CE~10)/7(CEL o))
EPC(243)=DPC(2,3)8(FFC(2023)/0FC(Z243)/(CE~16)3UPC(2,3)%232
2/DPC(2,3)222/2,)
IF((NAMF ECoRFESFKCLSHFK ) o ARDo(NSCeECe~11)) CC YC i€
D{2,M)=DFC(243) SU(2,¥)=LPC({2,3) SE(2,M)IZEFCLZ93) $P(2,8)=PPC(2,13)
----- CORRECTOR FCR SHK VFEL :
16 MH=4-2%NSHKSGRA+NXSS ¢ ML=2429ASFKSCN )
SSL=SART((PPC(24¥H)/PPC(ZoWLIS(CE=-1)/(CE416))2(GE210)/2e/GE )%
#SSL/ABLS(SSL)
SSE=SSL¥SCRT(CE®XFPC(2,WML)I/CRC{2,¥WL })IUPCI2,NL)/CPCLZoML)
GO YO 20¢
205 IFINXSSeFG.0) GC YC 207
D2, NSHK ¢+ 1)=DPC(1,2)=0PC(2¢3)=CFC(1,13)
U2, NSHK21)=UPC(1,2)=URPC(2,33=UPC(1,512)
FI2¢KNSHKE1)=EFC(143)=EPC(2:30=EFC(1,12)
PU2;NSFK 41 }=PPC(102)=PPC(2¢3)=PFC(1,13)
207 A=SQRY(PPC(2,4)/7CPCL2,48))
PGz1o¢(PGCO~1o )/ARED2GFE(1o—1e/A%%Z)0{C/CFRE-RARY)
SSL=SOKRT((2.%PG=(1.—RPFTA)+ 2. ¥SQRT(PGI8z-(1-~BFTA)SFG-BETA))/
¥{1.~-EEYA)/G)
SEE=SSL¥SQART(G)TACURPC(2,8)/7CPCI{2,4)
206 IF(NSCoNEo.=11) GC YC 17
IF(NANEoFQ.BHSHKCDSHMK) GC TC 2€
----- CORRECTOR FOR NCD(=€) = COPRECTCR 2
DU2,ACDI=CPC(2:3) $ U(2,MCD)I=URC(2,;3)
E(2yNCD)=EPC(242) § P(2,NCD)=PPFC(Z¢I)
C———-- CCRRFECTCFR FCOP NSHFK(=3) = CCRRFCTCR 7
D{2yANSHK )=DPC{247) § L2 ASEHK)I=LFC2,7)
E(2,NSHKI=EPC(247) $ FI2,NSHKI=PPC(2,7)
17 IF(ANSCaNEell) GC YC 35
C-—~=u= CORRECTOR FOR NCD(=¢) = CORRECTCFR €
D(2,ACD)=CPC(2,6) ¢ U(2,ACO)I=UPCLZ,€)
FEL24NCDI=EPC(2,€) §& P(24NCD)=FFC{2406)
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C———=-CCFRRECTOR FOR NCC+?2

D(2y,NCD#+2)=DPC(2,+,3) §
E(2yNCD42)=EPC(2,3) §

CCRRECTCFR 2
U(2sNCD+#2)=LFC(2,3)
PLZ NCD#2)=PPCLZ,2)

ADVANCE SHK AND CD CFEFLL FCSITICN IF NECCESSARY

NSHK=NSHK$NXSS § JF(NTYPE(NFIRST)ECoZ) NFLI=ASHK
IF(INXSCDeEQo0) aOF(NANELECLBFSHFKCESHFK)) GCT TO 1S

M=NCD¢243%(AXECD~1)/2
PS=P(2,M) & DS=C(2,¥)
IF(NXSCD«FQe=-1) GC TC
P{2yNCD+2)=P(24NCD¢1)
U(24KNCD+2)=U(24,NCD+1)
E(2,NCD¢2)=E(24NCD+1)
D(2,NCD+2)=D(2,NCC*+1)

$ LS=UlZ,M)
18

§ F(2,NCD+1)=F(24,MCD)
$ UL2,NCD+1)=ULZ,NCC)
$ E(2.NCCH1)=E(2,NCC)
$ CUZ2yNCC+1)=D(2,MCD)

§ ES=E(2,4¥) § RZS=R2(W¥)

F(24NCD)=PS
U(Z¢NCD)=LS
E(24NCD)=ES
D(24ACD)=DE

L I I )

F2(NCD)=R2S

GO YO 19
F(24ACC-1)=P (2,ACD)
Ul2¢NCD=-1)=U(2,NCD)
E(24yNCD=-1)=E(2,NCD)
D(2yNCD=~1)=D(2,4NCD)
RZ(NCD+1)=R2S

P(2¢NCD)I=F(24NCD41)
LI2yNCDI=L(2,NCC4Y)
E(ZyNCD)I=FE(Z4NCCH41)
C(24NCD)=C(2,NCC+1)

P{2yNCD+1)=PS
U(2,MCCe1)D)=US
E(2,NCD¢+1)=ES
C{2,NCD+1)=DS

18

L N Y
L I Y

ND!SCL(N1)=BCC=KCD+AXSCD $ RD(R1DI=R2(NCC)I=FR2INCC+1)=RCC
SF{N1)=SECD $§ NDISCL(AFIRST)I=ANSHK § SLINFIRST)=CSL $SE(NFIRSET)=SSF
FD(NF1FST)=RS )

19

IF(NSHFKCDXeECe0) RETURN

IF({NSCeFQa0) «ORe(ASCeECa110)eCFo(ASCeECeICS)eORINSC.ECa99).DR,
¥(NSCeEQe2CS) e DR« (NSC.EQs11)) GC TC 27
RETURN

IF((NSC.NE<210) ANDo{NSC.AE-211)} GC TC 21
Cmmmmm PREDICTOR ANC CCRRECTCFE FCR NSHK+42 = 4

M=NSHK+2 . '
EFS=(R(M#1)-R(¥))I/DELF -

Cl=2,%(2.-EPS)/(1.4EPE)

C2=2 o%FPS~3. § C3=(1.-EPS)A[Z.*#EPS—14)/{1e4EPE)
D(24yM)=DPC(248)=CFC(144)=C(1,M)=CTCXB(CIPUC I, M+1)¢C20UCT M)+
HC3HU( L M=1))~ATEDTDX* (C1#D (1, M41)4CP*C(L,M)4CIFDIT1,M=1))
UC2¢M)=UFC(2,8)=UPC(1,8)=U{1,N)-CTICXE(CI4PN(N+1)+CIOFMIN) 4
KCISPM(¥=1) )-ATHCTOXR(CIALLL y#41)4C28UCT,N)ICISU(L,¥=-1))
EC2,M)I=EPC(2,4)=EPC(1,4)=E(1,#)}~-DIDX*(CI*FE(NE1)SC2OPE(N) ¢
#CI¥PE(M=1) )-ATSCTCXS(CIAE(L, M1 )4CZ0E(14MISCINE(T1,M=1))
P(2,M)=PPC(2,4)=PPC(1,4)=PF(4,CE)

IFINSC.EC0210) GC TC 22

C==—=- PREDICTIOR FOR NSHK+2 = &(=10)
DPC{1 ¢S)1=DPCL1,10) ¢ UFC(1,5)=UFCI1,1C)
EPCL1,S)=EPC(1,10) § FPC(1,5)=FFC(1,41C)

22 GC YC 11
C
21 IFCINSCeNFE 101) eANDe(INSCaNEaS 1) cARCo(NSCeNE«1CO)oARND(ASCNE90})
*GC TC 23
Comm= PREDICTOR ARD CCRRECTICR FCFR ASHK41l = 4

M=ASHK+1
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2¢
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D{2,M)=DPCL2,4)=DPC{1448)=D{1,F) ¢ LL2,¥)=UFC(2,4)=UPC(144)=U(1,M)
F(24M)=FPC 238 )=FPCl1+8)=E(1,¥) § F(29P)=PFCI{Z,8)=PPCC1,4)=P(1,#)

IF(NSCeNE.101) GO YO 11
IF(NAME . FQoBHSHKCLSHK ) GC YO 22
~PREDICTOR FCR NCD+2 = £(=1C)
DFC(1,5)=CPC(1,10) § UFC(1,5)=LPCl1,1C)
EPCU1,4S)=EPC(1,410) & PPCI(1,5)=PFC(1,10)
GO 7O 11
~PREDICTOF FOR NSH+K4] = €
DPCL1,S)=C(2y¥) $& UPC(1,S)=L(24W¥)
FRC(145)=F(2:M) & PPC(145)=P(Z,¥)
GC TC 11

IF(INSCoRFalll1)oANCe(NSCeNEc=-G)eARL(RSCNEL1)) GC TG 24
-PREDICYOR AAND CCRRECTCR FCF ACLC3+2 = 4(=10)
IF{NAVME.EQoB+SHKCLCSKHK) CGC YD 2€

M=NCD+2

D(Z2yM)=DPC(204)=DPC(1,4)=DPC(1,1C)
U(2,4M)=UFC(24,8)=UPC{1,4)=UFC(1,10)
E(2,VM)=EPC(2,4)=CPC(144)=EFC(1,10)
FL24¥)=PFC(242)=PPC(1,4)=PPC(1,1C)

GC TC 11

OPC(Z2,4)=DPCL144)=0PC(14€) ¢ LFC(Z48)=LFC(]1,4)=LFC(1,6)
EPC(2,4)=EPC(1:2)=FPC(146) & FFC(Z,4)=FPC(1,4)=PPC(1,€)
GO TC 11

IF({NSCeFQo=10 )oCRal(NSCoECo89)) CC TC 11
SMFEF(I(NSCoNEoD) e ANDGINSCoNEe110) ANC o (PECoNE L 1CS)IoANCoINSCoNEC99) .
EFANCo{NSCoNE0279) o ANDe (ASCeNE o~11)eANCos(NSCeNFol11)}) GO VO 25
~PREDICTNOR AND CCRRECTICR FCR ANEFK4] = 4(=€)
DPC(24,4)=DPC(19a)=CPC(1,4€) $ UPCIZ4)=LFC{148)=URPC(1,:6)
EPC(294)=EPC(144)=EFC(146) $ FFCI2,8)=FFC(1,44)=PPC(1y€)
IF(NSHFKCDX.EQo1) GN TC 2¢
GC 7C 11

PRINT 1001 ¢NSCyNSHFKSGNyARSHKCD X
FORMAT(IH o5/ ¢% ASC=%,31S,10Xy?TRCLELE IN SFK=CC?%)
DELR=-ARS(DELR) % RCTURN

IFCU(NSCoEQo~11)oCRo(ANSCoECeD9)alFRol(RSCoECa0))cARLCo(ARSHKSGNaEQL0D))
*G0 70 25

TRFLCT=(RCDSAV-RESAV) /{ SSESAV=-SECLCSAY)
RS=RCC=RCCSAVATRFLCT*SECCSAV
60 TC 11

IF(NSC.NEL11) GC TC 28

IF(RCD L ToR2INSHK)) RCD=RE=R2{(NCD}I=R2(NCC¢1)I=RD(AFIRST }=RD(Ni )=
¥FR2(NSHK)

TRFLCT=(RE-RSESAV)/SSECAY

IF(NSC.NEL109) GC TC 29
I1F(RCDGTR2(ASHK+2)) GC VC 320
RDISCL INF IRSY )=RSHFK=ASHK~1

-CORRECICF FCP NCLC42 = CCFRFCYCFR FCF nCC91
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M=ACC+1
D(2¢Y41)=D(2,¥F) & U2,7$1)=U(2,VF)
FL2,Me1)=FE(2,MN) § P(2,M+])=P{Z,W)
GC YC 29

30 M=NCD
PS=P(24¥) ¢ DS=C(2,M) § USSU(Z,V) § ESSE(24¥) § RZS=R2(MN¢2)
U(2¢NCDIZU(24ACD#+2) & U(2,NCO#2)=L(2,ACC+1) § U(2,NCO+1)=US
E(2yNCDITE(2,NCD42) ¢ E(ZyNCDH+ZISE(Z,ACD+1) $ E(2,ACD+1)=ES
P(2¢NCD)I=P(2,NCC42) $ P(2,NCD42)=F(2,NCCH41) § P(2,NCD¢1)=PS
DI2yNCD)I=D(2,NCD+2) % D{2,NCD+Z)=C(2,ACD+1) $ D(2,ANCD2+1)=DS
ADISCL (NI )=NCISCLINLIY#)
R2INCD)=R2S ¢ RLC(AFIRST)I=R2(NCL42)=R2(NCLC+1)=RCO

29 RD(NF IRST)=RD(N1)
IF(NTYFE(NFIRST ) oECe2) CALL SHFKCDA(NFIRSTZN1,TRFLCY)
IF(NTYPE(NFIRSY)eEQe5) CALL CETCCA(NFIRST Nl ,TRFLCT)
RETURN

————— SPCL FLW FLD ACJSTMNT FR NSKHKCCX=1
100 DC 110 M=1,N
IF(M.GT.NCD+1) GO TO 102
1IF(¥sLT.KCC) GG TC 101
GO 7T 110 o
101 D(2,M)=D(14M)I=D{1,NCO+1) § ULZ,MI=LC1¢MI=LL14NCD+1T)
E(2,M)=E(1,M)=E(1,RCC#1) § P({2,M)=F(1y¥)=P(1,NCD#1)
GO TO 110
102 DU1,¥=2)=C(14M) § UCL14M=Z1=UC1,N) § E(1,M=Z)=E(1,M)
D(Z2yM=2)=D(2,¥) $ L(2,¥=2)=U(24¥) §$ E(2,M=-2)=E(2,V)
PU1,M=21=P(1,M) § P{ZyM-Z)=P(Z4V) § F(N=Z)=R(V) § FZ(M=-Z)=R2(V)
110 CCNTINUE
DO 1ZC M=14NTRISCY
IF(NDISCL (M) LT oRCD4+1) NCISCLAN)==1
IF(NDISCL(¥)eGEACD+1) ACISCL(M)=ACISCL(N)-2
120 CCATINUF
NFLM=AFLV=2 § AN=N~2
IF(N1+14LE-NTDISCS) NRHS(N1#1)=NRFS(NI41)=2
TF(R14+14LFoNTCISCS) NLFSINI+1)=NLFS(N141)~2

----- ACCT FOR PRYCLE PTH AND NEG ANC PCS CHRCT TRAJ CELL LCCTAS CHAMNGES

IF(NPPTH.LE«O) GC TC 126

DO 111 [=1,NPPTH

IFI(NCLPPTH (L) eCENCD+1) NCLPPTH(I)I=NCLFFTH(1)~2
111 CONTINUE
126 IF{NUMALES0) GO TO 1112

D0 113 [=ANUMAFST ¢NUMA

TF(NCLUMA( 1) eGELNCO®1) NCLULMACTI=ACLLMA(T)-2
113 CCATINUE
112 IF(NUPA.LE.O) GC YC 114

DO 11S I=1,NUPA

TIF(NCLUPA(T)eCELNCC41) ANCLUFALTI=NCLUFR(L)-2
11€ CCATINUE

114 NUSBC=3FYES
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NCODF=10HEHKCD " § CALL FRMYFF(RCCCE)

RETURN $& ERND
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SLARIJUTVINE SHKCCA(AFIRST N1 ,TRFLCY)
CCOWMOCN/FARAM/NgJyAJy CyCF yDELRyAFL W
CONMCN/TIME/T 4D oCTL, TRRITE«DELT (CTICX AT

COMMCN/F IRFETC/ZINDEXyNCYCLE ¢y MM yhAN ASTCRE yhSyNITRCTN
CCWNLCAN/ARRAYS/PISOL ) UL2¢501),F(Z4S01)4C(24S01)4E(Z4E01),R2(SC1)
CCWMCN/DISCS/NTCTISCANDISCANCES1) yATYPE(SY ) JACISCLUIS1)4SE(S1),5L(ET)
¢RC(EL)JATDISCT G ATCISCS

DEY STATES 4 AND £ DUE TC SHK~CC IMYERACTICH

SET STATEL 4O AS REF STATE FCR FCLAR SCLN, AS CVERALL REF STATF
STD CCNDIYS ASSUWED TC HLD ACRCSS CC F=CCrET 4 U=CCAST

VFL REF WRT SCRT(GF*pP1/C1)

F21=YC BF PEAC AS PEFSS IN SYTATE2 REL TC ANC ANCANCIM BY STATE]
U410=READ AS PRTCLE VvEL IN STTEA REL TC STTEL ANC NCADIM PY SYYED
UA1=READ AS PRYCLE VvEL IN STATE4 KEL TC ANC AONODIM BY STATED

TwC PCSSIBLF INTEFACTICNS - CEFFRCING CN YHE SPC CF SAC RATIN
A2.GT A1
- STATE -  =2+==§=—E=o(N-=84~=S=~== |=

“3=—-S§ew2-=CL-=1--

AZsl.TeA

- STATE - -3-~-F4RAFRE4Y-=Cuull-=4-~C~mm]-
-3---S--2--CC--1-~

GE=GF ¢ ITF(NDISCLINFIRST).GTNFLN) CE=C

SEY STATES 1,2 ANC 3

M=ADISCLI{NFIRST) & 1S=0 & IF(MNIYFE(NFIFRST)oNES2) IS=~1
FI10=F{2,M42422]1S) ¢ CIC=C2,M4Z423%31S) 1 LIC=UlZ,¥4242%1%)
F20=P(2,M¢1) § C20=D(2,M41) $ L20=L(2,M+1)
F30=P(2,M=-221S) ¢ DIO=CLZ,M~221S) 1 L2C=L(Z ¥-2%]F)
LU10=L10/D10/SCRT(G) ¢ U2C=L20/CZ0/SCRT(C) § LAC=LI20/DIO/SARTI(G)
A10=SQRT(PI10/CIC*GE/G) $§ A20=SCRY(F2C/C2C*CE/C)
A30=SCRT(P30/C30%CE/G)

SL32=SL(NFIRST-IS) ¢ SE30=SE(ANFIRET-1S)

SIGN=1¢0 § IF(SL22eLTe0C) SIGA=-1,C

P11=D11=A11=1) ¢ Ul1=CeC

F21=F20/9210 $ C21=C2C/DIC § AZ1=AZC/A1C
UZ210=L20-U10 $ U211=L210/sA10
SE21=SL32%A21+UZ 11

P22=F30/P20 $ F21=F32%P7 ]
U221=(L30-U20)/A10 & L21=y2Z21eL211
D22=D30/020 ¢ C21=C22%*DZ1

AZ2=A30/7A20 ¢ A31=A32%A2]

SET SUB CCASTS ANC ITEF CCUNTEFR
SLE3=SLS23=SLEAS=CEFRSI=CEF]I=SFET1=66¢€G6 SS9
BETA=(CE-1a)/(GE41¢) § ALPFA=Z /(CE-1s)
ARSIGA=~1 § DFLPSA1=0.5 § EFS=1.f~14 ¢ MNITER=Q



-166-

C

Crmmee GUESS PS1=P4] AS AVG BET F21 ARC F FCF U331 4T all
Ual=u3l
XI=(LA1-ULL)PR2/7A113%20CE/(1~EETA)
PA1={2¢XI+SORT(XI%24224.8XI%(1.4EEYA)))/2,
PS1=P41=(PA1+P21)/2.~0432222339CELPEGE

C

[ PERFORM ITER OF THE PLR SCLA

PRINT 1003,SL32,421
1003 FORMAT (1M1 ,SX ,%SHK=CD INTERACTA =~ SHK NACK NCoy A21=0,2F8.4)
1 NITERSNITER#!
IF(NITER.LTo78) GC TC 2
IF(NITEREQ.7E) DELLSAV=DELL
IF(NITFR.LT.86) CC TO 2
1F((DELUSAVel To2eE=-12)eANCa (DELLoLT02+E-12)) GC TC 100
PRINT 1000,CELU,DELUSAV
1000 FCRMAT(IH 35/ ,5X,%hCo CF ITERATICNS FAS REACHED WAX COF ES8,2E2Ca10
*)
IFINELULT9.E-10) GC TC 100
DELR=~ABS(DELR) § RFTLFRA
2 PS1=F41=Pa1+DELPEA]
SLAI=SCRY((P414EETA)/(1.4EETA))ASICN
SE41=SLA1%A11+UL1
UG1=(1.~-EETA)#(1o-1./5L81¢82)2SL 412411
Da1=1./(BETA+(1,~BETA)/SLA1%%2)
AGI=SORT((1.-BETA)#*28(SLA1P2Z-BETA/(1.+8FTA)IR(1,/5L418%24
*RETA/(1.-EETA))ISCE)

C
C——==~=CFHECK IF A2.CT o8}
IF(AZ1eLTecle?) GC TC 10O
C
C-~--= HERE A2.GTeAl SC SHK-SKK
PE3=PES1/P21
SLS3=-SCFY((PS3IEETA)/(1.4PETA))ESICA
SFE1=SLS28A31+U31
US31=(1e—BPETA)R(1o=1./SLE2952)3SLE2%431
USE=US31+U31
DS2=1./(RETA¢ (1 .-BETA)/SLE2%%2)
CE1=C53%031
AE3=SORT((1.~-BETA)$$22(SLS3#32-EETA/(1c¢+PETA)IB(]1/5LS38829¢
XRETA/(1.~PEYA))BGF)
AS1=AS3%A31
GC 7C 3
C
C
[ HERE A2.LT.A]l SO RARE~SHK
[ ASSUME A LEFT RURNING RAFRE

10 PE3I=PEL/PIY
DS3=( (2. +ALPHA)/ALPFA/(CEN(PEI=1,5)903. 14 9(ALFIFA/Z(Z,¢ALPHA))
DS1=ps2%D2Y
ACA=CE2%% (1 o /ALPHA)
AS1=A53%A3]
US21:—ALPHAS(AS2-1,)2A310SIGN
USt=US21+U31l
SLEII=SLEIS=-1,¢SIGA
SEF1=SLS23%A214U21 ¢ SETI=SLSIERAEeLE]
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3 DELU=ABS(U41-LE1)IH(ABS(1./U81)4ABS(1./LE1)) /2.0

PRINT 1001+NITER,DELPSZAL,CELUL2AZL 4FZ1 4021 eL211,Ull,
BE32,P21,C229D210A324A31 L3219 L229SL224,SE21,
*P A4 ,DA14A814,UQ1,SL81,SE£41,SLEIILSLEIELSEHT,SET],
EPC34PCL G CEI9DE19ATIGWAST yLE214LELySLE2LCEEL
1001 FORMAY(1F 415 ¢2E12e5¢CSF 127473 10F 12659/ 410F134S4/910F13.5,7)
C
IF(DELUJLE.FPS) CC TC 1CC

C
IF(LUSI*SICNLTUAI*SIGN) cARND o (RSICNOLEC)) CELFSA1=~AES(DELPSAL)
IF({LSI*SICNGLT «UG1*SIGN)oANCo(NSICNLECe=1)) NSICN=C
IF((USI¥SIGNLTeLA1¥SIGA)eANCo(FPEICAECel1)) CELPS41=-ABSI(DELPSAL)/
*2.
IF((UQAI®SICGNGLToUSI¥*SIGN)«ANCo (NS ICANCECe~-1)) CELPEGI=ABS(DELPES])
IF((URIXSICNGLTeUSI®SIGN) eAND«{PSICNCFoC)ICELFEQI=APS(DELPS41)/2a
IFL(LA12SICNLTUSTI*SICN) cANDa (RS IChNJECSC)) NEICGN=]
GC TC 1
C
C
Cowwmw ACD CISCS TO THE FLCw FIELD

100 ANI=NTLISCT ¢ L10=UL10%2SCRT(G)

NDISCNC(NT+1)=NTDISC+1 § ACISCACINTY42)=NTCTISC+2
NDISCAC(AT+3)=RTDISC+2

NTYPECNT+1)=NTYPE(NT43)=2 § NYYFE(NY 42)=2

SLINT+3)=SLE2 ¢ SLINT4+1)=SLA1 & SL(NY+Z)=0.0

SE(NT+3)=SES]1 tA10*SQRT(C)IHUI0 ¢ SE(NT4+1)=SEQ1%A1C*SQRTI(G)+LI1O
SE(NT+2)=U4I %A1 0*SCRY(G)I4U10

NCO=NDISCLINE*IS)
R2INCD)=R2(NCLC+1)=RCINT 42)=RO(AF IRST I+ (UAL1%A103SARTI(G)IeL1I0)®
*(DYT=-TRFLCT)

FOIAT 43 )I=RO(NFIRSY J+SE(NT4I)IS(CTY-TRFLCTY)

RDINT+1 )=RD(NFIRSY )+SE(NT¢1)*(LCT-VRFLCY)
IFIRCINT+342%IS) LT R2(NCD~-1)) RD(NT+3242%1C€)=R2(NCD-1)
JF(RCUNT+1-2%1S)eGT F2(NCLC+42)) FLIAT41-Z231S)=R2(NCC*+2)
NDISCLINTI)I=NDISCLINFIRST)==1 §& ADISCLIAT+342%1S)=nCD~1
ANCISCLANT#1-24]IS)¥=nCC41 ¢ NOISCL(NT+Z)=NCD

C—>-==- SEYT THERNMC AND GAS PARAVWETERS IN CELLS NCC,y, NCD#)

USO=USI*A10%SCRT(G)4UL0 § UACSUAL2ALIC*SCRYIIG)+ULO

V=NCD~-1S

DSO=N(2,M)=DS1¢D10 $ UL2,M)=UECEDEC § FEO0=F(2,M)=PS1%P10
E(2,V)=DSO*(PSO/CS0/(CE-1e)4UECEIZ/2,)

M=ACD+1¢1S

040=D(2.M)=04|‘Di0 $ U(ZyM)=UACH¥DAL & FAC=F(ZV)=FA1%*P10
E(2,M)=DA0*(PA0/CA0/(CE-1,)¢UA0%82/2,)

NTDISCT=NTDISCT43 $§ NIDISC=NIDIEC+2

IF(A21 .CT410) GC TO 101

NTDISCT=NTDISCT~-1 $§ NTOISC=NTLCJISC~1}

NTIYPE(NT42)=4-47%]1S

M=ANCD-1S § MM=NCC-1-~3%]S

D{24MI=D(2,¥VM) & U(2,M)=L(2,FN) § E(2,VM)E(2,NN) § P(2,M)=P(2,MM)

191 NCODE=10FSHKCEDA $ IF(ISeFCe~1) NCCCE=MCHCLCSHKA
CALL FRNTFFINCOCE)
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NITRCTN=3+YES

RETURN $ END



AN AN
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SUBRCUTINE CETCDA(NIyN2,TRFLCT)
COMMCN/PARAM/N g Jy3AJ¢GyGF DELRyNFLY¥
COMMCN/TIME/ZT ¢DY yDTL s YWRITE 4yDELT 4D TIDX AT

CONMUN/FIRFEY C/INCEX NCYCLEG AN gARN Gy ASTCRE JANSyNITRCTN

CCMMCAN/DI SCSKF/RDSAVIS] ) ¢NLHS(S1) MRFS(E1)4ACRCSS(EL)
CCMMCN/FOWER/V(APF,RAR],PDFOWEF yPPCWER yCAD yCCAPF y SFECLD ¢ySFE 4NCJ
COMMCN/ARRAYS/RIS01 ) yU(2 4501 ) 4F(2,4S01)4C(2,501),E(2,501),R2(501)
COMMCN/DIcCS/NTDlSC'NDlSCNO(‘I).NYYPE(‘l),hCl‘CL(‘l).SE(S!) SL(51)
% RD(S1 )¢ ANTCISCT4NTLISCS

~STATE~- ~e—]==—4=CETCNATICA=3= =
~STATE~-~ —==1~DETONATICN--2~C0=-2~~-

ACDO=RDISCL(N2) & VMI=NCCHZ

DC 1 wN=M] N

Pl1yM=2)=P(1yN) SD(1,VM=2)=C(1 VM) SULLyN=-2)=U(1yN) SEC1,VM-2)=E(]L4M)
p(?y“‘2)=?(2yﬂ) ED(2,M=2)=D(2¢¥) SLIZCyN-2)=LU2yM) SE(24¥=2)=E(2,¥)
R(VM=2)=R{M) § R2(M-2)=FR21(¥) .

CCATINVE

DC 2 NM=A2,NTLISCT

IF(NNDISCLIN)«CTaNM]I) ANCISCLIVM)=ACISCLIN)-2

CCNY INUE

A=N=2 $ NCISCL(NZ2)==}

TF(N2#1 JLEANTCISCS) ARHSIAZHLDI=ARRSE(NZ241)-2
TTF(A241 4LELNTCISCS) NLESIN241)=NLFS(NZ41)=2

BEYA=(CF=~1.)/7(GF414) ¢ R=(GF-1e)/(C-1s)
PGO=(1.4RETA) S (VCAPF~EBETA)/(1+-BETA)-EETA
A=SQRY(P(2,NCD)/C(2,NCD))
PC=1e4(PGO-1)/A%224GFE( 1o~ 1e7A%%2)2(C/GF*B-RART)
SLINL)=SOCRT((2+%FG~(1e-EETA)I2 q8SCRT(FCE2~(1.~BETA)®PG-BETA))/
¥(1.~EETA)/C)
SE(N) )= SL(kl)‘SQET(C)’AOL(:.N(C)/C(z.NCD)

RD(N1)=RDINI1)I4SE(N1 )X (DT-TRFLCT)

IF(RCCNL)eLTeR2(NCC)) CC TC 3

IF{RDINTI}eGT «RPINCD+1)) RDINIL1)I=R2(NCD+1)
PS1=(1+—FLTA)/2.8(14G*SLINL1)IEEZ) 1 F(Z,NCDI=FSI1¥PL2,NCD)
US=SORT(GI*A*SQRT((1.-PETA)*(FS1-FC)*#(FS1~14)/G/
2(PSI4RETA)ISUC2,NCD)I/D(Z,NCD)
DU2,NCC)=D(2¢NCC)/(1e~(1e~EET2)A(FSI-FC)/(FS14RETA))
UL2,NCDI=US*D(2 4NCD)
E(2,NCDI=CU24sNCCIE(P(2,ACCI/CUZ\NCCI/(CF-1,04LS82/2,)
NFLM=NDI SCL{ANL)=ADISCLINL) ¢1L '

A=SQRT (P (2,NFLM+1)/D(2,NFLM+1))

PG=1e4(PGO~1e )/ A%¥24GF¥ (1 o~1./7A232)8(C/CFIE-RARL)
SLIN1I=SORT((2.%PG~(1~BETAI¢2.¥SCRT(PG*$2-(1.-BETA)I¢PG-PETA))/
%(1.-EETA)/G)

SE(NI)=SLINL) *SORT(GI*ASL(2AFLN41)/C(2,NFLN41)

NCCDE=]10OFDETCD $ CALL FRATFF(NCCTE)
NITRCTN=3HYES

RETURN § EAND
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SLBROLTINE SCLCFLM(AFIRSTASECCAL ATHIRCoNAME)
COMMCN/ZPARAM/N gJ gAJ oG oGF yDELR pAF LY
CCUMOCN/TIME/T 4yCTDTL y TWRITELDELTyDTDX, AT
CCVWCN/PRFDCCR/CPC(2413)oUFC 2012 )0EFCI2,13),PPC(2013)
COMMCN/ZARRAYS/R(SO01) UL 2415010 4F(2:501)4D{2:,%501),EL2,501),R2(S01)
CCMMOIN/DISCS/Z/NTCISCyNDISCNC(SIIsNTVYPEC(SEL ) NCISCLEE1)oSE(EL)oSL(ST)
ZoRD(ES1)ANTOISCT,NTIDISCS

PRINT 1001 ¢NAME

1001 FCEMAT(1IH o1X44A4)
RS=RDO(NF IRST) § SSL=SLI(NFIRST) % SCSE=SE(NFIFST)
ASHK=ADISCLINFIFST) § RCC=RD(NSECCAD) § SECD=SE(NSECOND)
ARCD=NDISCL{ANSECCAD) ¢ RF=RCI(AT+IRC) $ SFE=SE(NTFIKLC)
SFL=SL(NTHIRD)
RCODTEST=RCO+SECC®CTY
NXSCD=9
IF(RCDTESToaCT oR2UINCL42IINXECD=1 § IF(FCCTESTol ToRZ(NCD=1)INXSCD=-1}
SFESAVY=SFE
IF(PCDIESTLLE «RF4SFE®DT) GC TC 1

[ PFRINT 1000 NCLoRCLySECLRCCTYEST ¢RF4SFELCT

1700 FORMAT{IH 35/91X¢1546E18:57/9% TRCLEBLE SHrK-CD FLMy CC~FLM MERGE¥)
FETURN

1 NSCDF=10%2({NFL¥-NCC=-1) ¢NXECT

CALL SHKCDINF IRST NSECCNLC ¢EHSHERCDFLW)
IFIRCC.GToRF4SFERLCT) CC TC 6
IF(NAVME.EQ.4HSECFS) GC TC 2 .
C—-—— PEFDICTCF AAC CCFRRECTCFR FOR NFLVeL1 = 1IC
M=AFL¥M¢+1
D(2,M)=DPC(2,10)=DFC{1,1C)=0F(M,C)
U(243¥)=UFC(2,10)=UPC(1,10)=UF(M,0)
E(2¢V)IZEPCI2,10)=EPC{1,10)=EF(k,0)
P{2y¥)=PPC(2,10)=PPC{1,1C)=PP(1C,C)
Cm—m—- PFEDICTOF AN CCRFECTCFR FCR ANFLKM = 9
CALL SFVDPD(G¢GF qPPC(1410)¢DPCE1,31C)oSFLoVCFO,DELR)
D2 NFLM)=CFC(2,9)=CFC(1;9)=CFC(1,10)/VC
PIZyNFLMI=SPPC(2,5)=FPC(149)=FFC(]1,10)%FC
U(24NFLM)IZUPC(2,G)=UPC{1,,5)=CPC(1,S)R(SFLR(1.-VD)+LPCl2,41C)/
#DPC(1,10))
E(24¥)=EPC(2:G)=EPC(1,4G)=DPC(1:S)2(PFC(14S)/CFC{1,5)/7(CF=-10)¢
FUPC(1 49)%82/DPC(1,9)9%2/2,)
2 IF(INSCOF oEQe10)6eCRe (NSCLFoECoz1)) CGC ¥C €
IF(NSCDF «FCs9) GC VO 3
C—-~=-FREDICYCFK FOR AFLM-]1 = 8
M= NFLM-]
DPC{1,8)=DP(M,0) § UPCI{1,8)=UP(P,0)
EPCU1,8)=EP(Ny0) § FPCL1.8)=FF(E,HCF)
[ CORRECYCR FOFR NFLM-1 = @
M=NFLNVN-]
EPS=(R2{M)-RCC) /DELR
C1=2 % (2 «-EPS)/(1,4EPS)
C2=2+%FEPS~30 § CI=(1.-EPS)S(2,9EFS-16)/110EPS)
D{2¢M)=DPCL 2 8)=(D(1M)4DPC(L1,E)CDTOX(CIH*UEC(1¢T7)I4C22UPCH(1,8)¢
HCIFUPC(1,9) )4 ATHICTDOXA(CISCPCIL ¢7)0C24CFC (1€ }4CIICPCI1,5))1) /2.
UG2,4)=UPC(2,8)=(U(1 M) eLPC(1L,8)¢CTDXR(CIECH(T7I4C28CM(BIICIACM(9))
FEATECTOXE(CLEUPC(1 4, 7)9C25UPCI148)4C22UPC(1,S5)))/2,
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E(ZyM)=EPCI24E)=(E(1,M)4EPC(1,EI4CTDX* (CIBCE(T)I4C2#CE(EISCISCELY))
¥+ATEDTIDX#(CISERC(1,7)4C29EFCI1,ED¢CIEPC(1,5)))/2. .
P(2,M)=PPC(2,P)=PCLE,GF)

GC TC a

----- PREDICTOR FOF NFLM-? = 8(=C5)

DPC(1,8)=DPC(2,5) & UPC(1,8)=LFC(Z+5)
EPCL]1 4RIZEPC(245) § FFC(1+48)=FFC(Z,%)

————— CORRECTOR FOR KFLV = G

D(2yNFLM)ISCPC(299)=CC{S RFLM,C) § L{Z NFL¥)SUFC(Z,4G)=UCIS,NFLW,C)
EC2¢NFLM)ZEPC(2,4S)=ECI{G4NFLV,0) § FU2,AFLVN)=PPC(2,9)=PC(G,GF)

—==—=CORRECTOF FOR NFLM+1 = 1C

VO=DFC{1,10)/CPC(1,9) ¢ CALL FLMAZ(S,VL,SFL)

M=ANFLMe?

N(2y¥)=DFC(2,10) § U(ZyM)=UPC(Z,1C)

E(24M)SEFC(2410) & F(2,¥7)=FEC(2,410)
ROINTHIRD)=R2{NFLM41)=FZ{NFLN)=RF=RF+SFESAVSDT
SEINTHIRDI=SFLAUL2 4 NFLN41)}/D(ZNFLM¥+1) § SLINTHIRD)=SFL

RETURRKR ¢ ENC
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SUBPROUTINE SCOFLMS(NFIRSY ,ASECCAC ATHIRC JN1)

CONMCRN/FARAM/ N JgAJyCoCFyCELRYNFLM .
CCNNCN/PREDCCR/CPC(2412)yUPCIZ o 13)4EFCI2,13)4PPC(2,13)
CCVMMIN/AFRRAYS/R(SO1)I,Ul24501)4F(Z2,%501)4C(245C1)4EL(Z,501),,R2(5SC1)

CALL FLMSFK{AFSCES NTHIRC4N1)

----- PREDICTOR AND CCRRECTCR FCR NFLNM = G(=7)
CU24NFLW¥)=CFC(2,5)=CPCI145)=CFC(1,7%)
UG2¢NFLM)SUFC(2,9)=UPC(149)=UFC(1,7)
E(ZyNFLM)I=FPCL24S)=EPCL14S)=EFC(L1,47)

P2 NFLM)=PFC(2,9)=FFC(1,49)=FFC(1,7)

----- PREDICTCR AND CCRRECTCF FCF AFLM41 = 1C(=¢8)
DEP¢NFLM#1)=CFC(2,10)1=CPRC(141CI=CPC(1,E)
UC2,NFLM$1)=UFC(2,10)=UFC(1,10)=UFC(1,8)
E(ZyNFLM41)=FPC(P,1C)I=FPCL1410)=EFCL1,4E)
P2 NFLVM$1)=FPC(2,10)=FFCl1410)=PFC(1,€)
"CALL SCDFLM(NFIRST,ASECCAC,ATHIRC 44FSCFS)
CALL FLVMSFK(AFSCFK NTFIRC,N1).

RETURN § ENN
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SULBROUTINE SKCDSHK(NFIRST JASECCAC,M)
COMMON/SCS/SECDSCSRCDSCSyNXCCECS
CCVMON/DISCSKF/RCSAVISE Do ALFS(EL ) ¢ MRES(S1)NCRCSSCEL)

CCMMCN/DI SCS/ZNTDISC yNDISCNCIS1 ) ghTYPEL(S]1 ) ¢NCISCLIS1)4,SE(S1),5L(51)
%, RC{S51 )4 NYCISCT 4NTCISCS

PRINT 1000
1C00C FORMAT(IH 41X *#S+K-CC-SHK CALLELC €Y C1SCH)

C
NCD=ACISCLANSECCAD) § SECC=SE(NSECCANC) § RCC=RDI(NSECOND)
NAWE=EHSCDCTYL $ IF(NCC-NCISCL(NFIRST ) EGal) NANVME=EFSCODEC!
CALL CDSFK(NSECCND,N1 ,NAME)

C
PCDSCS=RD(NSECOND) ¢ RD(NSFCCAD)I=RCD
NCCSCS=NLISCLINSECCND) § NCISCL(ASECCAC)I=NCE
SFCOSCS=SE(NSFCCAND) ¢ SE(NSECCAC)I=SECC ¢ AXCLSCS=NCRCSSINSECOND)

C
CALL SHKCLDU(AFIRST JASFCCANLCyE8FSHKCLCSHK)

C

REYURN §& ENC
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SUBROUTINE DSORSC(IToNI (NJ4NANE)
CCWMCN/FARAM/N g JoAJyGyCFoCELRyNFLY
CCWMMCN/TIME/T oDV (DTLy TRRITE JCELT 4CTCX A7
CCMMCN/DISCSKF/RESAVIEL ) JNLFS(E1),ARFS(E1) RCRCES(ER)
CCHMIN/PREDCOR/CFC{2¢13) 4UPC(24103)4EFC(2413),PPC(2,13)
CCMMCN/POWER/VCADF yR4R1 4 PCFCUEFR FFCRER ¢CAC y CCAFF g SFECLE ¢SFE 4NC
COMMINZARREAYS/R(S01)4Ul24501)3F(Z9501),C(2,EC1),E(Z,501)4R2(S01)
COMMCN/DISCS/ATDISCyNDISCACISE) JNTYPE(EL ) NEISCLIS1)SECS51)oSL(S51)
#,RC(S1),ATCISCT,ATCISCS

C2M{SSLyCE¢MI=D( 1 4M)/ZI(CE-14)/7({GE¢1o)ezo/7{CELL)/SSLRESBD)
U2MISSLaCFoMISD(2,MIB(U(L14M)/C(14VM]ISSORT(GERP (1 ,MI/D(14MIIR( 2,/
Z(GE+1o)¥SSL2(1e-1e/7SSLE%2)))

F2N(SSL¢GE ¢M)I=P (14 MIX(2,2CE/(CE#1)2SSL 832~ (CE—1)/(GE+1e))
FE2M{GE ¢MI=D(2 ¢MIBIF(24M)/0(24N)/(CE-1a)4U(2,N)2%2/D(2,M)2282/2,)

SSLS(PAHD,DEHC.(F)=SCFT((FEPGIF‘FC’(GE-].)/(CEOlc)"(GEO!-)/Z./GE}
SCESISSL yGE 4K 4L )=SSLESCRT(GESFPCIKGL)I/CFCIKLL)ISUPCIK, L )I/7DPCIK,L)

PGLl(A)=1o4(PGO~14)/A%323CFRH(la-1a/7+%22)0(C/C(FFR~-RA4R])
PETA={CF=14)/(CF41.) ¢ B=(GF=1:.)/(G-1.)
PGO=(1 c+PFTA) S (VCAPF-PETA)/(1-EETA)~EETA

G1=G $ JF(ANCISCL(NI)41oLELNFLPF) CI1=CF

G2=G6 % IF(NDISCL(TTI)41.LENFLV¥) G2=GF

G3=C % IF(NCISCL(II)sLENFLM) C2=CF
NCRSTI=NCRCSS(TIT) & MIT=ACISCL(TII)+]
NCRSNI=SNCROSSINI) ¢ MNI=ADISCL(NID+1
NEC=100®(NCISCL(NI)I=-NCISCLCII))I+102NCRSITIANCRSNI
PRINY 2000 4NAME yNCRSTITyNCRSNI oW 11 ,MNIZIT NI yNSC

2000 FCRVMATU{IF ¢1XeA7,1X,71%)

IF(INMITEGCaVMNT) o ANCo (NCRETTGECa1)ePRCo(RCRSMTILEC.0)) GC TO 72
GO TO 71 . :
NCRSIT=NCFCSS(IT)=0 § AFFSCIII=RRES(IL)-1 § CC TO 1
IFINRHS(ITI)aNEoMNI) GO TC 1}

—~SHKAI(ANCFS=0) PRLYR FR ASHK=—140414251,2,244 ~ CRRCTR FR ASHK,1=2,3
~~SHKNI(NCRS=1) PRDTR FR NSHK~130p142¢3 AND CRRCTR FR ASHK¢1,2=2,43,4

IF(NANELEC.THFCTSKSKO) CC TC 2
AF((RAVEEQeTHSPECIAL) e ORo(NAMEGEQGa7HSFECTIAL)) GC TO 2
IF(NTYPE(NTI)eEQe2) CALL SHKERCINTID) ySE(NT)gSLINTI)oADISCLINIY)
TF(NTYPF(NIDoEQoS) CALL CET(RCINE)¢SE(NIDoSL(RT) ACISCLINT),NCRSNI
e 7H DSORSDWNI)

GC 1€ 2

—~SHKNI FRFDICTCR FOR ASHK4Z4NCHRSNI = 4

IF{{(NAMEGCEQe7HDTSKSKO)oCR(NANELECa7HSFECTIAL)) GC YC 2
GE=G1

M=NDISCLINTI)+24NCRSNI

DPC(144)=DP(M,0) & UFC(1,4)=UF(¥,C)

EPC(144)=EP(¥,0) & PPC(1,4)=FP(Aa,CE)

-~SFKN] FRFCICTCR FCR NSHEK4LANCRENE = 2

M=NDISCL(NI)¢1+NCRSNI
DPCU14y2)1=0P(MyC) & LPC(1,3)=UF{N,C)
ERPC(1 43)=€B(M,0) & FFCU1,3)=FF(2,CE)

-~ SHKAl COFRRECYCR FCR NSHK4IORCRSAE = 3



-175-

D(24M)=DPC(293)=CCI3yMyl1) § U(2,¥)=UFC(2,3)=UC(IeM,y1)
E(2,M)=CPCL2,2)=EC(3,My1) $ P(2,VM)=PFC(2,3)=PC(3,CE)
C——=~===SKKI] PREDICTCR FOR NSFHK-1 = €
2 IF(NAME L Qe7H DTEXKSK) GC 1C 7
M=NDISCL(IT)-1
DPCI14,6)=DP(N¥,0) ¢ UFC(1,€)=UF(NM,C)
EPCU1,€)=EP({M,0) & PPC(14€)=PP(E€,C2)
Cr—=m= SHKIT1 FREDICYCR FCR ANSHK = 7
M=ADISCL(1I)
IF(NDISCL(II)EQ.NDISCL(NI)) GC TC €
PS=P2M{SL(I1),G2,MI1) § LCS=C2M(SL(11),C2,M11)
US=U2M(SLITI)G2,MIT)/C(2,MIT)RCSE
IF(NTYPE(II)<EQe2) CC TC 6
A=SQRT(P(14MIT) /D01 N1T)) § PG=FCGLl(A) _
PS1=(1e~FETA)/P?e%( 1.4 GHSL(IT1)%22) ¢ FCYISPS=FSI*¥P(1,MI])
DDY=0S=D(1 4MII)/ (1 e=(1e~EETA)I(FS1-PC)/(PSI4EETA))
UDT=US=DSB(SORT(G )2A*SCRTI((1.-EETL) *(PE1-FG)2(PSI-14)/G
 /(PSI4BETA)IIU(L1oMIL1)/D(1MIT))
EDT=DS¥(PS/LS/(CF—14)4LS¥%2/DS322/2.)
GO TD €
) IF((NAMF ¢ECeTHFDTSKSKO) «ARCA(NLCISCLINJIIILECVNI)) GO TO Q€
IF((NAME cEQe 7HSPECIAL ) s ANC o (NCISCLINJ)}®1JECMNTI)) GC TC 102
PS=F2NM(SLINI)yCly4MNI) & CS=D2VISL(NT)C1,¥MN])
USSU2NMISLINT) 4Gl 4MANT)/C{2,MNT)*CS
IFI(NTYPE(NI)«EQs2) GO YC S7
A=SCET(P(1,MNIV/ClLl,¥N1)) ¢ FG=FC1(A)
PSI=(1e~FEETA) /2% 144 CP*SL(NT)*%2) § FLTI=PS=FS1%P(1,MNT)
CLY=NS=D(1 ¢ MNT)/ (1 e=(1.-EETA)Z(PSI-PCI/(FSIIEBETA))
LDT=LS=DSX(SCGRT(G ) *AXSCRT((1.-FET2) B(FS1-FG)2(PS1-14}/G
¥ /{PSI+4BETYA))4U(14MNI)/0(1,4¥NIT)) ‘
FCT=NS*(PS/DS/((F-1)4LS*22/05%92/2,)
GC TC ©7
102 PS=PFC(l41) $ CS=CPC(1,1) § US=UPC(1,1)
GC TC <7
S¢ PS=PZMISLINY) 4G oMNI) § DS=D2NM{SLIMJ) C oWAI)
LES=U2VMISLINJ) oC yM¥NI)/LC(2,MN1)RCS
IF(NTYPF(NJ).EQe?2) GC TC 82
A=SCRY(P(1,MNI)/C(1,MNI)) & PC=PCI(A)
PS1={1e~EFTA)/2e¢%(] o¢ C*SL(Ny)222) § FCT=PS=FS1eP(1,MN])
DOT=CS=D(1 ¢yMNI)/(1e~(1~EETA)R(PS1-PG)/(FSI+EETA)) -
LCT=LS=DS*(SQRT(G ) *A*SCRT((1.~-EET2) (FS1-PG)O¥(PSI-1.)/G
* /(PSI+BFTA))I4U(LFANI)/DCL4¥MNT))
FDY=NS*(PS/DS/(GF-1.)4LS#22/DCSW¥42/2,)
a2 IF(NTYPE(NI).EC.2) CC TC 83
A=SQRT(PS/DS) $ PG=PG1I(A)
PS1=(1—CETA)/24%() ¢ CESL(NI)#22) § PCY=PSE=PSI%PS
US=(SQRT(G )*A®SQRT((1.-BETA) $(FS1-FC)*(FS)-1)/C
* /(PS14RFTA))HUS/CS)
DDT=DS=DE/(1o-(1a~EETA)®(FSI-FCI/ (FSI4EETA))
LDT=US=US*DNS
ECT=CS#(PS/CS/(CF-1,)8US%342/DSR82/z.)
D<ct=DS § PS1=PS § LS1=LS
GO YO 97
e3 GE=G $ IF{(NTYFE(NJ) +LCoS) CE=CF
US=US/DS+SORTIGEIPS/DE)¥Z4/(GE+1 JASLIATINI*®(1e~1o/SLINIDSR2)
CSI=NS=D2V(SLINT) 4 CEaMNTI/C(1,MNT)ADS
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USI=USZUS®EDS § PSI=PS=P2N(SLIRTI ) gCEMANT)I/F (1 ,MRI)SFS
97 IF(NTYFE(II)2EQ.5) GC TC €3
GE=G?2
US=US /LS +SORT (GESPS/CS) 2/ (CEC LI NSLAITIN(da-1o0/SLTT)R%E2)
DS=D2M{SUITI)4GEN#NI)/C(1,4MNTDSCS
US=US*DS
PS=P2NM(SLIII),CFyMNTI)/F(1,MNI)%FS
GC TC € i
€3 A=SQRY(PS/CS) $§ FC=PCIl(A) .
PS1=(1e-BETA)/2a%(l et GeSL(I1)%%2) § FCT=PS=PS1%PS
US=({SQRT(G )*AXSQRT((1.~-PETA) 3(FS1-FGI®(FS1-1.)/G
% /Z(PS14PETA)Y)HLS/NS)
DDT=DS=DS/(1e-(1e~BETAYX (FSI-FC)/(FSI4EETA))
LDT=US=USEDS
'Fow—oct(n</osztcr-|.)osttzzccttzzz.) ’ .
€ ES=(PS/DS/{G3-1.)4LS*42/CCS*82/2,)8CS ’ '
EFS=(RC(I1)~R(M))/DELR
C1224%(2.-EPS)/l1a%EPS)
C2=2.3EPS~3, ¢ C3=(1.~EPS)¥(2.%EPS—14)/(1.4EFS)
DPC{1,7)=C(1¢NM)-DTOX*(CIBLS+C22L (1 M)I4CIHU(TI4¥-1))
UPC(1,7)=U(14M)=DTDX4(CIA(LSHLS/DSIPSSRO(ITIVRJII4+C2EPM(N) ¢
EC3I*EN(M=1) C
EPCU1,7)=FE(14M)=DTOX*(CIRLE/LSH(ESHFSHRL(TITIH2J)4C2%PE (N )ICIS
*PE(M-1))
FFC(147)=FF(7,G3)
----- SHKI1 CORRECTCR FCR NEHK = 7
D2y ¥)=DFC(2,7T)=CC{7,¥y0) ¢ ULZ,MISUPC(Z,7)=LC(T4H,0)
E(2,M)=EPC(2,7)=ECIT,N,C) & P(2,V)= ppc(2,7) FC(74C2)
7 IF(NCROSS(II)«NEo1) GC TC 3
————— SHKII1 FRECICVTCR FCR NSHK4l = 8
GE=G2
DFEC(1,8)=D2M(SLITIT)(CE,MIT) o
UPCU1,48)=L2VM(SLUIT) GEGNITD/C(2,¥11)2CFC(1,€)
P(2,MIT)=PPC{1,B1=P2M(SLCTIT),CE,MIT)
ERCI1,8)=DPC(1,8)%(FFC{148)/CFC(1)8)/(CE=~1.)3UPC(1,B8)%382/DPCL1,8)
KEB2/2,) '
IF(NTYFE(II).ECa2) CC YC 3
PL24MIT)=PPC{1,8)=PCT § CPC(1,8)=CCY ¢ EFC(l.B) EDT $ UPC(1,8)=UDT
3 TF((NCROSS(NI)eNEL1)ORL(NRHSITIT}EC.MNT)) CC TC &
IFCINANMELEC.THFCTSKSKO ) eCRa {NANELECL7HSFECIAL)) GO TO 4
————— SHKNI PREDICTCR FOR NSHK41 = 2
FL2,MN1)=PPCl1,2)=P2M(SL(NTI),CloNNL)

4 IF(NRFS(IT)EC.MAI) GC TC 10
IF(NRHSIIT)eEGCaMAI4]1) GC ¥C 20
IFINRES(IT)oFCMNTI®2) CC YC 2¢C
ITF(NRHS(II).EC.MNI®3) GC TC 24

10 IF(NAMFLJAETHRTSKSKO) GC TC 8¢
GC T¢ 22
C==-= SHEFKNI PRECICYCR FCR NSHK = 2(=1)
a1 DPC(142)=DPC(1l,41) $ UFC(1,2)=LPC(1,1)
EPC(1,2)=EPC{1,1) § PPC(1,2)=PPCl1,1)
C—=-—- SFKNI PRFCICTCR FOR ASKFK=1 = 1
M¥=NDTISCL(NT)=1
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DPC({1,1)=DF(M;0) & UFC(1,41)=UF(N,C)
FPCU1,1)=EP(M,0) ¢ PPC{1,41)=PP(1,G2)

~=-SHKANI CCRRECYCR FOR NSHK = 2

M=NDISCLINI) .
D(2,M)}=DPC(2,2)=DC(2yMyC) $ ULZ MISUFC(2,2)=LC(24V),0)
E(2¢yM)IZEFC(242)=EC(2yVyC) § F(2,NM)=PFC(242)=PC(24G2)

—=SHKTI] CORRECYCR FOP NSHK414NCKRETT = 1

D2, MIT4NCRSTIII=CPL(241)=CCULL4NMITIHNCRSIT, 1)

U2y YTT+NCRSIT)I=UPC(2,41 )=UC( (L1 4MITHARCFSTII,1)
E(2yMII+NCRSTITI=EPC(2,1)=EC(I,MII4NCRESII, 1)

P2y MI14NCESIT)=FFC(2,41)=FC(1,C2)

IF(NTYPE(I1).EQeS) GO TC €2
SSL=SSLS(PPC{141)4PPC(L1y7INCRETIT)HCZ) § SSF=CEESISEL ¢GZol,l)
IF(NCRSITeNE.1) GC TC 11

~=SHKIIl CORRECTOR FOR NSHK+41 = E

SEL=(SSL+SL(IT))/2.0 § NCISCLCIT)=ACISCLCIT)4NCRSII
TF(NTYPE(IT)eEQeS) NFLM=NCISCL(IT)

GE=G2

D(2,MII)=CPC(2,8)=C2VM(SSL,CE,VII)
UC2,MTIT)=UPC(2,B)=U2MISEL,GELVNIT) .
P(2,MIT)=PPC(2,B)=F2M(SSL,CE,NIT) § E(ZyMIT)=EPC(2,8)=E2M(GE MII)
GO TC 11

1F(NCRST1,EC.0) CC TO €2 :

D(2,M11)=DPC(2,8)=CDT $ L(2,M11)=UFC(2,8)=LLT
F({ZyMIT)I=FPC(Z,8)=EDT § F(Z, V11 )=FFEC(Z4E)=FCT

SSF=SE(I1) § NCISCL(II)=NCISCLUII)4NCFSI]

IF(NTYPE(II)eEGeSE) NFLM=ADISCL(IT)

GC TC 11

A=SCRT{PPC(1,1)/CFC{1,1)) § PC=FC1{A)

SSE=A$SOPTI(G) ¥SORT((248PG=(1e-BETAD42.2SCRY(FGE#2~(1.-PETA)SPG
$—BETA) )/ (1«~BETAI/C)4UFC(141)/CFC(1,1)
RO(TII)=RD(TI)#(SSE+SE(TIT))/2.9CY

IF(NTYFE(II).EQeS) CC TC €4
SLITT)=SSLS(PFC(241)4FFC(2,74NCFS11),C2)
SE(IT)=SSESISL(I1),G2,2,1)

GC TC S5

A=SQRT(PPC(2,1)/CPC(24,1)) § PC=FC1(A)
SLITTI=SCRT((Pe*PG—(1e~FEETA) 42 ¥SCRY(PGI22-(1.-BETA)¥PG-BFTA))/
#(1.,-BETA)/G)

SE(TI)=SL(11)¥SOQRT(G)BALPC(241)/CFCLZ41)

IF((RD(IT)oGT ¢R2IMII))eAND ¢{NCRSIIoECaC)) RC(II}=RZ(MII)-DELR®
*1,E~10

IFC(RDIIT) LT oRP2(MITI))oAND(NCREITECe1)) RCULII)I=R2(VI1)S¢DELRS
*1,E-10

IF((RDCIT) LT oR2(MII-1))cAND(ACREITECeC)) RO(III=R2(NII=-])
#+DFLR*1.E~10

IF((RI(I1)IGTRD(NTI))eANCLINANELEC.T7F+ CISCLE)) GC YC 100
IF({RD{II)eGT JRD(NT)) ANCL{NANE.EQ.7F CISCSC)) GC TO 100

RE YURN ) :

IFCINCFSTIeEQ+0) «ANCL(NCRSNIECL.0)) CO YO 21
TF((NCRSI1elQal)aANDS(NCRSR]TJECL0}) GC YC 22

--HERE NCRSII=1 AND NCRSAKRI=1 OR NCRSII=C AND ACKRSAI=}
~~SHKNI COMFLEYE PRFCICTICF FCR ANSHKe¢] = 2

1F(NAMF ,£Q+.7HSPFCIAL) GO YO 27
CE=G1



77

73

74

78

60

79

-178-

D2 yMNI)I=DPC(1,2)=D2M(SLINT)CE(¥N])

U2 y¥AE)=UPC(1,42)=U2M(SLIRTI ) CE4¥NI) § EPCUT1,2)=E2M(GE ¢MNI1)
IF(NTYPE(NI)oEBe2) GC TC 27

A=SQFRT(R(TI,MNI)/C(14MNI)) ¢ PG=PGI(A)

PS1=(1+~EETA)/2.%(1 o+ CHSLU(NT)®12) $§ FCT=PS=FS1S$P(1oMNI)
DDT=0S=D( 1 ¢MNIV/(1e~(1.-EETA)®(FS1-PCI/(FSI14EETA))
LCT=LS=0S*(SQRT(G )FAPSCRT((1~EET2) 2(PE1-PG)I(PSI-1.)/G
% /(PSI4BETA))4UL L MAT)I/D(1MNTL))
EDY=DS*(PS/DS/(CF~1,)2LS%32/NS%42/2,)

D(2yMNI)=DPCL1,42)=CCT $§ L(2yMNI)=LFC(1,2)=ULCT
E(2y,MNI)=EPC(1,2)=FEDT § P(2,MN1)=PFC(1,2)=FCY
IF((NCFRSI1eEQ+0)eANDo(NCRSNILECo1)) CC TO 21

-=SHKNI PREDICTCR FCR ASHK = |

IFU({NANF GEQCeTH+SPECIAL ) o ANDe{MAI=NIToEC2Z)aAND(NCRSIIGECL1))
#GC TC 7¢

IF{(NAMEL,EQe 7THDTSKSKO) e ARD(NDISCLINL)41.ECo¥AI)) GC TC 77
GC TC 78

PE=P2I2N{SLIND) oG ¢WMNI) 8§ CS=D2N(SL(PY)9C oWAT)
USSU2M{SLINJ) ¢G 4MNI)/D(2,M#NI)SCS

IF(NTYFE(NJ)eECe2) GC TC 73

A=SQRY(P{1,MNTI)/CUL1,MAT)) ¢ PG=FGL(A)

PS1= (1 e~FETA)/2 %(1 a4 CPSL(AJ)32Z) $ FCTI=PS=PSIBP(1,MNT)
CCT=0S=D(1 4¥NI)/(1a-(1e~EETAIR(FSI1-PC)I/(FSI1EETA))
UDT=US=DS#(SQRT(G )I#A*SCRTI((1.-BETA) *(FEI-FG)I®{PS1~-1.)/G
¥ /(PSI4BETA))4UC14MNIDI/D(14MNI))
ECT=DS*(PS/DS/(GF=-1.,)4LS*%2/DS%%2/2,)

IF(NTYFE(NI) EQ.?) GO TC 74

A=SQRT(PE/DS) $ PG=FGL(A)

PSI=(1-PETA)/2.8%{ 1.+ G¥*SLINI)#22) $ FCT1=PS=FCS1%PS
US=(SGETI(G )*A%XSCRT ((1e~EETA) 2(FSI-FC)I*(FS1-14)/G
* /(PS1+BETA))#LS/DS)
CRT=NS=NS/(14-(1e—~CEFTAYIE(PS1I-PCI/(FSICEETA))

LDT=LS=Uc%DS

ECT=CS*(PS/DS/(CF~1,)4L5%82/NS22/2,)

GC TC 79

GE=G $ JIF(NTYFE(NJ)EQsS) CE=CF

US=US/LS+SORT (CEMPSE/LS)VZ ¢/ (GE41o)ASLUINIIS(1a=1./SLINT)%%2)
DS=D2MISLINI) yGE¥NI)}/C(1,F¥NT)ECS

uUS=US¢DS

PS=P2M({SL(NI) yCE,MNI}/F(1,MNI)3FS

GO TC 79 ‘

IF(NTYPF(NTI)LFQ.S) CC YC 6C

GE=G1

PS=PZM(SLINT ) yCEWMNI) § CS=D2M(SL(MI),CE WA}

LS=U2MISLINI) 4CE,MANIDI/C(2,MNI)®CS

GC TC 79
A=SSCRT(P(1,MNI)/C{1,MN1)) § PC=FCL(A)
PS1=(14~-EFTA)/24%(1 ¢ CHSL(NI)242) $ PCT=PS=PS1%P(1¢MNI)

ODT=CS=D( 1 4yMNI}/(1e-(1~EETAIR(FELI-FCI/(PSI4EETA))
UDT=LS=DSS(SCRT(C I2A¥SCRY((1.-EET4) I(PEL1-PG)I¥(PSI-1)/G

* /(PS1+43FTAY)#UC1 MM D /Z70CL,MNT))

FCY=CSe(PS/DS/ICF=1,3¢LS422/DC222/2,)
ES=(PS/DS/(G2-1.)4LS*22/CS*%2/2,)4(S
M=NDISCLINI)

EFS=(RC(NT)-R(M)IV/CELR
C1=2.%(2.-FPS)/l1a¢FPE)
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C2=2e%EPS-30s § (3=(1+-EFS)P(2.9EFS~1¢)/(1.4EPS)
D(2yM)=DPC(141)=DPCL2,1)=D(14M)~DTICXE(CIEUSHC2BU(L4MI4CI3U(1,M~1))
UL2¢M)IZUPCIL91)=UPRPCI2491)=U(LoM)-CTCXS{CIS(LEFUS/DSH+PSERDIIIIRSI)+
C2#¥PN(M)4CI*PN(NV-1))
E(29MI=FPC(141)=SEPC(231)=E(14M)~DTDXI(CIEUS/CSH(ESH+PESRD(TII)**)+
C2%PE(M)+C3*FE(NVM-1))

Pl2sV)=PFC(1,41)=FPC(2,1)=PP(1,G2) :

IFCINAME cECo7HDTSKSKO) e ARD & (NRFSITI)LECMAI)) GC TC €1
IF{INCRSIToEQel)«ANCL(NCFSAILEC0)) CGC TC 24

SHKN] CORRFCTCR FOR NS+Kk = 1|

M=NDISCL(NI)

D(2¢V)=DPC(2,1)=DCl1yMs1) $ UIZyMIZUFC(2,1)=UC(LyN,y1)
E(2y¥)=EPC(241)=EC(14Myl) § PLZyNM)I=PPCIZ,1)=PC 1,62}

GC TC 2a

SHKII PREDICYOR AND CCRRECTCR FCF MSHK = ]
DI2yMIT)=CPCLL,1)=CFRC(Z2,41)=C(1,V11)
UL2:YI1)=UPC(141)=UFC(Z41)=L{1,MI1)
E(24VI1)=SEPC{1,1)=EPC(2,1)=El1,VII)
P(2yMET)I=FRCUL,1)=PPC(2,41)=P(1,4,V}I1)
IF(INCRSTIIJEQ.0)eARD(NCRSAILECC}) CGC TC Za

GC YT 23

CALC SHKANI(HERE) AND SHKIT(AT 12) SPCS ANC FCSITICAN
IF(NAVELEC.7FCTSKSKO) CC YO 12

IF(NANELEGC.7HSPECTIAL) CC TC 26

IFINTYPE(N]I}.FQe.E) GC TC <€

VH=1 +ACRSNI

SEL=SSLSIPPC(142)oPPCllyM)oGl) ¢ SSE=SSES(ESL9Clyl,4e2)
IF(NCRSNIWNEL1) CO TD 2%

SHKNI CCRRECYCR FCF NSHK41I = 2

SSL=(SSL+SLINTI))I/2e ¢ ADISCL(NT)SACISCLUNI)ISNCREN]
IFINTYPF(NTI}oFC.5) NFLM=ACISCL(NI)

GE=G1

D(2y¥NI)=CPC(2,2)=SC2M{SSLyCEWMNT)
UCZyMAI)ISURC(242)=U2N(SSELHWCE4WVMNT)
P{24yMN1)=PPC(2,2)=P2M(SSLHGEJMNT) § E(ZyNANII=EFC(2,2)=E2V(CE,MNI)
GC TC 25 '

TF(NCRESNI 4EC40) GO TC &7

D2y MANT)=0PC(242)=DDT § UIZ+MAII=ULPCL2,2)=LLT
FE2yMNI)I=EOC{2,42)=ECT § F(2,MNI)=FF((2,2)=PCT

SSE=SE(NI) $ NDISCL(NT)I=ADISCLINTII4ACEKEN]

IF(NTYPE(NID)EC.S) NFLM=ADISCL(NI)

GC TN 2%

A=SQRT(PPC(1,3)}/D0PC(1,3)) ¢ PD=PGL(A)

SSF=A*SORT(G) *SCRT((2*FG-(1e-EETA)#2.8SCRT(PCPI2-(1.-EETA) PG
-BETA))/(1.~RETA)/GI)+LPC(1,3)/DFC(1,42)
RO(NII=REC(NTI)+(SSF+SEINTI))/2.0CT

IF(NIYPE(NID).EQ.S) GC TC 58
SLINT)I=SSLS(PPC(243)4PPCI2,MH)G1) $ SE(NTIDIZSSESISLINTLD G1,42,3)
GO TC S9

A=SQRT(PPC(2,2)/DPC(2,2)) 8§ PD=FG1(A) .
SLINI)I=SCRT((2%PC-(1~EETA)H24SCRT(PCH32-(1.-BETA)*PG-BETA))/
(1+—BETA)/G)

SE(NT)I=SLINI)LSORT(G)I*AIUPCL2,42)/DPCL2,2)

IF((RDINI) «GY «R2(MNI) ) o ARCa(NCRSANIFEGCe0)) RCINII=R2(MNI)-DELR®
1.E-10

IFCCECINT) LT aR2(MANTI) I GAND INCRSATLECL1)) RCINI)I=RZ{(MNI)SDELR®
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C
C
30
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¥1.E-10

IFULRCUINTI) ol T eR2(MNI=1) o ANCo{ACFSANIoEGaC)) RCINEII=RZ(MNI-1)
24+DELR®1.F=-10 .

IF(NRES{TIT)eECa¥NI43) CC TC 4C

GO TC 12

TF((NCRSIIEQa0)oANDo (NCRSNILECS0)) CC TC 21
TF{I(NCRSTI«FQel)eAND.(NCRSNI.EC.0)) CC YC 2

C———-—-~HERE NCRSII=1 AANC NCFSNI=1 OFfR NCFSII=0 ANLC ACRSNI=1

€7

a4

66

~PRDCYR ANC CRRCTR FCR FCITCLS NCE =1

IF(NAMELEQ.7HSPECTIAL) GC TO 24

IF(NTYPE(NI)L.EQ.S) GC TC 67

CE=G1

D(2,MNI)=DFC{1,1)=D2N(SLANT)CELNNI)
UPC(151)=U2MISLINI)4GE,MNT) $ FFRC(1,1)= PpC(l.?)
SSL={SSLSI{PPC(1+43):PPCl142),CGEI+SLINII)I/ 2,
DPC{241)=D2NM(SSL¢GE y&NI) 8§ PPC(Z,41)=F2M(SSLoCE,MNT)
UPC(2,1)=U2M{SSL yGEyMNT )/D{2,MNIJ*CPC(z41)

GC YC 24

A= SORY(P(I'MNI)/D(I.“NI)) ¢ PG=FG1(A)

PS1=(1.~PETA)/2,%(1.¢ C¥SLUINT)2X2) $ FC1=PS=PE1%P(1,MNI)
DDT=NS=D(1 4MANI)/(01o-(1-EETB)S(FS1-PC)/IFSI14EETA))
UDT=US=DS*{SORT(GC )PA*SORT((1.-REYA) *(PSI-FGI*(PS1-1.)/G
* /(PSI4BETA))HU(1,MNI)/C(1,MNT})
EDT=DSX(PS/DS/(GF=1)¢LSHE2/DS682/2,)

DFC{24,1)=CPCl1,1)=DDT $ LPC(241)=UPC(1,1)=LCT
EPC(2,1)=ERCI1,1)=EDT § FFC(2,1)=FFC{1,1)=PCY

GO TO0 »a
-SHKI1 FRDCTR ANC CFRCTR FCF FCTTOUS NCE =1

GE=G1

CPC(2o1)=NPCl1,y1)=02M{SLINT)CENA])
PPC(2431)=PPC(141)=P2V(SLINT)sCE,NNT)

UPC(241)=UPRCI 141 )SU2MISLINTI) CELMNTI}/D(2,MN1)2DPC(1,1)
IF(NTYFE(NI)oEGL2) GC TC 66

IF(NAMENE +7H DTSKSK) GC TO 84

A=SCRT(PLL4WNIY/E(L,MNI)) § PC=PGL(A)

PS1=(1~EFTA}/2.,%(1 o+ GASL(NT)RB2) $ FCT=PS=PS12P (1,MNI)
DOT=DS=0( 1 4MNI)/(1e=(1e~EETA)B(FSI-FCI/(FSIIEETA))
UDT=LS=DSH(SCRT(C )9AESCET((1.-EETA) (FS1-PGI(PS1-1.)/G
B /(PSI4RETAIISU(L,¥NTD/D(1,¥NE))
ECT=CSH(PS/DS/(CF~14)8LSR82/DE882/24)

DPC(291)=DPCU1,1)=CDT § LFC(2,1)=UPCI1,1)=UCT
EPCI2¢1)1SEPCL141)=FDT § LPC(2,1)=FFC(L,41)=FCY
IF((NAME.ECo7FDTSKSKO) o ANCo(NLCISCLINJI®1.,ECMNI)) GO TO 101
GG Yo 24

CPC(2,1)=CPC(1,1)=NS1 ¢ LPC(2,1)=LFCl1,1)=L¢1
PPC(2y1)=FFCl141)=PS}

GO YO 24

=SHEKII PREDICTCR ANC CCFRRECYCR FCFR NSHK41] = )

OPC(2,11=DPC(141)=D(1,M11) § LF((?yl) URCCL41)=UC1,4MET)
FECL{241)=PPCl141)=P(1,¥711)
GC TC 24

~SkKI! FRFEODICTCR FCR NSHK+4L = @

IF(NTYPE(Il)oEQeS) G YC 68
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IF(NAME .EQ.7THSPECIAL) CC TC 41

DPC{1,10=DDT $ UFC{141)=LDT $ FFCU1,1)=FCY § EPC(1,1)=ECT

CF=G3

FEC(1,0)=P2MISLUTT)oCEGVITDI/FCLNITIIFFEC(L,y1)
DPC{148)=D2M{SLUTT ) GE«MIL)}/DU14¥IT)*DFCl1,1)
UPC(148)=DPCl1,8)%(UFC(1,1)/CFC{ly1)4SCRY(CE®PPCL1,41)/7DPC(1,1))%
¥(2e/7(GE+1I*SLITTIIX(Je=~1a/SL{TIT)*%Z)))
TEPC(148)=CPCL1,E)*(PPC(1,8)/DPCl1,E)/(CE~14)4UPC(1,8)%$2/DPC(1,8)
**%2/2,) '
SSL=SSULS(PPCl141)yPPCUI4ED)4GE) § SSE=CSFS{SSL¢GE 141}
SEL=(SSL+5L(1I))/2.
D(2,MIT)=DPC{2,B)=D2V(SSLoCESNTITI/T(LoMITISCPC(1,1)
Pl2yMIT)=FPCHZ,B8)=P2M(SSLyCEZVMTILI/FP( L WIIIWFRC(1,1)
UL2¢MIT)I=UPC(2,8)=DPC(2:8)%(UFC(1,1)/CFC(141)¢SCRT(GE*PPC(1,1)/
*OPC(141))%(2e/(CE+1 o) 2SS L¥(1a—-14/55LE%Z)))
E(2,MIT)=FPC(2,B)=E2M(GE,MI])

GC YC €S

D(2,MI1)=CPCI2,E)=CPC{1,E)=DDT ¢ L 2,MII)=LFC(2,E)=UFC(1,E)=LDT
E(2,MIT)=ERPC(248)=FFC(1,48)=ECT § F(2,MIT)=FFC(2,8)=PPC(1,8)=PDT
SSE=SE(11])

DFC(241)=CPC(2,2) $ UFC(Zy1)=LFC(Z2,2)

EPC(241)=EPC(242) $ FFC{Z41)=FFC(2,42)
ACISCLUTITISNCISCLCTTI)4NCREL]

TFINTYRE(II)eECeS5) ANFLWM=ADISCLC(EL)

GO YO 11

TARFLCY=(RC(ITI)I~RDINI)I/(SE(IT)-SE(NT]D)
FDINI)}=RC(ITI)=RCANTI-SE(NTIPTARFLCY

TF(NAME EQe7H DISCSD) CALL SHhKDETA(II oAl 4YARFLCT)
IF{NANELECS7H CISCCS) CALL OFTSHKA(ITI NI, TARFLCT)

RETURN $§ END
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SLERCUTINE SHKDETA(TI (NI ,TARFLCT)
CCMMON/PARAMZN ¢ J 3 AJ 3G o GF ¢DELRgNFL W

DELR=-ABS({DELR)
FRINT 1000
1000 FORMAT (1H ¢2X*#SHKLCFTA STCP%)

RETURN & ENC
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SLERCLTINE DEVSFKA{I1,NI,VARFLCY)
COMMCN/PARAM/N 3 J3AJ 9GoGF ¢DELR 4NFL WV

COMMCN/TRCT/PLTR4CLTR ULTRyELTF,CVERCAV,NDVERDN
CCWMCN/FIRFETC/INDEXgRCYCLE gNR yARK NSTCRE JAEGNTTRCTA
CCWNCN/FCHER/VCAPFyRA4R] s PDFOBER yFFCRERyCAD s CCAPF ¢ SFECLDoSFEZNCU
COMMOIN/ARRAYS/R(SO01 ) yUL24501)¢F(2,501),C(2,501),E(2,501),R2(501)
COMMON/DISCS/NTDISC yNDISCNOCE 1) yNTYPE(S1) yNCTISCLIE1) 4SECS1),SLIST )
& ,RD(S1) ¢ ATDISCT,NTCISCS

————— OVERDNM=CVERDRIVFN CFTCMAATICN MACH NCe
————— NOVERDN=NO. DF TIME STEPS DFTY HAL PEEN CVERCRIVEN

PGI(AIZ1 o4 (PGC~1¢)/A%E24CF ¥ (1 e~1e/7A942)%(Cs/CF¥R-RAR])
BETA=(GF~14)/7{GF41.) ¢ Ps(CF~1e)/(C~14)
PGO={1+EFTA)E(VCAFF-EFTA)/(1-EETA)~EETH

----- ASSUVE QOVERCRIVFEN CET INSTTSLY CECYS TC A CFLAG PRFSSE EQLAL YD THE
AVG CF (PREV CJ + CFLAC FRESS CFRS YC # KL FASSNG THRU PREV CJ)/2
NCISCL(NI)=—1 $ NSFK=NCISCL(II)

A=SQRY(P(24ASHK+1)/C(2,ANSFK41)) § FC=FCLI(A)

AMZ= (P 24,NSHK }/P(2yNShK+1)~1eD)/{1.=D(Z,ANSHK#1)/CC(24ASHK)) /G
POFLAG=(1.~PETA)/2.3(144C3AM2)
PCFLAG=({POFLAG+SCRY(PLFLAG*%2-C¥(1~EETA)VANOFGHEETA) )IP(2 ,NSHK ¢
*)

FAVG=(PDFLAGH+F(24ASFK)})}/2e

PRATIO=PAVG/P(2,NSHK+1)

SLCILIY=CVERDANSSCRY ((FRATIC4RETA)IL(PRATIO-14)/7(1.~BETA)/(PRATIO
%-PG)/G)

SE(TITI)=SLITII*ARSCRT(GIHL(Z2yNSHKE1)I/C(ZoNSHKe1)

NCVERDA=0 ’

FCU1I)=PC(II)4SE(TIIIOVARFLCY
IF(RDIIT)4LT.R2(ASHK+1)) GC TC 1

IF(RCUIT)WCTWS2(NSHK+2)}) RD(II)I=RZ(NSFKEZ)

P(2,NSHK+1)=PAVC
LC(2yNSHK41)=SCRT(G)*A*SCRTI((1—~EETAI*(FRATIC-PGIV(PRATIO-1.)/
¥G/(PRATICH+EETA) AU 2¢NSHK41)/0(Z9yNEHKE L)
D(2yNSHK41)=D(2yNSFK#+1) /(1 e-(1-EBETRA)®(PRATIC-PGI/(PRATIDHBETA))
U2 yNSHK $1)2U( 2, NSHK+ 1) $C{2,NSHKel)

E(2yNSHFK+1)=D(2 ASHK+1)*(F(2,ANSFrK41)/7D(2,NSFK21)/(CF-1e)¢
(UL 2y NSHK41)%82/D(2,ASHK+1)%82/2,)
AFLM=ADISCL(TT)I=NCISCLITT)+1

1 NCODE=10FDETSHKA $ CALL PRATIFF(NCCDE)
NITRCTN=3HYES

RETURN § ENC
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SUEBRCUTINE SCTRETR(NI¢N2¢NZGNTR)

CCMMON/DI SCS/ZNTLISC o NDISCACISE) yhTYPE(STI)yARCISCL{S1)¢SF(E1},5L(S1)
#qRD(S1)yNTDISCTNTIDISCS

NYR=-1
" PRINT 1000
1000 FOFMAT(IH o5/ ¢ySXx4*TERPIRATING T£IL CF RARE (ASSCC WIVTH CJU-DET) IN
*SUPRODUTINE SCTRDTR®)
CALL SHKCD(N]L ¢N2,BHSKCD CET)
NTYPE(N2)=3
PRINT 1001
1001 FORMAT(1H 4/,SX,%CD TYPE SET TC 2 IN SCTRDT1FR®)

RETURN § END
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SLBROUTINE SCDTDETV(AI gAXS o A2 ¢JAXCC oA AXTRGNAgAXCoNAME) |
COMMCN/PARAM/N ¢ J A 3G oGF ¢DELRJNFLM
CCHMCN/ZTIME/T 40T y0TL ,TURITELCELTZL¥CX,2T
CCMMCN/PREDCCR/DPC (2413 )4UPCI24132)4EFC(2,413)4PPC(2,13)
CCVMCAN/ZAFRRAYS/R(S0L ) UL2,501) 9Pl 29501)4DC2,S01)4ELZ4501),R2(5CL)
COMMCN/DISCS/hYDlSC,hﬁlSChC(SI).hIVPE(EI).ﬁClSCL(El)'SE(Sll.SL(Sl)
$oRD(S1IeNYDISCTyNTIDISCS ’

ATR=ADISCLIN3) $ ANCO=NDISCL(NZ)
NSC=100% (NTR-NCC=~-1 )41 0%NXCD+AXTR
PRINT 1000 4NAMF NSCo{ I NCISCLUE) yNTYFELIDoE=N1g0h8) JAXEAXCD,AXTR,
ENXD
1000 FORMAT(TIH 41X4A8,1715)
IF(NXTRaNFe—1) CC TO 1
FRINT 1001
1001 FORMAT(1IH 45/,5Xy2TRCLBLE IN SCOTCET, AXTR=-1%8,2/)
NELR=—ABS{CELR) $§ FETURN

1 IF{NAVFE cEC.AF267E) CALL SHKCD{IALAZ,E+EKCD CEY)
IF(NAME ECo4HE?S5C) CALL CO(RDI(N2),SEIN2)4NCISCLINZ){SHCDTRD)
NAVES=RKSCTD YES ¢ IF(ANSClT.2CC) MANMES=EMECTIC NG
CALL TFDET(NR NXTRy N4 4AXC4NAMES)
IF((NSCeED00) eORa(NSCeECe=10)eCRalPSCeECe-5)alRINSCECa])eOR,
E{NSCeECa110)eCRe(NSC.EQel111)) RETURN
IF(NSC.NEaI1) GC TC 5
————— CORRECTOR FOR NDISCL(NZ2)-1
M=ADISCL (N2)~1
D(2yM)=D(2,M+1) SUL24F)=L(2¢V41) SE(2:0)I=E(29041) SPL2,M)=P(2,M41)

RFTURN
S IFL{(NSCeNE«210)e8NCo{NSCNEL211)) CC TC 4
----- CORRECTOR FOR NCD4+3 = (P12)

M=ACD+3

D(2,NM)=DPC(1,12) & L{2,¥)=LFC(1,417)
E(24M)I=EPCI1412) $ P(2,M)=PPCI),412)
RETURN

----- PREDICTOR FOR NOISCLIN2)414(NXCC-1)%AXCD/? = 11

a MZADISCL(R2)41 4 (NXCD-1)*NXCD/ 2
DPC(1e11)=C(2,¥) & LPC(1 412)=L(24MN)
EPCCI,11)=F(2,M) § PPCl1,11)2P(Z,M)
JF(IASCaEGe200) eCF o (NSCeEC 201 )aCRalNSCaECeX10)eOR(NSCFOa311)})
%GO TO 2

----- FRECICTCR ANC (CFFFCTCF FCK NCC4+42 = 12
M=NCD+¢+2
DI yMI=DPC(2,12)=DPC1,12)=D(14¥)
U(2,¥)=UFC(2412)=UFCI1,412)=UC1yN)
EC(2,N)=EPC(2412)=EPCI1,1Z)1=E(1,N)
PU2,M)=PFC(2,12)=PPC(1412)=P(1,¥)
IF(NSC.EQ.100) RETLRA
IF(NSC.EQ.101) GO TO 2

----- CCRRECYOR FCF NCISCL(BZ)Oz = 12
D(2,M)=DC(12,V,0) $ U‘?n")-’-UC(‘Z'"'o’
E(2,M)SFCI12,¥,0) § P(2,VM)=PC(1Z,CF)
RETURN

e ——— PRFDICTOR FOR NCD+3 = 12

3 M=ACD+3
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DPC(2¢13)=D(2¢#4) $ UPC{2+13)=U(Z,¥)
FPC(2413)=F(2,M) & FFC(2,13)=F(2,V)
----- CORRECTOR FOR NCD+2+¢NXCD = 12 ‘
2 ¥=NCL424+NXCD
EPS=(R2(¥)=RD(N2)) /DELR
C1=2.%(2 a~EPS)/{1.¢EPE)
C2:2.%EPS~3, § C3=(1.~EFS)8(2.9EFS~1.)/(104EPS)
D(2,M)=(D(1,MI4+DPC(1,12)14DTDXP(CIBLPC(1,11)4C28UPC(1,12)4CIBUPC(1,
*13)))/2.
UL2,M)=(U(1oM)4UPCI1,12)4CTCXI(C1ECN(11)4C22CH(12)4C34CH(13)))/ 2,
E({2,M)=(F(1,M)4EPC(1,12)+DTDX3(CI1#CE(11)4C2PCE(12)+C32CEC13)))/2,
DPC(2,12)=D(2,¥) $ UFC(2,12)=U(2¢¥) .
EPCI2,12)=F{2,M) & P(2,M}=PCL124GF)

RETURN & END
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SLBROULTINE CDFLNM{NANE AFIRST,N1)
CIMMON/PARAM/N ¢ JoAJ,GoGF DELR JANFL ¥
COMMCN/TIME/T ¢DY yOTL ¢ YWRITE,DELT CTCXy8Y
CCMMECEN/PREDCOR/CPCI2412) ¢qUPCI{2412)4EFC(2413),PPC{2,12)
CCNMCN/AFRAYS /R(S01) 4UL29501)4P{Zs501)4D(2+5C1)4E(Z,501),R2(SCY)
COMMECN/DISCS/NTDISC  NDISCAC(SI )y ATYPE(S1 )4 NCISCLEST1)ySE(S1),SL(S))

&, RD(S1)4NTDISCT{NTDISCS )

RCO=RO(NFIRST) ¢ ACC=ACISCL(NFIREST) & SECC=SE(NFIRET)
RF=RDI(N1) $& SFE=SE(N]) & SFL=SL(AL)

RCNSAV=RCD $ RCC=KCC+SECC*CTY
NCROSS=0 -
IF(RCDSGT+R2INCC+2)) NCRCSS=1 ¢ IF(RCCeLYLRZ(NCD-1)) NCRCES=~1
NFEMCOX=1 0% (NFLM-NCCI)+NCRCSS
NSC=100®(NDISCL{NI)I-NDISCL(NFIRST)~1)+108NCFRCES
PRINY 1001 yNANEJNFLMCECX s NCRESSeNSC
1001 FCRMAT(1H ,1X,A4,315)
IF(ANFLVMCCXeRE W21 €O TO S
FRINT 100724RCCSAVRCC 4SECCCT 4RINFLV) 4F2(NFLWV),SFE¢SFL ¢ANCDyNFL M
1000 FORMAT(1H oBE14.7,21S3/¢% SLBKRCLIINE CC-FLWM?)

RETURN

9 IF(NAME ,EGed CFS) COT TC 2

————— PREDICTOR AND CCFRECTCFR FCF NFLWM4l1 = B
Mz=NFLM+1

D(24M)=DFC(2,8)=CFC{1,8)=DF(Mys0) SLIZ2yM)SUFCLZ,0)}=LPC(1,E)=UP(M,C)
E(24V)SEPC{248)=FPC 1 ,RISEF(N,0) $F(2,M)=PFC(248)=PPC(1,4B)=PP(R,G)
----- PREDICYCR AND CCRFECTICRK FOR NFLWV = 7
CALL SFVOPC(GyGF yFPC(149),CFC(148)¢SFLGVCFL,CELR)
DIZyNFLM)SCPC(2,7)=DPC(1,47)=DFC{I1,4E)/VC
PL2yNFLV)I=PPRC{2,7)=PPC(1,7)=PFC(1,4E)2PC
U{2¢NFLNM)ZUPC(2¢7)=LPCI147)=CFC{t,7)%(SFL2(1.~VD)SUPC(1,8)/
*DPC(1,8))
E(24AFLNVMIZEFC(24?)=EFC(1,47)=CFCLL1+7)8(FFC(1,7)/CPCL147)/(GF=-14)
E+UPC(1,7)¢52/0PC(1,7)%%2/2,)
RDINI)=RF=R2(AFLN)=R2INFLN¢1)=RF4ISFLELPC(1,E)/DPC(1,€))¢DT
2 IF(ANFLWCDXeEQel1S) GC TC 2
~=~-=~PREDICTOR FROR NCD-2 = 1
M=NCD-2
DPC{1411=DP{Ms0) & UPC({1,41)=UPR(N,C)
EFC{191)=EP(My0) ¢ PRC(1,1)=PP(),CF)
————— PREDICYCR FCR NCD-1 = 2
M=NCD-1
EFS=(R(NCD)-R(M)I/LELFR
C1=z2+%(2.-EPS)/{1.+4EPE)
C2=2%EPS=3, ¢ C3=(1e~EPS)IV(2.%EPS~1a)/(1.4EPS)
DPRC{142)=DCl 4y M)~DTDXE(CI*ULL JNCLIEC23U(2,M)ICIABZYU(LyN=-1))
$~ATSDTOXH(CISC{ 14 NCD)I#C28D( 1 4MI$C2¥C{1,¥=-1))
URCL1 ¢2)=U(1 ¢y M) ~DICX2(CLIeFM(NCC)ICC23FM(NMIICIAFM(MN-1))
E-ATHENTOXE(CIHAULI 4NCD) #C28U({ 1 N} 4C20U(L 4¥M=-1))
FEC(192)1SE{l oy M)-CYOX¥(CIAPE(NCCINCZIIFEIV)IICIIPE(N~1))
*~ATEDTOX®(CLIEE(L yNCD)SC22E(l gV )}4CIME(L,4V~1))
PRC(1y2)=PP(2,GF)
----- CORFECTCR FCR NCC-f = 2
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D(2,¥)=DPC(2:2)=CC(2¢M90) & U(Zs¥)zUPC(242)2UC(ZeWN,40)
E(2M)SEPC{242)SEC(24¥,0) $ F(2oM)=PRC(2,2)=PC(2,GF)
————— PREDICTOR AND CORRECTOR FOR hCCWNCE4+1 = 2,4
3 CALL GLIMINCD=1¢NCC+?,3,ACD,SECD)
RCD=RCDSAVHSECDSDY
TF({(RCDCT eR2INCD+2) )0 ANDe{NCRCTSaECLC))aCRal(RCDLT,R2{(NCD+2)),
XANDe (NCROSSeECe1))) RCL=FR2(NCCH2)
IF(C(RCDOLTORZINCD=1)) s AND o (NCRLSSeECoC))eCRe{(RCCoCToR2(NCD-1)),
¥ANDo (NCROSSeFQa—1))) FCO=R2(NCD-1)
IF(NCRCSS) 4,5,¢
————— PREDICTOR AND CORRECTCR FCR NCD-1 = Z4,€(=4)
4 M=NCD-1
D(24M)=DPC(242)=0DPC(1,2)=DPC(2,€)=CFC{1,€)=CFC(144)
U (2, #)SUPC(2,2)1=UPCL1,2)=UPCIZ€)=UPC(1,€)=LPC(1o4)
E(2,M)=EPC(2,2)=EPC(142)=EFC(2,6)=EFC(1,4E)=EFC(1,4)
Pl2yM)IZPPC{29Z2)=PPC(1,42)=PPCL2,€)zFPC(1,€)=FPCI144)
GC TC 8
----- PREDICTOR AND CORRECTCR FCR NCLC+Z = £(=3)
[} M=ACC+2
D{24¥)=DPC(2,5)=DPC(1,45)=DFC(1,2)
U(2,M)=UPC(2,S)=UPRPCI1,5)=UPCL1,2)
E(2,7)=EPCI29S)=FPC(1,S)I=EFC{1,3)
PL2yV)I=PPC(2,E)=PPC(1,S)=PPCI1,2)

s IF({NFLMCDX.EQ+20).CR.(NFLMCDX+EC.31)) GC TC 1IC
————— PREDICTOR FOP NFLM-1 = €
M=NF(M-1

DPC(146)=DF(M,0) $ UFC(],6)=UF(N,C)

EPCU1,E)=EP(M,0) § PPCU1,6)=PP(€4CF)
————— CCRRECTCRE FCOF NFLM=1 = €

EFS=(R2(NCD+2)~RCE)/DELR

C132.%(2.~EPS)/(1.4EPE) . :

C232 ,%FPS-3, § C3=(1e~EFS)H(242EPS-14)/C14EPS)

DU2,M)=DPC(24€)=(D(14M)+0FC(1,E)I+CTICXR(CIRLFC(1,8)4C2RUPCI1,6)4

¥CIBUPC (1, 7))~ ATECTOXE(C14DPC( 144)4CZADFCL 1, €)+C2EDPCL1,7))) /2,

UC2,¥)=UFC(2,E3={U1 M) 4LEC(1 46 )4CTICX2(CISCN(A)4C28CMIE)+CIACM(T))

£-ATHDTOXE(CI%UPCL1,8)4C22LPCL1,€)4C2FLFC(142)))/2,

E(24MY=EPC(2,6)=(E(1,M)IEFCI1,€)¢CTCXB{CI2CE(A)SC2ICELEI+CIPCE(T))

E-ATEDTOXH(CIHEPC(1,4)4C22EPC(1,E)4C3%EFCI1,7)))/2.

F(2,M)=PFC(2, €)=PC(6E,CF)
————— CCRRECTCR FOR NFLV = 7
A DU2/NFLM)=DPCI2,7)=DCLT7,AFLM,C) § LE{2,MFLMI=LFC(2,7)=UC(7NFLV,0}

E(2,NFLM)=EPC(2,7)=EC(7,NFLM,0) § F(2,NFLM)=PPC(2,7)=PC(T,4GF)
————-CORRECTCR FOR ANFLWVM+1 = @
7 VOSDFC(1,8)/D0PC1,7)

CALL FLM43(7,VDySFL)

M=NFLM<+1

DI{24¥)=DPC(2,8) § U(2,M)=UFC(Z,€)

E(2,N)=EPC{2:,E8) $ FI2,¥V)=PPC(2,E)

SLINI)=SFL $ SE(N1)=SFL4LI2,M)/C(ZV)
----- ADVANCE CC CELL FCSITICA NRUMEER IF NECCESSARY
10 IF(NCROSS.EQ.0) GO TO 1€’

MV=ANCN+243 % (NCFDSS~3V/2

PSzP{2,M) § DS=D(2,¥) $ LSSU(2,F) § ESTE(2,b) § RS=R2I(¥)

IF (NCRCSSoFGe=1) GC YO 15

PL2,NCD+2)=P(2,NCC41) & FU2,NCC¢1)=F(2,ACC) § P(2,NCC)=PS

U(Z,NCD#+2)=U{2,NCO#1) $ L{2,NCD+1)=U(Z,NCD} § U(2,ACD)=LS
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E(2yNCD+2)=E(24yNCD+1) § E(Z.KCCOX)=E(2'BCC) f Ef2,NCC)=ES
D(2yNCD+2)=D{2yNCD+1) $ D(2,NCD¢1)=D(2,NCD)

R2(NCD)=FS

GC YO 1€
P(24ACD~1)=P(2,NC0C)
U{2¢NCD=1)=U(24NCD)
D{ZyNCD-1)=D(2,NCD)
E(24NCD~1)=F (24NCD)
R2(NCD+1)=RS

NDISCLUNFIRST)I=NCO=NCCH4NCRCSS § FCINFIRSTI=RZ(NCDI=R2(NCC+1)=RCD

SE(NF IRST )=SECD

RETURN § END

$ PUZJNCD)IZF(Z40CD*))
$ U(24MCD)I=L(24NCC4L)
$ DIZINCD)I=D(Z4NCC+1)
$ E(2NCCI=E(Z4NCC+1)

- o e n

$ D(24ACD)=D<

F(Z2+ACD*+))=PS
U(2yNCDe1 I=US
C(2yNCD*1)=CS
E(ZyNCDe¢})=ES
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SLBROUVINE COFLMSK(AFIRST ASECCAC M)
CALL FLMSHK(4FCFS]I sARSECCACoNL)

CALL COFLWM{AH CFSyNFIRST(NSECCAD)
CALL FLMSKFK(AFCFS2,ANSECCADyN1)

RETURN §& END



-191-

SUBRCUTINE CDSHFK(AFIRST ¢N] NANE)

COVMMOCN/UBDCND/NUEC

CCMMCN/PARAM/N 4 J gAJ 4G yGF 4DELR ¢NFL W
CCHWMCN/TINE/T DT oDTL o TURITEZDELT ¢DTOX, AT

CONMCN/DI SCSKF/RCSAVIS1 ) 4ALHS{S1) 4rRFS{S1)4ACRLCES(EL)
COMMCN/PREDCCR/ZDPCI2412)¢UPCI2¢12)yEFC(2413)4PPCL2,13)
COMMCN/ARRAYS/R(S01 ) yU(24501)3F(29S01),C(245001),E(2,%01)4R2(501)
COMMCN/DISCE/NTDISC ¢yNDISCNCISI)sATYFE(SY ) yACISCLIE1)4SE(S1),SL(51)
*,RCIS1 ), ATCISCTHANTDISCS

COMMON/PPCHR/ZAPFTHyANUNAJAUMAFET JALEAZFFPTH(Z4),FUNMA(1I1S50),RUPA(15)D)
¥y NCLPPTH(24) y NCLUMA{ IS0} ¢yNCLUFA(IESC) PTHAEXT RUFARXT ,TUFANXT,
*DELPFTH,DELUMA ,CELUFA

RCD=RDINFIRST) $& SECD=SEINFIREY) ¢ ANCC=MNCISCLINFIRST)
RS=RD(NI) $ SSL=SLIN1) ¢ SSE=SE(AN1) $§ NSHK=ADISCL(N1)}

GE=G $ IF(NSHKeLE4NFLM) CE=GF

ASHKSGA=0 $ IF(SSL«GT0e0) NSFKSGA=]

SECDSAV=CSECD ¢ SSESAV=SSE

RSSAV=RS $ RS=RS+SSE#DY § RCDSAV=R(D § KCD=RCO+SECD*DT
NXSS=NXSCL=0 § NCS=0 $& IF(ASFK.ECNCL#+1) MCS=~2
IF(RSeGT«R2{NSHK+1) ) NXSEST § IF(RSelTR2(NERKENCS)) NXES=-]
IF(RCDGT cR2(NCC42)) NXSCD=1 { IF(RCCLLTLRZ(NCD—1)) NXSCD=-1
RCDSHFKX=0 $ TFIRS«LTLRCC) ANCLCSFKX=1
NSC=100%(NSHK-1~NCD)+109AXSCDNAXES

PRINT 1001 yNANMEJAXSS AXSCCyNCESFKX(NEC

1001 FORMAT(IH ,1X,A€E,415)

IF(INSC4FCa=1) e ARDe(NCOCSFKXeEC0)) AXSE=C
IF((NSCeEQa=1)eANCo(NCDSHKXaECe0)) ANSC=0

IF((SLINTI) oL Te0e0) eANDe(N]1eECe2)ARD(ABRS{SLI1)) el Te1.001)) GC TC
* 100

TFCCSLINT) elLT a0e0)eARCo (Rl eECad)eANC(APS(SL(1))elTele001)) GO TO
* 100

IF((NAMEECeOFSCLECI) eORe(NAME cECEFSCE(T 1) eCRe(NXSCDEQe—-1))
* GC TC 1
————— PREDICTCF FCF NCC-2 = 4
M=ANCD~2
DPC(144)=DP{M,0) $ LPC(1,48)=LF(N,C)
FPC(1,4)=ER(NM,0) ¢ FFC(1,4)=PP(4,CE)
————— PREDICTOR FOR NCD-1 = 5
M=NCD~-1
EFS=(RCDSAV-R(V))/DELFK
C1=2.%2(2.~EPS)I/(1.4EPE)
C2=2 +¥%EPS=3¢ § C3=(1e—~EPS)S(2.8FEPS-1e)/(1e4EPE)
DPC(14S)=D(1yM)=DTOXE(CIRL (1 4ANCCIHC2AL(T4NM)IHCIFYU(]1,M=~1))
C-AT*DYOXR(CI¥DU1,NCCIH+C24C(1,M)4C220(1,V~1))
URC(1,4S)=U(1¢M)-DTDXEICIAFM(NCCICC2*FN(NISCZAFN(V=-1))
E-ATHCTDXE({CI*UCL JNCDI4C24L (14N} ¢CIL(1,VM=1))
EFC(1¢5)=E(1y¥)—DTDXS(CI1EPE(NCCI4CZEFE(MISCIVPE(NM~T))
T—ATHDTOXS(CI*E( 1 g NCDIHCPHELY Gy V) SCILE(Ly¥M~-1))
PPC(145)=FPUS5,CF) '
————— CCRRECYCF FCF NCC~-1 = S
D(2,M)=DPC(24E)=CCIS5,MyC) & LI2,M)I=UFC(2,S)=UC(SeV,0)
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E(2¢MI=EPC(2:E)=EC(Se¥90) ¢ PL2,#I=PECL2,E)=FCLE,HCE)
PREDICTOR AND CORRECTCR FOR NCDWNCE¢1 = €47

M=NCD=-1 ¢ IF(NAMELEGC.6FSCLCECY) ¥=hCC

MM=NCD4+]1 § IF(NSHK=ACD=10CEoal) PM=NCDe2

CALL GLINM(P bdEyNCL,SECLT)

IF(NAMFENE 46H RAKCLC)Y CC TC 27
D(2yNCD)=DPC{1,€)=DPC(24€)=D(1yACD)

U2 NCD)=UFC(1¢61=UFC(2,€)=U{1,hCL)
E(2,NCD)=EPC(14€E)=EPC{2,€)=E(1,hCC)
P(2,NCDI=PPC{1:6)=PPC(2,€)=P{1:hCD)

GC TC 28

IF(NAMENE6+CDRSHFK) GO YO 28

D(2,ACD+1 )=CPC{1,47)=CFC(Z237)=CC1oACD%1)
U(2,NCD¢1)=UPCI147)=UPC(237)=L{1,RCC2T)
E(2,NCD41)=FEPC(1,7)=EPC(Zs7)=E(1,ACD21)
P{2yNCD+1)=POC(] 4 7)=PFC(2:7)=F(1,ACC+1)
RCD=RCLCSAVeSECD?DY
IFII(RCDeCToR2(NCD42)) e ANDo(AXSCLoFCol))oORe((RCDLTRZINCD?2)).
ARNDL(NXSCDFQat})) RCLC=R2(ACC¢2)
IF(((RCOLTeRZINCD=1))eAND(NXSCDEQaC))eCFal(RCDoGTRE(NCD-1))o®
ANDs (NXSCDeECe=1))) KCC=R2(NCC~1)

IF{NXSCD.EC.0) CO YC 2 :

PDTRJCRTR FR. NCD+({IFNAXSCD41)/2=C¢(2#AXSCCL)/2=PLE~I(AXSCD~1)/2)
MZNCN4+{3EAXSCD+1)/2 & MMZE+{3BAXSCL+1)/2 & WWV=C—(AXSCD-1)/2
D(24¥)=DFC(1 4VMW)ZCEC(2,¥NI=CFC(Lo¥NN)

U(2,M)=UPC{1 ¢MM)I=URC(2,MN)=LFC{1oNbN)

F(24M)ITFFC(1 yVN)IZERC(2,¥M)=EPC({IoMNM)
P(2,V)=PPC{1 MW )=PPC(2,0M)=FFC(1okb¥)

IF{NXSS.EQ.0) GO YO 2

PREDICTCR FOR ANSHK#(AXSS41d/2 = 11

M=NSHK&(NXSS+1)/2
FECL1411)=P(1oM)I(2.2GE/(CES14)XSSLP#2-(CE~1o)/(GE¢1a))
DPCLLo11)=D{1oM)/((GE=10)/(GER1 ) ¢Z0/(CEB8L.)/S55L2%52)
IF(NXSS*NSHFKSGNoEQe=1) GC TO 4C
UPC(L311)=0PC(1e1t )3 UlLgM)I/DULMIISCRT(CERF(I MISCULMDID2.7/
(GE+1o )¥SSLE(1e-10/75SL%E2))

GC 7C a)

PPCIY,11)=P(1  M)I2X2/PPCl1g81) $ CFC{1,11)=C({1,M)022/0PC{1,11)
UPC(1411)=0PC{1,11)8(U(1¢M)I/D{1oM)I=SQRT(GERF(1,M¢1D/Dl1y¥41))%2./
(CGE+1a)*SSLE(le=10/55LR%2))
EPC(1,11)=DPC{1,11)3(PPC{1,411)/CPCLI11)/7(CE-1o)SUPC(1,021)8%2/
CPC{1,11)%%2/2,)

PREDICYOR FOR ASFK+14¢(AXSSe1)ORAXEEL2 = 12
M=NSHFK+14+(NXSS+ I )FNXES/2

OPC(1,12)=DP(N,0) $§ UFC(1,12)=UF{¥,0)

EPC{1,12)=EP(¥,0) $ PPC(1,12)=PP(1Z,CE?

IF(NXSSeECe~1) CC VO &

PREDICTOR FOP NSHK424AXSEE = 13

M=NSHK$24NXSS

CPC(1,13)=0P(¥,0) § UFC(1,13)SUF(¥,0)

EPCL1,13)=FEP(k,C) & PPC(1,12)=FP(12,CE)

TF{{NXSSoEC.0) ANDo(NSFKECNECLC)) GC YC £

CCRRFCTOR FOR NSHKeL4AXTER(AXESEL)r2 = 82

M=NSFK4+1 ¢NXSSOA{NXES¢+1) /2

MV=NXSS¥(NXSS+1)/2~(NXSS41)o(AXES-1)



[a Nl

-193-

D(2+M)=DPC(2912)=DCL12¢My¥M) § LE2,VM)=LPCLZ412)=20LCI12,M,NMV)
E(24VM)=EPC(2412)=FC{124MyMF) & F(24M)I=FFEC(Z2,12)=PC(12,GCE)

TFOINSCoNEe311) eANDINSCaNEL21C) eANCe(NSCeNEe211)eANDIASCoNEL210)

¥ oANDe (NSCoNFE2200) s ANCo(NSCaNE«309) e ANCoe(NSCuNEC189)aAND(NSCNF,
%199) cAND S (NSCeNEL201)) GC TO 1IC

IF((ASHKSCROEC D) eNNRe INSFKSCNEAXES FCa—=1)) CC YO €

~PREDICTOR AAND CCRPECTCR FCR NSKHKk = 10

DS=Dl1 ¢yNSHK#1 I/ {(GE-1eV/(CE4+1.)#42./(CE4+1V/SSL%%2)
PS=P (] ¢yANSHK+1) % (2,%GE/(CE#]14)tSSL#22-(CE~1a)/(CE+1a))
US=DSE(U( 1 ¢y ASHK+1)/D(1 4 NSHKH1DI4SCRTI(GEIP(] yASHK41)/

BD(1 o ASHEK#1) )82,/ (CE+L1 Y ESL#(1a—1a/5SL¥22))

ES=DSe(PS/CS/(CE-1)¢LS#22/DS5%232/2,)

EPS=(RSSAV-R(NSHK))I/DELR

C1=2%¥(2.-EFS)/ (1.+EPS)

C2P2=2+%EPS~2, ¢ C3=(1-EPS)$(2.%EFS~1a)/(1e4EFS)

DI23ASHK )=CPC(2,10)=CPC(1410)=CULl ANSEK)-DTICH>A(CIFLS+C2%L(14NSHK)+

ECIKU(L yNSHK=1))~AT*DTOX¥(C13DS4C2C (1 4ASHKISCI*D(14NSHK=-1))

UL2yNSHK )ISUPC{2410)=UPCL1410)=L(14ASHKI-CTCIR(CILE(LS*E2/DS+PS)4(C2

*¥¥PM(NSHK)+CI3EFM{ANSHK=1) )~ATELCTCX# (C1PUSH+C22L( I yNSHK)IHCIFU( 1 4yNSHK~1
%))

E{2¢ASFK)=EPC(2410)=EFC(1410)=F(I4ASEK)I-DICIE(CLI*LE/DS¥(ESH+PS)C2

TEPE(NSHK)+C3*PE(ASHFK=1) )~ATHIDTCX# (CI¥ES+C2*E( 14 ASHK J4CIFE (1 ¢ NSHK~1
*))

P(2¢NSHEK)I=PFC(2410)1=FFC(1,10)=FF(1C,CE)
GC 10 7

C~-———PFREDICTQOF ANE CCRRFCTCF FCKR NSEKHNXEE = |IC

6

M=NSHK+AXSS $ MV=NXEEBAXES~]

D(24M)=DPC(2410)=DPC(141CI=DF(N,4MN)
U(24¥)I=UFC(2,410)=URCI1,410)=UF(NMyNMNV)
E(24VM)SEPC(2410)=ERC(1910)=EF(N,y4NV)
P(2y,M)=PFC(2,10)=PPC(141C)=PP(1CyCE)

TFO(NSCoNE«210) eANDe(NSCeNE0311)eAPDe(PSCoNE20C) ANCo(NSCeNEL201)

*) GO VC 8
~—-PREDICYICR FCR ANSHK-1 = @

VMASHK~] ’
DPC(199)=DP(NM40) $ UFC(1,49)=UF(M,y0)
EPCU1,4S)SEP(M,40) $ PPC(1,49)=FF(S,yCE)

-~CCFRRECTCF FCF NSHK = 10

MzhASHK
D(2yANSHK)=DPC(2,10)=CC{1CyMy0) § LI2yASFK)I=LFC{291C)=UC(10,M,0)
E{2)NSHK)I=ZEFC(2410)=€EC(10yNM4yJ) §& F(2,ASFEK)I=FFC{2410)=PC(10,4GE)
GO YO @ )
TFC(NSCeNEa101) e ANCo(ANSCoNE LT 1) eANC o (NSCeNEQI1CC)eAND(ANSC eNELSO))
GO YO 15

~~PREDICTOR AND CCRPECTCR FOR NEFK = 1C(=(14NEhK))

D(2yNSHK )=CPC(2,y10)=CFC{1410)=C(14NSHK)
UC2yNSHK }=UPC(2410)=UPC(1410)=L(1 ,ASHK)
E(29NShK)=EPC(2410)=EPRPC{1,410)=FE(1,ASHK)
P{2yNSHK)=PPC(2410}=PFC{1410)=F(1,MSHK)
IF(INSCeNEL189) s ANDe(ANSCNE4T1) eANC(ANSC.AELSC)) GC TC 11

~~PFEDICTICR(9) = FREDICTCR(7)

DPC(1,9)=0PC(147) $ UPC{1,91=LPC(1,47)
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EPC{1+9)=EPC(147) $ FFC(199)=PFC(1,7)

~-—CORRECTOR FOR NSHK = 10

D2 yNSHK )=CPC (2,10 1=DC(10NSHK,C)
U{2,NSHK)=UPC(2,10)=UC{104MNSHK 4C)

E(2,ASHK )=FPC(2,10)=EC{1C4AShK,0)

P(2yNSHK)=PPC(2,10)=FC(104CE) )

GO TO 1€
IF((NSCeNEo2311)2ANCo(NSCeNE «210)0ARCo (NECoNEaZ11) oANDo{NSCoNE«2CC)

F2ANDe(NSCaNE1D01) e ANCUNSCoAELZ01))ICL TC 1E
~=~CCRRECTYCF FDOR NSHK~13VMD = S¢MC

MD=0 $ IF((NSCoEC0o211)eCFol(NSCoECai01)) NC=1

M=NSHK=14MD $ L.=94MD

FFS=(R2(V¥)~RCC)/CELR

C1=2e%({2.~EPS)/(1e+EPS)

C2=2,%EPS=3, § C3=(1.-EPS)(2.8EPS~1,)/(1.4EPC)
D(24M)=CPCU24L)=(D(1,MIICFC() L )4CTCXB(CIPUFC{1,7)%C29UPC(1,L)

BHCIAXUPC(14L+1)I4ATHDTOXR(CIEDPC( 1 47)4CZ8DPC{1oL)I+CI*DPCL14L+1))372

%,
U(Zy“)‘UPC(?.L)'(L(l'N)fLFC(l.L)4CTDX'((1¢C&(7)0C2#CN(L)9C3¢CN(L¢1
¥))4AT2DTDXO(CI*XUPC I 1,7)4C22UPC 1, )3C32LPC{1,L31)))72,
EC24M)I=FFCI23L)={(E(LyNISEFC{14L)SCTCXA(CIRCE(T)SC2FCE(L ISCIFCE(L ]
X))+ATHDTDOX*(CIEEPC( 1 3 7V4C22EPC{ I oL )+ CIREPCL I LE1))D/20
P(24M)=PFC(2,L)=PC(L, CE)

~-—PKREDICTICR FCR SHK VEL AMRLC FCS

MH=1 O4NXSSRE24 (NXSSHE 2~ 1 )X (NSHKECA~1 )#2
IF{(INSCoECe110)eORGINSCECe—10)oClRel(NSCoFCeC))oANDLI{NSHKSGNENQoL)
*) wH=7?7

TF{(INSCoECe189) eORe(NSCEQe15S)) cARDo(NXSEINEHKEGAECo=1)) MH=10
IF((I(NSCoFQaBG) eCFRa(NSCeECe99)oCRo(NSCoECo=11))oANCo{NXSSENSHKSGN
*eFQe—1)) MH=7

MLT1 1 4AXSS—(NXSCSe%2—] )R (~142%ASFEKSCN)
IFL(INSCoEQo?C)oCRo(NSCoECaI09)olRo(RSCoECaBIIORGINSCoEQo—11)00R
T e{NSCoEQa99) ) DRl I INSCoECe=10)sCRo(ASCoECe11010CRe(ANSCoECs0))oAND
L (NSHKSGANLFCL0))) WML=7

TF{C(NSCoEQo189) e0Re(NSCeEQaBS)oCRal(NSCoECo199)eCRo(NSCeFGa99).0R.
B(ASCeFECo~11)) AN (NXSSEASFKSGNEC~1)) WML=11
SELSAV=SORT{(PPC(Ll ¢ MH)/FFC (1 y¥L)IO(CE=10)/(CE414))2(GE210)/2./GF )2
®S5SL/ZABS({SSL)
R°—RSSAV¢(SSLSAV*SCRT(CE#FP((I.ML)/CFC(lvML))0LPC(1.ML)/DPC(I ML )¢
2SSE)/2.%DT

IF(UIRSoGT aF2 (NSFK+1 ) ) oARD o (AXSSeELCaC)1eCRa({RSoLToRZ(NSHKEE) ),
FANDe (AXSSeEQel1))) RES=R2(MPSHKeL)
IF{({RSLTR?PINSFKIMCS) ) dARD e IAXECECeC) ) LRo{(RSSCTaR2{NSHKIMCS))
¥ ANDo(AXSSeEGCe~1))) RS=RZ(NSHK4MCS)

IF(((RSoLT eRPCC) e ANCoa({NCCSEFKX eFC oC))aCR el (RECT«RCDIGANDa(ANCDSHKXR
%¥.EQec1))) RS=RCD

TF{(NXSSENXSSeERel) o CRa ([{AXESeECQa0) e ANCoINSELKSCNLEC1D)) GO TO 29

~=CCRRECTCFR FOR NSHK¢l = 12

M=ASHK+1 § SLI=(SSLE¢SSLSAEVI/20
PS=P {1 yNSHK) #(2.2CE/(CE+1.)9SL1%¢22-(CE-1)/7(CE¢1e))
DS=D{1 yNSHK)/Z{(CE-1)/(GE+14)4Zo/CCE€T1.)/7SL1222)



42

-195-

US=DSH(U{ 1 yNSHKI/D( 14 NSHK)+SORT(GEZP (1 ¢ASHK)/D(1 ¢ASHK) )$2,/(GE41 )
BESL1X()o—1e/SL1%%2))

ES=zDS%(PS/DS/(GE~1 )41 S%%2/DS%%2/2,)

EFS={R2(NShK+1)—RS)/DELR

Cl=2%(2,-EPS)/(1.+EPZ)

C2=2+EPS-3, § C2=( 1«—EPS)IF(2.PEPS~1+)/7(1.4EF%)
D(2yMI=DFC(2412)={C(1¢NMYHJCFC(1,y12)4CTCXB(CIALSH+C2%UPC(1012)+
¥C3EUPC{1412))¢ATEDTOXE(CIF¥LCS+CZ#¥DFC{]14,12)4C32CFC(1,13)) )/ 2,
U(2,¥)=UPC(2,12)=(U(1M)IMUPC(L,1Z2)4DTCXI{(CLIE(LSROZ/DS¢PS)SC2%
ACMIT12)4CI2XCMILI3) I+AT*DTIOXE(CIBLSHCZOUFRC(1,1Z2)4C3¢UFC(14,13)))/2.
EC2yM)=FPCI24y12)={E(14M)IIERPCI I IZ)4CTEXR(CIELE/DSH(ESH+FS)eC?
*¥XCE(12)+C3*CE(13))+ATICTCXH(CIPES4C2%EFPC{1,1Z)4C2%ERPC(1,13)))/2.
P{2,M)=PPC(2,12)=PC{12,CE)

IF(ANXSS.EGC.0) GO TC 16 .
—CORRECTCR FOR ASKFK+(AXESH41)/72 = 11

M=NSHK4(NXSES+1)/2

SSLSAV=(SSL+SSLSAVIZ2,.
D(2y¥)=DPC(2¢11)=D(1¢MI/((CE-1e)/7{CE414)42,/7(GE+1.)/SSLSAVES?)
PU2yVMIZPFC(2411)=P( 1y M) ¥(24CE/(CE+)o)tSSLSAVER2—(GE~12)7(GE+La))
IF(NXSSE¥NSHKSCNLEQe~1.) CC TC 42
UI(2¢M)ISUPCI2511)=D(2:M)2(U(14N)/C{14MIFSCRY(GESPIL ¢NM)/C(1,M7))*2,./(
ECE+] « )2SSLSAVE(]14-14,/55LSAVENZ))

GC. TC 43 .

F 2y M)ZFPC(2411)=P(1,M)222/PPCl2,11)
D{2¢¥)=DFC{2411)=C(1,V)%22/CDBC(2,11)
U(ZoM)IZUPCL2,11)=D(2¢M)F(L(14M)/DET1yM)I-SCRT(GERF (1 ,¥+1)/C(14¥e1))
2D,/ (GE+]1 )#SSLSAVE(1e-1/75SL.SAVRSZ))
F(2¢VM)IZEPCU24311)=DFC{2411)¥(FFC{2,11)/70PC(Z411)/(GE-13+UPC(2,11)
EEX2/CPC(P,11)0282/2,) ’

~=-CCRFECTCF FCR SkHK VFL

SSL=SORT((PPC{2 M) /PPCLZeNLICI{CE-1a)/(CE4+14))2(GE414,)/2./GEDN®

*SEL/7ABS{SSL)
SCE=CSSLXSCRYI(GEXFFC(24ML)/CPC(ZyML)ISLFC(24ML }I/CPC(24ML)
IF{NSCeNE«—-11) CC TC 2%

-—CCFRRECTCF FOR NCC+1(=7) = CCRRECTCk 7

D(Z2yNCD41)=CPC(247) § U(ZyNCD4+1)=LFCLE,7)
E(2)NCD4+1 )=EPC(247) $ FI2,NCD+1)=PPC(Z2,7)

-~CCRRECTCF FCR ANCC~-1(=5) = 11

D(24NCD-1)=CPC{Zy11) & UL2,NCC—1)=LPC(2Z,11)
F(2yNCD-1)=CFC(2411) § F(2,NCTC=-1D)=FPC(Z,11)
GU TO 17

IFINSCeNELL11) GC YO 17

-~CORRECTOR RARSHK+]1(=€) = CCRRECICF ¢

D2y NSHK+1)=DFC(24€) & U(2yNSFEK+1)=UPC(2,€)
Fl2,ASHK+1)=EFC(2y6) § F(23NSFK41)=FPC(2,€)

-—ADVANCE SHK ANC (L CELL FCSITICN IF NECCESSARY

NSHK=NSHK#AXSES

IFINSC.EC-109) GO TO 20

IF(NXSCDsECe0) GE TC 19

M=NCD#2+3%&(NXSCD-~1)/2

PS=P(2,¥) ¢ CS=C(2,¥) ¢ US=U(Z,¥M) ¢ ES=E(Z,M) ¢ RZIS=R2(N)
TF(NXSCD«EQe~1) GC TC 18 .
P(2,NCD42)=P(2,NCD+1) § P(2,NCD+1)=P(Z4ACD) & P{2,NCD)=PS
U2 yNCD#2)=U(2,NCO+1) $ U(2,NCC#1)I=LI2,ACD) ¢ Ul2,NCD)I=US
E(2yNCD#2)=E(Z2y,NCD+1) $ E(2,NCO+1)=F(7,NCD) $ E(2,NCD)=ES
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DU(24NCD42)=D(24NCC+1) & CU2,ANCC+1)=D(Z2,NCC) § D{Z4NCC)=CS
R2(NCD)I=R2S
GC TC 19

18 PU2yNCD=1)1=P(2,ACD) § P(2,NCD)I=F (2 4NCL41)
UC2,ACD-1)=U(24NCD) $ U(ZyNCD)I=L(24,NCCH+1)
EC(2yNCO-1)=E(2,NCC) $ E(24NCD)=E[2,NCC41)
D(2¢NCD-1)=D(2;NCD}) §& DLZyNCD)I=D(ZyNCC+1)}
R2(NCD*1)=R2S

F(2¢NCC+1)=PS
U(Z4NCD+1)=LS
E(24NCD¢1)=ES
D(24NCDe1)=CS

WA A N

19 NDISCLAAF IRST )=NCC=NCCHNXECO ¢ ROINFIRET)I=RZ(NCOI=R2(NCD+1)=RCD
SE(NFIRST)=SECD $ ANCISCLINL1)=ASrK ¢ SL{N1)=SSL ¢ SE(NI)=SSE
RD(NL )=RS

2€ IF(NCDEHKXsECL1) GC TC 2C
RETURN

20  TRFLCT=(RCCSAV-RSSAV)/(SSESAV-SECCSAV)
RD(N1)=RD(NFIRST )=RS=RCC=RCCSAVITRFLCTISECCEAY
IF ({NSCeEQal10)eCPe(NSCoEQ2S9) eCRolNSCaECeC)eCRe{(NSCaECa=11)eAND
%.(RCC.LYR2(NSHK41}3)) GC TC 20
IF((NSC.NE.106) sOR.(RCDGT.R2(NEFK+1))) GC TC 21
ADISCL(NFIFST )=nCC §¢ R2(NCD)=Fz (ARCC+13)=RCD
23 NDISCLUNI)=ASHK § SE(N1)}=SSE $ SL(M1)=C€SL
GC 10 30
21 IF(NSC.NEL109) €C TC 22
D(2,NCD#2)=D(2,NCD+1)} § L(2,NCD+2)=L(2,NCD+1)
EC2,NCD+2)=E(2,ACC+1) § F(2,NCC42)=P(Z,NCD+1)
R2(NCD)=R2(NCC+2) § RO(NFIRST)=R2(NCC41)=RZ(NCC+2)=RCC
NDISCL (NF IRST }=NCD=NCD+1 $§ NSHK=RShK—-1
GC TC 23
22 1F({(ASC.EQa=11)eAND{RCC4GT4R2(NSHK¢1))) GC TC 24
PRINT 1000,R5CyNSHK ¢ACDAXSS  AXSCL ¢yACOSHKX
1000 FCRMAT(IH 41X #*TRCUBLE Ih CO-SHK$,€15)
DELR=-ABS(DELR) ¢ RETURN
24  DU(2,NCO+2)=D(2,NCC#+1) $ U(2,NCC42)=U{2,NCC41)
E(2,NCD+2)=E(2,NCD+1) § F(2,NCC+2)=P(2,ACC+1)
D(2,NCO+1 )1=D(2,NCC) § ULZsNCD41)=U(Z4NCD)
E(2,NCD#+1)=E(2,ACD) § F(2,ACD+1)=F(2,NCC)
R2(NCD+2)=R2(NCN) § R2(NCD41)=RZ(NCD+2)=RCL
ADISCL(NFIRST)=ACISCLINFIRST )41 § ACISCL(NY )=NDISCLINI)+1

30 CALL SHKCDAINFIRST N1 ,TRFLCT)
RETURN

""" SPCL FLw FLC ACJSTMAT FR NCCSHKX=1

100 - DO 110 M=]1,N :
IF(M.GT.ACD41) GC YO 1C1
IF(V.LT.NCD) GO YO 102
GO TO 110

102 D(14¥)1=D(1 NShK) $ U(14V)=U(1,NSFK) § E(1,N)I=E(1,RSHK)
DI24MI=DC1,ASHK) & U{2,VM)=0L1,REHK]) & E(2,MI=E(],ASHK)
PU1oM)=P{14NSHK) ¢ P(2,7)=P(1,ASFK)
TF((NYcFCaa) e ANCLo{MJCESACISCL(2))) R2(N)I=RZ(N42)
GO TO 110

101 Vv=M-2 ¢ IF(N1.EC.Q) NN=N=~-§
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DELyMMI=D(14M) $ UCT1y,MMISU(L M) § FLL19MMIZF(14V) § EL1 WP)=E(1,¥)
D(24MMIZD(Z2¢yM) $ U(2,MM)IZU(29M) § F(2,MM)=F(2,M) ¢ F(2yMM)=E(2,M)
- R(NM)=R(W) § R2(MM)=R2(M)
110 CCATINUE
MMz=2 § IF(N1<EQes) W¥Mv=4
DO 120 M=1,NTDISCT
IF(NDISCL{M)oLToASKK) ANCISCL(N)==]
TF(NCISCLIN)JCERSHK) ACTISCL(NM)SACISCL(N)=NN
120 CCATINUE
NFUN=AFLM=NNM § N=N—WN
IF(N141eLENTDISCS) NRHS(N141)=ARFS(NI4])~NN
IF(NL1 41 aLEONTCISCS) NLFS(NI41)=ALES(NLI41)=MN

————— ACCT FCR PRYCLE PT+ ANC AREC ANC FCS CHRCT TRAJ CELL LCCYNS CHANGES
IF(NPPTH.LE«O) GC TC 126
DO 111 1=1,NPPTH
IF(NCLPPTH(I)4GENSFK) NCLFFTF{II=NCLEFTH (I }-MM
111 CCNTINUE
126 IF(AUMALLE.O) GC TC 112
DO 113 I=NUMAFST,ALMA
112 CCNTINUE
112 IF(NUFALLE.0) GC TC 114
DD 115 1=1,NUPA
IF(NCLUPA(T)<CGE «ASHK) NCLUFA(I)=NCLUFA(I)=FN
115 CCATINUE

114 NUPC=3FYES
CALL SHK{RC(N1) ySECAL)SLINL) JACISCLUIANT))

NCODE=10+CCSHK ¢ CALL FRAYFF(NCOLCE)

FETYTURN ¢ ENC
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SUBROUTINE CDYRDTRINE N2 ,ATR)
CCMMCN/DISCS/ATCISC (NDISCNO(E 1)y ATYPECETI)JNCISCLEE1) ySECS1),SLIST)
®,RD(S1),NTDISCT,NTDISCS

NTR=-1
PRINY 1000

1000 FCREMAT (1H ¢S5/7+SX*TERMINATING TAIL CF FARE (ASS0C WITH CJU-DET) 1IN
*SUBROUTINE CDTRDTRY)

CALL CODU(RC(N1)+SE(NDI DI ACISCLINT ), SFCTTFL)
NTYPE(N2)=3
FFINT 1001
1001 FORMAT(IH 4/7,5X,%CD TYPE SCT TC 3 IN CCTYRCTRY)
C
FETURN § ENC
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SLBROLTINE TRARE(NTR)

NTR=—]
FRINT 1CCO
1000 FORMAT(1H S/,SX,#TERMINATING YAIL CF

ESLBRCUTINE TRARE®)

FARE (ASSCC WITH CJ~DET) IN

RETURN § END
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SLBRCUTINE TRCET (AL (AXTRyN2,AXCoNANE)
COMNMCAN/PARAM/N 3 J3AJsGeGF yDELRGNFL W
CCWMOCAN/TIME/ZT 4OTyDTL s THRITEZDEL T,DYDX,AT
COMMCA/TROT/FLYR ¢yDLTRyLLTRJELTRGCVERCRNyNCVERCH
COMMCN/PREDCOR/CPCU 24912 )9UPC(Z4312) 4EFC(2¢12)PFC({2413)
CCVMMON/ARRAYS/R(S01)}4U(24S01)4Fl2y%01)4C{2,5C1)4ELZ,S01),R2(5C1)
CCMVWCAN/PCWEFR/VCAPF yRART yFCFCREF 4FF(WERyCNDy CCAPF SFEOLL SFE(NCJ
COMMON/DISCS/ANTDISC o NCISCNO(EL) yNTYPEC(S1) 4 ACISCLIZS1)SE(S1),SL(S1)
¥ ,RD(S51) 4ANTDISCY,ANTDISCS

NSC=100%(NDISCL{R2)~NCISCLINL))SICOAXTFR4NXT
PRINT 1000 sNAME 3 (I 4ADISCLUTYANYYPE(I)GRC(I)gI=N14N2) yAXTRGNXDyNSC
1000 FORMAT(1H 41X 4AB,2(315,4F1447),315)
NTR=NDISCL(NT)
IF(NAMELEC.BIFSCTC NC) CC TO 2
————— PROCEDURE FCP TANCCFFCRATING THE RARE ASSCC wlITF CJ DET
IFINXTR,EQ.-1) GN TO 1
----- FREDICTICE FCEF NYR-1 = 12
M=ATR-1
DFC{1,12)1=0P(NFy0) & UFC(1,1Z)=UP(V,0)
EPCl1,412)=EP(WV,C) % FFC(14,12)=PF{12,CF)
----- PREDICYOR FOR NTR = 12
NSHK=KTR § PS=FLTR § CS=CLTR ¢ LS=LLTFR ¢ ES=ELTR
EPS=(RD(N1)-R(NTR) ) /DELR
Cl1=2+%(2.-EPS)/(1.4EPS)
C222+¥EPS-3¢ $ CIA=(1.-EPS)I*(2.%EPS-14)/{1e4EFS)
DPCe1413)=D(1yNSHK)-DTOXH(CIHLE4+C2%U(1,NSHKISCIFUL] ¢ASHK=1))
UPC(1 413)=U(1 ¢NSHFK)I-DTDXR(CLR2(LSHALE/TSHFSIRCINLI)INAJ)I4C2IPMINSHK )+
*¥C I4OM(NSHK~1)) :
EF((lq13)=E(l'ASFK)°OTDX‘(Cl'LS/CS‘(ES’FS*FC(hl)"J)OCE’PE(NSFK)é
#C 3*PE(NSHK=11})
PPCU1,413)=PP(132,GF)
————— CCRRECTCF FCFR NTR = 13
D{2yNSHK }=DPC(2,13)=DC{12,NSHK,0)
U(2¢ASEKISUFRC(2,413)=UCL124NSHFK,LC)
E(2yNSHK)}=EPC(2,413)=EC(13,ASHK,40)
P(2¢NSHK )}=PPC{2,4,13)=PC(1Z,6F)
3 IF(AXTRoNELL) GC TG 1
DI2yNTR+1)=DLTR $ U(2,NTR41)=LLTF
F(2sNTFR+1)=ELTR ¢ P(2,NTF$#1)=PLIR
1 RDINLI)=RCINI)4SE(NL)IECT ¢ ACISCLINL)=ATR=ACISCLIMNL)#NXTR

CALL CET(RC(N2)4SE(N2)¢SLINZ) ¢NCISCLINZ) NXCo7HIRCET H

————— PREDICT S CCNCIYICKNS
NSHK=NDI SCL(N2)
BEYTAS(GF=-1.)/(GF¢1.) § B=(GF~1e3/(C-14)
PGO=(14+EETA)S(VCAPF-PETA)/(1e~EETA)-EETA

=SOQRT(P (1 JANSHK+1)/D( 1 ,ASHK¢1)})

PC=1 4 (PCO-1,) /AR 4CFE(1o~-1./7A%2Z)3(G/GFR~-RARY])
PS1=(1e-FFTA)/2e%(1o4GHSLAIN2)%42) § PS=FSI*F(1,ASHKE1)
DS=D(1yNSEFK+1)/(1e-11a~PETA)IR(FSI-FGI/(FSI¢EETA))
LS=SCRT(G)I*A*SART( (1 .—EETAIN(FSI-FCIH(FS1-14,)/G/
B(PST4BETYA)I+U( )L JANSHRKEL) /01 ¢NSEKSL)



—

-201-

INPUT RARPEFACTYICN
ALPHA=2o/(CF~1.) $§ NTFP1I=ANTR+1

DC 2 1=NTFP1 ,ASHK

U2y 13=US-(LS~ULTR/DLTRIS(RD(NZI-RZ(I))I/(RCIN2)-RCINL))
UX=(L(2,41)~US)/SCRT(CF4FS/CS)

AXSUX/ALPHA+1 ., & DX=AX¥$ALPHA § C(Z2,1)=Cx%CS
PX=ALPHASCE/ (2. 4ALPFA)S(TX32({Z+ALFFA)/ALFFA)-14)010
Pl2+1)=PX%ES
E(2,1)=DU2,1)0(P(2,1)/L(Z41)7(GF=14)4L{2,1)8%2/2,)

U2, 1)=U(2,1)%D0(2,1)

FFTURN ¢ EAND
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SUBRCUTINE YSTEP

CCMMCN/PARAN/N 3 JgAJyGyGF yDELR,AFLH

COMMGN/TIME/T ;DT 4DTL yTWRITE,DELT,DTDX,ATY

COMMCN/AFRAYS/R(S01) qUL2,501)4F(29501)4C(2,5SC1)4E(2,E01)4R2(S01)

CIL=DT .
STABILITY CRITERIA

CE=GF § DTWMIN=1.E+300

DO S M=1,N

IF(M.GY «NFLM) CE=G

C=SORT(GEXP(2,M) /D(2,M))

TE{UC2,M) LELC.C) GC TC 1

US=UL2,,M)/C{? M) +AT $ LSFC=LS4C § LSNC=LS-C

ITF(ABS(US) eLTABS{LSPC))ILEZUSFC § IF (AES(US)aLlToAES(USMC)IUSTUSMC
GC TC 2

LS=U(24M) /0(2,N)+AT-C

CT=DFELR/ABS(US)*C.7

1F(DT.LT.DTMIN) CINIA=DT

CCRTINLE

DT=NTVIN

T = T+D7

RPEINITIAL PRCPERTIES

DO 10 M=1,N

Ul eM)z=U(2,4M) & CL1L,MI=C(24V) § FUL14N)I=P(2,N) § E(1,V)I=E(2,M)
R(V}=R2(M)

REYURN $ END
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SUBFCUTINE CHARCIR(NCYCLE)

CCMMCN/PARAM/N g JyAJyGyGF ¢DELRyAFLW
COMMCN/TIME/ZT yDYCTL 4 TWRITE DELT4DTOX,AY
CCMMCN/ARRAYS/RISO1)yUC24501)¢F(2,501)4C(2,SC1)4E(2,501),R2{E01)
CCMMCN/ZPPCHR/NPETH AUNA AUNAF ST JNLFALFPPTH(24),RUNACI50),RUPA(159)
%, NCLFFTH({24) yNCLUMA(150),NCLUFA{15C) FTRAEXTJRULNARXT oTUFANXT,
#DELPPTH,DELUMA,DELUFA

UAVGIILl 4RII=U(L1,11-1)/C(1,11-1)4(LC(1,11)/7CC1,11)0=UCLelL-1)/
¥D(1,11-1))¥(RI-R(11-1))/7(R(I1)-F(11-1))

PAVGIIlsFR1)=P {1y I11-104(P (111 )=FCl,yI1i-1))M{FI-FR(I1-1))/(R(I1)~
*R(I1-1))
DAVG(ITI4RII=D(1411~104(C(1411)-0C(1,11-1)3*(Ft-R(I1-1)})/7(R(TY)~
*R(I1-1))

ARFETH=AC. OF INITIAL PARYICLE PATHS

PTHNEXT=FOSITICN CF THFE ANEXT FARTICLF FATH+

DELPPTH=DEY REY SCCESVE PRICL FTFHE(NMST PE > Ce TC FVE ACCYLAN PYFS)
AUMAFST=NCe OF THE FRST NEG CHAFRACT TRJ wTH PSTN > 0.0

NUMA=NCe OF INITIAL NEGATIVF CHARAMCTERISTIC TRAJECTCRIES
RUNMANXT=FCSITICON CF YHE NEXT NECATIVE CHARACTERISTIC TFRAJECTCRY
DELUMA=DSYT BET SCCSSVE NC ChR TRJSI¥STY EE > 0. TC KVE ACDILN TRJUS)
NUPA=NO. OF INITIAL PCSITIVE CHARACTERISYIC TRAJFCICRIES
TUFANXT=FCSITION CF THE ANEXT FCSITIVE CHARACTFRISTIC TRAJECTORY
DELUPA=DEYT BET SCCESVE FS CHR TRJSU(MVMST PE > 0. TC +VE ACCTLN TRUS)
REFTHFUVA,RUPA=PPTCLEy NECTVE CFHRACT,y FCSTVE CHARCT PSTA

NCLPCETH ACLUMAZACLUFA=CL AC OF FRYCL PTH,AC CHRCT TRJ,PS CHRCT TRY

IF(NCYCLELGTSC) GC TC 14

--DFT INITIAL PARTICLE‘FATP CFLL FCSITICAS

IF(NPPTH.EG.0) GO TO £

n=g

DC 1 11=1,APPTH

DO 2 I2=N1yN
IF(R2(12).CT.FEFTHII1)) €C TC 1
CCNTINUE

NCLPFTRII1)=NL=12

~—DEY NEG INITISL NEG ARC FCS CHARACY TRAJ CELL POSITIONS

IF(NUMAL,EQe0) GO YO 8

A1=1

DO € I1=1,AUMA

DO 7 12=N1,N
IF(R2(I2).CT.FUNMS(IL1)) GC TO €
CCATINUE

ACLUvA(T L )=NE=T2

IF(NUPAEQ.0) RETURN

N1=1

DC 9 I1=1,ALPA

DC 10 E2=N1,N
IF(R2(12).GT.RUFA(IL)) CC TC 9
CCANTY INUE
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NCLULPA(I1)=N1=12
RE TURN

CALC PARTCLE PAYH ANC FINAL CELL LCCATICAM
IFI(NPPTH.EQ.N) GO TO 1€

DD 11 I=1,4,NFPTH

TI=NCLPPIH(T) $ RI=RPPTIR(I)
FRPTH(I)=UAVC(II,P1)SDT4FPPTH(I)
IF(RFPTH(I) el Te040) RPETF(1)=040
CCNTY INUE

DC 12 [11=1,NFFTH

N1I=NCLPPTH(I1)-2 8§ IF(A1.LT42) N1=2
NC 13 12=N1,N
IF(R2(12)GTFRFFTF(I1)) CC YC 12
CCNY INUE

NCLPETH(I1)=1?

1F(DELPPTHLEe%e9) GC TC 20
IF(R2(N) LT FTHNFXT) GC TD 20
NPETH=NFEPTH+1 $ EFFTYR(NFFTH)I=FIFNEXT
I=N=-S

DC 16 K=T,N .
IF(R2(I1)eGTPTIRANEXT) GC YC 17

CCNY INUE

NCLFFTH(NFFTH)=K

PYHNEXT=PTHNE XT4+DFLPPTH

CALC NEG AND FCS CHARACY TRAJ ARC FINAL CELL LCCATICNS
IF(NUMALEQ.0) GO TC 2¢

DC 21 I1=NUNAFST,ANUMA

ITI=NCLUMA(T) & R1=RUMA(T)

GE=G $ IF{11.LF.AFLM) CE=GF
RUMA(TY=(UAVG(II 4RI I-SORT(CE*FAVC(TII R1}/CAVC(II4R1)})IBCTERUMA(IL)
DO 22 I11=NUMAFST,NUMA
IF(RLVMA(TIL) L To-CELR) AUMAFST=NULNMAFST 4]
N1=NCLURA(I1)-3 § TF(N1eLTo2) N1=2

DC 23 12=N1,N

IF(R2(I2)aGT.RUVA{I1)) GC TC 22
CCNTINUE

NCLUMB(TL)=12

IF(DELUMALE«0.0) GC 1O 20
IFIR?P(N) LT oRUMANXT) CC TC 20
NUVA=NUMA$L § RUNMA(ALNA)=RLVARNXTY

I1=N~-€

D0 26 1=11,N

IF{R2(1)+GT.RUMAANXT) GC 1C 27

CCAT INVE

NCLUMA (NUMA) =1

RUMANXT=RUMANXT+DEL UMA

IF(NUPAL,EQeO) GC TIC 38

DC 31 I=1,NUPA

TT=NCLUFA(I) $& RI=RUFA(IL)

CE=G $ TF(I1.LELNFLM) GE=GF
FUFACL)=(UAVG(LI,R1)4SCRY(CF4FAVC(IT,FR1)/CAVC(II,R1))I*DT+RUPALL])
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DO 22 I1=1,NUPA
NI=ENCLUMACII) -3 § IF(N1eLTe2) N1I=2

DC 22 12=N1,N

IF(R2(I2)«CYRUPA(I1)) CC TO Z2

CCNTIANUE

NCLUPA(I1)=12

IF(DELUPALLE«D.0) FETURN

IF(T.LT.TUPANXT) RETURN

NUPASAUPAYY ¢ RUPA(NUPAI=Z0.0 ¢ NCLULFA(NUPAS=C
TUPANXT=TUPANXT+CELUFA

RETURN $ ENC
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SLRROLTINE PRATFF(NCCDE)
CONMMCN/PARAMZN ¢ yAJ 3G ¢GF yDELR JNFL WM
CCVMCN/TIME/T 4 DT 4DTL  TWRITEZDELT yDTCX,AT
COMMCN/FIRFETYC/TADEX RCYCLE ¢ MrogAMN JNSTCRE 4RSS NITRCTA
COMMCN/ARRAYS/R(S01)4UL29S01)9P(2,501)4D(2:+5S01)4F(29501)9R2(501)
CCNMCN/POWER/VCAFPF,RAFR]) yFCFCWEF ,FFCWER yCANC,CCAPF ,SFEOLD,SFE,NCJ
COMMON/DISCS/NTDISC yNDISCNC(S1) yNTYPE(E1) ¢ACTISCLIEL) 4SE(ST)4SLIS1)
¥ oRD{S1 )y NTDISCYLANTDISCS .
CCMNCN/PPCHR /RAPFTH o NUNA JAUMNAFST yhULFALRFETEF (Z& )y RUNA(1S50),RUPAL1S))
® NCLPPTH(24) NCLUMA(150) ¢yNCLUFAC1E5C) yPTHREXT,RUNVARXT 3 TUFARXT,
#DELOFTH,DELUMA,CELUFA

C
C
TARF=3H NC
IF((NCODF 4FQe1OHINTITIAL ) eOR e (NCCDECECICHINITIALACC) TR,
#(NCODEEC10HRESTARTY ) «OF o (NCCCELECLICHFFILIF }) IARF=3HYES
IF(TARFLEQ.3HYES) GO TO 1
C
DC 2 w=1,N
U(ZyM)I=U(2,M)/D(2,V)
2 E(2,¥)=E(2,M)/C(2,V)
C
1 PRINT 20004 TyCT ) INCEXJNCYCLEZNTCISCTWNCCCE ¢ LT MPDISCACLI)ZNTYPE(]),

ENDISCLUL) ¢RD(I) 4 SECT) 4SLUT) 4 I=1,ATLISCT)
2200 FORMAT(1H1 3% T&,E1Z45 ¢3Xy#DT#4E1Z0E 93X INCEXY,1€,3X,&NCYCLES, 16,
BT7X ENTDISCT#,13,5Xy ¥NCCCE #,410, ‘
T2/ 4% [=%,12,3X,8D1SC NCe=%,T 233X, #RTYFE=%#,11,SX,
CHCELL=%y14,3X #FCS=#%,E12.5, 3%y ¥ELLERIAN VEL=%,E1Z245,2X*LAGFANGIAN
B VELZ# gE12¢5¢4S0(/415,12X413,9X 311 410X 474 47X,E12e5,16XoE1245,
C1EXyE1Z2.5))
PEINT 2001 ¢(MyR2(NV4F(2¢N)gDIZyN)gLAZ,N)oELZ4M)gNT14NoeANN)
2001 FORMAT(IH o/ EXy¥CELLEyIXHFCSITICAS 4SXx,*PRESSURE® ,€X y #CENS ITY®,
BEX Gy EVELCCITY %, EX y3ERERCY R 3/ 31Xy 1CCI(IEE( X 4E12e%)9/41X))
IF(IARF.FC.3F NC) GG TC 4
NC1=9FNEGATIVE ¢ NC2=7HCFARACT § AC23=GF TRAJECTS
NFC1=9HPCSITIVE ¢ NCA=BFTRAJ F= § NFCA=EFTRAJ T=
NP 1=GHPARTICLE ¢$ NP2=7HFATKS $ ANPI=GH ¢ NP4=2HPATH R=
PFINT 2002
2002 FCRMAT(IHL)
IF(NPPTHLNE.O) PRINT 200Z9sNP1oMFZ hFI,NFA FTHRAEXT (1 RFPTH(1),
ANCLPPTFR(1Y 411, NFFTH)
2002 FCRMAT(IH 42/ ¢4 1CX AG,A7 420 41 0XqFNEXT 9 A8, FEL4,24(/,SX6(13,FFP.4,
*15,5%))
IF(NUMAGRELO) PRINT 25024NC14NC2,MNC3 NCa,RUNANXT {1 ,FUMA(T]),
ENCLUMACT ) g TSNULMAFST ¢yNLMA)
IF(NUFAGRESO) PRINT 2002,NFCI,NCZ,MCI,AFCa, TUPANXT,{I,RLPA(I),
ENCLUPA(T ), I1=1,NLPA)

RETURN
C
4 DO 3 M=1,N
UL2y¥)=U(2,VM)3C(2,¥)
3 E(2,¥)=E(2,V)3D(2,WV)
C

RETURN § ENC
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FURCTICN CP(¥,¥W)
COMMCN/TIMEZY yDT ¢DTL TWRITEGCELTCTCX, AT
COMMCN/ARRAYS/R(S01)UL29E01) 4P(2,501),DC2+S01)4E(2,501),R2(501)

OP=D{14M)-DTOXE(U(1MEMNET)-L(1,N¢MN))-ATHCTCXS
E(D(1yMeMMEL)=C(1,MeMM))

RETYURN $ END

FLACTICN UP(N VWV) .
CCMMCN/TIME/T yCT,,CTL TWRITEZDELT yDTDX AT
CONMMCN/ACRAYS/R(S01 ) 4U(29501 }oF (2,501 ),C(2,S01),E(Z2,501),R2(5C1)

UFSU(1 yM)-CTOXE(UCLyMELONM)ILCIZ /Lo NELEVM)AF (1 oMET4MM) =L 1 MeNN)ES
B2/D( 1 eVENM)I=PLLyVeNW) )=ATECTOXE(L{]1,M40N41)=Ul]l,MeVN))

" RETURN §& ENC

FURCTICN EP{NM,VMV)
CONMMCA/TIVE/T DT DTL o TWRTITE,CELT,CTCX,AY
CCMMCN/ARRAYS ZR(E01)qUI2+9S01)4F(Z4501)¢D(24501),E(2,501),R2(S01)

EPSE(1yM)=DTOX¥ (L1 yMI14NMNM)/D( 1 M4 1¢NNIF(E(L,Ne1eNN)IIP (1o MIVNE]1))~
HU(LgNeNM)I/D(1 g MANMYIR(ECLYyMIMVIIF( 1 VANN) ) )~ATHIDTDXE(E( [ oMeMME])
E—E(1,M+MNM))

RETURN § END

FUNCTICN FP{L,CE)
COMMCN/PREDCOR/CPC{ 2912 ) gUPCLZ ¢y 12) sEFCIZ912)4FFC(2413)

PP=(EPC(14L)/CPCI1oL)=LFC(1,L)B¢2/70PCIL,L)002/2,0)9CFPCL1,4L)
**x(GE~1.0) :

RETURN § END
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FUNCTICN DC(LyM,MM)

COMMCN/TINE/ToDT 4CTLy TRRITEGDELTZDYDX,AT )
CCVMNCN/PREDCTR/CPC(2 913 ) 3UFCL2413)EFCI2,12)4FPC(2,12)
COMMCN/ARRAYS/R{SO1D4UC24S01)4F(24508)eD(2,4,501)4E(2,501),R2(501)

DC=(DL 14 MI4DPC{ 4L )=CTCXB(LPCU 1 4L4MNM)=UFC(14L~1¢MN))
- ATEDTOXR*(DPC (4L 4VMI-DPC Ll L~1eVWN])))/2.

RETURN $ END

FUNCTICN LC{LyNMyMV)

COCVMNMON/TINME/T 4 CY 4 DTL ¢ YMRITELZDEL T ,CTDX4AY
CCNMON/PFEDCCR/CFCI24313)4UPC(2913)4EFC(2412),PPC(2,13)
COMMCN/ARRAYS/R(EC1 ) qUL249C01)4F(24€01),D(2ySC1)4E(2,501),4,R2(501)

CC=(UCT oy MIFUPC( L oL ) -DTYDXRILFC T 4L 4MM )22 /CFC( L eMNV )¢
EPPCL 1 L4VMNVI—UFC(1,L4vv=1)022/7CPC{ 1 ,L—14MVI-FPC(lel~teVWV))
T—ATEDTOX¥ (UPC(1 yL4NMV)-UFC(loL=14¢NMV]))/2.

RETURN § ENT

FUNCTICN EC(LyM,MM)

COMMON/ZTIME/TY oDT yCTL s TWRITEZCELT G CYCX AT
CCMMCN/PREDCCR/CPC(2413)9LPCI24913) 4EFC(2413),PPC(2,13)
CCWMMIAN/AFRAYS/R(S01D,U(2,501)4FP(24501)40(2,EC1D,E(Z,501),R2(5C1)

ECS{E(14MI4FEPC({1,L)-DTDOX2{UPCU1L4FNMI/CPCUT L+VNIB(ERPC(L, LewN)+
EPPC(14L+MV) ) -UPC (1 L¢VM=1)/CFCUTL,L4MM=1)I(ERCC Ll L-14MM)¢
EPPCC14L~14MM) ) )-ATHDTO XS (EPCL{ 1 L+MNI-EFC(1,yLetWN=-1)))/2.

RETURN § END

FURNCTICN FC(L,GE)
COWMMCN/PREDCCR/DPCI{2413)yUFCIZ912),EFCL2,12),FPC(2,13)

PC=(EPCI2,L)/7CPCI{24L)-UFC(2,L)¥42/CPC{2,L)%22/2.0)9CPC(2,4L)
*&(CE-1.0)

RETURN § END
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FURCTICN PM(M)
COMMCN/ZARRAYS/RIE01)4ULL2,S01)9F(24501)4D(24831)4E(2,501),KR2(501)

PM=U(14M)S$2/C(14N)+F(1,4b)

REYURN $§ END

FUNCTYICN PE(V)
COMMCN/ARRAYS/RIS01) 4LI2,S01)9F(24501)4D(245C1)4E(24501),R2(501)

PEzU( 1y MI/DULMIR(F(],M)4F(1,4V))

FETURN $ ENC

FUNCTICN CN(WV)
COMMCN/PREDCCR/CPCL2¢12)yUPCIZ412),EFC(Z,12)4PPC(2,13)

CM=UPCLI4M)®%2/CPCL 14y VM)+FPC(14V)

RETURN §& END

FUNCTICN CE(V)
COMMON/PFECCOR/CPCE2413)4LPCLZ o 1Z)4FFC(Z,412)4PPCI(2Z,12)

CE=UPC{1,¥)/DPCLTMIFLEPC(14NM)ISFFC(1,4M))

RETURN $ END
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n ) 0 0
£s9 500 sn &9 1 9999 500.9
119 0 1.3 1.2 0.91 7.0 1.9 2.3 n.5
1.2300322 . 0.17450552 0.0
1.2373913047% 1.1777401 0.1292701238)
1.0 1e0 0e0 N.1772
99.0 0.086206895
2
1 1 19 0.028952623 «1772
2 2 107 1.0 1.9
31.5 n.= 6 1e1 0e1 11 na1 0.1
0,3273 0.66€6 0.9999
0.5 0.6 9.7 n.8 0.9 1.0
0.00001 0.1 0.2 0.3 Ce 0.5 0.6 0.7
0ot %9 1.2
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FIGURE CAPTIONS
Streak schlieren photograph and pressure transducer records

of flame-shock interactions. Oscilloscope leads the streak
/

"record by 3.38 msec (sweep rate = 0.5 m§ec/cm; vertical

deflection=0.5 psi/cm).

"Finite wave analysis of flame-shock interactions depicted

in Fig. 1.

Comparison of the experimental and analytical pressure profiles
at positions PGl and PG2, indicated in Figs. 1 and 2.
Pressure-space profiles of the flow fields corresponding to

a flame burning speed of 25 m/sec. j = 0, 1, and 2 for plane-,
line-, and point-symmetrical flow fields respectively; Yu = 1.3
Yy = 1.2; Vp = 7; M= 1.

Density-space profiles of the flow fields associated with

Fig. 4.

Particle velocity-space profiles of the flow fields.associated
with Fig. 4.

Shock—-shock collision in the hodograph and time-space planes.
Shock-shock merging in the hodograph and time-space planes.
Shock-contact discontinuity interaction corresponding to a
speed.of sound ratio (az/al) greater than one.

Shock-contact discontinuity interaction corresponding to a

speed of sound ratio (az/al) less than one.

Shock reflection off of a plane of symmetry in the hodograph

and time-space planes.
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Fig. 12. Steady wave solution corresponding to a finite increment
in the burning speed.

Fig. 13. (A) Shock-deflagration merging resulting in a burning speed
less than the Chapman~-Jouguet value. (B) Shock-deflagration
mergihg resulting in a Chapman-Jouguet deflagration.

(C) Solution breakdown for burning speeds less than the
Chaﬁman—Jouguet value.

Fig. 14. (A) Deflagration-contact discontinuity interaction resulting
in a burning speed less than the Chapman-Jouguet value.

(B) Deflagration;contact discontinuitf interaction resulting
in a Chapman-Jouguet deflagration. (C) Solution breakdown
for burning speeds less than the Chapman-Jouguet value.

(D) Chapman-Jouguet deflagration-contact discontinuity
interaction resulting in a Chapman-Jouguet detonation.

Fig. 15. Non-steady analysis of detonation-contact discontinpity
interaction;

Fig. 16. Non-steady analysis of detonation-shock merging.

Fig. 17. Compariéon of reflected shock pressure-space profiles:

| MacCormack (°); Cloud Code (+); Exact (~). Incident gasdynamic
state: Py = 2.430; V; = 0.514; U; = -0.833; M, = 1.505.
Reflected gasdynamic state: Py = 5.413; V, = 0.282; Uy = 0.0;
M, = 1.444.

Fig. 18. (A) Computational mesh surrounding a right running shock front.
(B) Computational mesh surrounding a left running shock front.

Fig. 19. Difference schemes associated with the five possible relative

motions of a shock wave and a translating grid.



Fig. 20.

Fig. 21.

Fig. 22.

Fig. 23.

Fig. 24.
Fig. 25.

Fig. 26.

Fig. 27.
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Density-space profiles of a contact discontinuity after 40
cycles of MacCormack scheme. Conditions: Py = 2.026;

p, =2.133; P = 1.493; U = -0.456.

(A) Riemann's steady wave solution for the two possible pressure
ratios corresponding to the independent states 1 and 2.
Trajectories; solid line - shock; dashed line - contact discon-
tinuity; chain dotted and chain double dotted lines-head and
tail of rarefaction wave. (B) Computational plane surrouhding
a contact discontinuity.

Difference schemes associated with the four possible relative
motions of a contact discontinuity and a translating grid.
Difference scheme associated with deflagration.
Chapman-Jouguet detonation on the pressure-specific volume
plane.

Difference schemes associated with the two possible relativé
motions of a detonation and a stationary grid.

Pressure, density, and particle velocity-space profiles of

a Chapman-Jouguet detonation wave in a closed end tube.

Solid line -~ self-similar analysis, solid and dashed lines -
numerical calculations. Conditions: Yp = 7; Yy = 1.3;

Yy = 1.2; M =1; M, = 5.12.

Difference schemes assoqiated with the relative motions of

a shock-shock system within a translating grid.



Fig. 28.

Fig. 29.

Fig. 30.

Fig. 31.

Fig. 32.

Fig. 33.

Fig. 34.

Fig., 35.

Fig. 36.

Fig. 37.
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Difference schemes associated with the relative motions of
a shock-contact distontinuity system wifhin a translating
grid.

Difference schemes associated with the relative motions of
a shock-deflagration system within a translating grid.
Difference schemes associated with the relative motions of
a shock-detonation system within a stationary grid.
Difference schemes associated with the relative motions of
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