
, . 
.. 

,. 

., 

I i' 1\ 

NUMERICAL ANALYSIS OF FLOW FIELDS 
GENERATED BY ACCELERATING FLAMES 

John Kurylo 
(Ph. D. thesis) 

LBL-7233 
cl·d _·_ 

U8R'~\RY AND 
DOCUMENTS S£CTION 

December 1977 

Prepared for the U. S • Department of Energy 
under Contract W-740S-ENG-48 

TWO-WEEK LOAN COpy 

This is a Library Circulatin9 Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5716 

.----_ .... _-­
------.-----.-.----------------~---.------------



,--------- LEGAL NOTICE -------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart­
ment of Energy, nor any of their employees, nor any of their con­
tractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, appa­
ratus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 

.. 



I 

NUMERICAL ANALYSIS OF FLOW FIELDS GENERATED BY ACCELERATING FLAMES 

by 

John Kurylo* 

Department of Mechanical Engineering 
University of California 

Berkeley, California 94720 

* Work performed as a Ph. D. Thesis partially supported by the U. S. 
Army Research Office under Grant No. DAAG-2977-G-0064. 





-iii-

NUMERICAL ANALYSIS OF FLOW FIELDS GENERATED BY ACCELERATING FLAMES 

Contents 

v Abstract . • . 

Nomenclature . . . . . . . . . . . .. ix 

1. Introduction. 

2. Flow Field Processes • 

3. 

4. 

2.l. 

2.2. 

Wave Processes . 

Wave Treatment as a Discontinuity 

2.3. Flame Burning Speed Law 

2.4. Initial Conditions •• 

Discontinuity Interactions • 

3.1. Vector Polar Method 

3.2. Interactions 

3.2.1. Non-Reactive Interactions 

3.2.2. Reactive Interactions 

Numerical Method ••• 

4.1. Governing Conservation Equations 

4.2. Numerical Integration 

4.3. Numerical Scheme •• 

4.4. Time Step Criteria. 

5. Floating Discontinuity Fitting. 

5.1. Floating Shock Fitting •• 

5.2. Floating Contact Discontinuity Fitting. 

5.3. 

5.4. 

Floating Flame Fitting •••• 

Floating Detonation Fitting 

1 

7 

7 

8 

9 

11 

13 

13 

14 

14 

16 

21 

21 

23 

24 

29 

31 

31 

35 

36 

42 



-iv-

6. Approach and Separation of Discontinuities • 

7. 

8. 

9. 

Application of the Numerical Method 

Results 

8.1. Stable and Unstable Cases 

8.2. Critical Curve ••• 

Summary and Conclusions 

9.1. Summary 

9.2. Conclusions 

Acknowledgements • • • • 

Appendix A. 

Appendix B. 

Appendix C. 

Chapman-Jouguet Flame Burning Speed Law • • 

Programs for the Initial Conditions • 

Program Flame • • • 

References • 

Figure Captions . . . . . '. . . 
Figures 

• • • eo 

48 

52 

54 

54 

58 

60 

60 

62 

64 

65 

69 

79 

211 

218 

223 



-v-

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 to 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 

fieldp associated with an assembly of interacting shock waves, contact 

discontinuities, deflagration and detonation fronts. In the analysis, 

these 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 to 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 the deflagration. The burning speed, governing the motion 

of the deflagration, is expressed in the form of a power law dependence 

on pressure 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 progress 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 only to the continuous 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 increment in the burning speed and its initial value, 

is presented. The results are in satisfactory agreement with experimental 

observations. 
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NOMENCLATURE 

speed of sound 

area 

a/ao (Figure) 

constant Eq. (5.18) 

transformation variable Eg. (4.9) 

specific heat at constant volume 

detonation wave speed 

stagnation energy 

function of pressure Eq. (5.11) 

function of density Eq. (5.12) 

Hugoniot 

position index on the computational plane 

geometry index (0, 1 and 2 for plane-, line- and point­

symmetrical geometries) 

Chapman-Jouguet detonation state 

Chapman-Jouguet deflagration state 

mean molecular weight 

shock Mach number 

detonation Mach number 

Mu/Mb 

time index on the computational plane 

pressure 

pressure ratio across the discontinuity 

p/po (Figure) 

gas constant 
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R Xl/X; (Figure) 

RB Rankine-Hugoniot 

RL Rayleigh Line 

S flame burning speed 
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t l 
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T 
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X 

Xl 
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f3 
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\! 

transformed time variable Eq. (4.5a) 

time 

temperature 

t';P-;-/X
f
' (Figure) 

o 0 

particle velocity 

transformed velocity Eq. (4.11b) 

u/ao (Figure) 

specific volume 

transformation velocity Eq. (4.5b) 

experimental data (Figure) 

transformed space variable Eq. (4.Sb) 

position 

flame position at the instant of initial acceleration 

index Eq. (5.25) 

asymptote of Hugoniot hyperbola 

ratio of specific heats 

temperature index Eq. (2.1) 

coefficient Eq. (5.1) 

quadratic equation coefficients Eqs. (5.7), (5.16), (A.6) 

pressure index Eq. (2.1) 

specific volume ratio 

v/v (Figure) 
o . 
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explicit artificial viscosity 

density 

PIPo (Figure) 

transformed density Eq. (4.lla) 

X constant Eq (5.12) 

[] conserved quantity Eqs. (5.1), (5.2) 

I I absolute value 

+ 

o 

Subscripts 

b 

CJ 

d 

f 

F 

h 

G 

i 

J 

N 

o 

s 

step 

node adjacent to a contact discontinuity 

locus of end states (Figure) 

state behind the combustion front 

Chapman-Jouguet state 

ratio of combusted to uncombusted parameters across the 

deflagration front 

constant pressure combustion at local pressure 

constant pressure combustion at reference pressure 

head of the rarefaction 

constant specific volume combustion at reference specific 

vollDTle 

position index on computational plane 

Chapman-Jouguet state 

von Neumann state 

undisturbed reference state 

shock 
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tail of the rarefaction 

state ahead of the combustion front 

position 

state to the right of a discontinuity 

state to the left of a discontinuity 

state ahead of the discontinuity 

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 

I 
described by Berthelot 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. 2-5 

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 to detonation have been the subject of an intense 

wide-ranging experimental 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 Neubert7 ,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 experiments by Oppenheim and associates,6,9-11 the main 
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mechanism of the transition is the action of the transverse waves generated 

by the deflagration process and the formation of their wave intersections 

and interactions~ 

The capability of deflagration to accelerate to detonation is 

important in the assessment of the dangers associated with unconfined 

vapour cloud explosions •. 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 

liquified natural gas (125,000 cubic meters or 5.6 x 107 kgs), gained 

a considerable amount of attention. This 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 of 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 

detonation? Such knowledge could lead to design requirements minimizing 

the occurrence of detonation by prohibiting design configurations, 

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

of the so called Shchelkin turbolizers, used for detonation research. 17 

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 generated 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 can 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 steady flames. 20 That analysis has been restricted 

to the case of self-similar solutions, whereas the problem now under 

consideration corresponds to a non-self similar flow field. Early 

numerical 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 techniqueI6 ,24-26 

for removing the explicit computation of shock fronts was developed 

by von Neumann and Richtmyer 27 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 properties across a shock front into smooth but rapidly 

varying quantities over a small number of computational zones. However, 

the excessive influence of the explicit artificial viscosity during 



-5-

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 

were overcome by the numerical differencing of the governing equations 

expressed in conservative29 form and by the development of implicit arti­

ficial viscosity30 techniques. The influence of the implicit artificial 

viscosity during 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. 25 ,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 specified. 

Presented first is a discussion of the wave processes involved in the 

lrdJ):-;ition 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 
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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 

behavior of the non-steady flow field. A description of the algorithm for 

the floating discontinuity fitting technique for shock waves, contact 

discontinuities, deflagrations and detonations follows in Chapter 5. The 

next chapter is devoted 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. 
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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 course 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 experimental apparatus for detonation experiments, 

a long slender tube, which today remains practically unchanged from that 

first described by Berthelot,l 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 the transition 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 

7 
by Schmidt et al.'-s interpretation 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 Chu35 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 

waves in confined and unconfined atmospheres was established in experi­

ments by Laderman et al. 2- 4 and Oppenheim, Kamel and Varvatsoulis. S 

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. 6 ,9-11 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,S,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 
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surfaces in the flow field, 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 H2-02 mixture maintained initially 

at room temperature and 100 rnrn 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. 40 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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(2.1) 

where S is the normal burning speed, T and p are respectively the 

temperatur.e and pressure immediately ahead of the flame front, while 

subscript 0 denotes the undisturbed, reference, conditions. Numerical 

values of the indices were selected so as to best fit the available 

experimental data. Such data were based on the experiments of Gilbert,41 

Goldenberg and Pelevin,42 and the more recent experiments by Bradley 

and Hundy,43 and Andrews and Bradley44,45 Their correlations, valid 

over a wide ranges of pressures, temperatures and hydrocarbon-air mixtures, 

suggest that 0 = 2.3 and e = 0.5. In the case of a Chapman-Jouguet flame, 

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

becomes 

~ (1 + 8) RoT [ ... , _ 8 _ .. I\lf _ 1] 
(1 - 8) "vf 'IV (2.2) 

where 

and 

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

R represents the gas constant, M denotes the mean molecular weight, 



-11-

VF and Vf 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. Initial 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. l s 20 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 steady 

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 velocity 

u, corresponding to a steady deflagration with a burning 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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VF = 7, 

ao = 331 m/sec, 

M = 1, 

Yo = Yu = 1.3, 

Yb = 1.2 

where vF 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 0, 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. In 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 experiences 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 of 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. In 

contrast to using the method of characteristics, Oppenheim and Stern34 

took the approach that it is more 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 comparison 

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 interaction 

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 a2 > al 

(4) shock-contact discontinuity a2 < al 

(5) shock-plane of symmetry 

where al and a2 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 11. Included are 

the time-space wave diagrams. 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, and the loci of attainable states 3 and 4 drawn from states 

1 and 2, the criterion for determining the exact location 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. In 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. In 

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) represents the finite increment in the burning 

speed associated with the initial 'disturbance. 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" indicates a Chapman-Jouguet deflagration and a 

thick solid line denotes detonation. 
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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 discontinuity 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 intersect when burning speeds less than the 

Chapman-Jouguet value are assumed for case B. Figure 140 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 figures have been nondimensionalized with respect to an un­

disturbed reference pressure 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. Overdriven detonations 

arise in interactions (4) and (5) because the 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 interaction and after the decay of the interaction's non­

steady effects, are indicated by points J2 and Jl 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 Hqgoniot curve. The non-steady 

phenomena in interactions (4) and (5) are associated with the transition 

from state J2 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 

a + U > D 

where a and urepresent 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 phenomena arising from interaction (4), 

the transition from state J2 to state Jl is assumed to occur over one 

time step characteristic of the method of calculation. In interaction (5), 
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the differenceS between states J2 and J l 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 

J2. 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. In the absence of external body forces, energy, 

and mass sources, and with negligible effect of the transport processes 

of diffusion of mass, momentum, and energy, the basic governing equations 

can be written as 

where 

a(OA) 
ati= 

a (PuA) 
at' = -

_a_ (puA) 
ax' 

a (pu2A + pAl + pdA 
ax' dx' 

= - a~' (u{Es + pAl) 

p = pRT 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

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

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

x' - independent variables time and position; A - area; Cv - 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 (po'Ao), scaling velocities by (Po/P o ) 1/2, 

scaling energy and temperature by (Po/Po)' scaling all lengths with 

respect to the flame's location at the instant of initial acceleration, 

x~, and scaling time with respect to xf/(Po/Po)1/2. 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 = x' - Wt' (4. 5b) 

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

and space derivatives become 

(4.6a) 

(4.6b) 

The nondimensionalized transformed governing equations can be written 

as 

~-at -
a d(PA) ax (puA) - At -ax (4.7) 



a (pllA) = 
at 

aCEs) 
---= at 

a 
ax 

where 

and 

dW 
At = -w - t dt 

p = pRT 
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2 dA a (PllA) 
(P u A + pA) +'p dx - At a x 

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, incorporating 

only a few such surfaces. As a characteristic length, the distance 

traversed by the flame prior to the instant of initial acceleration, 

is inherent in the problem, a self-similar analysis is ruled out. 
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4.3. Numerical Scheme47 

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 discontinuity, 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 + TI where TI 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 applications. 16 ,24-26 

However, the excessive influence of the explicit artificial viscosity 

during the interaction of discontinuities with the combustion 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 Morton30 
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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 implicit 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 orie-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 

p = pA (4.11a) 

U = pu = puA (4.11b) 

Es 
pA U2 (4.11c) 

= 1 + -.;; 
y - 2P 
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where Eq. (4.10) has been used to eliminate the explicit temperature 

dependence of Es. 

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

l.Q = dU A dP 
dt - dX - t dX 

= _ L (l!2 + PA) + P dA _ At d U 
dX p dx dX 

dEs d (U ) at = - d x . ~ {Es + pA} 
dEs 

At­dX 

(4.12) 

(4.13) 

(4.14) 

(4.15 ) 

The basic algorithm in the MacCormack technique consists of a 

two step process, 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. 50 The predictor portion of the bilevel difference method 

is defined by 

(4.16 ) 
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n 

+ ~t~ :) 
i+l/2 

(4.17) 

[~~ 
n 

En+l En ~t (Es + PA)! = s. s. ~x 
l. l. i+l 

- ~~ (Eo + PA{) - t,t [En En ] At 7£{ 
Si+l si 

(4.18) 

-2 n+l 

n+l En+l U. Y - 1 1 
Pi = s. n+1 A~+l l. 

(4.19) 

2P. 
l. 

l. 

where subscript i refers to the ith node at spatial location x = Xo + i~x 

in the spatial mesh of constant spacing ~x, while superscript n refers 

to time t = to + n~t where ~t 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 



'n+l u. 
1 

n+1 
E s. 

1 

.~ n+l U. 
1 
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~n+l )] 
P. 1 1-

= ~r~ n+l ~t 

W+ PArI -(~2 + p{] + u. -6x, 1 

1 

n+l 

+6+ :) -
. i-l/2 

It n = - E + 2 s. 
1 

En+1 
s. 

1 

- l¥ (Es + 
P 

A ~t t-/).X 

A 
~t 

t ~ 

~ n+l u~+l )1 U. -
1 1-1 

n+l 

+ PAl! 
i 

(4.20) 

(4.21) 

(4.22) 

(4.23) 
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The corrector step utilizes a forward time step, but a backward spatial 

step based on the predicted solution. The alternating use of forward 

and backward spatial derivatives models the fact th~t 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. In 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 Fourier 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 

lIt( lu I + a + IAt I) 
lIx < 1 

(4.24) 

where a is the local speed of sound in the gas" and At 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 

lit ( I u I + a + IAt I) 
-~-'-----'---=;"":-' = O. 7 

lIx 
(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 
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limited, the captured 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, interpretation 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 

Egs. (4.12) to (4.15). Because the discontinuities are permitted to float 

about grid positions, special provisions must be taken when evaluating 

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 nand n+l 

as shown in Fig. l8A. There is difficulty in computing the predictor 

level of MacCormack's scheme at node (n,i), the high pressure side 

of the shock. Performing the forward spatial derivative using nodal 

points sand 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. 53 Instead the following 

second order accurate approximation for the forward derivatives is 

used 54 

all 2(2 - E::) -- = ax 1 + E 
[]n + (2E- 3) []~ + (1 - E) (2E - 1) []~ (5.1) 

1 + E 1-1 S 1 

where 

E = 

and [] represents a cOnserved quantity. In Fig. 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 

all 2(2 - E) 
-ax-= l+E 

[]n+l + (2E _ 3) []n+l + (1 - E) (2E - 1) 
s i+l 1 + E 

where 

n+l n+l 
(x)i+l - (X)s 

!J.x E = 

n+l 
[]. 2 

1+ 

(5.2) 

For the low pressure side, stable computatio~s 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 respectively 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 corrected 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. The inverted "T" and 

"Tn symbols indicate the use of Eqs. (5.1) and (5.2) respectively. 
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A technique developed by Moretti et al. 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-Hugoniot relations to determine the gasdynamic states 

about the shock, was tested. Moretti's technique showed no advantages 

over floating shock fitting. In addition, Salas52 mentions the difficulty 

of determining the origin of the characteristic reaching the shock 

in the immediate viscinity of other discontinuities. 

MacCormack's scheme 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 interaction 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 Chorin,56 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's57 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 surface. A rapidly 

converging 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 nand n+l. Parameters 

at locations i+l and i correspond to states 1 and 2 respectively while 

values for states 3 and 4 reside at the "+n 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 with 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. Floating Flame Fitting 

This section describes floating flame fitting, a novel technique 

for encorporating a flame, treated as a deflagration, into a bileve1 

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 
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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. In addition the computational mesh 

moves with the deflagration velocity. This is accomplished by judiciously 

distributing the initial mesh about the deflagration position and trans-

forming the independent time and space coordinates of the governing 

differential equations as shown in Eqs. (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 relations governing the motion of the deflagration 

can be expressed as59 

Continuity: 'Vd = v4
/v3 = (S + u3 - U

4
)/S 

Momentum: p /p 1 + Y s2 (1 2 Pd = = - 'V
d
)/a

3 4 3 3 

Hugoniot: (Pd + (3) {\)d - (3) = (1 + (3) ('V
f 

- (3) 

where 

(Y4 - 1) 

Y - 1 3 

(5.3) 

(5.4) 

(5.5) 
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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 

\iF' the ratio 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 

Eg. (5.4) and solving for specific volume, are used. For flame burning 

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

(5.6) 

v4 v3 ~ - k = 11 
(5.7) 

where 

11= 2 2 
2Y3S /a3 

and ~ = (1 + S ) (1 + 11 /2) 

(5.8) 

(5.9) 



-39-

A Chapman-Jouguet deflagration corresponds to ~ = O. In the Chapman-

Jouguet case, the burning speed law becomes 

-V(l + 8) P3v 3 

(1 - 8) [/vf - 8 - Iv f - 1 ] 
(5.10) 

while the forward jump Egs. (5.7) to (5.9) remain unchanged with the 

exception that SCJ replaces S. When conditions behind the deflagration 

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, P3' and iteratively solving 

for pressure, P3' from Eg. (5.4) as follows 

where 

P3 = P3 - Gpl (aGp/ap3) 

S = s~:!re (~:)' 
Gp = P3 - P 4 + S2 P3 (1 - Vd ) 

.lCL - 1 + 2S2 ( 0 + e) (1 -ap
3 

-

(5.11) 
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Then by substituting Eg. (5.4) into Eg. (5.5) and using P3 from 

Eg. (5.11), the value of P3 is obtained by the following iteration 

where 

(5.12) 

G
p 

= P4 <B - Vd)(l + B) + (1 + B)(VF -X) P3 + P4 (1 + /3) (X - B) 

as. ap3 - = - 8s/p + (8 + 8) S;--p /P3 
ap3 3 a 3 

ap3 [(28 - 1) (1 - vd) + vd] s2 

dP3 = 1 + 2P3(8 + 8) S2(1 - vd)/P3 

Using the momentum equation, Eg. (5.4), to determine (ap3/ap3) 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 P3 from Eq. (5.12), is obtained from Eq. (5.11). The 

iterative procedure ends when the changes in P3 and P3 fall below lO-N, 

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

deflagration is evaluated from 

(5.13) 

This completes the calculation of state 3. 

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

(5.14) 

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

(5.15 ) 

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

P3 = -/;; + V/;;2 - 4~n (5.16) 
2~ 

where 

~ = (1 + (3) 2 P4 (Vp - X) - (1 - (3) 
P4 

I'; = 2 [(1 + S)X - 2(3] 

n = (1 - m [(3 - X (1 + m] 

and X is defined as Eg. (5.12). The values of P3' SCJ' and u
3 

are obtained 
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from Eqs. (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) forward jump equations at i+l 

3) forward predictor at i-I 

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-Jouguet 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 

= D (5.17) 

where u
J 

and a
J 

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 Nand 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 relations59 to evaluate states Nand J 

where 

PG = 1 + u 

+ 

(1 + 
PG = 

0 

2PGu - (1 - B) + 2 ~P~u - (1 - B) PGu - B 

(1 - B) Yu 

PGo - 1 

(aa/au) 2 

YJ [1 - (ao/au) 2] (BYu/YJ - Mu/MJ ) 

B) (V
F 

- 13) 

1 - B - B 

(5.18 ) 



YJ - 1 
B =--­

Yi - 1 

-44-

and 

and np represents the heat liberated during combustion in terms of 

the ratio of specific volumes at the undisturbed pressure. 

where 

PJ = P 'p J u 

PN = (1 + B) ~ - B 

PN = P 'p N u 

P J = P u (P
J 

+ B) - (1 - B) (P - PG ) 
J u 

B~ + (1 - B) 

1/2 

Fi- B) (P - PG ) (P - 11] 
UJ 

J u J + u = a 
yu(PJ + S) u u 

UN = tl -Bt -M~) Nn] au + Uu 

(5.19a,b) 

(5.20a) 

(5.20b) 

(5.21) 

(5.22) 

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 

PJ 
(1 - 8) 

(1 + Yu~) + /), 
(5.23) 

= 2 

where 

(1 - 8)2 
2 

/),2 = (l+Yu~) -Yu(1-8)~PGu+8 2 

The overdriven detonation Mach number is obtained from the analysis 

given in Section 3.2.2. 

In the floating detonation fitting technique, 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 instability induced 

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

of the rarefaction wave. 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 are59 

u x 

a x 

where 

U 
x 

Px 

(x
h uh + (uh - Ut ) = (x
h 

= (U: + 1) ah 

U x - u
h 

= ah 

= ("x r P a
h 

h 

and 

( 

2+a 

P a 
x· 

- x ) x (5.24) 
- x ) t 

(5.25) 

2 a = 
y - 1 

h 

(5.26) 

(5.27) 

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 of MacCormack's scheme with 

floating detonation fitting to the exact solution18 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 thereby 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 

numerical 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 ~t and the right hand boundary of the trailing discontinuity'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 involving 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 interaction 

process are set forth 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-detonation 

(5) contact discontinuity-shock 

(6) contact discontinuity-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 well 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 (NDISCLI - NDISCL2 - fj) + 10 NXS2 + NXSI (6.1) 

where NDISCLI and NDISCL2 are the mesh node numbers immediately behind 

the leading and trailing discontinuities respectively at time instant n. 

NXSl 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 to n + 1 by assuming values 1, -1, or O. Interaction systems involving 

a contact discontinuity assign fj a value of unity, otherwise fj 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 rarefaction 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 interaction 

between discontinuities can occur. The interaction systems included 

in category Bare: 

(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 the interface. Situation (9) was decomposed into situation 

(6), category (B), and situation (2), category A, while situation (10) 

was decomposed into situation (7), category (B) and situation (2), 

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

The flow diagram presented in Fig. 39 describes the executive 

instructions controlling the whole of the computational process. The 

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 bi1eve1 scheme at all points. By 

predicting values at nodes 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 

discontinuity to the origin is located and identified. If 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 well 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 appropriate 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. However, 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, Yu = 1.3 and Yb = 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, ~S, 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. In 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 xf 

milliseconds and the deflagration has travelled a distance equal to 
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53 x; meters, that is, 53 times the distance, expressed in meters, 

traversed by the deflagration prior to the actuation of the initial 

disturbance. The strength of the front of the leading blast wave has 

increased from a Mach number of 1.1 to 1.4. In 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 x; milliseconds 
, 

and at a distance of 20.3 xf 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 transition to detonation, in the form of the trajectories 

of the forward and backward running characteristics denoted by thin 

solid lines, are 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 

separation 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 Figs. 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. In 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. 18 

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. 16 

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 parameter, 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.'s7,8 

experimental 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 burning 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 

"+" signs adjacent to the symbols Sand 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 nOrge, 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 did not transist to detonation. Rather they 

developed a new thermodynamic and gasdynamic state commensurate with 

the higher flame burning speed. The largest such increases in burning 

rates, factors of si~ and twelve for single and triple screens 

respectively, occurred in the case of stoichiometric C2H2-air. These 

conditions are denoted by points WSl and WS3 respectively located in 

the stable lower portion of the stability plane. However, they reported 

that in the case of larger initial flame propagation rates, on the 

order of 50 meters per second, it was indeed possible to trigger transition 

to detonation~ In fact, their results indicate that the higher the 

initial flame propagation speed, the fewer number of screens were required 

to promote transition. These higher burning speeds were achieved in 

C2H2-air mixtures by reducing the N2 content to 36%. For the case 

of a single screen, the data point is indicated by WU1. 

The experimental results of oOrge et al. 17 corroborate the predicted 

critical stability curve. 
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9. SUMMARY AND CONCLUSIONS 

9.1. 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 treatment 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 that 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 

of time-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 Chapman-Jouguet deflagrations. 25 ,26 Rather the 

numerical 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,24,25 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. In 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 

established6 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,12-15 

the potential danger resulting from the blast waves generated by the 

exploding cloud practically depends on the combustion processl6 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 59 

Continuity: v'd = v4/v3 = (S + u
3 

+ u4)/S (A.l) 

f.bmentum: Pd = P4/P3 = 1 + Y3S
2 

(1 
2 

- "d)/a3 (A.2) 

Hugoniot: (Pd + S) ("d - S) = (1 + S) (V
f 

- S) (A.3) 

where 

(~r t (~y][~! Y4 - 1 M3 
1J Vf = v + 

Y3 - 1 -=-+ F M4 

Y4 - 1 
S= 

Y4 + 1 

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 uncombusted 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 "F' the ratio 

of specific volumes at the undisturbed pressure. 

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

volume ratio yields 



-66-

(1 - y d~ (v d - S) 

(1 + S) v f - S (1 + S) = 0 (A.4) 

SY3S 

t 2] (1 + S) vf +~. = 0 
(A.5) 

Therefore 

(A.6) 

where 

and ~ = (1 + B) (1 + ~) 

The two roots correspond to strong and weak deflagration. Chapman-

Jouguet correspond to l;; = o. That is 
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(A.7) 

Expanding in powers of S2 yields 

(A.8) 

Solving for S2 gives 

2 
s2 

(1 + 8) a
3 = 

y (1 - 6) 2 
3 

[(2 Vf - 6 - 1) ± 2 {6- Vf - 6V
f + V~ ] (A.9) 

2 
s2 

(1 + 6) a3 • 
= 

Y (1 - 6) 2 
3 

~ Vf - 1) +(Vf 
- s) ± 2v'(V

f 
- 8) (V

f - 1)] (A.10) 

(1 + 6) 2 
s2 a3 t Sr = 2 IVf - 1 ± Iv -

Y (1 - S) f 
3 

(A. H) 
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Therefore 

(A.12) 

where the positive subsonic character of the flame burning speed has 

been used to eliminate the extraneous solutions. In terms of temperature, 

the chapman-Jouguet flame burning speed law becomes 

where 

B = 

- 1.] 

Y4 - 1 

Y - 1 o 

(A.13) 

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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PJ;OGI<AM ZFIINPl.;T,OL.TPLT,PLI\CH) 
C- PHA~E PLA~E I~TEG 11\ FL, FCI< (C~ST VEL UI\lf INITIAL DENSITY DEFLAG 
C 

c 
c-
C 
C 
C 
C 
C 
C 
C 

C 

1000 

1001 
C 
C-

1002 

( 

olL OF L I A J , G, F L , ZL ) = 12. * I Ex F I ZL ) - C I .- E I< PC FL J )" 2 ,. II J * I G- I. ) * C I. - E I<P 
*' F L ) ) *E xP, F L) ),,' , A J+ I • I *E XP ( ZL ) - C I .-E X F C F L I I. *2 I 

CXLoFLCAJ,G,FL,ZL)=-CEXPIZL)-1 1.-EXPIFL»*'c)/«AJ+l.)*EXPCZL)­
*Il.-EXPCFL».*Z) 

DATA I~Pl;T 

NJOB~=NO. OF CA~E~ TC BE ~U~ 

ZO=ZIFlSTCN) 
FO=FIFIST(~) 

I<C=INITIAL ~AlL.E CF )(/XF 

SO=II\ITIAL STEF SIZEII~PL.T AS ~ I\E(ATl~F ~C.) 

oELO=REOo ACC I~ (Z2-Z1 TC TEJ;~I~"lE T~I~ C~SE 

J=0,1,2 SYMMETRY fACTOI< 
~=~A)( ~C. CF ITEf;ATICI\S .IIlLCWEC TC "C~lEVE CELO 
READ ICCO,NJOBS 
FCr::M-TIJ51 
00 I JOB=I ,I\JC!3~ 
READ 1001,G,ZO,FO,XO,SC,OELO,J,~ 

FCr::~ATIFIO.8,FI0.4,2FI0.R,ZFI0.~,ZIS) 

P~INT INPUT CAT-
PklNl 100Z,J,G,ZO,FO,XO,SO,DElO,~ 

FCRMATIIHI,2",ZCX,*SELF ~IMJLA~, ceNST FRO~l ~EL. LNIF INITIAL DE~ 
*SI1Y, EULERIA" SFACE ELAST W_~E.,Z/,Sx,.J=.,II,SX,.G=*.F~.3.S)( • 
• *ZO=*,FI~.E,5),.FC=.,Flc.e,5x,.XO=*,F lo.e,sx,*SO=*.F7.5,5X • 
• *oELO=*,FIO.8,5X,*M=*,I4,3/,ltX.*Z*,22)(.*F •• lt)(,*X/XP*.lfX,*Z2-Z* 
• ,I) 

c- 1~ITIIIL ((I\oITI(I\S 
F=FO 
Z=ZO 
X=>O 
FL=ALO(IF) 
Zl=ALCGIZI 
Xl=ALOGIX) 
"J=J 
5=50 
PRINT IOC3.Z,F,X 

1003 FCr::~"T(lh ,415X,F16.10» 
C 

DC 2 KK=I,M 
IFIF.LT.O.J.Cr::.F.GT.loO) (C TC 2 

C INTEGRAT leN I<U~GE KL 1TA 
AO=S*CZLCfLCAJ.(,FL,lL) 
AI=S*oZLDFLIAJ,C,FL+.S*S,ZL+.S*"O) 
A2=S*CZLDFLIAJ,C,FLt.~.S,ZL+.~.AI) 

A3=S*DZLoFLIAJ,(,Fl+S,ZLt"2) 
BO=S*CXLDFLIAJ,C,FL,ZL) 
~1=S*OXLDFL(AJ,(,FL+.5*S.ZLt.5·IIO) 

e2=S*CXLDFLIAJ.(,FLt.S*S,ZLtoS*Al) 
BJ=S*DXlDFLIAJ,(,FltS,ZLtAZ) 
Zl=ZLtIAO+2.*AI+< •• A2tA~t~f. 
XL=XLt'BO+Z.*EltZ.*EZte3)/6. 



c 

FL.:FL.S 
1.:EXFI1LI 
F=EXP(FLI 
X=EXF(XLI 
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(- Be AT S~~CK FRCNT 

( 

Z2= I G-I .).11 • -F I. (2.1 (G-l • ).F 112. 
DEL=Z2-Z 

C PRINT RE~LL1S 
C PRINT 100~,Z,F,X,DEL 

IF(DEL) 3,5,5 

c 

3 FLSA\I=FL 
ZLS/II\I=ZL 
"L~A\I=XL 

GO TO 2 

5 IFICELO-DELI 4,6,6 
4 FL=FL~A\I 

ZL= ZL S IIlV 

XL=XL~II\I 

S=!:/2. 
2 c( "T l"UE 

6 F2=F 
Z2=1 
y= I.-(G'-I. '*F2/2. 
XF=} ./X 

AMACH=I./~CkT(Y) 

PFo.INT 1004.J,G,ZC,FC.,,)(F.Z2,F2,AM;lC~ 

1004 F(~~ATIIH ,3/.IX,.J= •• I},3X •• G=*,Fl.4,~X,*ZC= •• Flf.10.~X,.FO=*. 
*F }:<. I C, 3 X • '" Y = '" • F J !: • I 2 .3 X ,. )( F = '" ,F } !: • t 2 , I , I X , • 22= •• F I 5. I 2.5 X. 
"''''F2=*.FI!:.12.5X,.AMIIC~=*,FI5.ICJ 

PklNT JOOO,KK 
3000 FCFMAT(I~ .5X,*KK=.,15) 

c- Fl."C .... OATil 

( 

PUNCH JOC~.J,G,DELO,ZC.FC.y,XF,22,F2 

1005 FCFM~TIJI.F7.4,EI2.5,2c20.12./,4E2C.12) 
I CC"TI"LE 

Sl(F 
E"D 
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1.3 4.ES5 1.0 1.0 -O.OC~ .OOO~OI 1 2CCO 
••• t*.* •••••• *c* ••• c~ •••••••••• E~D CF D~lAC.* ••• * ••••••••••••••••••••••• 
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PI'OGI'AM CFLAG( INPUT,Ol.TPlT,Pl."(t-1 
C- PHASE PLA~E I"TEG I" Fl, FCr: (("ST VEL U"IF eEN CFLA( Or: PIST PB~ 
(- SElFSIMILAR El.LERIA" SPACE P"CFILE~ 

OI~E~~IC" XUPV(4,110) 
( 

( 

C 

C ZL 0 fL I A J , (, f L , 2L 1= ( 2 •• ( E )I P ( ZL 1- ( I. - E xP (F L ) ) •• 21 + II J. ( G- I. ) .. ( 1 • - E XP 
.. ( F L I I. E X P (F Ll 1/1 ( A J+ I • I. E X I' ( Z l ) - ( 1 .- E X F (F L 1 ' •• 2 , 
OXLDFL(AJ,G,FL,2L)=-IEXP(ZL)-(I.-E)lP(FL)I$.21/«_~+1.,.EXP(ILI-

., 1.-EXF(Fl) ) •• 2) 

C- OAlA I "PL T 
( NJOBS="O. OF (A~E~ lC OE "I.." 
(- F(ll(~I"G 9 PIECES Cf CATA GETII'''EC FRC~ Pr:CGRA~ IF 

J = 0 , I ,2 !:" '" ~[ 1 R'r FA C T C r. C 
C 
C 

C 
( 

C 
( 

( 

C 

G=uECCMBLSTEC VALUE CF TI-E ~PE(IFI( I-E~T RII1IC 
OELO=ACC TC WI-ICH 22 ~AS CALC I" F~CG 2F-~U"YLO 

ZO=I"ITIAL VALLE CF 2 (I.E. l-"I~T(~) 
fO=I"ITIAL VALUE (F F (I.E. F-FIST("1 
'r=I/IMA(H "C. ~*?I 

XF=I"ITIAl VALue OF X (I.E. )(-FI~T(NI 

Z2=VAlU[ CF Z Al St-C(K FI'O"T 
F2=VALUE Cf F AT !:hCCK FF("l 

(-

( 

( 

C 
C 
( 

C 
C 
C 
C 
( 

C 
C 

C 

1000 

G4=CC~BL~lf~ \AlLE CF Tt-E SFECIFIC I-E/T r:ATIC 
AA=UNCISTVREED VELCCIT' CF SCL"C I" M/!:EC 
R41'I=RATI( (F ~(LECULAH ~TS. (STATEl/STATE4) 
SC=INITIAL STEP ~IZE 

A"UFO=SPtC VOL "ATIC FCI' CCNST PRE~S CEFLA( '~RT. STATEI) 
OElNL=ACC "faD '" CALC A~UF (TI-IS FlxE~ TI-E FLAME POSITIC") 
M=WAX "C. CF DC Leop TO (E"EPAlE FlC. F"OFILE 
""L"(H=(O,! I, 1"( PU"CI-I"C "EOC Tt-IS CASE,PL"C .... ING REaD) 
NPIST=(O,I) (lHI~ IS A DFLAG I'I..~, It-I~ IS A "ISTt" FEW r:u,,) 
"(=''O. OF CFLLS EET.EEN X=J.O 11"0 )(=I.C 
1l1l"=~HGC~ FHC~l VElCCllY I~ ~/SfC 

AMACt-=fR(~T MACH NC 
READ 1000,~J(ES 

FOl'MAT(I!:) 
CC I JOE= I ,NJCeS 
READ 1001,J,G,DElO,lO,FO,Y,XP,22,F2 

1001 fCHMAT(II,F7.4,FI2.S,2E2C.12,/,4E2C.12) 
READ I002,G4,1~,R4RI,SO,A"LFO,CEL"U,W.~PU"CI-,"PIST.NC 

10 C 2 FORMA T( F !:. ~,!:F 10.7. 15,12, I 3,15) 
AM~Ch=I./SQRl(Y) 

",,,N=AA$AIIACH 
ZI=Y 
T2TI=22/Z1 
P 2P I = I G- I • ) .II G .. I • ) '$ ( 2 • '$ G, (G- I • , /Y- I • , 
V2VI=«(-I •• 2.*Y)/(Gfl.) 
C2DI=I./V2VI 

C- PI'I"T I"Fl.;T O,oT.o 
IF(NPIST.EU.O) PRI"T 10lC 
IF(N~IST.EO.I) PRINT ICII 

1010 FCI'~AT(IHI,/,25)(,.SElFSI~ILAH El,;LE"I~" SPACE PROFILES FOR CONST vE 
*L UNIF INITIAL DF"SITY DEFLAG"All(~.,2/' 



c 
e 
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lOll FORMAT(IHI",25X.*SElFSI~ILA~ E~LEFI~~ SF~CE FROFILES FOR CONST VE 
*L UNIF INITIAL OENSITY PISTC~ FFOeLE~*,2') 
P~I~T 1003,ZO.FO,XP.y,Z2,F2,CELO,J,G,G4,AA,~4RI,AMACH, •• N,SO, 

*ANUFO,DEL~~.M,NFl.t;rh,II.PI~T,II.C,T2TI.F2FI,C2CI 

1003 FCFM~TCIH ilX,*ZO=*,FI4.7,3x,*FO=*, 
*FS.7,5X,*XP=*,~12.IO.5X,*Y=*,FI2.IO,5X,*2?=.,FI2.IO,5X,*F2=*, 

*FI2.IO,4X,.DELO=*,FII.~",* J=*,ll,S),*G=*,FS.3,5X,*G4=*,F5.3,5X, 
**~~=.,FI0.6,5X.*w4RI=.,F7.5,5X,.AW~Ch=.,Flc.q,SX,*.WN=*,FIS.le,', 

.IX,*SO=.,F7.5,S),.AII.~FO=.,F7.S,SX,*DEl~U=*,FIO.l,SX,.~=.,I4,5X, 

•• " PUN C h= •• II , S X • *NP IS T= * , I I, 5 X , *N C= * , I ::, 

• 
• *02/01=*,FI2.e,3/, ;X,.F*,ISX,.Z*,lt~,.~*,I~~,.L/SCRT(F~).,lOX, 
.*P/PI*,13X,*D/OI*,12X,.T,TI.,12x,*_NUF*, /1 

c- INITIAL FRCFILE ~AL~ES 

e 
e- SY~BCL FEP~ESE~T~TIC~ 

e H=DENSITY'~EN~ITY2 

e UFV=P_RTICLE VEL/SQRT(PI,OI' 
C A"uF=CALe~LATED SFlCIFIC VCL FHIC (VF/VI) FCR ThAE R.L. 
e SF=FLAME VEL III. M/SEC RELATIVE TC ~~FTleLE~ III. STATE3 
e KP=F~I~T C~LY 53 LI~fS FE~ P~(E 

e KGC=C,I,2 

e 

U __ =xF~WWN~FO'AA 
l..F"=LAAtSCI'TC() 
TT2=ZC*xP**2/Z2 
TTI=TT2~T2TI 

H=lT2~*( I.,CG-I.)) 
VVI=V"VI/h 
ODI=I./V\I! 
PP2=h**G 
FFI=FF2*P2FI 

(- FFIII.T INITIAL PI'CFILE VALLES 
P ~ I ~ T 1004, F.:l, lO, XP • uP II, F F I ,C C I ,T T I 

1004 FC~M~T(lh, IX,FI4.12,SEI7.IC,Elt.9,5X •• I~FI"ITY*) 
e 
C- I"ITIAL eCII.DITICII.S 

F:FO 

e 

Z=20 
x=)P 
7L="LC((21 
FL=ALCGCF) 
XL=ALCGCX) 
S=50 
AJ=J 
KF:10 
KGC=O 

lFCII.FIST.fC.O) GC TC 15 
KGC=1 
IFCNFU~Ch.LE.C' GO TO IS 
XMI=XLPV(t ,I)=X 
UMI=XUPV(2,II=UPII 
P~I=XUPVC3,1)=PFI 



c 

c 

OMI=XUPV(4,ll=OOI 
OX=I./FlCIIT("() 
N(=2 
XUI=V(2,1 )=)(+Ox 
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15 0" 2 M"'=I,M 
IF(F.lT.O.J.CI<.F.GT.I.O) (C TC 

( I~TECR~TICN ~U"(f KlTT~ 

AO=~*CZLOFl(AJ,C,Fl,Zl) 

AI=S*OZlOFL(AJ,C,FL+.e*S,Zl+.!*IIC) 
A2=S*CZlCfl(AJ,(,Fl •• e*S,lL+.eO~I) 
AJ=S*OZlDFl(AJ,C.Fl+S,Zl+A2) 
EO=S*CXlCfL(AJ,C,FL,Zl) 
BI=S*OXlOFl(AJ,C,Fl+.S*S,Zl+.e 4 1101 
B2=S*DXlOFl(AJ,(,Fl+.e.~,Zl+.e.All 

E3=S.CXlCFL(AJ,C,FliS,lliA2) 
Zl=Zl+(AO+2 •• AI+2.*A2+113"t. 
Xl=)(L.(eO+2.*Eli2.*E2+B3'/~. 

c 

c 

F l=F l + S 
Z=EXP(Zll 
f=EXI=(Fll 
l<=EXP( Xl) 

III 11= X* I'>I, .. "*F/A II 
UFII=L.AA*SORl( G I 
TT2=2*X.*2/Z2 
l1J=11?*12TI 
~=TT2.*(1./(G-I.») 

lI"I=V2VI/H 
OCI=I./II"I 
FI=2=1-**G 
PI=I=PP2*P2PI 
A ,,"UF = X *X" Z / Z I .. ( 1.1 ( I. -F I-G /G 4. F / Z* ( I • + (G4- 1. 1/2. *F ) 1-

* ( G* ( G4 - I • , / G4 1 ( G- I • )-1<4 R I + I • I C ( X" X .. Z 1 1 1- 1 • ) 

c- I=I<INT I=ESULTS OF TI-IS STEP 
KF=KI=+I 

c 

C 

IF(KP-e3.lT.OI GC TO ~ 

PRI"T 10:>5 
looe FOR"'AT(IHI,I, 9X,*F*.ISX,.Z*.16~.*)I •• 12X,.L./StRT(FV'*.IOX,.P/PI., 

*13X,*C/01.,12X,*"Tl.,12l< •• ANUFO,/) 
KP=O 

1009 FORM~T(IH ,IX,F14.12,SE17.IC,2Elf.~) 
3 PRINT I009,F,Z,)(,UPV,PPI,COI,TTI,II"UF 

IF(KGC' 4,4,6 
4 DEl=A"'lFO-A"UF 

IFIDEl) 7.e,e 
8 IF(DEl"U-DEL) 9,10,10 

10 V4V3=1./11.-F) 
"4111 ="4"3*"VI 
0401= I ./V411\ 
P4PJ=I.+G/Z.II.-V4113)/V4113/V4113 
P4PI=PilP3.PPI 



Z4=G4/G*P4P3*V4V3+Z 
T4T3=Z4+G/Z/G4/R4RI 
SF=X+WloN+ll.-F) 
SFPV=~F/AA+SO"T(G) 
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PRINT 100Q,F,Z,X,UPV,PPl,001,TTl,I'I"t.F 
P"INT 100d,P4P3,V4V3,T4T~,P4Pl,C4Cl,A~LFO,SF,SFPV 

10Cd FORMAT(lh ,I,IX,+P4/P3=*,EI6.1C,3l<,*.,,4/"3::+,EI6.10,3X,*T4T3=+,E 
*16.10,3X,+P4/Pl=*,EI6.10,3X,·04/01=*,Elt.1C, 
*2I,10X, *T~E LAST T .. C ll~E5 ~fCVE CC""E~ TO T~E FlA~E FRONT 
*(STATE3) FOR WHIC~ A~LFC=.,Fl~.IC,/,IC),*FlA~E ~~EEO= •• FI7.12, 
+lX,.W/SE(+,5X,*~F/PV= .,FI6.1~) 

P~INT :!OIC,WW 
3010 FC"M.Tll~ ,5X,+~M .,15) 

C 
C- PU~C~III.G 

C 

c 

IF(~~U~C~.LE.O) GC TC 11 
ox= 1./FlCA 11 /IIC) 
~CFlM="'C=x/CXf2 

P"I~T ICC6,x,~C 

ICCt FC"MAT(lr ,21,ICX.*FLAWt F(Slll(~ .,FI:!.IC,* CC"~ES TO "ES~ PT "'0 
+.,14 ) 

DO 17 L "'I ,~C 
XUFV(I,L)=X~FlC.T(~C-L).CX 

Xl,.FV(2,L)=,J.0 
xI"PV(;;,L)=P4PI 

17 XLPV(4,L)=C4Cl 
XLPV( 1 ,I'.C+ I) =X 

XUFVI~,NC+l)=UPV 

XLFV(3,"C+l )=FPl 
XUPVI4,NC+I)=OOI 
NC=N( +2 
XLPVll,NCI=x+DX 

11 FlWI=Fl 
Zl/lI=ZL 
XlM 1 =Xl 
KGC=I 
5-=50 
KF=53 
GC TO !:O 

7 FL"'I=FL 
ZU/I =Zl 
XLM1=)cL 
G( T( 2 

9 5=~/2. 

14 Fl=Fl'" 1 
Zl-=Zl'" 1 
Xl=XLM 1 
G( T( 2 

6 IF(KGC.EC.c) GO TO 12 
IF(F.lT.F2) G( 1( 13 
IFIABS(PP1-1.).G1.~.E-6.CR.AB~(LP").Gl.~.E-t.(" •• ES(CCI-I.I.GT. 

*5.E-6) G( 1( ~3 
OP-=PPI-i. S KGC=2 
p" 111.1 102;::,CP,X 
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1022 FORMATllH .2I,l~,.ShCCK TREATED AS S~C _VE PS S~K ST~~(T~= .,E15e7 
.,. AT X= .,El~.7) 

GO TO 54 
53 FLMI=FL 

Zlfoll=Zl 
~LI~I=)ll 

CC TO 50 
13 S=ALCGIF21-FLfoIl 

C- RE~EMBER S IS A ~FG OlY 
KG(=2 

( 

GC TO 1'1 

12 lZ=.5*'G-I.I*(I.-F)*(2./(C-I.HFI 
DEL=ZZ-Z 
F~I~T 1007,eEl,CELO 

ICC7 FCWMAT(IH ,/,IJX,*ACC I~ EVAl !:~((I< Ff.C~T F(S'TIC~ C~ T~'S RU~=., 

*EII.4 ,9X,*4CC I~ EVAL 'T IN PRCG ZF-KLRYLC=*,Ell.4 ,I) 
~4 IF(~~U~CH.LE.OI CC Te I 

ce TC ~2 

C 

C 

C 

C 

50 JF(NPL~CH.LE.CI GC T( 2 
52 IF(X.GT.XUPV(I,NC») GC Te ~I 

IF(KGC.EC.21 CC Te I 
X~I=~ S L~I=UPV S PfoIl=PFI S O"'I=DCI 
G( TC 2 

51 ~LPV(2 ,NCI =1.,"'1+I~U~VI I,~C'-X/Il '/(X-X/llltIUPV-UMI) 
X UPV (3 ,NC I =PM I +( XUPv I I, NC 1-)lM I II ( )- ~'" I , t ( PF I-F'" I , 
X LPV (4 ,"C 1= D'" 1 • (XU ~ V I I ,~( I-X" I ) I I X- X foI I ) t ( DC I-OM 1 , 
~C=NC+l 

)(L;FV (I ,NC )=XUFV (I, ~c- I' +CX 
)lMI=~ $ L~l=U~V $ ~~I=PFI S C~I=CCI 
IFIKCC.EO.21 CC Te 1 

2 CC~TI~uE 

1 FRI~T 3010,MM 
IFINPL~Cr.lE.OI STCF 

~CF5="C+5 

DO fO ~="'C ,~CF5 

XUFVI I,NI=XUPVI 1,"'-1 HD) 
Xl~V(~,N)=O.C S XUF~13,~'=I.O 

tC ~UPV(4,NI=I.0 

PRI~T 1020 
1020 FORMAT(IHI,2I,* CELL I\C*,7X,*X*,13)l,*l/SCRT(FI/DI).,IZX,.P.,17X, 

*·C/DI*,15X,*E*,I' 
DC tol foI=I,I\CP5 
CE=G4 S IFIM.GT.NCFLMI GE=G 
r=XUPVI3,foII/XUPV(4,foI"«(E-I.)4XI.,P~(2./I) •• 2/c. 
P R I NIl 0 ~ I ,II ,( X UP V ( I • " , , I = I ,4 ) ,F 

1021 FC~MAT(lr ,14,2~,Flt.~.4(~)l,EI!.~I) 

61 FL~Ch ;;>COO,II,XLFldl ,1I1,XlFVI2,fo/,', IoI,XUPVC:!,"'ltXUPVC4,M),E 
2000 FORMAT(I~,2E2~.17,1.15,~E25.111 

STep 
E~C 



1.3000 I.OOOOJE-Of 
e.t27472E4~Q~3E-01 

1.20 330.f50E73 1.0 
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•• e55CCCCCCCCOEtOC 
Q.3913l~fe3~72E-OI 

-c.ceQ 7.C 

I.CCCCCCCCCCCCE+CO 
B.~fQI~Qe25352E-OI 1.19350IB7000fE-OI 

C.CCCCCI ~tOO 0 0 100 
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APPENDIX C. PROGRAM FLAME 



C 
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P~OGQA~ FL-MF(I~PUT,OLT~lT.~U~C~,T_PEI) 

CQ~MCN/UAOCND/NU~C 

cn~~C~/p~R~~/N,J,AJ,C~CF,DELR,~FL~ 
ca~MC~/TIME/T,aT.DTL,T.RITE,DELT,DTDx,_T 

COMMCN/FIRFFTC/INOEX,NCYCLE,~~,~~N,NSTCRE,~~,~ITQC'~ 

COMMC~/FIR/LSTAQT,TEDMIN,NCELL,~ST£PS,~CISC,NPU~C~,PF,DF,UF 

CO"''''CN/ ARRAYS /R (50 I ) ,U( 2,50' ) ,~( 2,50 I 1 ,0 (2,50 I 1 • E ( 2,50 I ), ~? (50 I ) 
CCMMC~/DISCS/NTDISC,NOISCNn(51),~TYPE(~I),NOISCL(fl),SE(~II,SL(51) 

.,RO(51) ,~TDlSCT,~TDISCS 

C-----RESULTS Fn~ PLA~E-SY~MFT~IC FLC. FlfLCS 
C LSTART=Nn OF RUNS FOR THIS CASE THlS F_R 
C NCYCLE=NC OF CYCLES ASOF LSTART=O 
C ~~UNCH=(O,l) (NC PUNC~,~UNCH) 
C NSTDRE=(O,l) (DC ~CT ~RITE CN TAPE,~RITE C~ TAPE) 
C NSTFPS=~AX NO OF CYCLES FOP T~IS PUN 
C NCELl=MAX NO OF CELLS FC~MING T~E FLOW FIELD 
C N~ISC=MAX N~ OF DISCONTI~LITIES I~ THE FLO. FIELD 
C N~=pnINT eN P~PFR EVERYT~ NN CYCLE (MUST ~( .GT. 0) 
C NN~=oRI~T eN PAPER EVERY1H ~~~ CELL I~ CvCLE ~~ (~UST eE .GT. 01 
C NS=WRITE eN TAOE EVFRYTH NS CYCLE (MUSl AI" .GT. 0) 
C TERMIN=MAX CO~PLTI~G TI~E t~ CECI~_L SECO~DS 

C N=NO OF C~LL eCUNDA~IES FORMI~G T~E FLC. FIELD 
C J(O,t,?)=GFCMFTRV IN~FX NO. (~LANE,LINE,POINT-SYMMETRY~ 

C G,GF=UNC~3STD,C~BSTD RTle CF SPCFC ~TS (~FL~,~FLM.I 8DRS FOR G,GF) 
C DELR=CELL SPACING 
C VCAPF=ceNSTANT r~ESSU~E SPECIFIC VCLU~E ~aTIO AT U~OIST CONDITS 
C R4RI=R~TIO OF BURNT TO UN~URNT GAS ce~ST. I.E. (MWUNBUPNT/MW~URNT) 

C PC~O~E~,~PC_E~=PwFQ I~ FL~~ SPD LAW - S=(P/D) •• ?~PO_Eq • P •• PPOW~R 
C P,D,U(v,1 ,F)=PRESS,OF"STV,PQTCL VL(C"ESTC,C~~RSD,U~OSTURAD) 
C XF=I~tTtAL Fl~ PCSITICN 
C OELT=TtME EtT~EE" STE~S e~ T.~E 

C SFL~NEw=SS Fl'" SP~ REL PRTCLE A~D FL~ _wT U~CST STTE, AFT IN IT ACC 
C "T~ISCT=N~ ~r DISC I~ T~E FLOW FIELO AT T1M~ T 
C NDISCNO=DlSC "0 ~QT T~F I"I'I.l FLew FIELC 
C NTYPF(t,~,l,4,~,6,7,8)=(FLM,SHK,CO,PAQECC,DET,C~TRO,'RARE,CORAPF) 

C NOISCL=CCLL ~C CC"TAI~I~G T~E DISC ( .LT. 0 • TEQMINATE DISC) 
C SL=SHK-MC~ NO WRT STTE AHO,FL~-SPD PEL PRTCLE AHD wRT UNDST 
C RD=~OSITICN OF T~f OI~CC~TINUITY 

C NPPTH="O. OF I"ITIAL ~AqlICLE ~~T~S 
C PTHNEXT=POSITI~N nF THF ~EXT PARTICLE PATH 
C OCLPPTH=OST eET SCCS5VE C~TCL ~T~S(MST eE > ~. TO ~vE AODTLN PlHS) 
C NUMA=NO. OF INllIAL NEGATIVE C~ARACTE~ISTIC TRAJECTC~IES 
C RU~A"XT=~OSITIC~ ~F T~C NEXT ~EGATIVE CHARACTERISTIC TRAJECTORY 
C DELUMA=OST ArT SCCSSVE ~G CHR TRJS(~Sl SE > O. TC HVE ACDTLN TRJS) 
C NuoA=NO. OF INITIAL POSITIVE CHARACTERISTIC lRAJECTCRIES 
C T~PA"XT=~OSlTle~ OF T~E ~EXT FOSITIVE C~A~ACTERISTIC T~AJECTORY 
C DELUPA=OST BET SCCSSVE P5 CHR TRJS(MST BE ) O. Te HVE ADOTLN TRJSJ 
C PPPTH,PUWA,RUOA=PRTCLE, NEGTVE eh~ACT, PCSTVE CHARCl PSTN 
C 
C INOEX=NO. OF TIME STEPS FOR THIS V_LUI" CF L~'ART 

C l,~T,DTL=CURnF~T TIMF , L_ST TIME STeF , PREVIOUS TIME STEP 
C T.QITC=NCXT TI~E THAT SHOULD SE e~ TAFE 
C C~~=~C"~I~ C~NST USED IN T~E FLA~F SPD LAw 
C IFLM,~FLW=OISC NC CF FL~ .RT I~TL FLWFlC, eEL ~o. CNT FLM OR OET 
C NT~ISC=NO OF ~ISC THT ARF O~ HAVE etF~ I~ T~E FLW FLO AS OF TI~E T 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

1000 
2;)00 
2001 
20J? 
200'1 

C 
( 
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QCAPF=HEAT PFLEASED AT U~DIST CC~CITIC~S F(~ CC~ST PRESS co~e 
SE=EUlFRIA~ DISCCNTINUITY sprEC 
NT')ISCS=NO DISC I" FLWFLC AFT I"TE~CTN USC I" OET INCRSG SPCL OHOR 
DTDx=RATIO OF T~F TI~E STEP TC THE CELL SPACI~G 

AT=A~OTNL TMF D~PVE DUE TO CHNCE I" I~CP C~DS FR~ (x,T) • IX-ST,T) 
srE,SFFOL~=EULERIA" Fl~ SPEED PT T~E CUPPE~T. PREVICUS TI~E STEP 
NU9C( NO,YFS)=(STD, MCDIFD L.H.6. VELCCITY CNOT) 
NCJI NO,YESI=IFLW SPQ LT CJ VALUE.(J Fl~ SPC, 
PLTR,OLTR,UlTR,FLTR=PR~S,D~STy,~RTCl ~~D, E"RGY AT TAIL OF CJ RARE 
CVEPD"M=OVER~RIVEN DFTr~ATI(N ~AC~ NUMAER 
NOVERON=NO. rF TIWE ~TlP~ DET ~AS EEE~ CVE~C~'VE" 

NUMAFST=N~. nF THE FR~T ~Er. CHARACT TPJ ~Th P~TN > 0.0 
NCLPPTH.NCLUMA.~CLUPA=CL NC CF ~~TCL PT~,NC C~RCT TPJ,PS CHPCT TRJ 
NITRCTN(YES. NO)=IOO,oO "TI~RITE C" TAFE AS '''TRCTN AET DISCS DCRD 

FGRMAT(4IS1 
FORMATIIHJ,*COMPUTER TIME IS AFPHC_CHI"G DESIGNATED ~AX'~U~.' 
Fnh~ATIIHO.*TIMt STFPS FCUAL CESIGNATEC MAXIMUM., 
FOR~AT(lHO* ~F5H FXPA~~ICN(N) eR DIS("TCISC) LI~IT.,?16) 
FC~MATIIHO,*~(N-prSITlvE TIME STFP *,EI3.~I 

C-----DETERWIN~ INITIAL [~ kEST_RT C(NCITtCNS 
CALL SEcrN:>(TA) 

C 
C 

II\DEX=O 
READ 1000.lSTART,NCYCLE."PU"C~'''ST(~E 

IFIL<;TAnT.Ev.JI CALL INITIAL f Ir(l~TA~T.I\E.OI CALL RESTART 

C-----SET LSTART 
LSTART=LSTAOT+I 
INDEx=IN:JFX+1 $ NC'YCLE=!I;CYCLE+I 

C-----(~ECK CE"TQAL P~CCFSSOR ELAPSEC TIME 
CALL SFCC"D(TO) S TC=S.*(TE-TAI S TO=TER~I"-Te S TA=TS 
IF(TC.CE.TDI PQI~T 2000 

C-----C'HFCK ~U~~E~ CF TIME STEPS 
IF(I~OEX.GT.NSTEPS) ~RINT 20JI 

C 

C-----C~ECK fOP MESH EXPA"SIC" 
IF(A~S(OI?N-6'-DFI.LT.I.~-5) GO TC 2 
N=N+I $ P2(N)=~?IN-I'+CEL~ 

C 

P(2,N)=PF $ O(2,N)=DF S LI?,NI=LFtDF 
EI2,N)=DF*(PF/OF/(G-I.'+UF$$2/2.1 

2 IFIR2(I).LT.O.JI GO TC 5 
N=N+I 
DC 3 ~=2 ,N 
L="+2-M 
o (2.L )=o( 2,L-1 I ~ U( 2.L I=u( 2,L-1 I f P( 2,L ,=Fr 2,L-I I SR2rL I=R2(L-' I 

3 ~12,LI=EI2,L-II 

NFL"I=NFLM+l $ K2111=R2(21-DELR S L(2,21=-U(2,21 
IF(NuBc.rQ.3HYFSI U(2,21=-U(2,21 
DO 4 II=I,~TDISCT 

" I\OISCL(tI)=NDISCL(III+' 

C-----CHFCK FO~ MES~ E~PAN~ICN OR DI~CCI\TI~LITY ll~IT 

5 IFIN.GT."CCLl .O~.NTDISCT.GT.NCI5CI pnlNT 2C02,N,NTOISCT 
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C-----DETER~INt T(~E ~TFP.T(~F AND RE(N(T(~L FRCPERT(FS 
CALL TSTFP 
IF ( D T .L E • :> • 0 ) P R I NT 200'. C 1 
IF(TC.GT.TO.OR.IND~X.(T.NSTEPS.O~.~.GE.~CELL.CR.NTDISCl.GF.ND(Se 

•• OR.~T.LE.O.O) Gr TC 20 
C-----DfTER~IN~ P~OPERT(tS AT ~E~ T(~E 

CALL FIDIF 
c-----PFCYCLE 

C 
c 

GC TC 1 

c-----pu~e~ ~FST~RT A~C TEQ~I~ATE 

20 CALL R[START 
C 

STOP $ EN:) 



( 

c 
C 
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S~~ROUTI~F INITIAL 
CO~~ON/UBOCN~/~UHC 

CQ~Mc~/p~RaM/~,J,~J,G,(f,CELR.~fLM 

CO~MC~/T'WF/T,OT,nTL,T_RITE,DELT,Cl0X,~1 

CcwMC~/TROT/PLT~,OLTR,ULTR,ELTR,CVfPO~W,~CVEP~~ 

CO~~ON/fl~FfT(/I~nEX,~CY(LE,~~,~~~,~STCRE,~S,~ITRCT~ 

COMMO~/FI~/LSTART,TERMIN,N(ELL,~~TF.PS,~DISC,~PUN(~,PF.DF,UE 

CCWWC~/PC_F.~/V(~~F,R4~1,FCPOW(~,FFr_fF,CNC,CCAPF,SFFOLO,SFE,NCJ 

C N'MC N / APQ AY 5 /R ( 501 ) ,U ( 2,5:> I ) ,P C 2 ,50 I ) • DC 2,50 I ) ,E ( 2,50 I ). R2 C 5 J I I 
CC~MC~/OIS(S/~TCISC,NCISrNOC51).~'~PECel),~OISCLCel),SECel',SLCSI) 

*.RO(51),~TOlSCT,~TOlSCS 

(r.MMON/PPCHR/NPPTH,NUMA,~UWAFST,~LFA,FFPTHC24),~UM~(15O),RUPACISOI 

*,~(LFFTHI241,NCLUWAI150I,NCLUF~rl!0),PT~NE)T,RLMANXT,TLP~NXT, 

.~ELPoIH,nELU~A,OELUPA 

2)0) FOkMAT(IH1,*r.ESTART NC.*,13,/,* WAX-(FTIWE*,F7.t,/,* ~AX-STEPS*. 
*,~,/,* GFCMFTRY*,I2,/,* GAwWA U~C(W8.,EIJ.f,7X,*GAW~A CCW~.,EIJ. 

*6,/,* CFLL s~aCI~G*,FI3.~,/,. TIME eET~EEN TAPE WRITFS*,E13.6,/, 
*. FREE FIELD P,O,U *,~E2C.10) 

?OOI FCFMATIIH ,/,* (~NST PRESS cowe SPEC VCL RATICCAT U~OI~T STATE cr~ 
*OI*,EI3.t,/,* RATle rF CAS CC~ST, F4RI*,EI3.6,/,* HEAT ~ELEASE AT 
*UN~I~T cn~~'T*,EIJ.6,/,. FLAME ACCELER~TIO~ LAW FOPCWER.,F7.3, 
*3X,.nFr~E~*,F7.3,/,* LA(F~~(E FlAWE SFFfCS EEFORE, AFTER ACCL., 
*2[20.10,/,* CELL CC~TAI~I~G T~E Fl_WE.,15,I,* l~lTIAL FLANE POSITI 
*(~ *,'=20.1:» 

2002 rOI"~ATnH ,/,* ~C. OF I~lL F'11CLE FTt-S .,I~,~X,*NE)(T PPTCLE P1H *, 
*FIJ.5,5X,*SPCING PET SCC~SV( PRTCLE FTt-S .,FIC.5,I,. FRST A~O T~T 

.~(. CF INTL Nfr. c~nCl T'1AJS *,r.14,~X,*~EXT TkAJ AT .,FIO.~,~)(,*SPC 

*ING AET 5CC~SVE TRAJS *,FIO.5,/,. ~C. CF I~TL pes CHRCT TRAJS .,14 
*,~X,*~FXT TRAJ AT *,FIO.5,~X,. ~PCING eEl ~CCSSVE TRAJS *,F10.51 

C-----P(~D I~DUT l~lS( MLST BE I~PUT IN IN(kE~SI~( SPATIAL ORDER) 
~EAD luOO.~Sl[PS,NCELL,~SISC,~~,~~~,~S,TF.R~I~, ~,J,G,GF,DELR, 

*VC~PF,P4~I,PDcO~~R,rpC~Fk, PO,OC,Le, PI,OI,LI, PF,OF,UF,XF, 
*OEL1,SFLMN::W, ~TCISCT, 

'1<1 NOI SCNOI I) ,NTYPE( II ,"'DI ~CL( II,~L( II ,I.e (I), I: 19~TCISCT I 
1000 fCFMAT(bI5,F10.4,/,?IS,7FIO.8,/,~F2~.17,/,~E2S.17,/, 

*2F2:).le,E30.17,FIC.7,/.2F?O.I~,I,I!,/,C315,2E25.17) 

REAO 100I,~DP1H,PTHNEXT,DELPPTH,~L~A,kLWA~)(T,OELUWA,~UPA,TUPA~XT, 

*OELUDA 
1001 rO~MAT(",115,:>FIC.5» 

IFINFPTH.GT.O) READ 100?,CRPPT~CI),I=I,NPP'~) 

IF(NUMA.GT.O) REAn 1)02,(k~~~(I),I:I,~UW~) 

IF(NUPA.GT.OI qFAD I002,IRUPA(I),l:1,M .. FA) 
1002 FCR~ATIBFI~.5) 

C 
C- J~ITIALIZE FQCGPAW V~PIA~LES 

C 

AJ=FLCATIJ) , T:OT=O.O $ T~QtTf=T+CELT $ C~C=O.O S NTOISC=NTDISCT 
NU9C=3r NO S NCJ=3H NO $ PLTR=DLT~=ULT~=ELTk=O.O S ~U~AFS'=l 
OVrkn~M=O.O $ NCV(RO"'=IOO S NITkCT~=3~ NO 

C-----OFT IFLM A~n ~Fl'" 

DC I l=l,N'nl~CT 

IF(NTYPE( II.EC.t, GI" TO 2 
CC~TI~UF 
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NFL~=IFLM=O ~ 5F[=0.0 S GO TO 3 
2 NFLM="OISCLIII So JFL'-1=1 

C 
C-----OEFJ"E I~ITIAL ~C5~ POIl\lS ANC PAR.~E1F~S 

C-----SPECIAL PROCEDURE FOR J=O, IFl~=', "TeISCT=2 

C 

IF«J.NE.OI.f'4.(IFLM.NE.II.OR.("lCISC1."E.21) GC lC 3 
NF L ~ =" 0 1 5 C L (I I = ( ( I' C ( I ) - I • E - , 2 ) /0 ELI' +;> • I 
R?( I I=POI I I-FLOAT("FLM-I I*OELR 
"DISCL(2)=(IRC(?I-I.~-121/0ELR.~.1 $ "="0ISCL(21+f 
00 I') 104= I, '" 
IFIM.NE.I I R?(MI=R?(M-II+DELR 
IF(M.~C.NFL~+I I ~;>(M'="2(M-ll 

IF(M.G1.',I'"lISCLI2)) Gr. TC 12 
IFI~.GT.NDISCL(I" (n Tn II 
P(2,MI=PO S 0(2,N)=00 So ~(?,~)=UO 

GO Tn I J 

II P(2,~)=PI So n(2,~I=DI S U(2,MI=UI 
GC 1C 13 

1 ? P ( 2, '" ) = r>F So !) I ;>, • ., =!1F " U C ? , M ) = I"F 
13 GE=GF ~ IFIW..GT."FL~1 GE=G 
I~ E(2,MI=P(;>,M)/D(2,MI/(GE-I.I+~C;>,~)**2/2.0 

GC TC 15 

C-----PhocrDuRF FOk ALL CT~ER CAS~~ 

3 READ 1003,(K,h2C~I,U(2,~), K,I'(2,NI,C(;>,M),E(2,M),"'=I,N) 
1001 FOq"'ATII,)JI(I~,?E?5.17,/,I!:,3E2~.17,/») 

C 
(-----SE1 QE~AI"I"G GASDY"A"'IC VALUES 

15 00 1~ M=I,N 
cI~I=~?(M) So U(I,~)=U(;>,N) , P(I,~I=P(2,M) t OCI.M)=D(2,M) 

I to E ( I, ~ I =E I ;>, M) 

( 

C-----CALCI"LAT[ HEAT RElEAcE AT I,,"OIST (("CllS F(~ (CI\51 PRESS COMB 
OCAP~=IV(APF-I.I*GF/(GF-I.1 

C 

C-----CALC LAGI'A"GIA" FLAME SPEEe CCI\Sl, EI"LERIA" DIScS SPDS 
IF(IFL~.NE.OI C"C=SL( IFLN)/IP(;."FLM.I)/!)(2,I\FL~+1)1 •• POPCWER 

./P(2,"FLW+II*.PFr.~[R 
CF=GF 
00 20 1=1,"lI)ISCT 
NOISCLS=N~IS(L(II 

L=I " rr(SLCII.LT.C.OI L=O 
IF(NI)ISCLS.GT."FL~1 GE=G 
SEC I I=SLI I I.saRTIGE.P(2'''DI5ClS+L)/0(2'''!)I~(lS+lJ J+U(2,II:OISClS+Lt 
I F ( II: T Y P r C J I • Fe. I) SEC I 1-= S L ( I ) + U ( 2 , NO I S CL 5 + 1 ) 

20 CCI\TlNUE 
C 
c-----P~"T(CLE OATHS A"D C~~~AC1ER(STIC 1~AJfC1CRIES AT T~E I~.TIAL T(~E 

CALL CHA~DIRCNCYCLE' 

( 

C-----PRI~TI~G '''SlRUC1IC''S 
P~INT ?OOO,LSTART,TF.~~(~;NSTEPS,J,G,GF,OElR,DFLl.PF,OF.UF 

IF(IFLM.~E.OI Pkl~l ~JOI,VCAPF,R4"ltC(.PF,Pc~n~Fq,pPO~ER,SL(IFL~J, 

*SFLMNCW,NFLM,XF 
P~II\T 2002,"PPT~,Pl~"EXT,OELPF1~,"~~AFST.N~MA,RU~ANXT,DELUMA, 

*NUPA,lUPAI\X1,DFLUPA 
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~CCOE=IO~INJTI_L $ C-LL PR~TFF(~COCfl 
C 
C-----.RITI~G I~STPUCTICNS 

IF(NSTOPE.LE.CI GC TC 30 

c 
C 

wRITE( I) ~,G,GF.DELR.VCAPF,R4~I.CCAPF.FDFO.E~.PPC=ER,DELT.XF9 
.PT~NEXT,DELPPTH,RU~ANXT.CELUM_.TUP.NXT.CFLUPA 

wRITE(11 NCYC.LC,T,~TOISC1,~FL~,~PFTH.~U~AF5T,~UN.,NUPA,(NCISCNOII I 
.. , ~ T Y P E ( I I, NO I S C L ( 1 ) , SF ( 1 1 , SL ( I I ,R 0 ( I I , I,: I , ~ TO I 5 C T I , ~ , ( R 2 ( M I ,U ( 2 , .. I 
.,P(2,N) ,012,1041,"=1 ,NI 

IF(NPPTH.GT.OI WRITEIII INPPT~(JI,I=I.~PPT~I 

IF(~U~A.GT.O) WRITE(I I (~UMA(I),I=~UN.F5T,~UNAI 

IF(lIIl,PA.GT.OI WRITEII) (~l,PA(II,I=I.~UF'" 

C-----FOR SUDDEN FL~ ACC- OET 5.5. CC~OI'S. F~I~l A~D wRITE 
30 1"-( IFL"'.FC.O) Gr TO 40 
C-----lGR~CE FL~ SPO AEF+AFT ACC ~ST OFF~ IE-t IF 5CC~ FLM ACC IS CNSORO 

IFIA!JSISFLM"F",-SL(IFLNII.LT.I.E-f) GC TC 3~ 

C 
C 

C 

c 

CALL FL"UCCl (SFLM~F., IFL",P30,C30 I 
OT=T=I.E-I)" NCYCLE=NCYCLF.+I S INCE)r:I~OE)("1 

CALL 015C(I) 
CALL CHARDIRI"CYCLEI 
DO 31 IFL"'=I,NTDISCT 
IF(r-;TYPEClFl"O.EC.11 CC TC 32 

~I CCIIITINUE 
32 C~O:SL(IFL")/(P30/0301."PCPO.ER/P~0 •• FFCWF.~ 

NCO~E=10Hl~ITIALACC $ CALL PR~TFF(~CCCE' 
IFINSTORE.LE.OI GO TO ~3 

W~ITE(I) NCYCLE,T,~TOI5CT,N"-LM,NPFl~,~l,MAF5T,~UMA,NUPA.(NDISCNO(I) 

.. , III T Y P E ( 1 I ,III () I SC L ( I ) • S E ( 1 ) ,S L ( 1 ) • R 0 I 1 , , 1 = I , ~ 1 CIS C T ) • ~ , ( J; 2 ( MI. U ( ? • !14 ) 

.,P(2,,,,,C(2,W),~=1,~1 

IFIIIIPPTH.~T.)1 WRITF(I) IRPPT~III.I=I,~PPT~' 

IFINUMA.Gl.O) WRITE" I IRUMA( 1I,1=P.UMAF5T,~I..NAI 
IF(NlJPA.GT.O) W:;ITEII) IF:UPII(II,I:l,NUP.' 

3:" SFEOLD=5FF:SE I IFLN) 

40 DO 41 104=1,111 
UI2,M)=UI2."'.O(?, .. ' 

41 EI2,"I=E(?,")*012,'" 

AT=-SFE 

RETURr-; $ CNO 
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C 

C 

C 
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SL8~OUTI~E ~ESTA~T 

co~~rN/ue~CND/NU~C 

CC~W(~/PAqAM/N,J,AJ,C,(F,OELR,~FLM 

ce~~CN/TIME/T,DT,D1L,T~RITE,DELT,eTDX.~T 

~C~M(~/TR~T/PLTR,DLTR,ULTR,ELTR,CVERD~W,~eVERD~ 

COMM(~/FlqFETC/INDEX,~CY(Le,~~,~~~,~STCRE,~S,~ITRCTN 

COMMeN/FIR/LSTA~T,TER~IN,NCFll,~STEPS,~DISC,~PUN(~.PF.DF.UF 

C(WWC~/~QWER/V(APF,R4RI,PCPOW[~,F~eWE~,CNC,CCAPF,SFEOLD,SFE,NCJ 

COWMCt-;/ARRAYS/R(501) ,U(2,501 ),~(2,!:01 ),C(2,501 I,E(2,501 ),R2(501) 
~0~~(~/DIS(S/~Tnlsc,NDISCNO(51 ),~TYPE(~I),~DISCl(!:I),SF(51),SLI51) 

$,RD(51),~TOISCT,~TDISCS 

COMMCN/PPC~R/NPPTH,NUMA,~U~AFST.~UFA,~PPTH(24),RUMA(15O),RUPAI150) 

.,~ClprTH(24),~CLUMA(ISO),NCLU~ACleO),PTHNE)T,RLMANXT,TLPANXT, 

.DELPPTH,DELU~A,DElUPA 

1000 fC:::"IATC41'5) 
I :> 0 I F (1 ~ MAT I t': I 5 , E Ie. 4 , / , 3E 25 • I 7 ) 
1002 FC~MATI21'5,7FIO.8,/,4F20.17,/,E2~.17,3EI1.~,/,2E2!:.17.IIC./, 

*JIS,2X,A3,2X,A3,/,3E2S.17,/,CI3,11.14,E2S.17,f22.1B.E25.17)' 
I 003 FORM A T I 10:> I I I ~, E? ~ • I 7, / , I ~ , ~F ;; e. I 7 ,/ I I 
1004 fC~MAT(5X,2IS,5x,2IS,IOx,/,3E25.17) 
10:>5 FO~~AT(15,2fI0.5,215,2Fl0.5.IE,2FIC.5) 
1006 FCI:"MAT(40(4IFI0.5, IS,o;x 1./» 
2)00 FORMATIIHI.*PESTART ~C •• ,t3,/ •• ~AX-CFTIWE.,F7.1,/,* WAX-STEPS*, 

*16,/,. GFCMETQyt,12,/,* GA~MA U~CCWB*,EI3.f.7) •• GAWWA CC~B •• EI3 • 
• 6,/,* CELL SPACI~G.,EI3.6,/,. TIWE eET~EEN TAPE WRITES.,EI3.6,/, 
** FREE FIELD p,D,u *,3E20.10) 

2001 FC~MATII~ ,/,. crNST PRESS COWE SFEC VCL RAlIDIAT UNDISl STATF. CON 
.0).,EI3.6,1,$ RATle CF GAS CC~Sl, ~4HI*,EI3.6,/ •• HEAT RELEASE AT 
.UNDIST cr~DIT.,EI3.~,/,. FLA~E ACCELERATIC~ LA~ pnpC~ER.,F7.3, 

*3X,*PPC_C~*,F7.3,/,. EULE~IA~ FLA~E SPC*.E20.10,/,* CELL CONTAININ 
*G TH~ FLA~E*,15) 

2002 FC~~AlCIH ,/,* ~C. CF PRTCLE PT~S .,t~,e),*~XT PTH .,F.C.5.~X, 

.*SPACING *,FIO.S,/,. FST A~D T(T ~C. ~EG C~ARCT TRAJS *.214,5x, 
*.NEXT TRAJ *,FIO.~,5X •• SPACJNG *,F 10.~./,. ~C. CF pes CHARCT lRAJS 
•• ,14,SX,*~EXT T~AJ *,FIO.S,SX,*S~ACI~( t,FIO.S) 

IFCINDEX.N£.O) GC TC 10 

C-----PEAO I~ DATA (A~CS 

READ IQ01,NSTEPS.~CELL,~CISC,~~,~~~,NS,TER~I~, PF,DF,UF 
REAO I002,~,J,G,GF,DELR,VCAPF,R4RI,PDPC~ER.PPC.ER, 

.0ELl,O(APF,SFE,SFFCLD, C~D,T.C"T~~ITE, AT,CVERC~~.NOVERDN • 
• NFLM,NTDlSC,~TDISCT,NCJ,~URC. FlTR,DLT~.ULT~. 
* I ~ 0 I S( NO C I 1 ,NT Y PF ( I ), N CIS Cl I I , , SL ( I , ,S E ( I ), R C ( I , , 1= I • N TO 1 SC T ) 

RCAD IOO~,IK,R?II), K,U(2,1"PC2.1).CI2,I),I=I,~, 

REA~ I005,NPPTH,PTHNFxT.nELPPT~,~~~AFS1,~~~A,RU~A~xT,DElU~A,~UPA • 
• TLPANXT ,DELUPA 

IF(NOPTH.GT.O) ~EAD IO:>6.(RPP'H(I),NCLPFTH(I),I=I,~PPT~' 

IF(NUMA.GT.O) RFAD 1006, (~U",'(I),N(LUM'I Iltl=I\;UMAFST,NU14A) 
IFCNUPA.GT.O) READ I006,(RUPACI),~CLUPA(I"I=I.NUFA' 

~ITRCT~=3H 1\;0 S FlTR=O.O 
IF(DLT~.GT.I.E-IOIELTR=DLT~.(PLTR/CLTR/IGF-I.).ULlRt.2/OLTR •• 2/2.' 
(E=GF 
DC I 1=1, '" 
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IFCI.GT.NFLMI GE=G 
F ( 2 , .1 I =P C 2 , I ) /0 ( 2 , 1 1/ ( C E - J • I +U ( 2 , I 1 •• 2/2. 
AJ=FLCATCJ) ~ GC TC ?O 

C-----PUNC~ DATA CAR~S 

C 

C 

C 

C 

10 ~CYCLE=NCYCl~-J' INCEx=INOEX-l S T=T-CT S CT=D1L 
00 I 1 1=1, '" 
UC2,1)=UC""II/CC;>, II 

II FC2,1'=E(2,II/OC2,ll 
IFCNPUNC~.NE.I) GO TO 20 
PU~C~ IOOO,LST~~T,NCY(lE,NPUNC~,~S10RE 

PUNCH 1004, NCELL,~D1SC, ""","S, PF,CF,UF 
PU"Ch 1002,N,J,~,GF,~FLh,VCAPF,R4Rl,PCPC~E~,PPC.E~, 

*DELT,CCAPF,SFE,SFEClD, C"D,l,CT,T~~ITf, AT,CVERC"W,NOVERON, 
.NFLM,NTDISC,NTD1SCT,NCJ,~LBC, PlT~,DLT~,UL1~, 

• C "C 1 SC ~O ( I I ,NT Y P F ( I ) , NI) IS Cl ( I , , SL C I I ,5 E C I ), R C ( I I , I = I ,NYD I SC T , 
r> U"IC H 10:> J, ( I ,R 2 ( 1 I, I, U ( 2 , I ) ,P 1 2 , I ) ,0 ( ? , I ) • 1=1 ,~ , 
PUNC~ 100~,N~PT~,PT~N~XT,~ELPP,~,"lWAFST,"L.A,RUWA"XT.DELU~A."UPA, 

.TLn~NxT,DELUOA 

IF(NPPTH.GT.OI PUNCH IJOf~(RPFY~(II.~ClPFlh(I),I=I.~PPT~' 

IF("LIoI.A.GT.O) PU~C~ 1006, (~U"'~(I,,~CLUW/l( I I, I=NU"'AFST,NUIo4A) 
IF(NUPA.GT.OI PL"CH IC06,(RUP~(II,"CLUFA(I),I=I,NUFA' 

20 PRINT 20~O,LSTA~T,'ERWl~,NS1EP5,J,G,GF.OEL~,DELT. PF,DF,UF 
IF("FL~.N~.Ol P~lNT 200I,VCAPF,~4~l,CCAFF.FCPO~FRiPPO~ER.SFE,NFL'" 

PHINT 20J2,"PPTH,PTH"FX,,~FLPPT~,"LWAFST,"~.A,RUMA"XT.CELU"'A, 
."UPA,TUr>ANXT,OELUPA 

NCODE=IOHQEST/lRT $ CAll FR"TfF(NCOCE) 

IF(I"OEX."F.O) RETURN 
D0211:I,N 
U ( Z, I )-=U ( 2, I ) *') ( 2, I ) 

21 F(2,1)=EC2,II*CCZ,I) 

RETUR" S E"D 
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SL~RO~TI~E FIOIF 
CC~~C~/UAOCND/NUeC 

CP~~C~/PA~A~/~,j,AJ,G,GF,CELk,~FL~ 

CCM~C~/TI~F/T,OT,OTL,T.RITE,OELT,OTO~,Al 

CC~MC~/FlqfETC/INOFX,~CYCLE,~~,~N~,NS1CRE,N~,NITRC1N 

CCMMC~/POWER/VCAPF,R4Rl,FOPC.E~,FFCWE~,C~0,CCAPF,SFEOLC,SFE,NCJ 

C (,.~( ~ I A I<IHYS I R 1 ~ 0 I ) ,U I ;>,50 I ), P ( ;>, ~ 0 I ) ,OI2,! 0 I ) ,E 1 C.!O I» ,R2' 5 C I ) 
CO"~C~/0ISCS/NTCISC,NOlSCNOI511,~lYPE(511,~CISCL'SII,SECS1I,SL(51) 

.,ROISI),NTJISCT,NTDISCS 
CC~~C~/PPCHR/~PPT~,NUMA,~U~AFST,~U~A'''PPTHI~41,RUMAI15CI,RUP 411501 

.,~CLOPTHI241,~CLUWA(1~0I,~CLUFAII~CI,Flr~EX1,RU~A~XT,TUPANXT, 

OOELPPTH,OELU~A,~FLUPA 

C----AOVA~CE MESH POSITIONS 
SDT=SFF*OT 
DO 1 I = I ,~ 

1 f<;> I I ) = R ( I I + Sf) T 

C 
C-----OIFfC.HENCE SC~EME-----

AT.:-SFF f. If (~CY(L".GT.I» AT=-SFF-(T-DT'.( ~FE-SFEOLOI/OTL 
I)T"~=iJl /OELR $ "L=~-I $ CE=GF 

C-----PRFD rcTOR 
Dr C; 1=2, NL 
01 ;:>, I 1= 0 1 I, I 1-0 TD X. ( U 1 I , I + I ) -I,.( I , T , , - AT.;) T C x. 10 ( I , T + 1 ) -c ( I , 1 ) , 
U 1 ;:> , T ) =U 1 I , I I -;)T ox - (U I I , 1+ 1 I. C 2/ C I I, 1 + I I +P 1 I, I + I I-U 1 I ,1 1*02/ 

.0el,II-PI I,ll I-Al*DTDX-CLII,I+I'-UCI,111 
E ( 2, I 1= Ell, I ) -I)T::> X'" I U ( I , I + I ) / C ( 1, I + I ). I E ( I , I + I 1+ P ( I , I + I II 

• - U ( I , I ) / C ( I , I I'" 1 E ( I , I 1+ PI I , I I I I - ATe CT ex. 1 E ( I, J + I I-E' I , I I I 
I FI I.GT .>IlFLw) GE=G 

5 fl ( ?, I ) = 1 E ( 2, I I /0 C ?, I ) - U 1 c, I I • eel 0 1 :: , I ) .... c / ., • c ) .0 ( C , 1 , * ( GE -I. ) 
C-----PREDICTOC 3.C. 

ue2,J 1=-U(2,:?I i P(2,II:P(?,21 S 012,1)=0Ic,21 S EI2,I I=E(2,21 
IFINUBC.EC.3HYFSI UI;>,J I=UI 1,1 I 

C 
c-----CC"I<ECTP" 

GF=G 
DC 6 I=?,NL 
II=N-I+I 
0211:101 I ,11)+nI2,III-OTC~*IU(2.11)-UI2,II-l)I-AT.OTCX. 

*( D(?, I I )-D(2, I I-I I 1 1/2G 
IJ 21 1 = ( U 1 I , 1 1 I + U ( 2 , I I ) - 0 T ex. ( U 1 2 , 1 1 ' •• 2/ C 1 2, 1 I ). '" 1 2, 1 I I -U ( 2, I 1- I I •• 

* 2/01 2, 1 I - I )-P ( 2, 1 1- I I 1- A 1 *0 TO X. ( I" 1 :< , I I 1 -U 1 2, 11- I » • , /2. 
F. 12 • 1 1 ) = ( E (;:>, I I ) + E« 1 , I I 1 - 0 T 0 X • ( U 1 ~ , I I , / C 1 ;2, I I I * 1 E ( 2 • r 1 »+'" ( 2 , 1 I I I 

*-l,; 12, 11-1 I/o( 2, I I -1 I. (E 12, I I-I HP« 2, 11-1 » » I 
*-AT"'~TOX.(~(?,III-E(2,11-1'1&'2. 

oe2,1l '=0211 S U(2,rIl=U?1I 
IFIII.lE.NFL~1 GF.=GF 

6 PI 2 • I I ) = 1 E 12, I I ) /0 1 2, I I I-U 1 2. I I I •• ~/D ( 2, II , •• 2/2. , *0 ( 2. II 1*( GE-I. ) 
C-----CORPECTO~ B.C. 

C 
C 

C 

Ue2,1)=-U(2,?) $ P(2,1,=PI2,21 S 0(2,11=0(2,21 S E(?,lI"E(Z,Z' 
IF(NueC.FC.JHYESI UI2.II=UCl,I,1 

SFEOLD=SFE 

C-----DI~CC~TI~I"ITY CY~AMICS 
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CALL OISC(OI 
C 
C-----PRINT GASCVNA~IC PARAMETERS A~[~T EAC~ DISC AT EVE~Y NCV-TH CVCLF 

"CV=5000 
IF(NCVCL~/"CV*"CV.~F.."CVCLEI GC TC 20 
DO 10 II = I • NT C I SC T 
"F=NOISCLIIII ~ IF(Nr.LT.51 "F=5 , K=NF-4 t L="F+4 S NFM3=NF-3 
DO II M=K,L 
U(2,~I=U(2,~I/O(2,~1 

• I F U', II I =F I 2, ~ 110 ( 2 ,M I 
PR1NT 2000,NCVCLE,NOISCNC(II',N1VPE(lll,"OISCL(II.,SE(lt).Sl(III, 

* f< 0 ( I I , ,1'12 ( 1 I , (1'12 I 1 I , 1= "F ~ 3, L ) , T, C T, (U ( 2 , I ) , 1=1< ,L ) , ( P( 2, I ), I =K ,L , , 
*(DI2,1),I=K,LI, (FI2,1I,J=K,L' 

2000 F C J; M AT ( I H ,1 X , 14, 13, 12, 14, 2F I".", I OF 7. " , 2F Ie. 7,4 ( I, I X. C;F I 4. I 0 I I 
DC 12 ~=I( ,L 
U ( 2, '04 1 =U I ?, to4 I *0 ( 2, ~ 1 

12 E(2'''''=FI2,III.C(2,~, 

I J cr"T II<UE 
PI'I"T ;>001 

20:>1 FO~MAT(IH ,2/1 
( 

C-----P_~TICLE OATHS _"C C~_~ACTF.r.IS'IC 'I'IJECTCRIES 
20 CALL C~AkDIRI"CVCLEI 

C 

C-----o~I~T ~~~ W~ITE I"STR~CTIC"S 

N)C-=NS)c=:> 

r: 

IF(NCVCLF/"N."N.~C."{VCLE) "X=I S IF("CVCLE/NS*NS.EO.NCVCLE) I\SX=I 
IF«~X.EC.O).AN~.«"~TO~E.LE.O).C~.("S •• EC.OII.AND.«NSTORE.LE.O'. 

*C~.(T.LT.Tw~ITEII._NC.«"ITRC1".EC.3~ "r,.c".C"STCRE.LE.C'" 
.GC TD 50 

C-----CALCuLATF U,E 

C 

DO :OJ "'=1." 
U(2'''''=U(2'''''/C(2,~, 

30 EI2,~I=E(2,~I/C(2."" 

C-----w ~ 1 TE 
Ir«NSTORF.GT.OI.A"D.«"~X.FO.I).C~.(T.GE.~.~ITE'.CR.C"JTRCT~.EO. 

*3~YES')1 GO TO ~~ 

C 

C 

GC TC 3f> 

35 IIJRI TE 111 NCVCLE, T ,NT:11 SCT,"FL'" ,"PJ'TH'''~''''FS1, "U"'A ,"UPA, ("'CJSCNC( II 
* 9 "T V PE ( I I, NO I SCL ( I I , $ E ( I I, SL ( I ) • R C ( J , , I = I ,,, TO I SC T • ,N ,( R2 ( M) ,U ( 2 ,1041 
*,P(2,,,,,,O(2'~I''''=I,,,) 

IF(NPPTH.GT.OI wRITE(I) (RPPTH(I),I=I."PP1~' 

IF(Iq .. t04A.GT.OI wI;IH'(f) (F:UIolA(J I.I="UMAFST,"UMA, 
JF(NUPA.GT.OI ~RITE(l) (RUPA(II,I=I."UJ'Al 

3E NJTRCTN=JH NO 

c-----P~INT HEACERS 
IF(NK.EO.OI CoC TC 4C 

C 
"ccnE=IO~FIDIF S CALL PR~'FFC"CCDE) 

40 DO 41 M=l,N 
U(2,~I=U(~'''''.CC2.'''' 

4 I E I Z. ~ I =E ( 2, ") .0 C 2 , '" ) 
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C 
50 IF(T.GE.T_RITE) TaRITE=T+DELT 

C 



C 
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SU~ROUTINE DISC(NINITL) 
CcuUC~/P~RA~/~,J,AJ,C.GF,DELR,~FLM 

CCU~CN/TI~~/T.DT.DTL.T~~ITE.~ELT.eTox.~T 

cn~MC~/FIRFETC/I~OEX,NCYCLF,~~.~~~.NSiCPE.~~.~ITRCT~ 

CCuMC~/oISCSKF/r.oSAV(5l).~LHS(5l)."R~S(5l ) .... CRCSSISl) 
C (' 101M C N / A 1'11'1 A Y ~ /R ( 501 ) • U ( 2, e 0 t ) ,f« 2 • ~ :> t ) • ° ( 2 • ! 0 1 , • E I 2 oS 0 I , • R2 ( SOt) 
CC~~C"/OISCS/~TCJSC.~OISCNO(5l).~TYPEI!I).NeISCLI!".SE(SI).SLISI) 

*.~0(51).~TDISCT,~ToISC5 

C ~LHS."RHS=LEFT,RlGHT ~A"C CELL "C. I"FLUENCEe EY T~E DISC 
C I\I=NO. OF DISCS INTERACTING 
C ~FI'~ST,NLAST=FIRST.LAST elsc I~ T~E I"TERACTION 
C "U~AER=I"TERACTIC" CCoE "C. 
C NINITLIO,I )=(DOESNT,DOES crME FR0U SUB-I"ITIAL SO C"LY RESET DISC) 
C 

C 

C----oFT IF cnLEO FJ;(u SUE-I~ITIAL 
IFININITL.EO.l) GC TC lJ:> 

C 

C 

C-----LCCP t DE1S AND EX[C~TES ALL ClseIFL~.5~K.ec,DET.T"ARE) INTRCTNS 
"ToJSCS="ToISCT ! NJ=O ! NFJRST=l 
DC 1 1=I,NTDI5C5 
NI=NI+I 

C 
C-----DETERWINE CELL RA"GE I"FLUE"CE CF T~E CISC 

"DI~CLS="OISel(l) 

C 

C 

1'10 S A \I ( I ) = I< 0 ( J ) + 5 E ( J ) '" OT 
IF((NTYPFII).EQ.?).OI<.("lYPE(I».EC.!JI GC TC 2 
I F ( ( NT Y P E ( I ) • E IJ .3 ) • Q'< • ( " T Y P E ( I ) • E C • 4 ) .0 F • ( " T Y P E ( I ) • EO. t , • OR • 

*(NTYPE(I I.EO.EII GC lC 4 
IF("TYPE(I).FC.71 CD TO 7 

NCJ;OSS( I 1-=0 
"LHS(I)="JJSClS-I $ N"~S(I)=N~JSeLS+2 
GC TC 5 

2 IF«(I'lDSA\I(I).LT.P2(NCISCLS)) •• "C.(SL(II.LT.O.O)'.CR. 
* ( (1'1 D S A V ( I I • GT .1'12 ( N D I SCL 5. I ) ) • A" C • ( SL ( J , • G T .0. C , ) • c" • ( ( ROS AV ( I ) • G T • 
*R2(~,1ISCLSI).ANC.(RDSAV( Il.LT.I<2(t.OlseLS+t))" GO TO 3 

PR I N T\ 000, I • ND I 5 C NO ( I I • "C I 5 CL S .... TY FE I I ) • RO I 1 " 1'1 C 5 A \I I I ) .R 2 (NO I SCL 5' * • R? ( ~ 0 J S C L C; .. I ). SL ( J " Sf: I I , • 0 T 
1000 FO~MAT(IH ./,IX,'" SPECI.l clse x/C .,415.7fl~.6) 

3 NCROSS(II-=:> 
IFIPCSAVIII.GT.~21~OISCLS+I») NCROSSIJ)=1 
IFIR')SAVII).LT.R21~DISCLS)) "CJ;CSSII)=-I 
Nl HS I I )=NO I SCl S- 1- NC ~OSS I I , * I NCRO~ ~ ( [ , - I ,/2 
N~HSII)=NCISClS+3+"C~CSS(11 

GO TO !: 

4 ~C~CSS(I'=O 

IF(R~SAV([).GT.R21"DISCLS+2)' "CJ;CSS(I'=I 
IF(R,)SAVII).LT.R?INDISCLS-I)) NCRCSSII'z-1 
"L HS r I 1= N OJ I S C l 5 -? +" e I' CS S I I ) • ( ~ C I' CS S I I , - I "2 
N~HS( I )-=1\101 SCLS+4+NCROSS( I) 
GC Te 5 

7 NC'<OSSI[)=' 
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IFCROSAVCII.GT.R2CNOISCLS+III ~C~OSS(JI=I 
tFCROSAVC 1 I.L l.P2( NOI SCL SI I "C~CSS (11=-1 
NLHSC II=N~ISr:LS , NRHS( 1 )=1'0101 SCLS+ 12 

C-----LOOP 10 OETS IF THE ~JSC IS SLFF CLOSE FCR I~TE~~CrION 

C 

5 IF(II.LI-S( I I.LT.I) NLI-:S( I )"1 
IFCNTOISCS.EO.l) C.C TC 20 
IFCNI.EO.I) GO TO 1 
MLI-lS=O 
IF(CNTYPECI)*NCROSSCI).EO.-31.C~.CII.TYPECtl.~C~CSS(lt.FC.-41.0R • 

• (p.;TYPF(lI.NCPr.SS(I).Fa.-f:).OR.("TYPE( I).EO.7)) MLHS=-I 
t F ( C NTYPE C I I ~ II.C PCS SCI) • E C. -2 I." "0. (II. TYJ: E C 1- I ) .NE. t I. ANI:. 

*(NCROSS(I-II.NE.-III MLHS=I 
tFCN~HSCI-II.LE.II.LI-S(I)+I+ML~S) GC TO 10 S ~O TO 21 

C-----II.( tIl.TF~"CTtrll. 

10 II;t=NI-1 
GO TO 20 

C-----llI.lF~ACTI(N 

C 

21 IFCChl.CO.?,.AII.~.(II.TYPF(t-t).EC.21.AII.O.(lI.lYPE(I'.II.C~CSSCt'.Ea.-~, 

... A 11.0. C C l NO t SCL l I , - NO I SCL C 1- I , .E C • C I • A II. [). C II.C J:C S 5 l 1- • , .II.E .- I ) I. on. 
tCCII.OISCL(J)-NCISCL(I-l).EO.I' ... "I:.("CIO(SS(I-t).EC.I)))1 GO TO 27 

GO TO 25 
22 IFCN!)ISCLCI-II.EC.II.OtSCLCI)-I) ~C TO ~:! 

NCPOSSll-II=O S II.~HSCI-l)=II.0ISCL(I-I)+3 

24 II.CFOSSCtl~O' NRI-S(II=NCISCL(I'+~ t II.LI-S(I'=II.OISClCI)-; 
GC TC 25 

23 M=NOISCL(II 
IFC RO(J)+CRO(l)-RC(I-IIII'CSE(I-II-SE(I)'.SE(J).LT.R2(fo4)) GO TO 25 
GC TO 24 

25 IF(I.lI.f.II.TOI~CS) GO TC I 

C-----OCTER~INE INTERACTICII. CODE NO. 
20 II.LMAF!R=O 

DO 30 11=1,11.1 
30 NU"AER=II.U"AER+10 .. tC4-11 ).II.T'fPF(II.F IRST-t+ll) 

NI=NFIr;;ST+NI-1 
C-----PRINT THE INTERAC1ICN "c. AT E~ER'f "CY-ll- CYCLE 

"CY=5000 
IF(NC'fClE/II.CY.~CY.EC.II.CYClE' FJ:I~T 1002,~UWEER,C~,II.C~CSS(M'.NCISCL 

·CMI.NTYPECWI.W=~FIRST,II.I) 

1002 FC~MAl(IH .17(5) 
C-----C~ECK IF INTFRACTTON BELCNGS lC A ~~C.~ ~OTIC~ 

IF«(II.~MHER.FO.tOOO'.OR.("U~AER.FO.1200).OR.(NU~BER.Ea.1400).OR. 

• C~L~BER.F.0.2CCO'.CR.(~lWee~.EC.~1~0'.CR.((~UWEER.EQ.22OO).ANO • 
• CSL(NFIRSTI.GT.O.)I.OR.(II.UMeFR.FO.~220).CR.(II.UWBER.EC.2?501.0R. 
• (NUMeE~.EO.23001.CR.c~UMerJ:.EC.2310'.OR.(NUWeeR.EQ.23121.0R. 

• CNUMOER.FO.2~20).OR.C~lMBER.EC.2400).CR.(~UWPER.EC.2~OOI.OR. 

• (II.UMAFR.FO.25201.nR.(II.U~BER.Ea.~600'.OR.CNUM~ER.Ea.2f'O).OR. 

• CII.U~AfQ.EO.2f751.0R.(~UWeER.EC.28?O).CR.C~uweEIO.EC.~OOO).OR. 

• t~UMAER.Ea.3100).OR.(II.U~AER.EQ.~t201.CR.(II.U~BER.F.C.320OI.OR. 

• (lI.lMBE~.rC.4000).CR.(~UMeE~.fC.4200).CR.(~UMeER.Ea.500O,.OR. 

t (NU~BER.EO.~200).OR.("v~BER.EO.e2201.c~.(~uWeER.EC.~JOOI.OR. 

~ ( II.UMBER .'-" .541)0) .OR. (II.UM[!!;R .Ea .fOOO I .OR. (NUM"FR .FO. f7 CO) .OR. 
t CII.UMBEQ.EO.6750).OR.(~LWP.E~.EC.70'01.CIO.(~UweER.EO.750O).O~. 

t (NUMRrR.EO.8000).OR.(II.U~AFR.F.Q.A200)1 GC TO ]5 
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OELR=-ABSIOELR) t PRI~T 1001,~L~eE~ S ~ETU~~ 
1001 FC~~~T(JH ,~/,* NU~Af~= .,I~) 

C-----CA~R~ OlT THE INTFRACTIC~ 

35 IF(NU~BER.EO.J~OO) CALL FL~IRC(~l),SEI~I),~L(~l),f~ 
IF(~UWeFP.~O.1200) CALL FL~S~K(4~Z£PC,hFIP5T,NII 
rF(NU~BE~.F.O.14C~1 CALL Fl~CO(~FI~5T,~1,hCF(S5(hlI1 

IFI~uw8ER.FO.2000) CAll S~K·IRC(NJ ),5E(~I'.Sl(~11.hOISCL(hl11 

IF(hU~8Ek.EO.2100) (All 5~KFL~(~FI~ST,~ll 
IF«(NUMBFR.FO.22CO).ANO.(5l(hl ).GT.O.CI.~hC.(5l(~FIRSTleGT.O.O') 

.CALL SKSKPP(NFIRST,Nl.NFIRST,7~ OISCSS) 
IF(I~LMB[R.EQ.?200).A~D.(SL(~ll.LE.O.O) •• ~[.(5l(~FIRSTI.GT.O.OI) 

.CALL SKSK~~(NFIRST,Nl) 
IF(hUMeER.EC.2?20) (ALL 5KSKSK(hFI~ST.hFIRST.1,~tl 

rF(NU~8ER.EO.22~O) CAll D'5K5K(~FI~ST,hl-l.~I) 
IF(NU~eER.FC.2300' (ALL S~KCO(NFIRST.Nt.EM ZERO) 
IF(~U~8FR.FO.2~IO) CALL 5COFL~(~FI~ST,~FIRST.I.htl 

IF(NU~qFR.EO.2!12) CALL ~COFL~5(NFIR5'.NFIR5T.1.~FIRST.2.Nl' 

IF(~UWPEk.EO.2320) (ALL SKCDS~K(NFI~ST.NF1~ST+l,N11 
rF(NU~AER.EO.?4CO) CALL 5~KCD(~FI~5T.Nl.8H~.RCO ) 
IF(~U~AER.EO.2500) CALL CSCRSC(~FIRST,Nl,Nl.7H 015CSOI 
IF(~UWBER.F.a.2~2JI CALL CT5KSK(~FI~ST,~1-1.hli 

IF(NU~RER.EO.2600) CALL 5MKCO(NFIR5T,~I,eH5KCDDT 

IF(~UWeER.EC.26701 CALL S(T~OT~(NFIRST,NFIFST+I,NI.NDISCLCNII) 

IF(~U~AfR.Ea.?f75) CALL 5CDTDET(NFJR5T,NCRC~5(NFJRSTI.NI-2. 

*~crCSSCNl-21,~1-1,~C~OSSINl-11.~I,~CRC5S(Nl).4~2f7~1 

IFINU~B[R.EQ.28CO) CALL ~HKCD(~FI~ST,~l.BHS~KCCRA~I 

IF(NJ~8ER.EQ.30001 CALL CD(RD(Nl),Sf(~tl,~DJSCLCN1'.5H 

IF(NU~PF~.Ea.3100) (ALL CDFLM(4~7E~O,NFIRST.Nll 
IF(NU~BER.Ea.~1201 CALL (OFLMSKC~FIR5T,NFJ~~T+l.~11 

IF(~~MEEP.EC.3200) (ALL CDS~KCNFIRST.~l,f~ ZERO' 
IF( ~U"'AER.EQ.40C:» CALL (C(RC(~II,SE"'II,~CISCL(Nll.5HI<ARCD' 

IF(NU~EFR.EO.4200) CALL COSHKCNFIR5l,Nt,fH RARCD' 
IF(t\U"lF'ER.Fr..5000) (.aLL CET(f:C(~I"SF(~1).5L(Nl1,NDISCLC!I;t).NCROSS 

* ( N I ) , 7H OF T ) 
IF(~UWeER.EO.~2CO) CALL C~C~SDC~FJRST,~I.~1,7~ DISCOS) 
IF(~vMeER.EO.~220' CALL C1SKSK(~FrI<ST.hl-l.~1) 

IF(NUMRER.FO.~300) CALL SHKCO(~FJRST,NI,eHCETCD 

IF(~UWeER.Ea.5400) CALL S~K(D(NFI~5T.Nl,~~[ETRARCO) 

IF(NU~BER.EO.{CCO) CALL CD(RO(N1I,SE(t\1'.NCISCL(N11,5HCOTRO' 
IF(t\U~EFR.EO.{OCC) N1VPECNFIRSTI=3 
IF(~U~eER.EC.67COI (ALL CDT~DT~(hFrRST,hl.h[JSCL(hlii 
IF(NU~BFR.EO.{7~O) CALl. SCOTDET(t\FlkST.~C~C5S(t\FJRSTI.~1-2, 

*t\C~CSS(NI-2),~I-I,t\(~CSS(t\1-1I,~1,~C~05SCN1I,4~f75CI 

IFINUMBER.EO.7COOI CALL TRARE(~CISCL(~FIRST)I 

IFC~UMeE~.EO.7500) (ALL lRDET(NFIRST,~CRCS5(hFJRSTJ.hl.hCRCSS(~ll. 

*8HOISC TOI 
IF(NUMA[R.EQ.~CCOI CALL CO(RD(~II,SF(~II.~CISCLC~11.5HCORARI 

IF(NUMEER.EO.8200) CALL CDSHK(NFIRST.Nl.f~CCRS~KI 
C-----CHECK IF ALL DISC HAVE eEE~ HA~CLEC 

"FIRST=I 
NI=l 
IF((NI.EO.NlDISC5-11.AND.(I.EC.~TC1SC5)J GC TC 20 

C 

1 CC~ TI NUF 
t: 
C 



C 
C 
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C-----LOOP 200 R~S"lS OISC IN AN ASCE~DI~G SFACIAL CROEF 

C 

100 ~'-=O 

~Q 200 I=I'~'DI~CT 
IFfNDISCLfll.LT.OI GO TO 200 
I'(T=NT+I 
IFf NT. N!: • I I GO TO ? 10 

C-----5FT 1ST DISC FO~ITIC~ A~D FAR'~E'E~S 

C 

NTY"EI~T)':NTYPF(I) $ NDI~CL(I\jTI=II;DISCLCII S "DISC"C(f\TI=~DJ5C~C(l1 
SLfNl)=SLfJI $ 5!::(~TI=SEfJ) ! J;(:(IIITI="(II 
(;0 TO 201) 

C-----SFT OISC RELATIVE TC T~E CThE~ elS( 

C 

210 IILA<:T=NT-I 
DC 220 11=1,IILAST 
IFIRD(II.:>T.RD(III1 GC TC <'<'0 

C-----SET DISC qFTkEE~ THE C1HEJ;S 

C 

NTYP'O(IIITJISCT+II=NTY;:>Efll ''<IDI!:CLfNTDISCT+II=II;DI5CL(11 
NDI SCNf f NTCI :;CT+ II =~c ISC"C I I I 
SLI"TDISCT+tl=SL(f1 ,. SE(I\TDISC1+I'=SE(f1 f RCII\TOISCTtll=RDClI 
DC '><'1 III=II,IILAC;T 
L=I\T-IJI-+II 
NTYP[(LI=NTYPE(L-l I $ IIIJISCL(LI="DISCL(L-il 
IIIDISCI\UILI=IIIDISrl\C(L-I) i 5LILI=SLfL-1 I SSEIL'=SECL-II 

<'<'I RD(LI=~nfL-I) 

NT Y P F ( 1 I I = 1\ T Y P E ( II; T !) 1 C; C T + I I S 1\ D J S C L I 1 1 , =" D 1 ~ C L ( 1\ TO 1 SC T + I I 
NDISC"'(1(J I )="'CISCII;CP.T[JI!'CT+l 1 
5LIIII=5L(r>;T,)ISCT+II t SEIIII=SEI"TDISCT+II f ROCIl)><RO("TOISCT+II 
GC TC 200 

220 C CII; TI "v[ 

C-----SET DISC AS LIST CISC 

C 

C 

NTYPEIII;TI=N1Y~[1 I) S NOISCL(I\TI=I\DISCL(II S "CI5CI\C("TI=I\Ol5CI\C(II 
SL(N11=SLII) I SF("TI=5E(J) $ F'C(I\TI=~r(1) 

? 0 0 (' C "T , ,,"U C 

NTDISCT=NT 
J;ETURI\ S F.I\C 



C 
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SLeRO~TI~E FL~ACCL(SFLW~E~,IFL~,~!C,C30) 

CO~~ON'PA~AM/N,J,AJ,G,GF.DELR,~FLW 

CCMM[~/TIME/T,~T.DTL,T~QITf,DELT,CTCX._' 
CCwWC~/PO~ER/VCApr,R4~I,~DPO~E~.F~C~E~,C~C,CCAPF,SF[CLC,SFE,NCJ 

COW~(N'A~RAYS/R(501),U(2,~01),p(2,!Or'.D(2,!01),F(2,eO1'.~2(5CI' 

C C W /00II r N /0 I S C S I ~ T CIS ( , '" CIS ( ~ [ ( 5 I , , " 1 Y P E ( 5 I ), ~ CIS (L ( ! I ) , S E ( ! I ), SL ( 5 I ) 
.,RO(511,NTDISCT,NTDISCS 

(-----OET SS FL. FLO (STTES 3,4,5' CLf 1( ~LCCE~ FL~ ACC ev ~CLAR METHOD 
C P4J=TO Sf REAC AS PRESS IN STA1E4 PEL lr. A~O ~C~~lw BY STATE J 
C U520=RfAC A~ ~RT(Lf VEL I~ STATE5 ~EL TC STA1E2, ~C"'Clw WRT STAT EO 
C 
C 

C 

C 
( 

C 

C 
( 

( 

c 
C 
C 
( 

C 
( 

C 

C 
C 

C 
( 

C 

-STATE- ---2---S~K--!--CO--4--fL~--~--5~K----I---S~K---C--­. . . .. . . .. 

• 
.. 

.. 

.. 
• • • • 

.. . . 
•• •• 
• 

FLIoI 

• 

• 
• 

.. .. 
• .. 
• 

• .. 

---2---.---0---

.. 
,. 

• 

• • • • .. 
• • • .. .. • .. 

• 
• • • • 

(-----SET STATES I AND 2 
PIJ:P(2,NFLW+I) $ DIO:C(2,"FLW+11 ! ulO=U(2,"fL~+I) 

P20=P(2,NFL~) S D?0=0(2,~FLMI ! L?C=L(2."FL~) 

AIO=SOPT(OIO/CIO) $ A20=SC~T(~20/C20.(F/() 

(-----SfT SUP.ROLTINE CnN51S 
P.FTA-=(GF-l.I/((F+I.) ! R=(GF-I.,/((-I.) S BFTI=IG-I.'/(G+I.' 
PG~=(I.+P.ETA)~(V(APF-BC1A)/(I.-eETI)-EETA 

I)CLP]O=I).I $ EPS=I.C-14 
C-----INITIALIZE 11ER_TI(~ C(L~TE~ A~C F~ESSLRE (LESS 

NSIGN:O S PJO=FLOATIIFIX(PIO*IO.O»/IO.O S "ITER=O 
C 

C 
(-----PE~fDRM ITERATI~N DF T~E POLC~ S(L". 

PJ;INT 1002 
100? FnMMAT(IHl,20X,.SUOOE" FLIoI ACCl*,2/' 
1 ~11E~=~ITER+1 

IF(NI1ER.LT.71) GC Tr. 2 
IF(NITER.EO.71) nFLLSA~=nELU 
IF(NITF~.LT.IOOI GC TC 2 
IF((~ELLSA~.LT.I.C-I?).A~D.(CEL~.LT.I.E-12') GO TC 10 
PJ;INT 1001 

1001 FCI'MAT(lH ,5/,IOx,*~C. CF ITE~jlllC"S :-IIS RE.jlCt'EC /oIAxlfI4UM OF 100.' 
DCLR=-A!>S( DELR I ! I<ETURN 

C-----GUESS P30 



c 

C 

-96-

2 P3~~P30+0ELP30 

P~I=~30/PI0 

SSL31=SQRTIIP~I+8ETII/(I.+eETf" 

S5E30=SSL310AIOOSQRT(G'+L10 
U310=(I.-8ET['OII.-I./SSL310·2)OSSl310~10*SC~T(G' 

U30=U310+UIO 
031=1./leETJ+II.-eFTI)/~SL31.0c) ! C3C=C310C10 
A~I=SQRT(I 1.-BETII •• ?0(~~L31002-eEll/(I.+AETI))*(1./SSL31.02+ 

*AETI/(I.-BFTI"oG) 
A~0=A31.AIO 

PG3=1.+(PGO-l .1/A30 •• 2+GFOI1.-1./'~00*;).IG'GFOP-R4R11 
SSLA~=SFL~N~W/SORT(G"A30 

SSE40=SFLM~E~+U30 

P43=(-19CTA-l.-SSl43 •• 2.11.-F.ETA'0().SC~TCCEETA-l.-SSL43*020(1.-
.AfTA)OG) •• 2+4.·lqFTA-~~L~3·02.(I.-FETA).PG3.G')1/2. 
~AO=~43·o30 

04~=1./( 1.-(I.-G[TA).(~A~-PG3)/(P4~+EE1~)1 $ C40=C430030 
U410=-SQRT(11 .-eE1A).IP~!-PG]).IP43-1.)/G/(P4!+8E1A)I.A30*SQR1(G) 
u4J=L4~0+U30 

A43=SQhTII IPG3+AF1A)+B[lAOIPA~-~G3))/(F43+FETA)*GF/G.PA3) 
A40=A430A30 

C-----ASSUWE 
P~C=~AO 

c 

c 

P~2=P~0/P20 

SSL'2=-SCRTIIP5?+PFTAI/I1.+~FTA)1 

S~~51=~SL~2.A20.SQ~1IG).l?0 

U5?O=1 1.-9ETA).II.-l./SSL~2 •• 2)OSSL~20A2C.SC~T(G' 
U50=L,?O+U20 
0~c=I./IP~TA+II.-eETA)/S~l520.?) ! O~C=C52$C20 

A52=SO~TIII.-EFTA) •• ?ISSL52~Oc-P.F1A/( 1.+eE1A))$(1./SSL52.*2+ 
OA[TA/Il.-AETA))*GF) 
A50=A520A~0 

PRINT lOOO,~11E~,J,DELP30,~GO,~G3,CELU, 

OP10,010,U10,AIO .p2C,n20,ucC.AcO,Sl(IFL~I. 

OP31,030,031,030,U310,U30,A31,A30,SSL3I,SSE30, 
OPA3,04~,04!,DAa,U4~(,UAC.A43.A40.S~L43,5SE4C, 

.P5?,n~o,CS2,n~0.U520,U50,A52,A~O,SSL!2,SSF~C 

1000 FO~~AT(lH .lX,21~,4[16.e,/,IX,4FI3.e,13X.5FI3.e.3(/.IX,IOFIJ.el, II 

c 
c 

c 
C 

[FIOELU.LE.EPS' GC ~O IC 
IF(IUAO.lT.U50).AN~.I~~IGN.F.Q.I" CELPJC=AES(OFl~!O'/2.0 

IF(U40.LT.U50' GC lC I 
OELPJO=-AOSIOELP!0)/2.0 
NSIG~=t ! GC TC I 

C-----AOO THE DISCS TC T~F. FLC_ FJCLC 
10 NT=NTOISCT 

~OISC~CINT+1 )=NT+I ! ~DISC~C(~l.c'=~T.c S ~CI5CNQ(~T+J'=NT+3 
NTvPFINT+I)=? S ~Typr(~l+?'=J S ~1~Pf(~1+JI=2 



C 
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SL(NT+I'=SSL5Z ~ SL(~T+ZI=Q.O S SL(IFL~I=SFL~~E~ , SL(NT+31=SSL31 
SEI~T+II=~S(5J $ SE(NT+21=L40 $ SE(IFL~I=SSE40 $ SE(NT+JI=SSE30 
RD(~T+I '=R~IIFL~'.II.-l.E-I~1 f ROINT+;)=RO(IFLM'.II.-.~F-IC) 
QO(NT+31=RD(I~LW).II.+l.E-IO) 

DC IJO I=NFLM,N 
M=N+NFLM-I+? 
OI2,W)=O(2,W-?) f U(?,M)=L(2,~-cl 

E(Z,W)=E(2,M-21 $ P(2,W)=P(2,W-?) 
100 ~2(M)=R21~-21 

N=N+? 
R2(NFL~I=~2(N~L~+II=~C(Nl+Z) 
DC 101 I=JFLM,NT 

101 NDISCLIII=NCISCLII)+2 
N~LM=NFLM+2 

NDISCL(NT+I )=NFLM-3 $ NDISCL(NT+cl=NFLw-c f NOISCL(NT+~)=NFLM+I 

N1DISCT=NT~J~C=NT+3 

C-----SET T~EPW8 ANC (~S P~RAWETFPS IN CfLLS NFLW-c,-t.O,+1 
OI2,NFLM-2)=ns) ~ L(2,NFLM-2)=U~O f P(Z.NFL~-2)=P50 

D(Z,NFLM-II=n40 , L(?,NFLM-I)=L40 $ P(?,NFL~-t)=P~O 
9(Z,NFLM)=D40 f U(2,NFLW)=U40 S Plc,NFLM).P4C 
O(2,NFLM+I'=D30 $ UI2,NFLW+I)=L~O S P(2,NFL~+lt=p~0 
E(?,NFLw-r.,=n~O/D50/(GF-I.)+U!C •• Z/? 
E(2,NFLM-I'=~I?,NFLW)=P40/C40/(GF-l.I.U40·.2/2. 

E(2,NFLM+I)=P~O/03)/(G-I.)+L~O·.2/2. 

c 
RETURN $ ENJ 



C 
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sue~CUTINE fL~(RF.SfES.SfL.~AMEI 

CO~~C~/P~RAM/~,J.AJ.G.GF.CELR.~FL~ 

COM~C~/TI~E/T,DT.OTL.T&RTTE,DELT901D~,Al 

CC~~(~/P~fOCC~/CP(2.131.UPCC2.13).E~C(2,I3),PPC(2,I3) 

COMMaN/pnWER/VCAPf.R4NI,PDPO.F~.FFCWF~.(~O.C(APF.SFECLD.SFE.NCJ 

«(~~[~/A~RAYS/RC501),U(?,50ll.PC2.~OI),O(2,~O.),E(2.~O1,.R2CSCI) 

C PD,\lD=PRESS,SPE(IFIC VOL RATle AC~C~~ T~E FlA~E 

( 

IFC~AWE.EO.fH PLRtO) GO 10 
(-----PRfCICTC~ PCP NfLM'I = 3 

M="'FLM+I 
OP(t,31=DP(M,OI ! UP( 1,31=UFC~,CI 

EPCCl,31=EO(W.OI ~ FPC(l,3'=PP(~,CI 

C-----PRFOICTOF FC~ ~FL~ : 2 
(ALL Sf\lCPC(G,Cf,PPcel.31,DPCII.:?I,SfL,VO,FO,OELR) 
OP«I,21=00(I,31/\l0 s Pr:{(l,2)-=PP{(1.~'*PC 
IJ PC ( I ,2 1= ( !':fL * ( 1 .- VD I .UP C C 1 ,31 10 F( C 1 , ~ ) ) *OF ( ( 1 .;:> , 

E ~ « I .2 1= 0;:>( ( I,? I * ( 1= I" C ( 1,2 1/01=' ( 1, :< , / ( (f- I • HUPC C 1. 2) •• 2/0PC C 192) 
***2/2.0) 

C-----I"PFOICTCF FCQ ~FL~-I = I 
1 M ="f L ~ - I 

DPC ( I. 11= DP ( M. 0 I S upce I • 1) :UI= ( " , C) 
fPCCI,l)=EP(~,O) S PFC(l,I)=PI=(I,(F) 

C-----CORRECTOR Foe ~FL~ = 2 
OPC(?,?I=C(2,~FL~)=C(2,~FLW,OI S ~PCC~.c,=~(~,~FL~)~UCI2,~~LW,C' 
£PC(2.2)=E(2,NFL~)=fCC2,~fLw.O) ! FP((2,2)=FI~.~FL~)=PC(2,GF) 

(-----CORREC10R FGP NfLM+1 ~ 

VC=CPCII,]I/'lI=("(I,?) 
CALL FLM43C2,~O,~FLI 
"'=~FL"'tl 

D(2 .... )=01=«2.3) ~ U(2,MI=~FC(2.3) !EI2.~I=fFCC2,3'SP(2.M)=PPC(2.3) 

(-----5ET FLA~F ;:>0S1TICN AND SPEED 
PF=S~FS~CTtPF $ SFES=SFE 

C 



/ 

C 

( 
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SLR~OUTI~E SFVDPC(G,GF,~.VG.C,~(,SF,VC,PC,CflR) 

COMMrN/pnWtR/V(APF,R4RI,PDPOWE~.F~C~ER,C~D,C(IIPF,~FEOLC.SFE,NCJ 

( vr=CC~ST PRESS S~E(IFI( VCl R'TIC .T FlIIMf STIITE CONDITIONS 
C 

C 

srSAII=SF 
BE1A=(GF-I.'/(GF+I.l 
VF=VCAPF/PAVG*DAVG+( 1.-DAVG/OAVG'*(G.(GF-I,"GF'(G-~.)-R4RI.I., 
SF=Fl"'S~OI IPIIVG,CAVGl 
IFIARS(SFSAII-SFl.lToI.E-C~' SF=SFSII~ 

C=2.*G*SF*.2/G/PAVC*OAVC ! A=( 1 •• efTA'.(I •• C'~.) 
B=A*A-2.*C.IC/2 •• BETA+II.+~ETA'*"f' 
IF(R.GE.O.Ol GO TO I 
SFSA"I=SF ~ IFI~CJ.EC.3t- ~C) CELF=-,ES(CELR) 
SF=S~RTII 1 •• B~TA'.PAVG/DAIIG)'(l.-BfTA'.(SORT(VF-P.ETA'-SORT(VF-1.)) 

Ir(AeSISFSAV-SF'.LT.I.E-09) SF=SFSAV 
C=2.*G*SF.*2/G/PAVG*OAVG \ A=(I.+E£TA'*(I,+('2.) 
PRINT IOOO,B,PAVG,OAVG,SFSAVI.SF.~CJ 

laoo FOFMATIlH ,5X,.E.lT.O •• EI7.9,IX,4f20.I~.5x,A~) 
VO=A/C 
GC TC ? 
IF(~CJ.EO.3HYES) OELR=-AES(DElR) 
IF(NCJ.EO.J~YES) ORINT ~COO,A,PIIVC,DAVG,SFS'~.SF,~CJ 

VO=I'-SCFTIP)'/( 
? PD=I.~G*SF**?/G/PAVG.CAIIG*(I.-IIC) 

WFTUR~ l F~D 
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SUP~CUTt~~ ~L~43(K,VD,~FL) 

CC~MC~/P4Q4W/~,J,AJ,G,GF,OELR,~Fl~ 

COM"Ir.N/PR[ DCO 1'1/ ODC ( 2, 13 I ,UPC ( 2. 13) ,EPC ( 2, 131 ,PPC' 2, 131 
CCwMC~/prwf~/V(.PF,R4RI,FC~OWE~.FPCWf~,CNC.CCAPF,SFEOLC.SFE,NCJ 

C 

C 

C 

C 

C 

FlWSFD2(P'VG,CAV()=CNC.(PA~G/CAVCI •• PCFC~EF.FAVG •• FPC.ER 
L=K+I $ CCNST=G.(GF-I.)/CF/(G-I.I-~4RI+I. S E~TA=CGF-l.I'(GF.I.1 

SFLSA"'=SFL 
IF(~(J.EC.3~YFS) (0 TC I~ 

NITER=O S ~PS=I.F.-14 
OPC(7,l)=CPC(?,K).VD , FF(C2,LI=FP(CI.l) 
DO I I T E Q ,. I, 4 ~ 
SFl=FL~SPJ2CPP(C2,LI,CFCC2,LI) 

Gl=~FPC(2,KI+FP(2,L).SFl··2·CPC(2,LI.(1.-VCI 

n(l~p~=I.+?SFL**?.(POPC.fR+PFC.F.~).(1.-VC).CP(2,L)/FFC(2.LI 

OP3=-GI/nGl~P3 , PPC(2,L)=PPC(2,LI+CP~ 

IF(A'lS(nI'31.lT.FPS.PPCCI,LII GC TC 2 
Cn"TI~UE 

PDINT ?OOO,~ITEF,PP(I,Li.pPC(2,L).CP3,(1,C(lCP3.SFL.SFL 
2)00 FCJ:;~AT""" 1,IX,.FL"'4~."4,7FI7.10) 

IF(AeS(OF']).LI:.2GOO.*fFStPPCC1,LI) GO TC 2 
DELQ=-A~~(DELP) ~ FET~~" 

2 SFL=FLMSPD2(PPC(?,L),DPC(2,LII 

5 NtTEH=NtTER+l 
tF(~ITF~.LT.1~1 (I' TC b 

IF(NITFR.EJ.~~) nV3SA~=D~J 

r. PRINT ~OOO,NITER,G~,OV~,PPC(2,L).PPC(2.KI,CFC(7,L'.OPC(2,K).SFL 

JF(NIT[~.LT.401 GC TC ~ 

C 

IF«ABS(OV~SA~).LT.~CO •• EPS.DFC(1,LII.A~D.('ES(CV31.LT.~OO •• EPS • 
• CPC(I,ll» Gr TC II) 

PRINT 200J,~11ER,G3,D~3,FPC(2.L).PFC«2,K),CFC«2,L).CPC(2,K',SFL 
PRINT ;>001 

2001 FCJ:MAT(tH .5/.1X,*lT[J:ATI(~ r:C~"LS "'AXIJoIl.M I~ FUU3.) 
OELR=-ABS(DELR, $ RETUR~ 

b D3D4=CPC(2,L)/CPC«2,K) 
G3=PPC(?KI*(EETA-03~4).(I.+eE1A).(VCAFF-C(~ST).CPC«2.Lt. 

cq SFL t. ?*9=>C« ;>, L , * ( 1.-0304 ,-PPC ( 2, K ». ( F![ T ... C 3C4-8El .. ** 2- ( I •• 8ET A I • 
• (CfN5T-8Fl.a1l 

DPDV ~=« 0 304/( 1.-03')/\ I +7. *PDPO .. fJ;-1 .) / ( I ./SF L •• 2'( I. -0304' + 
*2 •• CPC(2,L)/PP(C?,L'.(PCFO~ER+P~C~FR) 
OSDV3=-PCPO~FR.~FL/CPC(2,L).«~CFC.E~.PFC.fJ;).SFL'FPC(2.L'.OPOV3 

OG JOV :!=- ( I. HIE TA I *PPC « 2, K 1 /DPC ( 2," ,.« 1.+ E'E 'T.a I. ( VC "PF -C C ... ST, + 
.SFL •• 2.DPC(2,L).«I.-03D41.(EETA.(C~C4-EFTA)-«I •• 8ETAI.CCCNST-8[TA) 
.).(?/SFL.~SO~~+(I.-2 •• 0~C41'CPC(2.L)'(I.-C~C4).eFTA'OFC(2.K'/ 
*«eETA.(0304-nrTA)-«I •• RET")·«CC~5T-8ElA"1 

n ~ :!=-G 3/0C 3DV) 
DPC(2,LI=:PC«2,LI+OV1 

DC I~ ITER=I.45 
Gl=-PPC(2,KI+PP(2,L'+5FL.t2.CPC(~,L).(I.-VO' 

DGlnp3=1 •• 2 •• 5FL •• ?(PCpt.F~.FFC~EF).«I.-VC).CPC12.L"PPC(2.L) 
OP~=~GI/DGIDP:! ~ PPC(2,L'=PPC(2,LI.DP~ 
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SFL:FL~SPD2(PPC(?,LI,OPC(2,L)1 

IF(AflS(OP31.LT.CPS*PPC(I,LII GO TC II 
10 CCp.. T I "UE 

PRINT 2000'''ITER,PPCII,LI,PPCI2,L),OF~,GI,C(IOP1,SFL 

IFIAgsIOp:n.LI:.2000 •• EP~.PPC("L)' GC H' II 
!>EL<1=-APS(OEL'" S FETLI<" 

II IFIA8SIOV31.GT.EPS*OPCII,L)) GC TC ~ 

C PFINT 2003,NIT~Q 

C 
C 

C 
C 

C 

C 

20J~ FOI<MAT(I~ ,IX,*"ITEI< .,Ie) 
GC T C 16 

15 CCNST=G*IGF-I.'/CF/IC-I.I-r;4~1+1. 

A=(I.+B[TA) •• 2*CPC(2,K)/FPCI2,K).I~C-FF-CGp..~1)-I •• eETA 
A= 2. * I 11 • + 9FT,. , .. (CN ST- 2 •• BET A I SC = I 1 .-PE T A) .. (!:lET A-CO" 5 T. ( I. +BET A I I 
PD=(-p+sa~T(t:!*r-4.*A.CI 1/2./A S VC=PC*II.+EETAI/(2 •• PD-I.+BETAI 
PP(2,L)=PPCI2,K'/P~ S OPCI?,LI=OPC(2,K).VO 
SrL=SCFT«I.+E~lA).PPC(2,LI/DFC(2,L)/(2 •• VC-l.-eE1AII 

16 UP(2,LI=(CPC(2,LI/CF(?,KI.SFl-SFl+LPC(2,K)/CFC(2,KII*CPCC2,L) 
EP(I?,L)=D~C(2,L).(PPC( 2,LI/OPC(2,LI/(G-I.)+vPCI2,L).*?/OPCC2,LI*. 

*2/2. ) 

IFIA~SlsrLSAV-SFLI.GT.I.E-08' cr TC 17 
SFl=5FLSA~ 

DPC(?,L)=OPCI1,L) S UPC(2,LI=LPC(1,LI 
EPCI2,LI=EPCll,LI S "PCI2,L)=FPC(I,LI 

17 CC"TI"LE 
Sf[=5Fl +Uf)CI ?,L '/DPe( ?,L) 

I<E1U~N $ END 
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SLR~OUTJNE OETI~S,SS(,SSL,NSrK,~X5S.~_~E' 
CCWMCN/PA~AM/~,J,AJ,G,GF.DEL~.~FL~ 

CC~~(~/TIME/T,CT,OTL,T_qITF,QELT.C1D~.AT 

COMM(~/T~Dl/'LT~,DlT~,LLTR,ELT~.(VfRC~~.~CVERC~ 

COMMCN/PRFDCOR/CPCI2.13"UPCI2,1~).EFCI2,13"PPCI2,13) 

CC~M(~/FCW~~/VCAPF,R4~I,FCFOWE~,FFCWE~,(ND,CCAPF,SFfOLD,SFE,NCJ 

COMM( N / ARR AYS /q 150 I , ,U ( 2,!: 0 I , ,F I 2,50 t ) ,C (2.50 I , ,E 12. S:> I '. ~2 150 I , 

C CVfR~~W:ovF~D~IVf~ CET(~ATJ(~ ~~C~ ~UMEE~ 

C NOVERD~=~O. nF T!WE STEP~ DET ~AS EEE~ CVE~CRIVE~ 

C 

C 

C 

8ETA=(GF-I.'/IGF+I.' $ e=ICF-I.)/(C-I.' 
P G 0-= It ... F ET A' * ( VC APF - AF 1 A) / ( I.-RET A) -PET_ 

C-----p~EDICTO~ FeR N5rK : 2 
A:SQ~TIPII.~5rK"I'/C(I,~S~K+I" S FG:PCI(A' 
PSI: It .-PETA)/2.*( I .+G*S~L •• 2) 

IFINrVFRO~.LT.?O) PSI:PSltSORTIPSIC.?-(I.-eETA).G.SSL.*?PG+BETA) 
PS=PSI*P( I ,~C;""K+t) 
OS = 0 ( I ,N <; I-<K + t ,/ ( I • - ( t • - e E T 4. 1 • IPS 1- F G 1 / IPS I + eFT A , , 
US=DS*(SO~T(G)*A.SC~T«I.-EET_).(PS1-FC'.(PSI-l.)/G/ 

* I PS I +"lETA" +U( I .NSHK+ I' /01 I .... SHK+ I" 
ES=(PS/OS/(CF-I.'+US*C2/CS •• 2/c.,CCS 
IFI~AMf.Ea.7H1R~ET , GC TC 10 
EPS=IRS-R(NS .... K')/DCl>R 
CI=2.*12.-FFS)/(I.+EPS' 
C?=2.*FPS-:'>. ! C3=(J.-EPS'*12.*EPS-I.I/(I.+EPS' 
CPC (I ,21=C I I, "SrK )-CTDX4 IC I.US+C~*LI 1,"Srl( HC3*l,,( I,NSHK-II' 
UPC( 1,21=U(I."SHK'-DTDX*ICI*ILS*US/DStFS.RSt.J)+C2tPM(NSHKIt 

*C3*.:>M(NSHI(-I' I 
EPCII,2"'=[11 ,"SrKI-DTDX*IC1*US/CstlfStPS*qS**J'tC2*PEIN5HK'+C3. 

*PF( "ISHK-' I' 
PF(II.?)=PPI2,GF' 
IFI~4.~E.FO.7H~KCO OT) GC TC 10 

C-----PkECICTOR FOR NS~K-I = 
fo(=~SHK-1 

opc ( I. II: r)P ( M, oJ' S UPC ( 1 • I' =UP ( ~ ,c , 
EPCIl,"=EPIM,OI $ PPCIJ.I'=PI'(l,CF' 

C-----CO~RECTOO r-~R ~SrK = 2 
D(?NSHKI=DP(12,?)=D((2,~SHK.O' S L(2."~rK'=LPC(2.21=UC(2'''SHK.0' 
E(2.NS~KI=EPCI2,21=EC(2.~S~K,O' ! P(2."SrK,=PPCC2,2'=PCC2.GF, 

C-----pREOICTGR FeR NSHK+l+~XSS = 3t"'xSS 
10 ~="SrK+I+"XSS $ ~~=3t"X~S 

OFC(l,~M'.DP(~.OI $ UP(I,~~)=UP(~.O) 
FPCll,M~'-=EPC"'.CI $ oPCC'.~WI=FF(",,.,,G' 

C-----PRFOICTO~ Fn~ "SrK+2t~XSS = 4t~XSS 
~=~SHK+2t"X~S $ ~~=4+~XSS 

DPCCt,,",~I=CPI"',O' S UPCCl,WM'=\"PC"'.o, 
EPC(J,~W'=EPI"',O' $ PFCI1."~I=FF("".C) 

C-----CORRECTCR FOR NSrKtl+"XSS = 3+~XSS 
M=~SHK+lt~XSS , ~~=3+"XSS 

D(2,~'=DP(I?)~""=OC(~ .. ,,,,1' S LC2,~'=LFC(2."'~'=UCCM".~.I) 
E(?,~I=EP(12,"'Y)=FCIwy,,.,11 S P(2.~I=PPCI2'~"I=PCC"".GI 
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c 
IF(~XSS.F.C.OI GC TO I 

C-----P~EOICTOR A~O CChRECT(~ FCh ~S~K+I = ~ 

M=NSHK+ I 
D(2,~I=DPC(2,31=O~C(I,~'=DS f L(2,~)=UFC(2,~I=UPC( 1,31=LS 
F(2,V)=fPC(2,~)=FPC(I,~)=E~ S P(2,~I=FFC(2,3)=PPC(I,31=PS 
SSESAV=SSE 
IF(NOVFRC~.G[.201 GC TC 2 
A=SQIH(P(I,""/O(l,"'!)1 S FG=PGHA) 
S~LSA~=SC~T«(2.*FG-(I.-EET~I+~ •• SC~T(FC*.2-(I.-eETAI.pG-BETAII/ 

.( I.-BETA' /r;) 
IF(OVEhO~w.GT.SSLSAV' ~~LSAV=(~~l+~~l!A\+(C\E~D~~-SSLSA\)/20 •• 

*FlCAT(20-~OV[~O~-I)I/? 

IF(OVERO~M.LF.SSLSAV' ~!L~AV='!~L+~Sl!_V)/? 

SSESA~=SSLSAV*A*SC"T(GI+U(I,M)/C(I,~) 

[l ( 2, "I 1 = ( 1 • -0 [ 1 A ) /;> • * ( 1 • + G. S 5 L S A \I * * 2 1 
PI2,~I=(F(2,wI+SCRT(P(?,~I •• 2-(C(I.-eflA).~!L!A~*.~.PG+AFTA)I • 

• P ( I, "II 
PSI = P ( 2, M 1 /P ( I ,'" ) 
~(2'''''=O(I,NS~K+II/(I.-( 1.-AET".(~SI-PC)/(FS1.BETA)1 

U(2,"II=D(2'''''*(SORT(GI~A*SCRT«I.-EETAI*(P~I-FGI.(PSI-1.I/G/ 

* ( PS I + ~ fT A 1 I +U ( I , ~ SHK + I I /C ( I, I>:! t-K + I ) 1 
EI2,M)=D(2,~).(F(2,~I/D(2,MI/'GF-l.)+U'2,~'.*2/0(2,~I**2/2.1 

GO TO ;> 

C-----C~LCUL.IE C[Tr~AlIC~ pCSITICN 

C 

I A=SO~l(PPC(I,31/;:JPC(J ,311 S PG=FGtlAI 

.*-CETA)'/(I.-AET.'/Gl 
SSF.SAV=A*SQRT(GI·SSLSA~+LPC(1,~I/OFC(l,31 

IF(CVEh~~"'.lF.SSlSAVI G~ TO ;> 
IF(NO~E~DN+l.GE.?Ol GC TC 2 
S5L=SSLSAV+(OVERD~"'-SSLSAVI/2C •• FlCAT(20-~C\ERO~-I' 
SSESA~=SSL*A*SOhT(GI+UPC(I,31/CFC(l,31 

2 RS=RS+(SSEtSSESA~I/2 •• ~T 
IF II IRS.GT.R2 (I>:S,..I<+I I l.A~O.(NXSS.£C.CI l.OR.((RS.LT.R2IN~HK+lll. 

~A~D.(~XSS.EQ.ll)) RS=R2'~SHK+I) 

C-----.O~A~CE OETC~ATIC~ I~CEX 

NFL"'=NSH~=~SHK+NXSS 

C 

C-----CALCULATE D['(~ATIC~ SPEED 
A=SORT(PP((2,3+NXSS)/DPC'2,J+~x~St' , PG=PGIIA) 
SSl=SC~T«?.FG-(I.-EET.).2.*SC~T'FG •• ~-ll.-eETA'.PG-BETA,)/ 

*' t.-BETAI/G) 
SSE=SSL.scnT(C)·'+UPCI2,3tNXSSI/tPCI2,~.N)S!) 

IF'NOVERD~.Gr.?O' QETUR~ 

iF(OVER~~M.L[.SSL) NCVFRCN=ICC 
IF'OV[hD~~.l[.SSl) FCTUF~ 

SSLSAV=SSL S SSESAV=SSF 
~[VE~D~=~CVERC~+l 

SSL=S~L+(OVERO~W-SSlt/20.*FLCAT(20-~CVERC~1 
SSE=SSL~A·SOPT(G).UP['2,~.NXS~)/DPCI2,3.~)~SI 

PPINT IOOo,NOVEnc~,OVE~C~M,SSL,SSL~'V,SSE,SSESAV 

I 000 Fer. '>1 A T ( I H ,I t , 3 E ;> O. Ie, I a )( , 21: ? 0 • 1 a 1 
C 

QF'U~~ $ E~D 
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SLqROUTINF SHKC~S,SSE,SSL.~SHKJ 
COWMON/UADCNO/NUBC 
CC~W(~/PARAM/~,J,AJ,G.GF.DELR.~FLW 

CEWMCN/TIME/T,DT,OTL.T_RITE.DELT.CTOX.~T 

~CMMCN/PRE~COR/CPC(?,I~"UPCC2.13J.EPCC2.13,.pPCC2.131 

Cow r." ~; / A ~R AYS / R (501 I ,U (2.501 I , ~ C 2. 501 , • C ( 2,50 I ) • E C 2. ~O I , • R 2 C 501 I 

GF=GF S IF(~S~K.GT.~FL"" GE=G 
C-.,.-.,..,.C~ECK SHK ~IR~ AND SHK X/a 

c 
C 

~S~KSG~=O S IF(SSL.GT.O.O' NS~KSG~:I 
NCROSS:O S IF(RS+SSEoODT.(E.~2J~S~K.l') ~C~CSS:I 
IF(~5HK.EC.I) GO TC I 
IF(RS+SS[oOOT.lT.R2C~SHKJ' (C lE 10 

C-----PREDICTCR FER NSHK-I = I 
W=~S"'K-I 

DPCII'\I:D~(W,JI $ U~C(I.II=UP(~.O) 

[P(lltl)=EP(M,JI $ PPCII.I):PPCI,C;E) 
e-----p~[nICTOR FeR ~S~K = 2 

IFCNSHKSG".FO.II Gr TE 3 
DPC(I,21=OP(",SHK,-1l $ UPE(I.l?)=l;P(~S"'K.-" 

[PC(I.2)=EP(NSHK,-I) $ ~~CCI.2J=PP(2,(EI 
GO TO 4 

3 r 5 = P ( 1 ,N S ~ K + I I • C ? •• G E / ( (E + I. ) ~ S SL • 4 2.,. C (E - 1 • ) / C c: F .. 1. , J 
DS=DI I ,I':S'-II('-I )/(CC,£-I.J/(GE+I.'+2./CGEtl.J/SSL •• ;>1 
US=D 5 * C U ( 1 ,NS ~I( + I , /1) I I , ~ S HK .. 1 ) t SOR l( (f" lOP I I • ~ S HK + I I /D I I ,~SHK + I I ) .2. 

*/(GE+I.I*SSLoO(I.-I./SSLoO.Z') 
ES=(PS/DS/IGF-I.)+LS •• ;>/DS.o02/2.'.OS 
E~S=(RS-R(~S~KI)/DELR 

CI=2.00(2.-EPS)/(I.+EPS) 
C2=2. Cl EPS-3. 'C3=(I.-FPSloOC2.·EPS-l.'/II.+EPS) 
OPC(I.2):011,~SHK)-DTDx.(CI.US+C2.U(I.NS~K).C~.UI I,NSHK-1II 

00- AT Cl[)lOX Cl (C I ClDS+C ?ClDI I, ~SHK he 3.DC I,'" !;toile.,. t , , 
U~C(I,2)=U(1 ,~SI-K)-CTDX.(CloOCLS.US/DS+PS.qS*.JI+C~*PMC~SHK'+ 

'" C 3*P W ( ~ SHK - t ) I -A T ~D TO XoO (C I.l 5 +C 2*1,; ( 1 ,,, SI-I< ). C 3.U ( 1 ,~SHK - t I , 
fPC(t,?~=E( 1,~5HK)-nT~X.(CI.U!/D!.CF!+PS.R!.*J).C2*PE(~SHK)+C300 

"'PE (NSI-K-I I)-AT *CTDXoO( CI *ES+C2*E C 1 ,~S~I< I+C3tf (1, ~SI-K-l I) 
PPC(1,?I=PP(?,G[) 

C-----CC~RECTCr. FCP NS~K = Z 

C 

C 

4 DCZ,"SHKI=npCI2,ZI=DCI2,"SHK.O' f L(2."SI-KI=UPCC2,21=UCCZ.NSHK,01 
E(?,"'~HK'=€PCC2.?)=EC(?'.~SHK.C) $ PC2,~~HKI=PPC(2.2)=PC(Z.G~1 

C-----SET D.U.E.P FCQ ~SHK(=ZI-I = 1 

C 

DI2,1):0(2,2) S UCZ.II=-I,JC2.21 S E(2.tJ=E(Z,21 S 1'(201,=1'(2,21 
IF(NUPC.EC.3~YES' U(2.1'=U(I.l1 
GC TC ;> 

C-----SET C,u,E,P FeR ~S"'KC=II = 2 

C 

C 

1 0(2,J)=DPCII.21=OCI.II S U(:?,JI=UPCCI,21:l;O,JI 
E ( ;> • 1 I = F P( C 1 .?,: E ( I , lIS P ( ~. 1 , = p P ( ( I , 2 ): P ( I. I 1 
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C-----SH~ CROSS OVER CECISfeN 
2 IF(,,"CJ;C5S.FC.11 GO TO 5 

C 
C-----PRfDICTOP FnR ~S~~+2 = 4 

M="SHK+2 
OPC( 1,4)=OP(IoII,0) $ liPC( 1,4)=UP("',C) 
EPCII,4)=FP(IoII,O) $ PPC( 1,4)=PP(4,CE) 

C-----PRfOICTOk Fep N~HK+l = 3 
M=NSHK+I 
OPCIl,3)=OP("',O) $ U~C(1,3'=UP("'.CI 

FPC( I, 31=EP~ M, 0). !> PPC( 1 ,3) =PP(:? ,C E I 
C-----CALC S~K PCSfTIf." 

SSLSAv=SO~T(PPC(I,3-"S~I(SG~"FFC(t,2+~SHKS(~)+(GE-t.'/(GE+l.». 

*«E+I.)/2./GEI • SSL/ARS(SSLI 
PS=(SSLSAv*SC~T(GE*PPC(I.2+"S~KSC"'/CPC(t,2+N5~KSGN'I. 

*UPC( 1,2+NSHKSG"')/OPC(I,?"!HK!G~I+SSE)12 •• CT.RS 
IF«"S~K.EC.I ).A"O.(N~".K!GN.F:C.C).A"O'("l.RC.EC.:?H "ell J;S=RS-

*2 •• UPC(1,2+"SHKSG")/0~C(1,2."!~KSG~)/2 •• CT 
IF(RS.CT.R2(N!HK+111 R!=R2(NS~K+l1 
IF(("S~K."C.l 1.""r..("S~KSG".EC.C)1 ce TC S 
IFIP$.LT.R2(NSHK) RS=~~(~SHK' 

C-----Cr~kECTC~ FOP ~S"K+I ~.~ 
9 IF("SH~SG".rc.o) GC TC 6 

0(2,~)=JPC(2,~)=OC(3,M,t) $ 1.(2'''')=LFC(2,~)=l.C(3.""I' 

"(2,""=F~C(2,J)=E(3,,,,,11 ! P(2."')=PPC(2,?'=PC(~,GEI 

GC T("; 7 

SSL=(SSI+SSL~~V)/? 

P~=P(I ,"SH~).(2 •• CE/(CE+I.'*5SL •• 2-(GE-I."(GE+I." 
OS~D(I,NSHK)/(GE-I.)/(CE+I.I+2~/(CE+I."S!L •• 21 
~S="5.(U(I,"SI-~)/D(I,~S~K)+SOkT(GEtP(I'''SI-K)/C(I,NSHK''.2. 

* I ( GE + 1 • ) * 5 SL • ( 1 • - 1 • IS SL * * 2' ) 
IF ( ( "S I-K • F O. I , • AI\, C. ('>IUAC. E C .31- "C)'L!= U!-:>. tL ( t, ~ SHK) IC C I ,"SH~ , *OS 
ES=(PS/OS/(GE-I.'+l.S··2/CS·.212.,*CS 
EPS=(R2(NS~K+I)-R5)/DELR 

CI=2.*(2.-EPS"(I.+EPS) 
C2=2.*CPS-3. S C3=(I.-EPS'*(2.*EPS-I.I/CI.tEPS' 
0(?,~)=OPC(2,:?)=O.5*(D(I,~I+D~C(I,~'+01DX.(Cl*U~+C2.UPC(I,3'+C3* 

.UPC( I ,4) )+Al.CTDX.(CI.OS.C2.DC(1.~)+C~.CPC( 1,41») 
U(2,M):UPC(2,~)=0.5.(L( I ,""+l.FC( 1,:)+OTCX*(CI*(US*lS/DS+PS*RS.*J' • 

• C?*C"'(j)+C3.C~'4')+AT~OTDX.(CI*l.S+C2.UPC(1.~I+C3*LPC(1,4") 
E(2,~'=FPC(2,])=0.5.(E(I,~)+EFC(I,:?)+CTCX.«(I.US/CS*((S.PS*~S**J)+ 

*c 2 *c E ( J ) +C ~ *c F. ( " ) ) +A T *0 TO x. (C 1* r s+ C :>*F J:C ( I , ~ I+C 3 *EFC ( I ,4' , ) 
P(2,~):PJ:C(2.3)=PCC3,C[1 

C-----CALC NEW S~~ SPO 

C 

c 
c 
C 

7 SSL=SC~T'(P(:>,NS~K.I-"S~KSGN"PC2,~SHK.~S~KSGN'+'GE-l.'/(GE+l.". 

*(GE+I.'/2.IGEI * SSL/ABS(SSL' 
SSE=SSL*SORT(CEtP(2,~S~K.NSHKSG"'/C(2,~!~I(.~SHKSG~')+UCZ,"SHK+ 

*NSHKSGN)/D(2,NS~K.~S~KSG~' 

Ir('NSHKoEa.II.ANO.CNS~K!GN.F.C,O'.A"0.C~U8C.EC.1~ "C,) SSE=SSE­
*2.*U(7,NSHK+NSHKSGN)/0(2,NSMK+"S~K5G~) 

IF(RS.LT.O.O' roc Te 20 

RETUQN 
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C-----~L5ITI~F S~K C~rSSfs ~FS~ ~T ~S~K+I 

C 
C-----P~FDICTDR FOR NS~K+I : ~ 

5 P(?,N5HK+I):PII,~SHK+I)012.0GE/IGE.I.)CSSLOC2-IGF.-J.)/IGE+J.)) 

C-----PRFDICTO~ FOR NS~K+3 : 5 
~="S~K+3 

DPCII.~I=DPI""OI! l,;PCII.51=UPI~.OI 

FPC(l,~)=FPI""O) S !'PCI I,!I'"'PP(~,GEI 
C-----P~(DICTC~ FC~ ~S~K+2 = 4 

M=!I;SHK+? 
D~CII,4)=D~(~,OI ! UPC(I,4):UPIII,C) 
FPC(1,4)=FPIM,JI , PPCI1,4)=PPI4,CE) 

C-----CONRECTOP FOR NS~K+? : 4 
D(2'''''=D~CI2,.)=CCI4,~,I) S UI2,M)=UPCI2,41:uC(4,~.11 
EI2,M,=EP( 1?,4)=~CI4,M,I' S P(2,~'=PPC(2.4)=~CI4,C(1 

C-----C_lC "EW S~K FCSITlrN 
SSLS4\=SORT«P(2,~SHK+l)/P~C(I,4).(CE-I.)/ICE+I.)'.(GE+lo)/2./GE) 
PS=( SSLSAV*SORT( GfOPP«( 1,4 )/01'(1 1,4) )+I-P(I 1.4 I/OPC( 1,4 )+SS( '/2.00T 

C<+~S 

IF(RS.LT.P?("'S"'IK+I') I<S':1<2(NS~K+l) 

(-----SFT C,U,[,P ~rQ ~S~K+l 
SSLSA~=(~SL+SSLSA~I/?O 

() ( 2, N5~K + 1 ) =0 ( I ,N5HI(+ I I / I ( GF.- I. ) / (G (+ I. )+ 2. / (C:E + I. , /S SL SA V •• 2) 

U(2,~SHI(!I)=D(2,"S~K+l'*(U(J."S~K.l'/C(I,"S~K+ll+S0RTIGF*P(J,NSHK+ 
'" 1 I /0 I I ,NS"'IK+ 1 ) I * I? / (GE + I. ) * S ~L 5- ~o 1 I .-1 • /5 5 L SA VO. 2' I ) 
P(2,"'S~K+l )=n(I,"S~K+I)~12 •• GE/ICF+l.)~S5LSA~ •• ~-(GF.-I.I/(GE+I.I' 
f(2,NSHK+1I=~12,~S~K+l'.(P(2,~S~K.l'/C(2,~S~K+l'/IGE-1.1. 

* (J I ? , N S ~K + 1 ) * C< :? / 0 1 2 , N 5 ~ K + I , * >0 2/" • 0 I 
C-----CAlC "E~ S~K SoC 

SSL=SCPT«n(?,NS~K.l)/P(2'''SHK+2).IGF.-I.'/I(E.I.)I.IGE+I.I/?/GEI 

SSE=SSL*SC~T(CF.P(2,~S~K.21/~(~,~S~K+2',.ul~,~SHK+~I/O(2,"SHK+2) 

c 
rF(NS~K.NF..I) GC l~ ~ 

C----S~T C,U,E,P FCR "S~KI=JI '"' 2 

C 

1)(2,11;012,2) S l.I2t1'=-L(?,2) S E(2,II:E(~.2' ! P(2,1)=P(2,ZI 
J F ("'tJ e ( • Fe. 3 ~ V L S) U I ? , I 1= U (I • II 

C-----AOVANCE S~K 'NOF~ 

C 

C 
C 

C 

A "SHK:~SHK.I 

C-----NFGATJvE SHk CRCSSF.S CVE~ ~E5~ ~T ~S~K 

C 
10 IFINSHK.FC.Z) GC TC II 

C-----PR(DICTOR FOR NSHK-2 = 
~=I\SHK-2 

OPCII,I)=DPI~,J' S LPCl1,I'=UPOI,OI 
CPC II , 1) ': EP (M, 1')) S ppe I I, II :PP« I, (; E' 

C-----PP[OIClC~ FC~ NS~K-I = ? 
M::"'S'"iK-1 
OPCII,2'=OPI~.O' S UPC(I.2)=UP(III,C, 
EPC(I,?)=EP(~,OI S pnC(I.?)=PP(Z,CE' 

C-----C~RREClI)R FOR NS~K-I = 2 



C 
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O(2,WI=npC(Z,?I=OC(2,~,O) S ~(~,~I=U~(2,2)=UC(2,~,O) 
E(2,W)=EPC(?,21=F((2,M,C) $ P(2,~I=PPC(2,21=PCI?GEI 

IF(N5HK.NE.31 GO TO 12 
C-----5ET C,U.E,p FC~ NSHK(=3)-2 " •• J=C O"LV ••• 

C 

o ( 2 'j 1 1 =0 ( 2,21 f. l. ( 2 , 1 1 = - L ( 2,2) 
IF(,~UA('.Ea.3I-'YE51 U(Z.I)=U(ltI) 
GC TC 12 

S E(2,1'=E(2,2' S PI2,1,=P(2,ZI 

(-----5ET C,U,E,P FCR "5I-'K(=21-1 = 2 

( 

II 0(2,II=OPC(I,Z,=OPC(Z.2,=Ctt,1' S U(2.II=UFClt.21=UPC(2,ZI=U(I,tI 
E(2,II=FPC(1,21=FP(2,21=E(I,1) S P(2.II=PI'(I,2,=PPC(2.?,=P(I.I) 

C-----PRFOICTOR FOR NSHK = 3 
12 "1'=1-2*"SHK5G" 

PPC( 1,31=P(I'''SHKI.(2 •• GE/(~E.l.I.SS( •• 2-(~E-I.)/(GE+1.'' •• NP 
OP( ( I, 31= ')( 1 .II:SHK l/f ( (I: - I • 1/( GE + 1. ) +? /( GE + I. , /S5L •• 2 ) •• " P 
UPC ( 1 ,31 = OP( ( 1 , 3) * (U ( 1, "SI-K "C ( I ,"51-1< 1 +fLC ~ l( IIII' 1 tSOR T (GE .P( I. NSHK' 

* /0 ( 1 , N SH K I. I P PC ( 1 , 3 ) /0 ( 1 ,III SH K I / C I' C ( 1 , :l '.0 ( I ." 5 H K ) ) •• " S I-'K S GN ) 
.*(2./((E+I.I·SSL·(1.-I./~SL··c)l) 

E PC ( 1 , .:'I ) = C P C ( 1 , 3 ) • ( P P C I I ,3 ) / C ~ ( ( I ,3 , / ( (E - 1 • , + U PC ( 1 • 3 , •• 2/ OPC ( 1 , 3 I 
•• ·;>/2.) 

C-----P~FOICTC~ Fe. "SI-K+I = 4 
M="SI-lK+1 
O~C(I,AI=~P(W,Ol $ UPC(I.4)=UP(~,C) 
EP(II,4)=EP(M,:)I $ Pr:C(I,4)=PF(4,CE) 

C-----CORRECTO~ FOP NSI-'K+I = 4 
O(2,WI=r.PC(2,41=CC(4,W,Ol ! U(c,W)=UPC(c,4)=l.C(4,~,O' 

E(2,W)=fPC(?,41=EC(4,~,O) $ P(?,W'=PF((2,41=PC(4,CE) 
C-----CALC SHK FCSITICN 

SSLSA~=SOMTI(FP((1,3-"SI-KSG")/FFC(1,2+"SI-KS~")+(~E-I.'/(GE+le').( 

.Gf.l.)/2./Gf).S~L/AA5(SSLI 

R~=(SSlSA~*SC~T(CE.PPC!I,2+"SI-KS("'/CPC(I,c+NSI-'KSCN))+LPC(I,2+ 

.N5HKSGN) /OPCI 1, 2+"SHKSG" )+SSE) 12 •• CT+R~ 
IF!("SI-K.EO.2).A"C.(NUBC.EC.31- "O).A"O.("SI-KSG".EC.O)) PS=RS-2 •• 

*UPC (1, 21/0PCI 1,2 )/?*Cl 
IF(RS.GT.R?(~SHK)) RS=R2(NSHK) 

C-----S~T C,U,P,E, FC~ ~SHK 

SSLSAV=(SSl+SSLSAV)/;>.O 
0(2,~5~K I=D(I,IIISHK)/«(~-I.'/(~F+I.'+2./(GE+I.'/!!LSAV •• ?' •• ~P 
U(2,NSHK'=C(2,NS~K).(U(1'''SHK)/C(1'''S~K'.FLCAT(''P).SORT(GF. 

*P ( I, N SHK ) /0 ( 1 ,N S~K ) * ( PPC ( I, :!) /p ( I ,,, S~K IICP ( ( I ,,1) .0 ( I ,"SHK , I •• 
• "SI-'KSGt-. ) .(?/ (CF.I. '.SSLSAVC( 1.-I./SSLSA" •• :;')) 
P(2,NSHK'=PII,~SHK).(2 •• GE/(GE+I.).SSLS~" •• 2-(CE-I.,/(GE+I.') •• NP 
E(2,NSHK 1=0(2,NSHK ,.( F( 2,NSHK'/C(2,,,St-K"((E-l.)+ 

·U(2,"SHK) •• 2/C(2,t-.SI-K' •• Z/2.0) 
C-----CALC NFW SHK SPO 

SSL=SCRT(P(2,NSI-K-NSI-KSCN)/P(2,NSI-K-I+NS~KSGN'+(GE-I.'/(GE+I." • 
• (GE+l.'/?/GF'*SSl/ABS(SSL' 
SSE=55l*50RT(GE.P(2,"SI-K-I+~SI-KSGN'/O(2,t-.SI-K-l.~SHKSG")'+U(2,~SHK 

·-I+N5HKSGN)/0(2,NS~K-l+"ShKSGN' 

JF«(~SHK.EO.21.AND.(NUAC.EO.~~ ~CI.A"O.(NS~~SG".EC.O" SSF=SSF­
*2 •• U(2,NShK-lI/D(2,"'S~K-I) 

C-----AOVANCE SHK I~DEX 

NSI-K=NSHK-I 
IF(QS.LT.O.O) GO TO 20 



c 
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RFTUOI\ 

C-----S~K RF~LFCTrOI\ CFF PF T~F PT CF 5~~~E1P~ 

c 

20 UIZ.l ):0.0 
.X I "I U ( ". 1 ) I'D ( ". 1 ) - U ( 2 • ~ ) .10 ( 2.2 ) ).1 ~ C; In ( GF OP ( ;> • Z ) I' 0 ( 2.2' ,. ( GF + I 0 ) I' 2. 
SSL:lxl+$ORT(XI··;>+4.»I';>. 
P(2.1)=PIZ.ZI.(2 •• GF/(GF+I.I·SSL •• ;>-((F-I.)/(GF+I.') 
0(2.1)=D(?2)/(I(f-I.)/((F+l.)+c./(GF+l.)/S~L··2) 

E ( 2. I ) : 0 ( 2. I ) • ( P (2. I ) /0 ( Z • I ) I' ( (F - I • I +U ( 2. 1 ) •• 21'0 ( C. I , •• 21' 2. ) 
TREFLCT:RS'SSf 
55E=SSlOSQ~T«(~.PIZ.Z)I'C(2.;»)+L(2.2)/C(2.c, 

R S= ~ SEt TREFLC T 
IF(PS.GT.P2(Z» PS=R?(2) 
NueC=3H I\C 



C 
C 

c 
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SUR~CUTINE Cr(RCC,SECC,~CO,~A~E) 

Cr.~~CN/PAqA~/~,J,AJ,G,GF.DELR,~FL~ 

CO~~CN/TI~E/T,OT,OTL,T_RITE,DEL1,OID~,Al 

cn~M(~/p~fDCr.~/CP(12,13),U~CI2,131,FPCI2,1~),PPC(2,131 

C 0 ~ MeN / APR A Y S /R I 50 I I , U ( 2 , 50 I I , ~ ( 2 , !: 0 I I ,0 ( 2 .5 u iI, E ( 2 ,so 1 ) • R 2 ( 501 

RCOSAV=RCD $ RCD=RCD+SECO*Ol 
NC!:OSS=O 
IF(RCD.GT.P?(~C~+21) NCROSS=I f IF(RCD.LT.P2(~CO-'J) N(RQSS=-l 

GE=GF $ IF(~CO.GI.~FL~) GE=G 
(-----PRFDICTOR A~D COR~ECTOP FOP L A~O P CF CO 4,~ 

~=NCD+? S IF(~&~E.FC.5~CCT~C) ~~NCC+l 

C 

C 

CALL GLI~(NCD-I.M,4,~CO,SECOI 

RCO:RCOSAv+SEC~*DT 

IF«(RCD.GI.R?(NCOf~II.A~D.(NCPCSS.EO.C»).CP.«RCO.lT.P2(~CO+211 • 
• A"D.(~CRC.S5.EC.I II) J:;cc=r:;2(~CCf2) 

IF«(RCD.LT.R2(~CD-I).AND.(~C~CSS.EC.C»).CP.«RCC.GT.~2(hCO-l)l • 
• A~C.(~(~CSS.EC.-I)I) RCC=R2(NCO-II 

R2(!\ICDI=R2(NCC+II=RCD 

JF(NC~CSS.FO.OI GC TC 10 
C-----PRfOICTOR A~D C(PRfCTCP FCR ~CC+(~*~CPCSS+l )/2 = 6+(NCPQSS-ll/2.~ 

"1/0':5- (~CJ:r:JSS+II/2 1 "'=6 f (NCPOS S-ll/ ,,-:? f ~","'=~co+( :?~CPC5S.1I /2 

U(2''''''''''I=U~C(I,'''I=U~C(?'''''=UPC(I,~~) 

D(2''''~'''''=JPC( ,,~I=DPC(2,~I=~P(( 1,"'''' 
P(2,"'''''''I=~PC(I,/o'I=Pr:;(",,,,I=r:;r:;C(1,,,,'''' 

E ( 2, ~"'" 1= E PC ( I , " I = E ~ C ( 2 , .. ) = r ~ C ( I ,'" '" ) 
IF(NCJ:CSS.EC.-I I GO Te II 

C-----Pr:;l~ICTO~ FOR NCC-2 = 2 
10 IF(NA~r.EO.S~FL~CD) Gr. Ie ~ 

104=~CD-? 

OPC(I,21=DP("',O) $ UPC(I,;:)=U~(",C) 

FP(I,?I=fP("',OI , POC(I,21=PP(?,CEI 
C-----PREnICTO~ FO~ NCC+3 = 7 

9 Io4"'NC:[)f~ 

OPC(J,71=DP(M,O) $ UPC(I,7)=UP(~,CI 
EPC(I,7)=EP("',O) $ PPC(I,7)=I'"~(7,(E) 

IF(~C~L5S.~C.OI cn TO II 
c-----Pr:;EDICTO~ FOP NCC+4 '" A 

"'=NC<).4 
O~CII,8)=DP(Io4,0) $ UPC(I,e)=u~(~,CI 

EPC(I,81=EP(~,ll $ ~PC(I.el=pp(E.(E) 

GO TC I? 
(-----PP(DICTC~ FO!: NCC+2 = 6 

J I "'=NCOf2 
O~C(ltbl-=OP(~,OI f UPC(I,61=UF=(III.C) 
EPCCI.61=EP(III,01 $ PPC(I,6)=PP(f,(EI 
IF(NCI<OSS.EO.-J I GO TC J~ 

I~ IF(~A"'[~FC.5~FL~CCI GC TC 17 
c-----PRF~JCTO~ FOR NCO-J = 3 

[rs=(~cn'~v-R(hCC-JI)/OELR 

CI=?*(?-EPS)/(J.tEPS) 
(";>=;>.*[P5-3. f C:!=( J.-EPSlt(2 •• EPS-I.I/( l.tEP~1 
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OPC ( I , 3' = 01 I • "C 0-1 ) -0 TO )C. I C 1 $ L 1 1 ,,, (C , + (2" U 1 J ,,, C C -I HC 3.U I 1 ,N C 0- 2' , 
It - AT. OT OX. I C J" ell, NC C) +C 2 >to 1 I • "C 0- 1 ) + C ~.O I J • "CO- <' ) ) 

UPCI J,3)=UIJ ."CO-I '-OTOX.ICI*F~("CC'+C20PII("CC-I I'C::!$PI>I(NCO-2') 
.-AT*::lTOX.IC I*l;( 1 ,NCD)+C2 0 l;1 1 ,"CD-I '+C~.L( 1,"CO-2) t 
EPCII,3'=EII ,NCO-J)-OTOX 4 IC10FEINCC'+C2.PFI"CC-1 '+C3.PECNCD-~,; 
.-AT.DTOX·IC1·EII,NCO'+C2.EII,"CC-I)+(~.EII,,,CC-?)) 

PFCC',3)=PPI1,(FI 
C-----CCFFECTCF FOR NCC-I = 3 

M=NCO-l 
012,1I'=OPCC2.3'=C(3,~,O' ! UC~,M)=UPC(2,~t=UC(3,M,O) 

EI2,U'=EP((2,3'=ECIJ,II,C' $ P(<,,~)=PPC(2,3)=FC(3.GEI 

C-----CC~FECTCF FOP NCC+?+"CPOSS = f+"CPCSS 
17 ~=NCO+NCFOSS+2 $ u~lI=b+"C~CSS 

FPS=(R2(~'-RCC'/OFLR 

CI=2.*12.-EPSI/(I.+EPS) 
C2=2 •• EPS-~. f C~=II.-EP~I*12.oEFS-I.)/II.'EPS) 

o I ?, " , = 0 FC 1 ?, .. "'" 1= I C ( I , ~ ) 'DPC I 1 ,,,,, II 1 • C TO )(. ( ClIO UPC ( 1 , !) + 
.C 2. UPC 1 I ," 11M' • C 3 OUPC ( I • II" ", I 1 , + j\ T" C T CX. 1 ClIO CPC I I, !: 1 +C 2.0PCC I. M~M 1 
*+CC"*OPC( I.MMM.I I) 1/2. 
U(2,M'=UPCI2,~II"I=IUIJ''''+UPC(J'~''''''CTO)(.«(I.CMI!I+C2.CIIIMMMI+ 

*C3*CNIMIIII'1))+AToDTOx*(CI.LPCI 1'~"C2.LPCII'''''''''C3.UPCII,MMM+II') 
*/? • 
EI2,1I)=CFC(?.~""'=(E(I'''''EPCII,~''"'+CTCx.I(J.(EI!:)+C2.CE(MM~" 

0C10CCIM"''4+11 I.ATIOOTD)CIOICI.F.PCI 1o!:)+C?IOEPC( 1.""~"C3.FPC(t ,,,,,,,,,,1',' 
*/? 

PI?,NI=PPCI2 ....... )=FCI· .. ·.GEI 
GC Te 14 

C-----CCF~FCTCr. FCP "CO+2 = 6 
C IF J .Nf'. 0 FIX LP ARCA TERM 

C 

13 "'="CO+2 
012. 1I '=OPCI2.tl=DCI6.".O) $ LI2,"'=UFCI2.f'=LC(6.~,O) 
E(2.'4I=EPCI?,fl=ECI6.~,OI S PI2.MI=PPCC2,f,=PCI6,GE) 

C-----AOVA~CE CD CELL PCSITIC~ IF N[CCF.SSA~V 

C 

14 IFl"C~CS5.EC.OI GC TO 16 

M=~C~+2+~*I"C~CSS-l)/2 

PS=PI2,~1 $ 05=0(2,MI $ LS=U(2,~1 ! ES=EI2.~1 S RS=R2(~1 
IFINCPOSS.EC.-l) C[ TC 15 
P(2,NCO+21:P(2.NCD+I) $ P(?,NCO+II=P(2,"COI $ FI2,"COI=PS 
UI2,~CO.21=UC2,NCC+I) S LC2.NCOtll=UI<',,,COI S U(2.NCO)=LS 
El2,~CO+2)=[l2.NCO+1I $ El2'''CC+11=E(2.~CC) t E(2.~COI=ES 

Ol2,NCD+21=012.NCO+I) $ O(2.NCO+I)=O(2."COI $ 0(2,"CO'=OS 
r.2lNCO+21=~21"CC'I' $ ~2(~CO+l)=P2(N(C) S ~2(NCO'=RS 
GO TI:: I b 

15 IFI"A~E.FC.~~FL~CCI ~ETu~~ 

P(2,"CO-II=P(2,"CO' $ P(2,"CO,=P(2."CC+l' t PI2'''CO+l'~PS 

U(2,NCO-II=UI2,NCOI $ U(2,~CO)=UI2,~CC+ll S U(?'''CC+J'=~S 
012,"CO-l )=0(2,hCOI S CI2."COI=CI2.NCC+l' ! CI2,NCO+l,=DS 
[l?,Ncn-I)=E(?,hCOI $ EI?,NCOI=E(2,NCC+I' S E(2,NCO+l'=ES 
P?I~CC-II=R21"CC' 1 R?(NCO)=R<'I~CO'l) ! R2("CO+,,=RS 

16 NCC=NCO.NCROSS 
C 

IF(hA~E.NFo5HRARCO' GC lr. ~a 

I'="CO-l 
IFINCI'CSS.NFol) GC Te?O 
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0(2."'=0(2."'-11 $U(2.~I=U(2.~-I) H(2."')=ECc,M-I) $PC2.",),=P(2.M-11 
20 0(£.~CO)=0(2.~1 $U(2,~CO)=v(2,~) SE(2,~CC)=f(2,~) SF(2,NCO)=P(2,~) 

RElUQN 
30 JF(~."F.~E.5HCCk~~) kElvk~ 

"'=NCO t;> 
IF(~CkCS5.~F.-I) CO TC :1 
0(2,M)=0(2."+I) $U(2,")=L(2,"+I) SE(2,~)=E(c."+I) $P(;>.~)=P(2.M+I) 

3\ 0(;>.~-II=D(2,"'I) foU(2,M-II=U(2.") SEU',,,-I'=E(2,") $PC2,OI-II=P(2,0I) 

RETURN SEND 
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SURRn~TINE GLI~(~L.WR.NPC,~CO.SECC) 

CC~~C~/~_R_~/~,J._J.G,GF,CELR,~FL~ 

CO~~CN/FIRFETC/I~OE).NCYCLE,~~.~~~.NSTC~E.~~,~ITRCT~ 

cc~~r~/p~EO(C~/rp(12,13).UPC(2,1~).EPC(2,t~"PPC(2.1~' 

CO~~(N/ARRAYS/RI501 I,U(2,501).~(2,~011.C(2.~011.E(2.S01'.R2(501) 

C- ML,~R=NOOE NC R[PRS~TI~G LEFT ~~c ~I(~T STYES S_TSFo ev THE CO 
C- ~~C=~REOCCR ~c FR T~E sT1ES TC 1~E LEFl A~C RIGHT CF THE CO 
C- NCD=CELL ~C OF THE CO 
c- A~L.A~R=~ACH NO OF 1~E LEFT A~O R](r1 DISlRE_~CE (1.0 • RAPE) 
C 

C 

C 

PL=PII,MLI $ PR=FII.~RI S RL=C(I.~L' f ~R=C(I,~R) 

UL=U(I,~L)/RL S U~=UCI,~~I/RR 

(E=GF S IF(NCD.G1.NFLMI (E=G 

A=C.O ~ A~=I.C 

C-----SETTI~( U~ TrF RIF~A~~ P~C8LE~ 
EPS=I.F-14 S ITER=O S J1~~=38 S ((=((E-I.'/2./(E 
PST=IPL+PR)/? 
CF=SC~T(PROPRI S CL=SOR1(PL*RL) 
FL=FR=IOC.O 

C-----BEGINNING OF T~F ITF.RAIC~ 

C 

c 

I IlEQ=ITER+1 
IF(PST.Ll.EPSI PS1=EPs 
X=FST/FR $ OX=l.-X 
IF(X.LT.O.~9q~1 FPT=CR*GG*SCRTIGE).CX/(I.-X •• CG) 
IF«X.LT.l.).AND.(X.GT.0.9999» FRT=CR*GG*~CPT(GEI/GG/(I.+(GG-J.' 

*/2.*DxOI-I.+ICG-2.)/3.*CXOII •• (G(-~.)/4.0C)O(-I.+(GG-4.)/5 •• 0X))) 
IF(X.GE.I.O) FRT=CROSORT«GE+I.)/2.*)+(GE-I.)/2.) 
X=FST/PL $ oX=l.-X 
IF(X.LT.0.~9~9) FLT=CL*GG*SCRT(CE)OCX/(I.-X.*CG, 
IF«X.lT.I.).AND.(X.GT.O.9S99" FL1=CL.GG~~CPT(Ge)/GG/(I •• (aG-I.) 

O/2.00XOC-I.+(GG-2. )/3.*C)*(I •• (CC-~ol/4 •• 0X.(-lo.(GG-4o)/S •• OX)'» 
IF(X.GF.l.O) FLT=CLOSCRT(GE+I.)/2.*).CGE-I.)/2~t 
oF~=ABS~FR-FRT) ! FR=FRT 
OFL=ABS(FL-FL1) S FL=FlT 
PS=PST 
PST=(LL-U~+P~/FR.Pl/FL)/(l./FR.I./FL) 

PST=AM*PST+4*PS 

IF(ITER.LT.IT~~) GC TC 2 
IFCAAS(PS-PS1).LT.EPS) GC TO ~ 

A=A+0.5*(I.-A) S A~=I.-_ ! ]TE~=O 

P~T~T IOOO,A,A~.FL,FR.PS 

1000 FC~~ATCIH ,lx,.cr~VER(F~CE FA(TCR.,~El~.l) 
IF(4M.GT.I./33.) GC TC ? 
PRINT 1001 

1001 FC~~AT(I~ ,/,. (C~VEP(F~CE FA(TeR STOP.) 
DELR=-ABSCOELR, S RETL~~ 

2 IF«OFL.CT.FPS).C~.(OFR.(T.EPS» (0 TO I 
C-----ENo OF T~E ITF.RATI~N 

3 SFCO=US=(~L-n~+FRoUR.FL.UL)/(FL.F~1 

~=MPC $ ~¥=~PC+I 
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P(2,~CDI=P(2,~CO+I)=~~(1,~I=F~C(~,~I=~~C(ltM~I=PPC(2t~N)=PST 

OETA=(GE-l.I/(GE+l.) ~ ALPHA=2./(CE-l.1 
IF(PST/PL.GE.l.OI C(2,NCCI=DPC( It~'=D~C(~,~I=~L.(P~T/PL+eETAI/ 

*( 1.+PST/PL*eF:TAI 
IF(PST/PL.LT.l.CI D(2,NCOI=DP((I,~I=DFC(2,~I=~l*((2.+AlF~A'/ALPhA/ 

*GE*(PST/PL-l.I+I.'··(AlF~A/(2.+tLP~.'1 

IF(PST/PR.GE.I.OI C(2,~CC+l)=C~C(I,~~I=C~C(2'~"'=RR*(PST/PR+BETA'/ 
*c 1.+~ST/PlaefTAI 

IF ( PS T /PR. LT. 1 .01 0 (2 ,~( 0 + I , ': 01" ( ( I ,,, ~ 1= CPC ( 2, "" ,= lOla ( (4'.+ ALPHA 1/ 
*.LPHA/CF*(PS1/PR-l.'+I.I~.(AL~~A/(~.tALPHAI) 

U(2,~CDI=UPC(I,~I=UFC(2,~)=US.(pC(1,WI 

U(2,NCD+II=UPC(I'~"'=LFC(2'"~)=LS·CPCClt''''' 

E(2,~CDI=EOC(1'"I=F.PC(2t'''=npC(c,,,,.(pFC(2,~'/DPC(2t'''/(GE-l.'+ 

*LS··2/2.1 
E ( 2, N C D t I I =FP C ( 1 ,,.. ... I = E PC ( 2 ,M" I = D F C ( ;> , ~ ~ I • ( F F C ( ;> , ~" I /0 P C ( ;> t '" '" I / 

.(CF.-l.I+LS.·2/;>.1 
A!lL=-\.O $ AW~=I.O 
IF(FST/PL.GE.l.OIA"L=-SCRT(~Efl,";>./(F.(~~T/PL+(GE-l.)/(GEtl.111 

IF(~ST/PR.GE.l.01 AMP=SC~T((GE+I.I/;>./(f.CFST/PR.(GE-l.)/(GE+I.111 

C-----pPIN1 RIEMANN SCLUTIC~ A1 EvE~' ~C'-l~ C'ClE 
"('1'=5000 

C 

IF(NCYCLF./"CV."C'.EC,"'CYCLE) 
.PRINT 1002,ITFR,PST,o",PL,OPC(lt~I,DFC(1,W~"ULtURtUS,A"L,AWR 

100? FQ~"'AT(IH ,15,5E20.12,/,SX,5E20.12) 

PETUP~ $ E~C 



C 

(. 

C 

( 
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SUPRDUT1N( FLMS~K(NAME,NFIRST,~l) 
CC~MC~/P.R.M/~,J,AJ,G,GF,CELR,~FLM 

COMMO~/TIME/T,OT,OTL,T~RfTE,DEL1,OTD~,_T 

CC~~(~/PRrDCC~/CP(12,13),UPC(2,13),EPCI2,l~"PPC(2.1~) 

C C "'''4 (N / APR AY 5 I'R' 501 I , U 12 ,50 I ) ,F ( 2 ,50 I , , C '2,501 ) • E ( 2, 50 I " P 2 ( 501 ) 
CO"4MON/DISCS/NTOfSC,NDtSCNO(51).~T'PE(~I,,~DISCL(51),SF(SI),SL(SI' 

.,FD(51),~TOISCT,~TOISCS 

PF:l"T 100I,~A"'E 

1001 FORMAT(IH ,lx,A4,31S' 
SSL=SLINI' $ SSE=SE(NII ! RS=ROI"11 $ "S,",I<="')lSCL(~l) 

SFE~SE(NrlFST) $ SFL~SL("FJFST' f ~F:Ft'NFIFST) 

IF«NAME.EO.4~CFS2).CF.("A~E.fC.4~SCFK)) GC TC 9 
NSt-KSGN=O ,. IF(SSt.GT.O.O) ~SHKSG~~I 
RSSA~;kS ,. RS=RS+SSE*CT 
t\CRr.SS=O 
IF(nS.CT.Q2(NS~K+l " ~CFCSS=I f 'fCRS.lT.R~(~SHK)1 ~C~CSSa-1 

NSC=IOO*(~SHK-"FL"')+~C~CSS 

PRINT IJ01,NA"'f,~S"'KSG".~C~C!S,,,SC 

IF(CS.GT.~2INFL''')I (C TC J 
PRINT IOOO.RSSA~,OT,RS,R("FL"'"F?(~FL"",~SL,SSE,SFL,SFE.NFLM,NSHK 

I?OO FCF"'AT(IH ,IX,9EI~.~,215,I',. S~BRClTI~E FL"'St-1< ., 
OELQ=-AeSIOEL~) $ FET~R~ 

C-----F~ECI(TOF Fr.R "S~K+~CF(SS*(~CFCSS+1J/~+1 = Ie 
I M=NSHK+"CRCSS*(~(FCSS+I)I'?+I 

D!=((I,IO'=CPI"',CI f. UPCClolO)=U'("',O) 
EPC(I,IOI=EP("',C) $ PFC(1,IOJ:PP(lO,C) 
IFINCROSS.EO.-Il GO TC Ie 

C-----PFEOICTCF F~R NSt-K+"C~CSS.(NCFCSS+I'/2+2 = II 
"'="4+1 
OP(I.II )=OP("',O) S UPCIl,l1)=I..P(",C) 
EPC'I,III=EP'''',C) S OFCII,II'=PP(II,G) 
IF(NCROSS.EO.C) G~ TO 2 

c-----P~ECICTC~ FCR ~St-K+(~(~nSS+I)/~ = ~ 

IJ ~=~SHK+(NCFCSS+I)/2 

ope I I ,9 ) = 0' I, '" 1/( I C- I • ) / , G + I • h". ~, G. I • , ~ S 5 L •• 2 » 
uPC ( I ,9) = ;)O( I 1 ,9 ) • , U C I , '" , /C I I , '" ) + S CR T ( <;.P I I ,M )/0 ( I, M » ) • 

• ?/CG+I. '.SSl.1 1.-I.I'SSL.t2JJ 
PP(II,9'~P(I,~'.(2.·(/«(.I.,CSSL •• c-((-I,'I'IG+t.,) 
FPCI1,9)=DPC(l,~).(PPC(I,9)/OP((I,9)/(C-I.)+UPC(I,91 •• 2/ 

tOP(ll,9'.*2/2.' 
2 IFI(~C~OSS.EC.O).A~C.("S~KSG~.EC.OJ' (C TO ~ 

C-----CORRECTOR FOR NSHK+NCRGSStINC~OSS+I)/2+1 = 10 
"'=~S~K+~(~CSS.(~C~CSS+I)/"+l 

MW=NCHOSStINC~CSS+IJ/2-'~CRCSS+l'.'~(F:CSS-IJ 

OI2,~J:DPC(2,IO):DC(IO,~."'M' I ~(2.""=I..PC(~,10.=UC(10,~,,,,~, 

EI2'''''=EP(12.10)=rC(10,~.",,,,, f F(2.~)=uPC(c.10)=PC(IO,G) 

GO TC 4 
C-----CC~RECTC~ FCr. "St-K+l = 10 

3 "'=~SHK+I 

SSLSAV=ISSL+SORT«PPC(I.IO)/P(I'''S~K).I(-I.)/(G+I.)It((+I.I~2./G' 

•• SSL~4eS(SSl' 1/2. 
PPC' I ,9) = P I I , "SH K ) • ( ? t G I' (G + I • ) .! 5 L SII ~ •• ? - ( c; - 1 • 1/( ( + I • , J 
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o ~C ( I ,91 = C ( I ,11.5 HI< , / , ( <:- I • 1/ ( , • 1 • , • 2./ ( ( • J • I/S SL 5 ... V* * 2' 
U PC ( I ,91 = !)PC' J , C; I * , U ( I , iii!: H I< I/O ( I • r- S HI<' + 5 C ~ T (G* F' I .... 5 ... 1< , /0 ( I • III 5HI< I I 

**2./'G+J.'.55L5AV*(J.-I./5SL5AV*.~') 

E PC, I ." I = ope, I ,9 ) * , PPC , I ,9 1 / C I" ( , I ,c; ) / ( (' - I • ) • UF C ( I .9 ) * * 2 
*/OPC, 1,91**2/2.' 
I<~=RSSAV+ (( SSLSAV*2 .-SSl '.SC;~T 'I'" I ,"St-K I/C (l,IIiSt-1( 1*' '+U( I ,N5HI< 1/ 

*O( I,IIISHI< I+SSE '/2.*OT 
IF(I<S.LT.1<2(IIIFL~11 RS=1<2(II.FL~) 

Cl=2.*(2.-EPS'/(I.+EPSI 
C2=2.*EPS-3. f C3=( 1.-EP!:I*12.*EP!:-I.I.I(I.+EP!:1 
01 2, III 1 = 0 ~( I 2 , I 0 1 = ( C ( I , III 1 + C I" ( , I , 10 1 • C T C)r .. ( ( I *up C ( 1,9 I+C ~ .UPC ( 1, 10) 

* +C 3* UPC I I , I I 1 1 - A T* OTO x. ( C I *oPc ( I ,q ) +C <' *OPC ( I, 101 +C 3*OPC ( I , I I " 1/'2. 
U (2 , III 1 = UP C ( 2 , I a I = I U ( I ,'" I • U P C I I, I 0 1+ 0 T r:: )r * I C I • C M , c; 1+ C 2 *c M ( I 0) + 

it C 3 * C .. I I I 1 I-A T .0 T 0 x. ( C ,. l, PC , I , c; , + C <' * U P C ( I , I C I. C :!.U P C ( I , I 1 ) ) )/2. 

E 12, ~ I=E PC ( 2, 101 = I E I I ,,, 1 +EPC I I , I C 1+0 TO"" (C I *CE' (<; 1 +C? *CE ( 101 + 
*C 3*C E ( I I I I - AT • OT [') X. I C 1 * E ~ ( ( I ,q 1+ C 2 * E P ( I I , 10 ) + e :! * E PC ( I , II I 1 1/2. 

PI2,MI=PPCI2,lOI=PCIIO,GI 
• IF(II.C~C55.r-F.-II GC TC 5 

C-----PREOrCTCI< Fe~ II.FLIII+l = R 
~=NFL~. t 
O~C(I,e)=ol"("',O) t U~C(I,BI=UI"(III.OI 

EPCI l,RI=EPI~,OI $ PPC( IoRI=PPIf:,G' 
C-----PRFOICT(~ F[~ NFL'" ~ 7 

CALL SFVOPC(G,GF,r>PCII,B"OPC(I,B"SFl,VC,Fc,DELI<' 
DPC(t,71=OPC(t,8I/VO S PPC(I,71=PPC(I,EI*PO 
UPC(I,71=(SFL.(I .-VC'.L~((I,8)/CP((I,e"*CFC(l,11 
FPC ( 1,71= cpel I , 7 I. I PPC ( I ,71 /OPC ( 1,7 I I I CF- I • 1+ l,PC ( I ,71 •• 2.10PC ( 1,71* 

•• 2/;:>.1 
GC TC f. 

C-----PFFOICTC~ FOR NFL"'+I,NFL" = e,7 
5 /o'=II.FL"+1 

OPCI 1,81=011,~1 f.UPCIl,"!I=l:(I,IIII fEPC( l,e'=EIl,"" SPPCCI,BI:PCl,MI 
"'= II.FL'" 
OPC(t, 7I=CI t, WI iUPCI 1,7 I=LII,~ I fEPC 11,7 I=E 11,'" SPPC(l,7 I=P( 1,"" 

C-----COI<RECTOR FeR NFLM,"FL"'+I .. 7,e 
t: M=II.FLIII 

O(2,MI=OPC(;:>,7'=OPClt,7' S LI2'''',=l,PC(2,71=lPC(I,7' 
FI2,~'=EPCI;:>,71=FPCIl,7) S P(2,IIII=FPCC2,71=PPC( 1,7' 
M=II.Fl"'+ I 
OI'2,IoII=OPCI'2,e,=!)PC(t,el S UI~,III'=LPC(2,EI=lPC(I.el 
EI?,""=EFCI2,el=EFCII,BI f P(2,"'=FPCI2,el=FPCCI.e, 
IFIN4101E.Ea.~HSCFS) GO TO 7 
RO(NFI~STI=RF=R2(NFL"')=R21I1.FL"+I)=~F.(SFL+LFC(1,el.lOPC(l,e)I*Ol 

IF(~4~E.Ea.4HCFSII GC TC 7 
C-----PRFOICTOR FOR NFLM-t = ~ 

M=II.Fl"'-1 
OPC( 1,~'=DPIM,OI $ lIPC( 1,6'=UP(JI,C, 
EPC(I,61=F.P(M,OI f PPCIl.61=PP(E.GFI 

C-----CORREC1QR FOR ~Fl'" .. 7 
0(2,NFl,,'=OPCI2,71=DCI7,II.FLM,C' S l(2,~FLJlI=l,PCI2,7'=UC(7,~FL~,OI 
E(2,NFL~I=F.PC(2,7)=EC(7,II.FLM,O) f ~(2,NFL")=PPC(2,71=PC(7,GF' 

C-----COR~ECTOR FOR NFLM.I = B 

VC=CPC(I,8).IC~C(I,7' 

CALL FLM4317,VD,!:FL' 
M=NFL~+I 

0(2,""=DP((2,B) S UI2,W)=UFC(2,8) tr(~,W'=EFC(2,eISP(2,"')=PPC(2,P' 
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SL(~FIFSTI=SFL ! Sf'~FI~~T'=SFL4~'2,~)/D'2,~) 
C-----PREDICTO~ FOP S~K pes A~C VEL 

1 M~=IO-?*~~HKSGN+NCRO!~ S ~L-~+~.~~~KSG~ 
S!L 5 A" =son T ( ( J: PC ( I , ~ ~ I I J: J: C ( I , ~L ) + , C- I • II ( ( + I •• ). ( G. 1 • '.12. IG 

.'.5 SL lAB 5' S SL , 
R S=RS S />.V+ (SSL SAV* SCIH (p PC, I , ~L , I CP (' I. "L ) ItC ) +~pc ( 1 ,~L) IOPC ( 1."'L ) + 

*SSEI/2.*DT 
I F ( ( ( R S • LT. P ? ( ~ S HK + 1 I , • A ~ D • ( "C '" C ! ~ • E C • 1 ) I • ( ,: • ( ( J; SoC T • R 2 ( " S H K + 1 I I • 

*A~O.(~CROSS.FC.OIII RS=Q2'/I;SHK+II 
If"' ( IRS. G T • R? ( /I; 5 ~ K , I • A ~ D • , "c" ( ~ 5 • E C 0 - I I I • C ,: • ( , j; 5 • LT. J; 2 ( ~ S"'I( , ) • A N C • 

*(NCR'J5S.EO.OI II nS=R?'/I;SHK' 
RO(NII=RS 
EPS=(R2(NSHK+II-R~I/OEL" 

IF(/I;Cj;CSS.EC.OI C~ TO 8 
C-----Cf:RP.ECTCI< FeR /l;SHK+(~C"'(!S+1112 c; 

~=NSHK+INCROSS+11/2 

S~L=(SSl+SSLSAVII? 

D ( 2, '" ) =DPC ( 2, C; ) =0 I I ,M I I ( ((-I • II ( G + 1 • 1+2.1 ( (;+ I • , I 5 Sl •• 2 I 
U I 2 , ~ I =U FC ( 2 , 9 1= C ( ?, " I. ( U ( I , 1.\ ) I 0 ( I ,M ) 4 S OR T ( C.P ( I, II! ) 10 ( 1 ,M , ) * 2. / 

* ( G + I • ) « 5 SL. ( I • - I • I 5 ~L *.2 ) I 
P(?,~)=PPC(?,9)=P( 1,1.\)*(2 •• G/(G+l.).~~l •• 2-'G-l.)/'G+I.') 
E(2''''=[PC(2,9)=C(?,''')*(J:12,M)/C(2,~I/'(-I.I+U(2,M) •• 2IC(2,M) •• 2 

*I? ) 
8 tF«~A~E.FC.4~CFSll.Cj;.("A"E.EC.4"'SCFS)1 FE1~F" 

c-----CCFQ~CTCI< FCR SHK VEL 

( 

9 I.\=NFLM+NSHKS~/I;+NCR05S.(/I;CRC~S+I)12+1 
SL(/I;1)=SSL=SOJ;T«P(?,"FL"+2-"S~KS("+~CJ:CSS.(NCRDSS+ll'21/PI2,MI+ 

• ( G- I • ) I( G + I. ) ) * ( G + 1 • I I? IG I * ~ !:L / AI? 5 ( 55 l ) 
SF(~I I=SSf=S5L.SCPT(G.PI2,~)/C(c''')'+~(2'''')/O'2.~' 

NDISCLI"l)="S~K=/I;SHK+~C"'CSS 
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SUBROUTINE FLR(D(NFIR~T,~I,NX(O' 
C(~U(~/TI~E/T,OT,CTL,T.RI1E,OELT,C10~,AT 

(OW~(~/PRF.D(C~/CPC(2,13"uPC(?13"EFC(2,I~I,PPC(2,131 

COUMrN/PO_ER/VCAPF,R4Rl,POPO.E~,PP(.ER,c~o,ceAPF,~FEOLO,SFE.~eJ 

~2~~C~/ACPAYS/R(501),U(2,501 ),F(2,~01),C(2,~01),E(2,501"R?(501) 

CO "'IMnN/O I S( S/~ TO I SC ,NO I seND ( 5 1 I ,~l'l' PE (5 I I , ~ C' SCL (51 ) , SE (51 , , SL 151 I 
.,FC(51),~TCISCT,~TCISCS 

~S(=IO().I"CISCLI~1 )-~C'S(LINF II<ST I-I ).""(0 
PRINT 1000,~SC 

1000 FOhMAT(I~ ,15) 

C-----PRCOICTOR FeR NCOIO,I,2,~.NXCCI = 4,5,t,7+~"CD 
CjlLL ([)(F~(~I I,SFC~II,NCI5CLI~II,~"FLRCDI 

C-----PREOIC10~ FeR ~FLW,I = 2,3 
NFLM=NOISCLINFIRS11 
DPC(I,2)=CCI,~FLWI f OFC(I,~)=Cll,"FLWtl) 

UPCCI,2)=U(I,"FL~) $ UPCC1,3'=Lll,"FL~H' 

EFC(I,2'=E'I,"FL~1 ! EPC(I,3'=EI 1,"FL~.I) 
PP((1,2):P(I,~FL~1 S. FPCCl,31=P(l,"FL~t1' 

("-----PREOI(TO~ FOP NFLM-I = 1 CORREC1CF FCF "FL~.(C,II -= 2,3 
CALL FLM(~C(NFI~STI,SE(~fIRST ),SLC"FI~STI,t .. FLRCO' 

c 

( 

1/="01<;CLC"I)-"XCC*CNXCCtll/2 
D(2,~I=or2,!I-l1 S.U(2,W)=L(?,I/-l1 5£12,III:E(2,1I-11 $PI2,MI-=PI2,~-11 

IF(NXCDI 1,2,~ 

3 0(2,""+11=0(2,111 !UI2,Mtll=U(2,1I) SElc,lItl'=Elc,1I1 SP(2,N+l,=PI2,"" 
RE1UQN 
T~FLCT=IRCCSAV-FFSAVI/(~FE~jlV-~E("III 

IFITRFLCT.GT.DT*'I.-I.E-811 T~FLC1=CT.(I.-I.E-el 

RO(NF IRST '=~:J(NI )=RCO~AVtTRFLC1$SEI"I) 
IFINCJ.EC.3hYES) CALL FCJFCO~I~fIFST,NI.T~FLC1' 

IF(NCJ.FO.3H ~O) CALL FI<CCA(~FIRS1.~1,lRFL(1' 

2 ~E1UR~ So E~O 



C 
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SlSRO~TINE FPCDA(JI,~I.T~FLCT) 

CC~~O~/PARA~/~,J,AJ,G,GF,DELn,NFL~ 

CO~~C~/TI~F/T,DT,OTL.T~RITE,DELT.DTCX,~T 

eO~~CN/FIRFFTe'INDE~,NeyeLE.~~.~~~.~ST(~E,~~,~ITRC'~ 

C (,.~r ~,pe_Er:v V( 4PF, R4R I, PCPOWFF;. ~I'CwEF; ,eND, CC APF. SFEOL 0 ,SFE ,NC J 
e O~~ (~ / A RR AY ~ / R ( 50 J I , U ( ? ,501 ) ,F ( 2 , !' 0 J I , D ( 2 , 501 ) , E ( 2 .50 I ) , R2 ( 501 ) 
CO~~CN'Dfse5'~TDrSC.NDI5CNO(SJ),~TYPF(~1 1.~Dl~CL(~I"SE(51),SL(51) 

.,PD(51),~TOI5CT.~TOISCS 

C-----OET 55 FLW FLC (STTES 4,5,6) CLE TC FLM-~CC INTERACTN SY PLR MTH~ 
C SCLN REOUIRES FI~Al FL'" ~PD C~ FL'" SPC LAW 
C SET STATE 0 AS T~F. REF SlATE FeR ~elC~ A~O C~FRALl seL~ 

C VEL kEF ~kT SCRT(G"'PO'OOI 
C PS4=TO SF ~EAC AS PRESS IN STAlE4 REL TC A~C ~C~OI~ ev STATE 4 
C US40=kEAD AS PPTClE VFl IN STATES ~EL TC STATE4, NONnl~ ~RT STAlEO 
C 
C 

C 
C 

C 

C 
C 

C 

C 

C 
C 

C 
C 

C 

C 
C 
C 

C 

-STATE- - --- 3---St-K-- ~--CC---!: ---FL ~---- 4----SHK---I---
,. *' • ,. 

. ,. 
*' • 

• • 
• *' 

'" '" •• • • 
••• *' 

•• 
• • • • ,. . 

,. . 
'* • 

-3--FLM--2--kCD--I-

• 

• 

c-----SEl STATES I A~D ~ 

C 

SG=SCPT(GI ~ "NI=~~tSCL(~I'+1 

PI0=~(2,~NI) $ CI0=C(2.~~I) f Ll~=~(2,"'~I)'CIO'S' 
P2)=P(2,~NI-1 I $ 02C=O(2,MNI-I) S l20=~(2,~~I-I"020'SG 
P30=~(2,~FL") S C30=C(2.~FL~) f ~~C=U(;,NFL")/030'SaRT(GI 

AIO=SORT(PIO'OIOI , A?'O=~ORT(FcO'CcO' f A1C=SCRT(P30'C30tGF'G) 

(-----SEl SLekC~TJ~E CC~STS, ITF" (CL~TE~ .~[ F~E5S CUESS 
AF.1A=(GF-I.I/(GFtJ.' S B=(GF-I.)'(G-I.' S eETI=(G-I.'/(G+l.) 
PGO=(I.tEETA).(V(APF-eET')'(I.-BET')-BET~ 

( 

c-----PE~FO~~ ITERATIr.~ OF T~E POLC~ SCL~ 

DEl~40=PI0'30. 

N5IGN=-1 S EPS=I.r-l_ S ~I1FR=O S F4C=FIO-CElF40 
DFLUI=DELU?=~ELU3=CFLU4=CELU5=I.Et~OC 

PRINT IOOO,~CJ.PJO,OIO,AJO,UIO. F2C,CcO.A20.U20. 
*SL ( II ),Sf' ( JI I,P:.!O,030,A3C.1.3C 

1000 FC~~AT(IH1",IOX,*,FL"'-RCC r~TE~'CTION •• A~."2(,,2ek.4FI2.8).,,IX, 
*'6FI2.8,2') 

10 ~JTEk=~JTER+I 

IF(NITER.LT.QO' GC TC 11 
IF(NITER.~O.90) OElU~AV=OElU 

IF(NIT[R.lT.IOO' (C TC II 
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IF«OELUSAV.LT.I.E-12).A~D.(O[LL.Ll.I.F-12)I GC TC 100 
5 PPI NT 1001 ,NC J, "I TER, OELL,CELLS"", CELU I ,CELU2,OFLU3,DELU., DELU5 
1001 FOR~AT(I~ ,5/,2),*ITER ~AS RC~O ~ .. ) I~ FL~-~CD-" "CJ= .,113,/, 

*IX,15,7EI7.91 
IF(NCJ.FO.3HVES) GC TC 2 

(: NCJ=3~vES $ OELP40=PIO/7.5 $ GC TC I 
2 DELI<=-AES(OELPI $ PETUI:;~ 

C-----GUESS P40 

c 

11 P40=P40+DELP40 
P 4 I = P 4 0 /P I 0 
SL41=SORT((P41+RETI)/( I.+BETI" 
SE40=SL.I*AIO+UIO 
041=1./(eETI+( 1.-8FTIl/SL41**;» 
C40=C41"'010 
A 4 I = SORT ( ( 1.'- Ae Til / ( I 0+ BET I 1*( I. + E ET 1 H' ET 1* (F 41- I. ) ) / (P4 I +BET I) *G* 

"'P411 
A40=1I41*AI0 
U410=( 1.-eFTII*( 1.-I./SL41**2'*!:l41*AIC 
U41)=U410+UIO 

PG 4= I • + (P G;>- I • 1/ A 4;> ** 2+ GF • ( I. - I. / A 4 c** 2) '" (G .IGF *e-R4R I I 
IF(N(J.FC.3~vESI ~c TC :3 

C-----FLAME HUR~ING sPc BELC~ (J "AlLE 
Sl54=("O*(P40/~401**Dcpn.ER.p4C~*P~O~E~/SC~T(GI.lA4C 

C 

xl"'( 1.-eETAI*Sl~4**2*~ 
P~4=(I.-peTA+xl+SOPT«PE1A-I.-XI)**2+4.*CeETA-PG4*XI))1/2. 

GC TC 4 

C-----(J FLA~E ~JR"ING SPc 

C 

C 

c 

3 P~4=PG4-SCI:;T(PG4.*2~(I.-ErTAI.~(4-EET.' 

SL~4=SCRT«2.*P~4-(I.-BE1A)I.I(I.-eETII).IG' 

4 SE~O=SL~4*A4C+~4~ 

A!' 4= I ./ ( I .- ( I .- PFT A I. (P ~ A-PG 4 1/ (P! 4 +BF T A) ) 
P!:C=P54*P40 
O!O=DS4*D40 
A54=SCPT«PG4+BETA+PFTA.CP54-PC4',/CP!4+BETAI*GF/G*PS4, 
A~0=A54.A4C 

U540=-SQRT«I.-PFTAI/C.(PS4-PG41*(PS4-1.I.I(PS4+BETA)I*A40 
U50=V540+U40 
Pf O=PS 0 
P63=F60.lP30 
SLf3=-SQPT«Pf3+BETAI/(I.+eETA)' 
SF60=SL~3.A30+U3C 

063=1./(PfTA+(I.-PFTA'/SL63··Z' 
Ot 0=Dt:3.030 
Atl=SCPT(CI.-EETAI/CI.+BETAI*(I.+PETA+BETA*(P63-1.11/(Pf3+BETA'.GF 

**Pf31 
A(:C=lIf3*A30 
U~30=(I~-EETAI·(I.-I./SLf3·*21·SLf~ •• 3C 
U f 0-= U(: 30+ UJ 0 

DELU=APSCU50-U601 

PRINT I002,"ITt~,P41 ,P40,041,C40,~(I, •• O,U.IC,U40,SL41.SE40, 
*OFLU,PS4,P~O,D~4,05C,A~4,1I50,L~40,L50,~L54,~F50, 



C 

c 
C 
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.OELP40,~~3,~~O,C6~,CfO,_63,AfO,U63C.UtO,SL6~.SEtO 
1002 FORMAT( IH ,IX,I!".5)<,ICFI?e./.2(I)I,EII.4,IOFI2.e,/)) 

IF(OEL~.LEeEPS' Gr Te 100 
OELUI=OELU2 , OELU~=DELU~ ! DEL~3=CFL~4 S OEL~4=DELU5 S DELU5=DELU 
~FIIOELU5.GT.OFLU4'.A~C.IOFLU4.(T.CELU~'.A~[.(DFLU3.GT.OELU2,.AND. 

*'DELU?GT.OEL~I" GO 10 ~ 

IF(U60.Ll.U5C'.A~O.(~SIG~.LE.0" CEL~40=-AES(CELP40' 

rF«U6n.LT.U50'.AND.I~!IG~.Fa.-I" ~!IG~=O 

1 F I I ~~ 0 • L 1 • UI) 0' •• ~C. I "5 J C" • E C • I I' eEL 1'.0: -.e E 5 ( eEL P 4 0' /2. 
JF«U50.LT.U6CI.ANO.I"!IC~.EC.-II) OELI'40=AESIOELP40' 
IF(IU50.LT.U~O'.A"O.I"SJC~.CF.0)1 CEL~4C=Ae!IDELP401/2. 

IFIIU50.LT.U601.A"D.(~5IG~.EC.O)) ~S'G~=I 

GO TO 10 

C-----ADC ."c TE~wI"ATE rIses I" T~F FLCb FJFLD 

C 

100 lARFLCT=Dl-TRFLCT S JF(T.eRFLCloLT.I.E-~) TA~FLCT=I.E-9 

NT=NTOISCT 
"0ISC"C("T+II=IIITOJ5(+1 f "CISC"'C(~T.~ )=IIITCHCt2 
NlvPE(NT+I'=? S "TYPF(~T.2'=2 $ "TVPfl"II=3 
SL(~T+II=~LI'.:> S !LI"T+?I=SL41 f SLIIII=!LS •• SG.A40 
5FIN1+II=SE60*5G $ !fl"T+2'.SE40.S( , SEI"II=U~O.SG 

SFEOLD=SFE=SEI II '=SE!;O*SG 
PDIII'=~?INFL~' f ~CI"T+I)=RO("I'+5fINT+').T.RFLCl 

RO(NT+?)=POINII+SEI"T+2)*TAQFL(1 S PCI~I)=~r("II.SE(~I'.TARFLCT 
IFI~'JI~T+1).LT.R2INFL"'-'" RD("'+11=R2("FL"-I) 
IF(RC(NT+21.GT.R21"FLW+4" ~D("'T.21=R2("'FL".4' 

IFIRCINII.LT.ROI"T+JI I ROI"r'=(RC(~1+1'+ROIII)'/2. 

~orSCLI I' 1=~FL"'="fL"'.? 
R?INFLM-?'=R21NFL~-l'=ROI"rl 

"DrSCLINI,,,NFlll-2 $ fl.CJS(L(NT+1 '=f\.FL/i-::! S ."'CISCLI"T+;:,=NFL,H, 
C-----SET T~ER~O A~D (AS PAHAYETERS If\. CELLS f\.FLW-2.-I.C.+. 

C 

C 

DI2,f\.FLM-2,=060 S U(2,f\.FLY-21=utC*CtOt5G S ~(c,NFL~-2'~P~0 
D(2,f\.FI.~-I,=n50 S U(?,"FL/i-II=~~C.C50.5G $ ~(2,f\.FL"'-I'=P50 

DI2,f\.~LMI=~50 S Ul2,NFLM'=U5C.C~C.SG f PI2,"FL~'=P~O 

O(2,f\.FLM+J,=040 $ UI~,"FLM.l'=~40.C40.S( S FI2.f\.FLM+l,=P40 
E(c,NFLM-2)=IP~C/D~0/(GF-J.I+Ltot·2·G/2.I·O~0 

E(2,~FLM-I'=~I2."FLM)=IP~O/050/I~f-l.).U~Ot.c.G/2.'.05C 

EI2,"FLM+I)=(P40/D40/IG-I.)+~40 •• 2.G/2.I.C40 
NTDrSCT=~TOlsrT.2 S Nl0ISC=NTCISC+2 

"CCDE=10~FRCDjI 

NI TRCTp.;=3HVES 

J;FTUR/I, S E~O 

f CALL PRf\.lFF(f\.COCEJ 



C 
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Sl~~CLTINE FCJRCC'(~3,~I,T~FLCTI 

CC~WrN/~ARAW/~,J,AJ,G.GF,OELR,~Fl~ 

C[WM[~/TlwE/T,CT,CTL,TaQITE,OElT,C10),AT 

CCMM(~/TRD1/PLT~,CLTR,LLTR,ElT~,CVERC~~,~CVERC~ 

CC"''''CN/F I RFET C/ I NOE)t, IIIC YClE," ~ ,~t\f .• ~ ~ TC~E ,~!,,, T 1RC T~ 
Cc~"'(~/nISrSKF/~CS.V(51 I,"l~S(!ll,"~~S(!l)'''CRO!S(!ll 

CC~W(~/PO.ER/VCAPF,R4RI,FCFO.E~,FFC.F~,C~C,C('PF,SFEOLe,SFE,NCJ 

C ("''''( ~ .I. ~ ~ AY S /R ( ! 0 I I ,U ( 2 , ! e I I, P ( 2 , ! 0 I I ,0 ( 2. ! 0 1 I ,E ( :; , ! 0 1) , R? ( 5 e I I 
C O"',",CN/O ISC S/~ TO' SC ,NO T S( ~c (51 I ,~T Y PE (5' I, ~ C J seL (51 ), S E (5 I I, SL ( 5 J I 
.,RO(!II,NTD'SC1,NTOISC~ 

C("''''(~/PPC~R/hPFT~'''UW.'''UW.FST,~LF.,~FPT~(~."RU'''A(l!CI,RUPA(I!Ol 

.,~CLPFTH(241,~ClUMA(150l,~CLUFA(J!el,FT~~E)tl,~LMA~XT,TUPANXT, 

.OELPFT~,OFLU",.,CELUPA 

C-----OET SS Fl.FLO-ST1ES 5,f,7 OLETC FlM(CJI-~A~f-CO '''TRCT'' P-Y PLR"'T~O 

C sel" ~ECUJ~F5 FINAL FL'" SPO O~ CJ FLM C~ CJ eET 
C SET SlATE 0 A~ THE REF SlA1E FC~ F(lC~ .~c (VERALL SCL~ 
C VEL ~EF WRT SCRT(G*PO/COI 
C Pf5=TC eE REAC .5 PFF5S Th ST'TE~ ~FL TO A"C ~C~C1M BY STATE 5 
( lJ540~REAO AS PRlrLE VEL IN STATES ~fL TC 5T'TE4, ~CNCIM WRT 5TATEO 
C 

C 

C 

C 

C 

C 

C 

---3---SHK--7--CC--f--~A~EF'CTJC~-5-CETC"A1ICN---I---

(-----5[T STATFS 1,2 AND ~ 

C 

M~=NDISCl(~31 $ "'1="CI5Cl(~I"1 t S(;=SCFT(CI 
PIO=P(2,MII $ DI0=0(2,"'I) $ LI0=L(2,,.,II/OI0/SC 
P20=P(2,W3+11 1 C?O=O(2,w3+11 f L2C=U(~,W3+II/020/SG 

P30~P(2,"'31 $ 03:~C(?w31 $ U10=L(2,~~I/C30/SG 

AIO=SQRT(PIO/DIOI $ A20=SORT(PcC/O:;01 S A3C=SCRT(FJO/030*GF/CI 

C-----S~T S~8POLTI~E C("STA~lS 

C 

8ETA=(CF-I.)/(GF+I.I S A=(CF-I.'/(C-I.) f AlP~A=:;./(GF-I.' 

PG]=(I •• E~lA).~VCAPF-8E1A'/(I.-EET"-EETA 

C-----CET S1ATC 5 OUF TO A CJ CETC~'TIC" 
PGI=I.+(PGO-I.'/AIC**?+GF*(1.-I./AI0·*2'.(;/(;F*P-~4~1' 

Sl51=SC~T((?*P(I-(I.-eETA'+2 •• S0Rl(PGI •• 2-(I.-8E'A)*PGI-BETA,,/ 

C 

*( I.-EETAI/GI 
SFeO=SL51*AIC+UIO 
PSI=(J .-EfTA'/2 •• " .+G*Sl51 •• .,I S I=!O=P!I*PIC 
051=1./( 1.-( 1.-8ETA)*(P51-FGt)/(P!:I+EETA)) t C50=C51*OIO 
U510=SC~T«(I.-8FTA)*(P!I-PCI'C(P~I-I.I/G/(F51+BE1A".AIe 

ueO=lJ510+UI0 
A51=SCRT((PGI+~ETA+RETA*(P51-F(;I)I/'F~I+PET')*CF/G*P51, 

A50='51·AI0 

U!OPA50=U50+A!:0 
PRINT JOOO,NCJ, U50~A50,SE50, FCO,FCI, 

>o<p J 0, DIe, A Ie, U 10, St ( N I I. SE ( ~ I , , 
*P20,D20,A20,U?O, P30,C30,A30,U30,Sl(N31,SF.(~31, 
* P 51 ,P!: 0, D 5 I ,0 EO ,A 51 , AS 0 ,l5 I 0, L 5 0, S l 5 I ,5 r 5 0 

1000 Fr.R~Ar(JHI,2/,?4X,*FLAME(*,A3.*'-~ARE-CC ."'ERACTIC" • OETC~ATIC~( 



c 
C 

-122-

.DET) •• 2/,40X,.U~C + AeO = ~EeC ., 
$1,37X,2FIO.6,4/, IX,2FIJ.~,/.1),41 I~X,FI~o~).2FI3Q~.I. 
*IX,41 13X.FI3o~I.I,IX,4113X,F13091.2FI~o9./,IX,IOF1~o9.~I) 

C-----SET UP ITFR C[U~lFR A~C ~RE~S~~E CLE~~ 
~S'G~=-I , ~rlFP=O S DEL~~O=CPfC-P~C)/l~. S EP~=loF-R4 
PtO=~JO-OEL~6C 

C-----PE~FORM rTERATJCN OF THE PCLC~ ~(L~ 

J ~JTE~=~JTFR+I 

rF(NrTER.Ll.511 GC TC ~ 

IF(NrTER.EO.51) DELU~AV=CELU 
JFIN[TEG.LT.7~1 CO TC 2 
rFI(DEL~SAV.LT.loE-12).A~O.I~EL~.ll.1.E-1211 GO TC 10) 
P~I~T 1001,NCJ,CFLLSAV,CELU 

lOJI FQRMATIIH .5/.IOX •• ~C. CF rTF~_lr(~S ~_S ~E_(~fC ~~X CF 75 IN FCJR 
.CCA(.,A3.·, •• eX.2EI~.71 

IFIOELU.lTol.F-IO) GC TC IOJ 
DElR=-ABSIOELR) $ ~ETLR~ 

C-----GUESS P60 

C 

C 

C 

C 

c 

c 

2 P60=P60+DELP6C 
Pt5=P60/P~O 

Dt'=(12.+~lPH_)/AL~~A/CF*(~t~-I.ltl.)C.(AL~~_/C2.+ALPHAI) 

DtO=Ot~.D~C 

Af5=r.t~ •• II.I_l~~_1 ! A6C=Ae5.A~C 

UtS?=ALPH_*IAf5-1.I*A50 f LbO=Lt5C+U50 
SL~=SLT=I. $ ~E~50=SlH*A~C+U5C l ~FTtC=~lT*_tO+LEO 

P7C=P60 $ P73=P7C/~3C 

Sl71=-SC~T(IP73+eETA)/II.+EETAII f SE7C=~l7~*A~O.~~O 

D73=1./(PETA+II.-PETA)/SL7J**21 f C70=C73.C~O 

A73=SCRT(II.-PETA)/(I.+9ETA)*1 1.+eET_.PETA.I~73-1.)'/(P73+BETAI$GF 
*.~73) 

A7C=A7~.A~J 

U730=(I.-FFTAI.(I.-I./S~73.'?'.~~1~ •• ~' , llCaLl!C+UJO 
U70=L7~O+U10 

DElU:AeS(L60-U70) 

P~[NT I002,~IT[~,~ELU,OElPeC. 

~SLH,S~H50. 

~Pt5.PtC,C(5.ntO.At~.AtC,Lf!C.leO,~ll.~F'tO, 

*~73.p70.C73,010.A1~.A70,U73n,U7C.Sl7~.SE7C 

IOJ2 FORMAT( IH .IX,re.IX,?[I~.7,60X,2FI2.e~,,2(IX.IOFI2.8./') 

fF(OELU.lF..F.PSI GC TO 100 
rF((L70.LT.U~CI.ANO.(N!fG~.lEoC)1 DElFtO=-~fS(CELFEO' 

IF((U70oLToUbOI.A~O.(~SI(~.EC.-IJI NSICN~C 

rF«(U70.lToU6C).A~O.(~Sf(~.EC.I» CELFfO=-AES(CELFfO)'2. 
IF((U60.lT.U7C).A~D.(~SJ(~.[O.-I», OEL~tC=APS(DELPfOI 

IF((L60.LT.U701.A~D.(~SI(~.(F.O» CEL~fO=-ES(CELPfOJ'2. 

rF(utO.LT.U7CI.AND.(~~IG~.EC.O" ~SIG~;1 

GO TO. , 

10C ~T=NTDlSCT 
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~DISC~(CNT+II=NTDISC+I S ~DISC~CC~'+21=~1nl!C+2 
NOISCNCINT+31=NTOISC+3 S ~CISC~(C~1+41=~TClS(+4 
N1YPFIN1+1)=2 S NTYPEC~T+2)=~ S ~TYPEC~1+3)=7 , ~TYPEI~T+4)=5 

SlINT+I'=Sl73 $ Sll~T+?)=O.O f Sll~T+~)=I. f SLCNT+4':SLSI 
SfINT+I)=SF70*SG S ~[I~T+21=UfO.SG S ~EC~1+j)=SEroQ.SG 
SECNT+41=SE50·S( 
J;:DINT+l )=ROCNI I+SEO"'+I ItICT-1RFLCT I 
RDINT+2'=RDCNI'+SEINT+2,$CDT-1RfLC" 
R~INT+3)=RDCN1)+SfC~T+3).CC1-1~FLC1J 

RDINT+4)=RDC~I)+SFC~T+4).IC1-1RFLCT) 

IFIRDC~T+4).GT.Q2C~I+II) RDCN1+4)=~2C~I+I) 

IFIQDI~T+I).lT.~2C~3-1l) ~CI~T+I)=R2C~~-I) 

IFIRCCNT+1).L1.R?I~~" GG 1010:: 
P'" I" T 10 I) 3 ,NT, I< 21 ~3 I , RD I ~ T + 1 I , j:; C (N I ) , C T ,1 RF LeT, ! E 1 N1+ I », SL ( NT + I ) 

1003 FQI<~ATIIH ,1,IlC,*T!;CU8lF I~ FCJR(C~.,15,3FI2.8,2EIS.7,2FI2.e) 

OEL~=-"!'S ICEL "') 
103 lFII<DI~T+2).lT.!;CI"1+1» RCC~1+2)=RC(~T+l)+CELQ.I.E-e 

IFIRCINT+2).GT.ROINT+4») RDIN1+2)=RDI~T+4)-CELR*I.E-e 
IFIQDC~T+JI.L1.QCI~T+2)1 RDINT+31=RD(~1+2)+CELR.5.E-~ 

IFIRCI~1+3).Gl.RDC~T+4)) RCI~1+~I=J:;C(~T+41-rELR.S.E-9 

~=~-I 

DO 1:::1 I=~I,N 

11"1=1+1 
DI2,"=:)(2,T O I) SUC2,II=L(2,JI"., SEI2,1)=EC2,IFI) SPC2,1)=PC2.IPI) 
OII,I)=DII,I O II tUII,I):l"CJ,IPI) SFCI,I'=ECloIPI' SPll.II=PCI,IPI) 
PIIl=!;(JPI) 

101 R2(1)=k21IPI) 
DC 102 I=I,~TCISCT 

1 FIN') 1 SC L 1 J ) • G T • "') "c I ~ C L C I , '" ~ r 1 5 ( L C 1 ) - 1 
10? C"CNTINUE 

IFI~I+I.lE.~TCISCSI ""'I-S(I'\I tll=~RI-SC~I+1 )-1 
IFINI+I.LE.N1CISrS) Nll-SC~I+I)=~L~~C~I+I'-I 

"CISCLC~3 )="DISCLC"I )=-1 
NTDISCT=I'\TDISCT+4 S ~TCJSC"'~1CIS(+4 
NCJ=1I-DET S SFE=SFECLD=O.O 

C-----SET 1HeA"C A~C (AS J:;AJ:;A"F.TERS I" CfLLS ~CET-2,-I,O 
NDISCLCNT+I)=~3-1 , NDI~CLCNT+4)=~3+2 

~CISClI~T+3)=~ClS(LC~T+4) f "Fl~=~rISCLCNT+4) 

IFIRDI~T+3).LT.~2C"3» ~CISCLC~T+31=~CISCLC~T+4)-1 

012,M1)=D70 , U(?,M31=L1C=U7C.~G.07C S PC2,~])=P7C 
F C 2,"3) =D70* (F7C/C70/ C GF-I l+U7C •• 2/C7C •• 2/c.) 
IFCRDINT+21.LT.R2CMl) GC TC 104 
DI2,~3+1 )=!)70 ! UC2,"3+II"U70 f pc~,~~+tl="7C S EC~,M::!+1)=EC2,M3) 
DI2,~3+2)=D60 S ~(2,~3+21=U60=l,,60.SG.C60 ! FC2,~3+2)=P~O 

DI2,M3+?)=D~0.CPfC/D60/CGF-l.)+~fC •• 2/0fC··212.) 
R2(M3+1)=q2(M3+?)=~DC~T+2) 

NDISCL(~T+2)=NDI5CLCNT+I)+2 

GC 1C 200 
104 DC2,~3+1 )=0(:0 S l,,(2,"3+1 )"U6:l=U60.!G.C~0 S FC2,~~+1 '=PfO 

E C 2,'" 3 + I )" DfO.C P fOlD" 0 I C GF - I. J +Uf C. * 21Dt C •• 212. , 
IFCRn(~T+31.LT.R2C~3)J CC TC 105 
DI2,"'3+2)=D(:0 ~ UC2,M!+?):~60 S PC2,~3+2)=FfO SEC2,~3+?)=E'2,M!+I' 

106 P2(M3+;»=R2(''', f R21"!)=R2CM!+1l=RDC~T+;:J 

NDISCL(NT+21'''DI~CLC~T+l )+1 
GO TO ?OO 



C 

( 
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10! U(2,~3+2)=L!O.SG-(LSO.SG-~tO/CtO).(~C(~T+41-~2(~3"'(RC(NT+.,-
.RO(NT+3)) 

AI=SCRlIGF*PSO/050) $ UJ=IUI2.~3.~'-L!0.SC)/_J f AI=Ul/ALP~A+l.0 

DI=AI •• ALPHA S O(Z,M3+ZI=OI$D!O 
PJ=ALP~A.GF/(2.+_LP~AI.(CI··«2.+ALP~A'/ALP~AI-I.'.I. 

P(2,M3+21=PJ.P~O s U(2.W3+c,=~(c,~~+2'.C(2,~3.2' 
EIZ,~3+21=D(Z,~3+21.IP(2,M~+21/~(c,~~+2)/(GF-I.)+U(Z,~ 3+21.*Z/ 

*O(2,M3+ZI.*Z/Z., 
GC TO 10f 

zoa PLTR=PfO $ DLTR=DfO $ LLT~=U60 

EL TR=D60*1 pf'o/nf>o/I GF-I '+UfO*.2/0f C.*2/2.' 

C-----A(CT FeR PRTCLE PTH ANe ~EG A~O FCS CH~CT T~AJ CELL LCCTNS CHANGES 
IF(~PPTH.LE.OI C( TO 110 
DC ttl 1=1 ,,,"PPH-
IFINCLPPTI-IJ I.GT."'I) NCLPPTH(tl=II.CLppT~(I)-1 

III C(~TI"UE 

110 JFI"U~A.LE.o) G( TC 112 
Dr 113 I=~UWA~ST,"UMA 

II J 
II? 

IFINCLUMAltl.CT.III) II.CLLIIAII )-=I\CLU"A(II-1 
CCNTINUI': 
JFINUPA.LE.OI GC TC 114 
DC II~ T=I,II.UPA 

115 
C 

IF(~CLUPA(II.(;T.''I' NCLUpA(J'=~CLLFA(tl-l 

C(II.TlNUE 

114 "C(DE=IO~FCJP(~4 i (ALL F~~TFFI"COCf' 
NITRCT"=~H"ES 

C 



c 
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SUSJ::OUT '1\" SHKFL~I II.")' 
CC~~C"/PARA~/".J •• J.G.(F.OEL~."FL~ 
CO"''''C N /T I"'E /T ,0 T .01 L. , .. R I TE. DE L 1.010 If. A1 
CC"'~C"/DISCSKF/ROSAVISI,."L~SI51,.""~SI~I)."CRDSS(~I) 

CO"'WCN/PREOCC~/CPC(2,IJ'.UPCI2,13).FFC(2.13,.pPCI2.13' 

C(~~("/FrWFJ::/V(APf,R4RI.pepO"E~.FFC"EP,C"0,CC.PF.SFECLe.SFE."CJ 

C O~"'C N /. f; R AY S /R ( 501 ) • \J ( 2 .50 I ) • F I 2 • SOl' • C 2 , SO I , • E ( 2 • SO I ) • R2C SOl' 
CO ...... CN/OISCS/N10ISC.NOISCNOISI'.I\,1'PEISI'."CISCLISI'.SF(51).SLI5I' 

*. PC 151) ."TOISCT ."TO ISCS 

C-----5Ue H"CLS III.C"'G SbK UFTC ."0 I"CLee I"'EPAC'" .'H FL~ 
C PO,VD=PPESS.SPECIFIC ~DL ~Al)C ACFCSS 1~E FLA~e 

C 
C 

C-----OFT CLCSF"ESS OF 1HE III.C(~I"G S~K 1( T~E FL~ 
"5C= 100" I "0 I 5 (L I" I ) -NC IS (L I II 1 ,. Ie. II.CF<C~ q I I , 
PfOINT IOOI.II.NI."RHSIII)."FL~."CH·5S(III,,,SC 

I :l ) I fOR ... A T I I'" • I X • to I '5 , 

IFI"RrSlln.GT.NFL"+I' GC TC 1(' 

c 
c-----p~eOCTR FR NfL"-1 = I. pr.eCCTJ:: ."C CCP"CTCF< FR "FL~."FL~+I z 2.3 

CALL FL"I~CINI'.S[I"II.SL("II.trSrKFL"" 
C-----CORREC10P FO~ NFL"'-I = t 

w=II.FLw-1 
0(~."'=OPCI2,t'=CCII.".11 S U(~''''=UFCI~.I'=UC(I.~.IJ 
F.I?, ... '=EP(I?,I'=E("II .... I' f PI2.~'=PPCI2.1'=PC(I.GF' 

C-----P~FOIC1nf; FOP II.SrK-1 = 3 
'1=NOISCLIII'-\ 
OP«1.3'=DP(W,:l' ~ UPCI1.3'=UP(~.C' 

EPCII,3'=EP(".C' " PPC(t.31=PPI3.(F, 
C-----PRcOICTOP FOR NSbK = 4 

"'="OISCLIII' 
PS=PII ..... I'.12 •• GF/(GF+I.I.SLIII'·.?-CGF-I.'/(GF+I." 
05=:l I I .100+ 1 ,/ I I GF -I • , / I (F t t • , + ~ ./ ( (F + I. ,/ SL C II t •• 2' 
US =0 S. lUll .... I I /0 I I • ". I , + S CPT I GF. F C I • '" t I ).1 t ( 1. '" + I I '.2. / C GF + I • ) • 

• S L I I I ,. I I • - I • / SL ( I I , * • 2' , 
ES=OS·(PS/CS/IGF-I.'+US··2/CS •• 2/2.) 
~PS=IRO(III-R(M')/OELR 

CI=2.·I?-E~SI/(I.+FPS' 

C?=2 •• EPS-3. S C3=(I.-EPSI.C2 •• EPS-l.,.ICI.tEPS) 
OPCII.4'=01 I.~I-OTDX.ICI.LS+C"*LII.""+C~.UII'''-I») 

*-Al.Cl0X.ICI.CS.C2.C(I.~'.C~.t(I."'-1" 

UPC I 1,41 = UI I • .,) -OT 0 X. I C I. I L S.l!: /C S tPS ."0 ( I I I •• J' +C2.P'4 ('" t + 
.C 3. P", I "'-I ) I-A T .OT OX. I C I .1. S +C 2 H'( I. '" t +C :!.U( I. "'- I' ) 
~P(II.4'=E(I.~)-C1DX.(CI.LS/eS.(ES.PS."CIII' •• JI+C2.PFIN,+C3 • 

• PE I "I-I , )- AT.O TOX. Ie 1* ES +C 2.E C I • ~'+C ~.E ( 1."- I , I 
PPCII.41=PP(4.GFI 

C----~CORRECTC .. FCR "SHK z 4 

C 

~12."')=DPC(2.4'=CC(4.M.O' f L(~."')=UPC(2.4'zUC(4.".O' 
EI?~'=E~C(2.4)=EC(4.".O) f P(2.",,=PPCC2.4,=P((4.GFt 

C-----OE1 IF SbK cpeSSES • "'ES~ FT C~ ~o, 

L=O 
IFIN(~CS5111)1 2.3.4 

2 Pl<lNl IOOo,II.N1YFECll',SEn. I.SLII".f<C(Il' 
IJOO fCR~ATIIH ,/.IX •• NEG x/a OF DISC ,,( ••• 13 •• (F TYFE*.12.* .. TH 5F.SL 



c 
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.. DF.,ZFI4.4,* AT PC!OllIC".,EI:!.4) 
OELR"-Af'SIOELRI S I<FTUR'" 

3 S SL;:=; p:;r ( ( PI' C ( I ,4) / I' PC ( I , I )+ ( C F -I • 1/ ( C F + I • I ,. ( GF • 10 )/2. /GF ) 
RO ( I I »=R 0 I II ) +( S SL • SO I< T I PPC ( I , I ) I'DI' C I I , I I. GF ) +UPC ( 1 .1 ) / CPC« I • I ) + 

.SF (II I I/? .O.OT 

IF I « ~RHSI II) .LE ."FL!!+2 I .A"C. I~C( II) .CT ."Z( I'FL"-1 +L) I) .01<.( INRt-<S( I 
• I ) • GT • NFL r.4 +7 I .ANO. (RO( J I ) • LT. c:; 2 I "'F L~-I +L I ) I) RO I 1 J , =R2 ("FL"'-I +L I 

SL ( I I ) '" 5 ORT ( ( I' P ( (Z .4 1/ P I' ( ( 2 , I ). ( C F - I • ) / ( (F. I • ) ) • ( GF .. I • )/2. /GF I 
SF ( I I ) = SL ( I I , .5 OR T ( PPC ( 2. I ) /01' C ( 2 , I ). GF I + \;P C ( Z • I I /OPC ( 2. I I 
/F(NRf.S(II'.GT."FL"'+2) GC TO cO 
RFTURII. 

4 PPC( I, 5)=P( I ,NFL~- Z+L I ~(2 •• GF ,(GF+ I.) .!OL( 1 1) •• 2-1 GF-I. ).I( (jF+I.') 
S SL = SCI<T ( (PPC ( I ,5) / I'PC ( I ,I If «(F -I • II' «( f + I • J I. ( GF. I.) / 2 • .IGF) 
R 0 I I I ) =p. 0 ( I I ) +( S SL • SOP. T ( PPC ( I • I ) / OPC ( I ,1 ). GF 1+ UPC ( I • 1 ) /OPC ( I • I I 

.+SF( 11 1I/2.0.rT 
IF(POIII).LT.R?(II.FL"'-2+L'1 RCIIII=J;ZII'FL"-2fL) 
NDISCL(III=NDISCL( 111+1 
S~l=(SSL+SUII))/2.0 

O( 2,II.FlM-?+L)=OI 1 ,"IFL"'-2+L)/( (GF-I.I/(GF+I. '+2./IGF+I. '.ISSL •• 21 
UI2'''FlM-?+ll=DI2,NFLII-2+LI.I\;(I,''FLN-~+L"eCI.''FLN-~+Lt+SO~'feF • 

• PI 1,I\FLM-2+L),O(I,I\FlW-Z+L".(c./«(F+I.I.SSL.II.-I • .ISSL.*71)1 
PI2,"IFLM-2+L)=PI I,NFL"'-2+L'.(~ •• GF/(GF+l.»tSSL •• 2-IGF-I,'.IIGF+1." 
FI2,II.FLM-2+LI=CI2,NrL!!-Z+L).(FIZ'''FLM-2+L)/CI2.NF~M-2+L)/(~F-I.I+ 

*U(2."IFL~-;:+LI •• 2/0(?,"FLM-Z+L)··212.0» 
SL (I I I:SCF:T « P (2, "FL"'-2+L I/PPC 12.IIt-ICF-I. III GFt I.' '.IGF+ I.» .I2.IGF ., 
5 f ( I I 1= Sl I I I I .501< T ( PPC ( ;: .1 ) /0 I' ( I 2. I J • GF ) + lIF C ( 2, I ) I CPC 12,1 ) 
RETUe:;1I. 

10 IF("~~S(II).GT.~FL"'f~) "CI'C~S(II)~C 

C-----PF:,OICTOF: _N~ cc"rECTCI' FCF: II.FLII+1 = 2 
r.4:""LM+! 
D(2,1I):OFC(I,?l=CFI~,0) t U(2,~)=UPC(I.2)=~PIM.C) 

E(?,W)=E~C(I,2)=EP(~.C) S P(2,~I=FFC(I.2)~FF(2tGI 
C-----~l'rDICTOI' ~~C CCl'peCTC~ FOI' NFL~ = 1 

SFL<:SLINI) 
CALL SfVDPC(G,GF.PI?,~).O(2,1I)~SF~,VC,FO,OEll'l 

D ( :> , "F L '" ) = 0 FC ( I , I ) = OP ( ( 2, I ) = 0 ( ~ , '" ) "V C 
P ( 2 , NF L "'. ) "P PC ( 1 , 1 I = P P C ( 2 , I ) '" I' ( 2 , " ) • F C 
U (2, "FL "') =UPC (1 , I l=ucC ( 2, I 1= I SFL C( I .-"C ) + ~ ( c, '" lID 12, ~ I ) $0 (Z, II.FL "') 
E(?,NFL"":Ep(I,I)=EFC(2,I'=0(2,"FL~).1I'12.~FL"')/O(2,NFLM).IIGF-l.l 

·+U(?NFL~I**2/C(2,"FLM) •• Z/2.) 
C-----CALC NEw FLM SPO AII.C FCSITICN 

ROIN I )=R.D( "I I +Se.(t-.:I I.OT S SL (1'1 ,=!OFL !SF.E=SE I" r )=!F.L+U(2,J4)/O( 2.'" 
C-----PI'£OICTOI' Fer NS~K-I = 3 

"'''''''OISCL II 1)-1 
OP(1,3l=OP(M,C) S UPC(I,3'=UP(",C, 
EPCII,3'=EP(M,Ol ! PPC(1,3)=PPI~,GF' 

C-----PRCOICTOR FOR II.SHK = 4 

"="DISCL(ll) 
PS=PIl,M+l)·(2 •• GF.I(fF+I.'.SL(III··2-«(F-I.I"lfF+I.I) 
05= 0 I 1 , M + I , / ( ( GF - I • »/ ( GF + I • 1+2." ( G F + I • ).1 S L ( r I I •• ? » 
US =D S. (U ( I , .... t I ) / D ( I ,,, +l ) + SOR T ( C:F ,P I I. M·" J , Ie ( 1, "1+ I I ) .2." ( GF. 1. ) • 

• SL(III*II.-I./SL(III**?11 
£S=OS.(PS/DS/(Gr-I.'+US.·Z/OS*.2/2.' 
EI'S=(I<C(II)-'l(w»/OCLF: 
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CI=2 •• I?-EPS)/II.+FPS) 
C2=2 •• [PS-3. S C3=11.-EPSJ.12.*FPS-I.)/(t.+EPS' 
OP C ( I , • ) = 0 ( I , ,.. ) -0 T O)C. ( C I tl S +C c tl ( I ,,,, ) + C ~. U ( I • "'- I , , 

*-AT.CTOX*ICI*OS+CZ.O( 1,"')tC.:!.C( 1,104-11) 
UPC ( 1 ,4):; tIC 1 ,"') ~OTD X. (C I. (l S. t s /CS. ~ S" F;O ( I I , ..... J +CZtPN ("') • 

• C 3 * PAl ( /1.- I , ) -A T *0 TO X • ( C I .l. 5 +C 2 $1,. ( I ,1/ HC ;! $v ( 1,"- 1 J , 
EPC(I,.'=fll,""-OTOX*(CI*l.S/OSt(EStPStPC(IJ) •• J)tC2.PE (N +C3. 

*PE("4-I"-AT.OTOX*!Cl*ES+C2.E( 1,"')+C3.F(I,"'-t" 
PPC (1,4' ;oPP(4 ,CF, 

C-----CORRECTCR FeR ~SHK = 4 

C 

C 

C 

OI?,AlI=OPC(2,4'=CC(4,"'.O' 
E(2,M)=FPC(2,4)=EC(4,"',O' 

L=l 
fFINCRCSS(JJ" 2.~.4 

C-----SHK AND FL'" I~T~RACT 
20 CALL S~KFL"'A(JJ,NJ' 

C 

"'ETUR" S ""0 

u(c.""=UPC(2 •• '=I,.C(4."',O' 
! P(2.""=PPC(2,4'=PC(4,GF' 



C 
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SuPROUTJNE SI-<KFL"'A( I I ,NI I 
C("''''r.~/P~~A~/~.J.AJ.(.(F.OELR,~FlM 

CO"'MC~/TI"'E/T,OT,01l,T.~ITE.DElT.CTC~.AT 

C("'~(~/FIRFET(/I~CE~,~CVCLE,~~,~~~.N~lePE.~~.~IYRCT~ 

C (I~Me ~ /0 J S C SI<;F /~ C S A V (5' I , ~LI'" S (5 J I , ... Pt- S (5 I ) , ~c j;C S S ( !5 I ) 
CCMMCN/POWER/VCAPF,R4~I.POPO~E~,FFC.E~,C~O.t(AFF.5FEOLC.SFE.~(J 
Ce"'M(N/AFPAVS/P(SOl'.U(2.501J.F(2.~OI).C(~.SOll.E(c.SOl',R2(SCIJ 

CCMM(N/DISC5/~TOtSC.~01~C~C(511.~TVPE(5J).~CI5CL(511.SE(SII.SL(SJI 

""FO(SJ),~TOJSCT.~TCISC~ 

CC~M(N/FPCHR/~FFT"'.~UM_.~U~AFST,~U~A.FFPTt-(c4J.RU"'A(15OJ.RUPA(J50) 

.,NClPPTH(?41,NCLUMA( I!5CI.NCLUFA(I~CI.FT"'~E)l,PL~A~XT.TUFANXT • 
• nELFFT~,OELU~A.CELUFA 

C-----OET 55 FLW FLO (STTES 4.~.~) eLF 10 5t-K-FL~ J~lEPAC1~ ev PLR ,.,THO 
C SCLN FFCUIRFS Fl~Al Fl~ 5PC OF FL~ SPC LAW 
C SET STAlE 0 A5 Thf REF SlA1E FCF FCLCF A~O eVER ALL SeL~ 

C VEL FFF ~RT SCRT(G.PO/COI 
C p~4=ln BE READ A~ PRESS I~ ST~TE4 FEl Ie A~C ~C~OIM ev SlATE 4 
C US40=~FA!"l AS FRTClF VFl IN STA1E~ PEL lC 51A1E4, ~C~OI" _PI SIATEO 
C 

C 
C 

C 

C 

C 
C 
C 

C 

C 

C 
C 
( 

C 
C 

C 
C 
C 

-51AIO:- ----~---5t-K--f--CD---~---FL"----4----St_K---I---­

• '" • '" '" '" '" •• 
'" '" 

,. ,. 
• • ,. • 

'" '" 
,. • ,. • ,. ,. 

••• • • •• • • ,. • ,. • 
'" • • • 

-3--SHK--?--FL"'--I-

(-----5(T STATES I A~O 3 

C 

PI0=P(2,NFL~+I) $ nIO=0(2.NFL~.tl S LtC:u(2.~FL~+11/SC~T(GI/OIO 
AIO=~C~T(PIO/CIO) 

5l;;}O=SL(~I)'SOPT(GI S 5l:!2=SL(IIJ ! ~orSCl5=~eISCL(J1) 

F30=P(2.~0ISCLS) S C30=O(2,NDISCLSI 1 L~C=U(c.~orSCLS)'SCRT(G)/030 
A30=SOR1(P30/C30·GF/G) 

c-----~ET SuAPOUTI~E CC~STS. rTE~ (CU~TE~ A~r PRE~5 GuESS 
AETA:(GF-l.)'(GF+t.J S O=(GF-I.J/«(-I., 1 eETI=(G-I.)'(G+I.J 
PGO= ( I .+ E El A) ,. (V( APF- BE T A) / ( I.-BE 1 A I-BET A 

C 
c-----P(RFCPM ITERATION OF Tt_E POLC~ 5CL~ 

DElF40:P30/30. S rF(~CJ.£C.3t-YES) CEL~4C=P3C/7.5 

NSIGN=-I S EPS=I.E-14 $ ~ITER=O S F4C=~30-0ELP40 
OElUl=OfLU2=OElU3:CFlU4=CELUS=,.E+30C 
PRINl l'OO.NCJ,PI0.0tO.LIO.AIO.Sl?IO.F30,O~C.U:!0,AJO.S'.32 

1)00 FO~~AT(I~I.X,.St-K-FL~ I~TRACT~ •• A~.I~,ICFII.7,2/J 
10 NITER.~1TEP+l 

IF(NI1ER.LT.9CI GC lC II 
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IF(NIT[R.EC.90) CfLUSIIV=CElU 
IF(NITFR.LT.tCO) GO TC II 
IF(CCELUSAV.L1.1.E-t2).A~C.COElU.L1.t.E-1"ll GO 10 ICO 

~ PPINT 100t,~CJ. ~11ER,DEl~,OELl5I1V,DEl~I,CElU2,CELUJ,OELU4,CELU5 

1001 FORMATCtH ,S/,?X,*11ER ~AS RCHO ~A) I~ 5~K-FLW-A ~Cj= *.A3,/,tX, 
*IS,7EI7.9) 

IFCNCJ.EO.3HYESI GO 10 " 
~ ~CJ=3~YES! OELP40=P30/7.S ! GC TC 
2 OELR=-ABS(OELPI $ ~ETL~~ 

C-----GUESS P40 

C 

II P.40=P40+CElF40 
P~t=P40/PI0 

SL~I=SCR1(p4t+efTI)/(I.+eETI)1 

SE40.=5L4t*AI O+Ut 0 
041=1./(R=TJ+( I.-£'ETI )/SL41 •• ") 
040=041*010 
A 4 t = SORT ( ( t .- eE T I ) / ( I. + E E 11 I" C 1 • + e E T I. PE T J. (P 4 I-I • ) ) / (P4 1 +AE T I ) *G* 

*P41 I 
440=1141*"10 
U 4 I :J = ( I • - e E T I 1*( 1.-J ./5L <I 1*. ? I .5 L <I 1 *" I C 
U40=l-410+UIO 

PG4=t .+(PGO-l.)/II40.*2t(F.( t .-I./A~Ot.c).(G/GF.B-R"'Rl) 
Ir(~CJ.FQ.3~YES) GC TC 3 

r-----FLA~E AUR~ING SPO AELO~ CJ VAllE 
SL54=CNO*(~40/040)·*PCFOWEF$P40*.FFO_EF/SCP1(G)/A40 

XI=( 1.-OETA).SL~4t*?G 

C 

P~4=(t.-PETA+XItSCPT«eF1A-1 .-)I)tt2t4 •• (9~1"-PG"'.Xt))'/2. 
GC TC 4 

C-----CJ FLA~E EUPNING SFC 

c 

c 

c 

3 P~4=PG4-S0Rl(PG<I**?-(I.-EE11I).FG"'-EETA) 

SL54=SCkTC(2.*P~4-CI.-EF1A))/(t.-EETA'/G' 

4 SE~0=SL5~*A4C+U4C 
054=t./(I.-Ct.-EfTAI*cpe4-PG4)/(P!4+FETA') 
P~O=P54.P40 

0~0=D~4*040 

A~4=SQPT«PG4+~ETAtEET".CPS4-PC4)'/(F~4+EET~).GF/G.P~4) 

A ~ 0=A54*A40 
U540=-50FT«t .-EFTA)/C*(P~4-P(4).(F54-I.I/(P54+AE1A)I.A4C 
u50=ue40+U40 
P60=P50 
P63=F60/P30 
SLf"'1=-SQRT(Pf3+0E1A)/C 1.+8£1A') 
SE60=SL63*A30+U30 
Ob3=1./CBLlA+(1.-BE1A)/Sl63~.2) 

060=063*030 
A63=SC~T«I.-EETA)/Ct •• EfTII).(1.'EEl~~[ETII.CP63-1.')/CPf!.~ETA).GF 

.*Pf3) 
AfO=Af:3*AJO 
U630=Cl.-eETA.)*CI.-l./Slf3$$21.SL6!*AJO 
UtiO=Uf30+UlO 



C 

C 

C 
C 
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PRINT 100Z,NITEP,P41,P40,041,D40,A41 ,A4C,U4IC.U40.Sl'lI,SF40, 
*OFlU,P~4,P50,r.54,D50,Ae4,A50,~!40,~~O.Sle4,SFeO, 

*DElP40,Pt3,P6~,D~3,DfO,Af3,A6C,L6~O,U~C,Slf~.SE60 

1002 FOR"".TIlI-' ,IX,15,5XtlCFIZ.e,/,;:(I)<,EII.4,ICFI2.e./', 

IF(OElU.lE.EPS' GO TO 10C 
DElUI=OElU2 S DElU2=OElU~ t OElU~=OELU4 ! OElU4=DELU5 S OELU5=DELU 
IFC(OELU5.GT.DEl~4'.~~O.CDElU4.GT.tElL3'.A~r.(OElU3.GT.PElU2,.AND. 

*CDELU2.GT.DElUI') GC TC 5 

IFC(U60.LT.U5C).AND.(~SIG~.lt.O» OFlF4C=-AE5COELP40) 
IFC(U60.LT.U50).AND.C~SIGN.EO.-1)1 NSIGN=C 
IFC(U60.LT.U5C).AND.C~5IG~.FC.I" CElF40=-AESCCELP40'/Z. 
IFC(U50.LT.U601.ANO.(~SIG~.EO.-I») OFLP4C=AE5(OElP40) 
IF(CL50.lT.U~O'.A~C.(~SI'~.(E.O» CELP40=AES(CEL P 40)/2. 
IF((U50.LT.U60).AND.C~SIG~.EC.C') ~SIG~=1 

GC" Tel 0 

(-----AOD A~O TEP~I~ATE CISCS 1~ T~E FlC_ FIElt 

C 

100 TARFLCT=(RD(III-~O(NI"/(5ECII)-SEC"I" 

"T=NTCISCT 
~DISC~C(~T+ll=~TCI5C+l S ~0ISC~(~'t2)=~TCISC.2 
NDISCNOCNT+lI=NTDISC+~ 

NlyPE(NT+l'=2 1 ~TY~E(~T.2'=~ ! ~TYPEC"T+3)=;: 

SL(NT+I'=SL6~ S 5LC"'+2'=O. $ 5ll~II=Sl54*SCFTCGI*A40 

Sl (NT+)'=SLtll 
5E(NT+II=SE60*SQRT(CI S SE(~T.2)=L50.SCHT«() 
SE(NT+~)=SE40.S0RT(G' 

SFFOLC=SFF=SF("II=SE50.SC~T(GI 

RD(NI'=PD(II'-S[(III*TARFlCT ! IFC1AFFlCT.ll.I.E-IO'TA"FL,CT=I.E-IO 
J:' I) (NT + I ) = RO ( I 1) + Sf I" T + 1 I ~ T ARFl C 1 
PO(NT+21=RC(llltS[(~T.21.1AR~lCT t~D(~T+J'=~C(II'.SE(NT.~'.'AR~LCl 

IFIRD(NT+I'.LT.R2(NFl""-IJ) ~D("'.II="2("'FL"-I).,.e-IO 
IF(~C(NT+21.LT.QO(~1+111 ~C(~TtcJ=(HC("T.IJtROIIIJa/2. 

IF(RD(NT+?I.Gl.R2(~FL"+?11 RD(~1+J)=R21"Fl".21-1.E-l0 

DC 101 J=~Fl",,1\ 

M=Nt"+NFl "I-I 
nI2,~)=O(?M-21 ! U(2,~I=U(2,,,,-~, te(~'''''=~(c,M-21$P(2,MI=P(2,M-21 

o ( I,'" I =0 I I ,11- 2 J , U ( I ,'" I = II 1 ,,,, -;:, 'E I I ,/II, = E ( 1 , .. - 2 , ! P I 1 • M, =P ( 1 t M- 2 , 
F(",=R(M-2' 

101 R21~I=F2("-2' 

N=N+Z 
r;21~Fl"'=R2(~FL~+II=FCI"T.21 

DOlO? I=I,NTDISCT 
IF(NDISCL(II.GE.NFLM, ~CJSCL(11="CISCl(I)+2 

102 Cf"T1I1oUE 
IF(NI+I.LE.NTOISCS' NR~S("'J+I'=~R~S(~I.lt+2 
IF(~I+I.LE.NTOISCS' "l~S(~I+I'="L~S(lIor+tl+~ 

NFl"l=~FL~.2 

NDISCLIIII=-1 $ NDISCL(~T+II=~Fl"'-:! S "OISCU~T+2''''IIoFL'''-2 
"'OJSCl(NT+1I="FL"'+1 

c-----SET THERMO AND GAS PAHAMF.TERS 1110 CELLS "FL"'-2.-I,O,+1 
O(2,~FlM-2)=060 , U(2,~Fl"-21=UtOCCfC.SCFT«() $ P(2,NFlM-2'=P~0 
0(2,~Fl~-II=D50 S L(?,~FlY-I'=~~C.C5C.~C~T(CI f P(?~FlM-l)=P50 



C 
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O(2,~FL~I=050 S U(?~FL~I=U50.C~O~SC~T«1 S P(2,NFL~)~P~O 
O(2.NFLM+II=040 S U(?,~FLM+I)=l40.C40.~CRT«) $ F(2.NFL~+I)=P40 

E(2,~FLM-2)=(P60/DfO/(GF-l.)+ltOC.~.G/?,'.otC 

EC2,NFLM-I)=E(2,~FL~)=(peO/050/«F-I.)+U50 •• 2.G/2.).050 
E( 2, NFL"4+ 1)= (P40/040/! G- I. 1+1.40 •• c IO G/2.) $04C 
NtDISCT=NTOISCT+3 1 ~TOISC=NTCIS(.~ 

C-----ACCT FCR PRTCLF PTt- A~C ~E( A~C PC~ Ct-RCl l~AJ CELL LCCT~S CHA~GES 
IFCNPPTH.LE.O) GC TC 110 

C 

C 

DO 111 I=I,NPPTt-
IF(NCLPPTt-CI,.CE.I\FL'-'-2' NCLI'FTt-CI)=N(LPFTt-Cllt? 

I I ICC ~ T I II; UE 
110 IF(~UWA.LE.O) GC TC II? 

00 113 1=~UMAF~l,~lMA 
IF(NCLUMAC II.GE.NFLM-2) ~CLuM~(II=~CLl~~(I)+? 

113 CC~TI~UE 

112 IF(~UPA.LE.OI GC lC 114 
DC lie 1=1,r..UI=A 
tF(NCLUPACI).GE.~FLM-?) ~CLUFI(I)=~CLUI'~( I't? 

lie Cr.~TINUE 

114 NCOOE=IOH~~KFLWA S (ALL I'R~TFF(~CCCE) 

NtTRCT~=3HYLS 

RFTUR"I SEND 



( 
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SIJFlHCIJTII'\E SKSKPP(IJ."I.".:."""f) 
CO~~ON/PARA~/N.J,AJ.G,GF.DElR."Fl~ 

CC~M("/TIME/T,DT,DTl,T~HJTE.CEl1.010~.~T 

C~~MO"/orSCSKF/RDSAV(511."lHSC~11,"R~S(51I,"(HCSS(51) 

CCwwC,,/pr.EDCrH/rpC(2.13).UP((~.I~I,EP((2,I~I.PPC(2.1~1 

(0"''''(''/ A J; 1'1 AY ~ /1'1 ( 501 I ,U 12 ,50 I I • F C 2 • ~ 0 I , ,0 ( 2 .501 I , E ( 2, 50 I I, RZ 1 501 , 
CO~MON/DISCS/NTDISC,NOISCNO(51'."T~FE(~II'''CISCl(511.SE(SII,Sl(SI I 

.,1'I0(511,"TOIS(T,"TO 15(5 

(-----SLI111 AI'\C SL(NI' !lUST EE G1 e.e 
C 
C 

c 
C 

C 

D2"ISSl.CE .... '=~II,"'/C(E-I.I/(Gf.I.)t~.I'I(f.1.)/SSL •• el 
U2 MCSSL.GE, ... t=DC?",OCUCl.W)/O(I.",tSOHTIGfOF(I,NI'0(1,NI)$(Z./ 

.«E+\.I*SSL*CI.-I./SSL •• 2))) 

U2W~ISSL,GE,M)=CC2.")OCUCI.MI/CIJ''''-SCFTICf.P( 1.".11/0(1 .... +11).1 
• 2. / ( GEt \ • I • SSL * ( I .- I • / S Sl •• ? ) I I 
P2WISSL.CE,~I=~CI,M)~12 •• (E/C(F.I.I.SSL •• 2-(GE-I.t'CGE+1.)1 
E2MICE,~I=~(2.MI*CPI2,w)I'C(2'''I'C(E-I.I.U(2''') •• 2/0C?NI.02/2.) 

SSlS(FAHC,p~HC,(r)=SC~T(CFF~C/F_~[4ICE-l.I/«(Etl.IIO(GE+I.I/2./GEI 

SSFSISSL,GF,K,LI=SSl*SCI<TCGE.PPC(K,LI/CPC(K,LII+UPCCK.ll/OPC(K.LI 

GE::G $ IrpWTSCl(NT ).lE ."FLMI GE=GF 
II.CI<SlI=P'iCJ;CSS(JII , "'"="CJSClnJHI S NFII=CN(I'ISII-t1/2 
II.CqSNI=NCHOSSINII $ MNI=I'\DIS(L("I)+I S "P"I=I"(I<S"I-I'/2 
I'\5(=IOO*CI'\CISCL(I'\I,-NCISCL(JI),tIOtNCJ;SII+"CJ;SNI 
PRINT 200C,"AMF."C~SII~"(~S"I'~'I,."I,II'''I,,,S( 

2000 FO~MAT(IH ,IX,A7,IX,71~) 

N~C=O $ SLI'\rS_V=Sl(I'\II 
IFI(MII.ca.~NJ).AND.(NCRSII.EC.ll.A"D.("(I<S~I.EC.Ot) GC TO 72 
IFI(~II.FC.M~I).AI'\D.II'\(~SJI.F.C.O).A~Co("CI<S~I.Ee.-II' GO TO 73 
IF«MII.EO.WNI).A"D.C~CJ;S"I.EC.-I'.A~C.(~C~SlroEC.IJI GO TO 74 
GO TO 71 

7"2 /,;CI=SlI=NCFCSS(I1)=O! ,,~t-S(lJ)="I<t-S(JII-l S (0 TO 71 
73 ~CRSNI=NCR~SSINI)=NPNI=O S NR~S(~I)=~~~S("I'+1 $ GC TO 71 
74 ~CI=S~I="CI=CSS("I)=NFI'\I=O f "nt-5("I,="I<t-S("I)+1 

Nc~srr=NC"'CSS(II)=') ! ~I<t-S(ltl=""t-S(III-l 

71 IF«NR ... S( 11I.!l:E.ro!t;II.OR.(NCRSlr.EC.-l).CI'I'("("S"I.EC.-l" GC Tn 1 

C-----SHKNll"CRS=O' PRCTR FI< NSHK-l,O,I,c=I,"2,J,. - CRRCl" FH NS~K.I=2.~ 
(-----St-K"I(I'\CFS=I) PRCTP FI'I NSt-K-I,O,I.c,! ."0 (""(TI'I FR ~SHK.l,2=Z,3.4 

IF("AME.Fa.7"'~KSKSKOI GC lC 2 
IF«NAME.Ea.7t-sPECIALI.A~C.("CI~Cl("rl-"OISCl(II).EC.3II GC TC 2 
IF«"'AME.EC.7t-SPECIALI.A"C.(NCISCL("I'-NCISCL(III.EQ."2I.ANO. 

*INCRSlI.EQ.O) 1 GC T( 2 
CALL S"'K(~C(Nr),SF(Nrl,SL(~I),"CJSCL("I'1 
GO TC 2 

C-----S~KNI PREDICTOR FOH NSH~.2."C"S~r a 4 
I IFI(NAME.Ea.7t-SKSKSKM).CF.(I';A"'F.EC.7t-SKSKSKCI.01'I.(NAMF..EO.7HSPECIA .L" GG Tr ? 

w=~DISCL("I'+?"C"SNl 

DPC(lt4)"DP(M,OJ S UPC(I,41=UP(W,OI 
FPC( 1,4.=Er>(M,Ot $ PPC( S,.)=PF(4,t:Et 
IF(NCI<SNI.FC.-t' GO Te 2 
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C-----5HKNI PRFOICTCR FOR ~5HK.'+~C~~~1 = ~ 

M = NO I 5 C L ( N I 1+ 1 • ~ C F 5 ~ I 
DPCII,3'=OPOI"CI $ UPC( 1,:!'=UFI",C) 
EP(ll.3)=EPI~,O) S PPCI1.3)=PPI:!,<FI 

C-----5HK"'1 CCRRECTCR FCR "'5H~+1+~CFS"'1 = 3 
012,M)=OPC(2,~I=~CI3,M,1) S uI2,~)=UPCI2,~)=LCI3,W,l) 
E(?,M)=EPC(2,3)=EC(3,~,1' t F(2,~'=FF(12,3)=PCI3,(E) 

C-----5HKII PREOICTOR F~R NSHK-I = f 

2 IF("'AME.FO.7~ 5K5K5K) (0 TO 7 
~=~015CLIII)-1 

OPCII,6)=OP(M,Ol S UPC(l,Ed,=UF("',C) 
EPC((,6,=(;PI,,",0) $ FFC(r,6)=PF(f,(E) 
IFINCR511."'E.-I) GO TO e 

C----5 ... KI I FrTDICTC~ FC~ ~5t'K-2 "'. ! 
M="'11-3 
DP«I,~)"'OPIM,O) $ uPC(I,!)=UF(",C) 
FPCIl,S)=EF(IoI,Ol S FFCI1,S)=PPI!,(E) 

C-----5HKI I COPRECTCR FCR ~SHK-2 = f 
"'=",II-? 
D(2,"')=DFC(2,f'=CC{6,"',O) S LI2."')=UPCI2,f)=UCI6,"',O) 
EI2,~)=EPC(2,~)=fCI~,~,Ol ! PI2,~)=PFCI2,fl=PCI6,(F) 

GC TC 7 
C-----5HKII PR~DICTCR FCR "'~HK = 7 

8 ~=~DI5CLIII) 

IF(NOI5CL(II).EC."'CI5CLI~I» (C TC 5 
P5=P2M(SLIIII,Gf,MJI) ! D~=D2"'(~l(III,GE''''11) 

LS=U2"'(Sl(1J ),([.~II )/C(2,"'1I ).C5 
GO TC f 

5 IF«"'AMF.EC.7~S~5KSKO).A~D.(NCI~(ll~J)tl.EC."''''I)) GO TC ~6 

IF«NA"'E.EC.7"'SDFCIAL).A"'(.(~CI5ClI"'J)+I.EC."''''I») GC TO 102 
PS=P?M(5L(NI).(E,MNII ! DS=D2"'(Sl(~I).(E.N"'I) 

LS=~2"'(5L(~I).(F,IoI~I)/C(2.MNI)*C5 

GC TC <;7 
102 PS=PFC(I.lI $ CS=CPCII,I) f uS"'LPCII,I' 

GC TC <;7 
9f P5=O?M(Sl(NJI,GF,MNI) S DS=O?"'ISl(~J'.(E,~NI' 

LS=U2~(SLI"'J) ,<f.~~1 )/C(2,MNI ,.05 
u ~= L!: /D S+ SQR T (G E *P ~ /0 ~ , * 2.; I (E + I. , .Sl I ,. I ,. I I .-1 .;SL I iii I ' •• 2) 
DSI=n5=n2"'(SL(~I).GE.M~I)/r::(I,~~I)COS 

LSI=LS=LS*OS ~ F~I=FS=F2"15L(~I).(E,"'NI)/P(""'IIII'.P5 

<;7 U~=L~/OS+SQRTIGF~PS/DS)*2.;(~Etl.'.Sl(ll)t(1.-'.'~LIII,.t2) 

DS=D?"'(SL( II' ,(E''''~I )/CI I,MPI;I '.05 
L5=US*OS 
P S=P 2'" ( S L I I I ) , GF , MN I );P I 1 , "4111 I , to S 

~ E~=IPS/DS;(~F-I.'+US~.2/CS.*2;2.'.CS 

EFS=(RD( II )-JHM' I;OElR 
Cl=2 •• 12.-FPS);ll.+EP5) 
C2=2.*EP5-3. f C~=II.-EPS'tI2 •• EPS-I.';II •• fPS' 
oPCI 1,7 '=DI I,'" '-DTDX~ Ie ItliS+C2~LI I,"" +C3*UI 1,"'-1" 

.-AT*OTOX~ICI*C5+(?*D(I'''')+C3.CII.'''-I'' 

UPC ( 1.7) = U ( I • M, -OTO ~ * (C It (L SOl!:;O S +PS * RO I I I ,. t J'. C? tPN (N) + 
*C3*P"'("'-I) )-ATtDTDxt(CI.U5+C::fUI I.M'+C3tU( I,M-I" 

EPC( 1 ,7)=E(' ,"'-DTDX~(C I*LS;Cl;*IEStpst':;CI 111 •• J'+C2*PE(lO+C3t 
*PFIM-I) )-"T~OTox*I C I*ES+C2*F.I 1 ,,,,,.C3 0E( I ,"'-I" 
FFCI.,7,:PP(7,(E' 

C-----5HKII CORRECTOR FOP NSHK = 7 
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012,~I=OFCI2,71=OC(7.~,OI ! ~12.~)=U~CI2.71=UCI7,~,OI 

EI2.~)=FPCI2,71=Er.17.M,OI S PI2,~I=P~CI2,71=FCI7.GE) 
7 IFCNCROSSIJlI •• 2oNE.1I CC TC :: 

IFII~A~FoEQ.7H SKSK5KleA~0.I~C~SlloEC.-lll (C TC 1 
C-----S~Klt PREOICTCR FCR NS~KtltNPII = E 

PI 2, '" I I H':P I 1 I =P~ C I I ,R 1= ( r= 2" I SL C r I 1 • C E •. ., J I I. I F I I, iii r I I$p C I. N I 1- I I I 
••• NPJII··NCRSII 
IFI~C~Sll.NF.1 I cr TO 3 
OPCI I,l' 1=02~1 SLI III,GE." II 1 
U FC' I , e 1= U?M I SL I 1 I I , ( E, .. I r I/O I 2 ," I I , .ope, I , e I 
EPC( 1.81=OPCI 1,81*IFFCI 1,81/eFCI I,el/ICE-I. ,tUPCI l,el •• 2/OPCC 1,") 

* •• 2/2.1 
3 IFI~ef:CSSINII •• 2o"E.II CC TC 4 

IFIINAME.EO.7~SKSKSKO).C~.I~A~E.EO.7~SFECIALII GC TC 4 
IFI(~R~S(III.~O."NII.A"C.INCRSIJo"E.-II.A~D.I"CR5~I.~E.-I',GO Tr 4 

C-----SHK~I F~EO)CTCF FeR ~5~K.I.~r=~1 = 2+~P~I.02 
P(2,MNI+NFNI,=PPC( 1.2-NP~II=I~~"(SLI~II,GE,"~II.IP(I,N~I •• 

*P I I, .. " I-I I ) •• "FN I ' •• ~(RS~ [ 
IF(NepS"I.~F.-11 GC lC 4 

C-----SHK~I COMPLETE PRFDICTO~ FOR ~S~K = 2+~F~J •• 2 
01 2, hi ~ I - I I = ope ( I ,3 1= 0211 I SL C ~ I 1 , C E ,liN I I •• "CR 5 ~ 1/ ( 0 ( I, liN 1 '.0 C 1,"114 1- I 

.,I**NPNI 
UI2,1I~1-1 I=UP«1,31=U2M"'SLCNll,CE ... "I-l' 
IFCINAV.E.EO.7HSKSKSK"'._~C.(~CISCL(~JI+I.EC."~lll GC TC 82 
GO TO 83 

82 l.. I 2 , "'~ I - I 1 = UP ( ( I ,31 = D F ( I 1,3) .. Il. I I , II ~ 1- I 1/ C ( I. II ~ 1- I ) .. SOR T (G£ • 

• PPC( 1,31/0PC( 1,3) ).2.,IGE+l.I.SLCNI1.C 1.-I.,SL("II •• 2' I 
B3 FP(ll.31=E?W(CE,w~J-l I 

IFI~AIIE.Fa.7~~KSKSK~) GC TC 4 
C-----S~K~I CO~RECTCR FOR NS~K+I = 4 

C 

C 
C 

C 

0(2,~~II=CPCI2,41=CCI4i~~I,O' S UC£,~~I'=UP«2.4)=UC(4,~~I,O' 
EI2.'.ANI'=EPCC2,4)=ECI""II"I,OI $ F(2,M~I)=PPC(2,41::PC('hGEI 

" IFC("C~SJI.FC.-I).C~o(~C~S~I.fC.-I)' ~C TO !C 
IFINRHS( I Il.EO.MNI I GC 10 10 
IF(NH-SI II ).EC.I\I~HI I GC TC 20 
IFCNRHSIIII.EC.""1t-2' GC lC 30 
IF(NR~S(II'.EC.'''''''+31 GC TC 24 

10 IFINAI\IE.~E.7HSKSKSKOI GO TO 80 
GC T C 22 

C-----SH~NI PRFCICTrR FOR "S~K :: 2(=11 / 
I'll OPC( 1,21=OPCI 1,1' S UPCC I,2,=\..I=C( I,ll 

I"PCCI,21=EPC( 1,11 S F~CIl,21=PPCCl.11 
C-----SH~"I PQEOICTCR FCR "SHK-I =1 

w="OISCLI"')-I 
OPCI1,II=CFI".~1 $ UPCCl,I,::UFO',O) 
EPC(I,I'=EP(M,O' $ PPC(I,II=PP(I,CEI 

C-----S~K"I CCFP~CTCF FeR "S~K :: 2 
"=~OISCL("I' 

OI2,III=OPCI2,21=CC(2,M,CI t U(2,1\I)=UPC(~,2)=UC(2,~.O' 

F(2.~)=EPCI2.21=FC(2.1\I,0) S PI2,III'=PP(C2.2,=PC(2,GEI 
C-~---SrKII CORRECTOR FO~ "S~K+I+"C~Sll :: 1 

80 OC;>.I\III.Ne~5IJI=CPC(;>,1 )=C(I,"II+"(I:SII,11 
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U ( 2," I I +NC R S I I ): UPC ( 2, I 1= UC ( I , " II + "Cf;!: t t , I I 
E ( 2 , 1'1 I .. "c I< 5 I I I = F P( 12, I 1= E ( ( 1 , " I 1 +" C I< 5 I I , 1 I 
PI?, M I I • NCR S I I 1 = P PC I 2 , I I = P C ( 1 ,( E 1 

12 IF(I"A~E.EC.7~ SKSKSK1.A"D.(N(PSJI.EC.-III GO TO 7~ 

Ml=I+7';'NCPSII*INCJ<nl-11I2 
SSl=SSlSIPpC(I,Ml',PPC(I,7+NCI<!:III,GEl S ~~E=S!:FS(SSl,GE,I,liIlI 

IFINC~SIJ**2."E.II GC TO II 
C-----SHKII COPRECTOR FOR N~HK.l+NPII = e 

"C ISCl (111=1\:0 I SCL I II) ."CI<S t I 

C 

SSL = I S Sl .. SL ( I J 1 1 /2 • 0 
0' 2. "II I +N P 11 1 -= OP C' ;> • " 1 = D 2'" ( S Sl .GE ,'" I t I •• "C PSI I, ( 0 I I ,"'I I ) *0 ( 1 • iii I I 

$-III**"'PII 
IF' IIjC I< 5 t , • EO. 1 1 U';'>. M I I • '" PIt ) = l P C ( ;: , E 1 = U 2 '" ( ~ !: L ,G E , '" I I I 
IFINC':SII.EO.-II UI2 .... II .. "'PIII=UPCI2.fl=U21o/Io/ISSL.GE,'"'II-I) 
IFllIljSC.EO.-QI.GR.INSC.EC.-IOI.CI<.I"SC.EO.-II» UI2."'II+NPII)= 

*u PC, 2,81: DPC I 2, e 1 * I U I 1, '" 11- 1 1 /0 I 1 ,,,, 11- I )- S CI< 1 I GE ."PC I 1 ,f' 1 'OPC I I ,II I 
*1*12./IGE+I.I*SSl*II.-I./SSL**2111 

PI 2. " I I +" P I I I =F FC ( 2 , p. 1 = ( P 2M ( S ~ l ,( E ,/III I ,. ( P ( I , '" I I ) * F ( 1 ,,,, 11-1 1 1 
***"'PII).*~C':S(I 

E ( 2, '" I I H:O I I ) -= fPC ( 2,!3 I=E 2 '" (GE ," I I. "P I I ) 
II PDI III:RCI III +1 SSE"SE( III 1/;:.4DT 

Sl I ( I I: S Sl S I FI=( , 2, ilL) ,I=P ( I ;:,7 of" (f:S II ), (E I 

SF' II )=SSES( Sll II 1 .• CE,2,"'L I 
I F I I I; C.I I I I • GT .1'1:> I,.. 1 I 1 1 • A"'D • I NCR!: I I • EO. C ) I PO ( I I ) = I' 2 ( 101 I I I -DEL P* 

*1.E-l0 
I F I I R D I I I 1 .L T .R? I M I I I 1 • A "'D. I "C R ~ I J .E C • I ) I "C ( II 1 = I< 21 1>1 I I l+ DE LP* 

*I.E-IO 
I F I I 1'1 D I I I 1 • G T • R ? I " I I - 1 ) 1 • A" C. I " ( I< 5 I I • E C .- I » R D ( I I ) = R 2 ( '"' I 1- I ) 

*-CELla 1.1'-10 
IF(II<CIII).LT.R2IMII-1)l.'''C.(''CI<SII.EC.0» RC(II)=R2("'II-I) 

*+DELR*I.E-IO 
75 IFI"S(.EO.-II) (C T[ 61 
9 IF«(RD'III.GT.RDr"'I)).A"C.("A.f.EC.7~ [ISCS5)) GC TO 100 

I<ETUQ" 

2) IFIINCRSII.EO.O).AND.(NC~S"'I.EC.O)) C[ TC cl 
IFII"'CI<SII.!:Q.I l.A"D.I"CI<S"I.EC.OIl GO TO c;: 

C-----HERE N[R511=1 A"D "C':S"I:I C~ "CI<511=C A"C "C~S"I:1 

C-----SHK"I CO~PLETE PR,CICTC~ FOR "S~K+I = 2 
lFI"'A~E.fC.7~SPf(I'L) C[ lC 27 
012,'1NI ):CP[I 1,21=:l2MISLlf\;I ),CE,'"'''I) 
U I 2 .... " I 1= UPC 1 t ,2 ) =- U 2 II I SL «" I ) , ( E • "'N I ) EPC 1 I. c ) = E;:M ( GF • !<IN I ) 

27 IF(I"CRSII.EO.OI.A"D.("CI<S"I.EC.I)) (C TC 21 
C-----SHKNI PR[~ICTCR F~R NSHK = I 

22 IFI("'AME.EO.7~SI=ECIAl).'''O.«M''I-~II.EC~c)._''C.(''CRSII.EO.I)) 

*GD TO 76 
1~(I"A~E.EC.7~SKSKSKO).~"C.(NCISC~(NJ)"I.EC.,",NI)' GO TO 17 
GC TC 78 

77 PS~P?M(Sl(NJ),CF,M"'I) S OS=o21>1(SLC"Jl,CE,,","" 
~S=U:>"'ISl("J),CE,II"'I)/C(2,M"I).CS . 
US=US/DS+SaRTIGE*PS'~S)~2./IGE+I.).SlC"I).Il.-1.'SLINI) •• 2) 
!}S = I):>" (SL 1 " I ) , ( F , ~N I )'C I I, Mil; I ). C S 
U5=US*DS 
P~=P;>MISlINI) ,(E,MNI )/PC I ,"'Nl ).FS 
GC TC 79 

78 PS=P?"ISl("I),Gr,MNIl $ CS=D21'(Sll"I),GE,""1l 
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1..~=U2W(Sl(NII,Gf,~~II/C(2,~~II.C5 

79 E ~=, P5/0S/( GE'-I .l+I..S •• 2/0~.*21'2. I.CS 
~=~OISCl C~I) 

EP~=(ROI~II-PI~II/OEl~ 

(1=2 •• 12.-E"511'( I.+EP$I 
C2=2.*EP5-3. S C3=CI.-EFS).(2 •• fF5-I.I/(1.4fPSI 
012, ~ I = DPC ( I, 11 =OPC' 2,1 ) =0 ( 1 , /II) -0'1' 0 x* ( I *U~ + (2.U ( I, "" +C 3*U, I. /04- 1 I I 

*-AT.CTOX.ICI.C5+C2*O( I,III)+C3*C( I,M-II) , 
U ( 2 , ~ I = UP ( 1 I , I I = U PC ( 2 , I I '" I.. ( 1 , ~ , - C T C )I • ( ( 1 * ( L ~ *1.. 5 / C 5 + P S ,. R C' I r I." J I + 

*C 2 .PIo4, '" I +C 3*"w 1 /04-1 I I-AT *C T C X* (C I *1.. ~ +( 2*U( I ," He] *1..1 ( I , ~-11 ) 
E(2,MI=EP((I,I'=EP('2,1 I=E(I,""-CTCX.((I.U~/CS.(E5+PS.PO(JJ' •• J'+ 

*C2.PE(Io4I+(3.PE'(M-I' I-AT*OTOX*'CI*ES+(2.E( 1,"HC3.E'( J,104-1 I I 
PC?, "'I=P~C (1.1 I="P( (2, 1 ):PP( 1.(1: I 
IF(NAIo4E.EO.7~SKSKSKOI.A~D.(~~~S'JII.EC."'~1 II GC TC 61 

76 IF((NCRsrl.EO.II.A"~.(~C~S~I.EC.OII GC TC 2~ 

C-----5HK~1 (CJ;~E(T(~ FCJ: "5t-K = 1 
23 M=NOISCl(NII 

0(2.",,=0.,(2,1 1=(C(1,"'. 1) ! U(r,,,,,:U~('<', 11:\,;«( J,~,11 
F 1 2, '" ) = E PC 1 2 , I 1= r ( ( I , ~ , 1 I S PI;>, iii I: P ~ ( ( 2, 1 1= F C' I , GEl 
GO TO 24 

c-----5HKII F~I:CICTCJ; _~C ((FFE(TOF FC~ ~5~K : 1 
21 0(2,I04I1I=OPC(I,II=OP«2,1I=0(1."'11I 

u ( 2, ... I I 1= UP( ( 1 , 1 1= UPC '2, 1 1= U ( 1, iii I 1 I 
E ( 2, '" I J I: E PC ( 1 , 1 I = FPC'? , 1 ): r ( 1 , '" I I ) 
P( ;>,'~III=PP«( I, II=PP(I 2, II=P( 1,"'1 I' 
IFII~CPSII.EC.OI.A~C.(~(~S"I.EC.OJ' (C TG ~4 

GO TI] 23 

(-----(-l( S~K"IIt-fFE) AN( S~KII(AT 1<'1 spes Ai\O F(~J'IC~ 
24 IFI"~"'E.EO.7h~KSKSKOJ G( TC 12 

IfIN-ME.EO.7t-SPfCIAlI GO TC 2f 
"'H=I+"C~S"I+~C~S~I.'''(~S~I-I'/2 

5 5L = 5 5l 5 1 PPC 1 1 • 3 I , FPC ( 1 , ~ t- ) , G E , 
SSE'=SSF5(S5l,{F, It 3' 
IFCN(~SNI*~2.~E.II GO TC 25 

c-----S~K~I COh~ECJCR FOR NSM~41.~~~1 : c+~F~I.*2 

NOISCL(~I'~"~ISCLC~II+"CFSNI 

SSl:(SSl+SLC"I' '/? 
01?,"'''I+~FNII=CP((2,2-~P''I)=C2W(SSl,Gf.~''I' •• ~CP~''I/(O(1,~~11 • 

• 011 ,MNI-I' 1*."I'~1 
P ( E , .... N I +NP N I I =PP C! 2, ~ -NP" J I = I F 2"" ~ 5 l , (E , '" ~ I ). I P ( 1 , III" I , * ~ ( 1 , 

.~~I-I ».*II:I'NI )**",CI:SNJ 
IF(NCRSNI.EC.II ~(2''''~I+~F''I':I..FC(2,2-~F~II=1..2''''SSl.Ge.Io4NI) 

JF(~C~S"I.EC.I) (0 TO PS 
U(2,W~I+~P~JI=UI'CI2,2-"~"I)=U2"''''(SSL.(E.'''''I-JJ 

IFI(NA~E.EO.7~SKS~SKIo4I.A"O.INeJ5ClI"JI+I.EC."'''[I' GO Tr e4 
GC TC f\5 

.84 UI2."'''I-l)=UPCI2,31=npCI~,~I.(l(I,~~I-I)'C(I''''''J-11-5C~JIGE* 

* " PC ( I , 3 ) /0 r> C ( I • 3 I , .2 • / ( G I: 4 I • , ~ 5 S L • I 1 • - 1 • / 5 S l • * c' I 
65 F(2,"'NI+NF~II=EP(?,2-~F~II=E2""([''''~I+''P~JI 

2S PO(NII=RCINI'+ISSf+SEINII'/2.-CT 
Sll"II=S5lS(PP{(2,31,PPCI2,M~),(EI 

SEINll=S!:ESI5ll~II,(E,2,~) 

IFC( ROINl'.GT .P?(~NI I I."'''O.(NCRSNl.F.O.C) I ROI"II=R2("'NI'-DELR* 
~I.E-IO 

I F I 1 R 0 (N I I. L T .R;> I MN' I I .... ~!). ( "C~ 5" I .F c. I I I ~ C I ~ t , "R? (MN I l+OELR. 
*I.F.-IQ 
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IF«RO(NII.GT.R2(MNI-III.A~D.I~C~~~I.EC.-1 II ~C(NI'=R2(~~I-I' 
*-DEUa ) • [-I 0 

IF' 1 q 0 ( N I , • L 1 .1'1:> 1 ", ~ I - I I , • A"O. , ~ C ~!:" I • E C • 0 , I RC ( " I ,= R 2 ( ~,.. I-I I 
*+OELR*I.E-)O 

26 IFINSC.EC.-II' CC TC q 

IFINR"SIII).r::C.-"NI+~I GG Tr. 4C 

Gf TC 12 

30 IF(I~C~SII.£a.').A~C.I~C~S~I.EC.O)' CC TC ~I 

IF((NCRSII.EO.II.AtI;O.INC~S"I.EC.O») CC TC ~2 

C----- .. £RE "CRSII=) ANC "C~S"I~I O~ ~C~SII=O AND ~CRSNI=I 
C-----PknCTR ANC CRRC1R FC~ FCTTCUS ~C£ =1 

JF(~AMf.EO.7"SPFCIALI GC TO 24 
o ( 2,101" I' =DPC 1 ) , I 1= D2'" (SL 1 ~ t ), ([ ,,,,,, I' 
UPC(I,lI=U?M'SL(~II,GE,M"I) S FFCII,I,=PP(II,2. 
S S L = '5 SL SIP P C (I , :3 ) • I" P C ( I , 2 ) , C E , t 5 LIN I , , / 2 • 

OPCI2t1I=O?"(~SL,GE."'~11 S PP(lc,II=P2"(SSL,CE,"''''' 
UPC( ?, I 1= U2M ( SSL, G E. M" I I /C ( 2, M~ J , • cPC ( c, I ) 
GC TC 24 

C---~-SHKI I PRcrTR ANC CRRCTR FOR FCTTOlS ~DE =1 
31 OPC(2t1I=CPC"t1 I=02"'(SL('" I,(E,M~J) 

. PPC (2, I) =PPC ( I, I I =P2 '" (SL (" I I ,( E, "'''') 
UPC ( 2, I I =UPC( I, I 1= U 2M (SL (~I ) • (E,"''' J) /C ( 2,"''' t ) *opc (I , I , 
IF((NAME.EC.7"SKSKSKO).A~C.(NCIS(LI"'J)tl.EC.MNII' GC TO 101 
GO Tn ;>4 

101 DFCC'!t1'=CP«(ltll=OSI S UPC(2,t)=UFC(I,Il=l:SI 
PPC(2,II=PPC( 1,11=P51 
GO TO 24 

C-----S.HKII FPEDICTCk n\c C(l:l:f(TCI: FC~ ~S"K.1 = t 

C 

::>2 oPCI::, Il=DPC( I" I=O( 1 , .. 11) l l.P(1 2.1 '=UP(I 1,1 '=U( 1,"'11) 
PP(12.II=FPC(I.II=PII,""I) 
GO TC ::>4 

C-----SHKII FI=EDIC1CI: FOI= ~S"K.1 = E 
40 IFI"AM[.E~.7HSPECIALI GO TO 41 

FPC(lrlI=PPCII,?) $ CI2''''''"=CPC(I,II=C2'''ISL~ISA",GE,MNJ) 

UP(( 1,11=t;::>"'1 5L"ISAII,CE ,"'" '/C(2,"'" )*cP( I, I' 
" 1 PPC ( 1 , A 1-= P 2M 1 SL ( 1 1 I , C E, 101 , I I /P I I ," 1 J , * pJ=( ( I , 1 I 

OFCII,81=D;>wISL( 111,CE."'II'/Clt.MIII.CPCII, I' 
uPC 1 I , 8 I = OPC 1 I, A I * 1 u»( ( I , I I/O PC ( I , 1 I. S CF<T I G E • P PC 1 I , I 1/ OP( ( I • I , 1* 

* I ? • / ( G E + I • I *SL 1 I I I. I I • - 1 • / SL ( I , I C ~ c I I 1 
EPC( 1,8)=OPC( I ,BI*II'PCI I ,9'/01'(1 I ,e'/ICE-t. ltuPC( t,e).*2/OPC( loBI 

***2/;>.1 
SSL=SSLS(!,PClltll,FPC(J,e),(E) S S~f=SSES(SSL,GE,I.l' 
NOISCL(II'=NDISCLlltltN(RSII 
5 S l = ( S SL + SL ( J I I 1/;>. 
O(?,MJII=CPCI2,AI=02MI5SL.GE''''t')/[11,~II).CFC(I,11 

PI?, ~ t I 1= PP( , :> , p. 1= P 21-1 1 S SL • GE , '" I I 1.11' ( I ,,, I 1 I. F P( ( I , 1 , 
U(2,~III=UPCI2,81=CPC(2,e'.(UI'CII,II/CF(II,I)tSCRTIGE.PPC(I,I'/ 

*OPC( I, 1.1*(2./ICE+I.I·.SSl*(I.-I./SSL**21') 
EI2''''II)=EP(I;>.el=f2~I(E,''111 

OPC(2,II=OPC(2,2' $ UPCI2,1)=vP(2,2' 
E p r ( 2, I • = EP C 1 2. 2 I $ I" PC I ;: , 1 I = F P ( ( c ,2' 
WL=t 
GO TO II 
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50 NSC::tOO*IMNI-uIJ'+10$~CR~II+~CR~~1 

P~tNT 2002,NSC,~~I.~II,NCRSI'.~C~S~1 

2002 FOP~4T(IH .1)(,5J~' 

IF(NSC.EO.-9' GO TO f":C 

IF(I~SC.~E.90'.A~C.(~SC.~E.91» cr TC ~1 

C-----SHKlr PRFDICTCR FOR NS~K.I " S,I 
D PC I 1 ,9 , = cpc ( 1 • I )= r: ( 1 , '" J I ) UP C ( I , S , = UPC ( I. 1 ) = l. ( 1 ,M II , 
FPCI I ,S'=FPC( l,t )=E(1 .~II) f FI=((1,9)=FI=C( 1.1 ,=P( I,"'fl' 
GO TO 60 

51 IF(NSC.NEoI09)._~C.(~SC.~E.3CS'.~~C.(~S(.~E.JB9») GO TC 57 
C-----SHKNI PRFDICTCR AND CORRECTOR FC~ ~S~K-I = S,I 

D(2,~~J-2'=CP((I,SI=DPC(I.l)~r:P((2.1)=OFI~~I-~,O) 

U I 2. Pol I\; J - 2 ) = UP C I 1 ,q ) = U PC ( I • I ) = l. I" ( ( 2 , I ) = U P ( ~" 1- 2 , 0 , 
E(2,MNJ-21=FPCII,ql=EPCII,I)=EF(2.1)=EF(~"1-2,OI 
p I 2 • '" ~ I - 2 , = Pr> c ( 1 , q , " F F ( I J , 1 1= F F ( ( 2 , I J = F P ( I, (F » 
fF(NSC.NE.IA91 GC TC 24 

C-----S~Kl1 (C"'PLETE (CF~ECTO~ FC~ ~S~K = E 
6~ IF(II\;A~E.EC.7~ SKSKSK).A~D.(~(~SII.EC.-I)) (C TC 53 

01 2 ... 1 1- 1 1= OP C ( I ,€I I :on 2'" ( 5 L I r r ) , GE ,PI 1 I , t ,. ~ C h ~ I I" ( C ( 1 • '" I I ,,. D ( I , ~ I 1- I 
.))".~PII 

U(2.~JI-I'=UPC(I,E)=U2~"'(SL(II'.CE''''JI-I' 

IF«~S(.EC.-II'.C~.(~S(.FO.-IO}.e~.(~SC.EQ.-~») GC TC S! 
GC Te e'3 

S3 UI 2,MNI-1 '=UP(I I ,E):DPC( "elt(U( I ,1r~1-1 "D( I,"'''J-I )-50,"1(G£. 
* PPC I I ,B) / ~oC I I ,R , I" 2. / ( (E + 1 • ) ~ SL ( I I , • ( 1.- I" SL ( I r ) ,.,. 2' I 

Be EPC(I,BI:E211IGE,IIII-I) 
53 IFI(~SC.FC.-91.C~.(~S(.EC.-IOl.c~.(I\;SC.EC.~~" GC 1C 24 

IF INSC.EC.-ll) GC TC 12 
C-----S~~tt CORR[CTCR FeR ~~~Kil = I 

D(2,~JI'=DI"C(2,II=nCI9,"'1J,0, S U(<:,\III)::UPC(2.1'::\;CC'ii,1oI1I,0) 
EI2,"'IIl=EPCI?,II:ofC(S."'",:l1 S F(2,IrIIl=PPCC2,1'=FC(I,GE' 
GC TC 24 

57 IF(~SC.NE.-1J'.~~C.I~SC.~Ee~"J) C( Te 54 
(-----S~KII PREDICTOR AI\;D CCRRECTC~ Ft~ ~S~~ ~ I 

I" PC ( I • I ):: PPC ( I , A ) 

SSLI=SSLSIPPCCI.~),PP(l,f),GE' S ~SLI:(SSLI.~L(II)'''2~ 
PI" e: I 2, I ) = ( 02'" ( 5 5 L I , (F , ~ I 1 , • ( P ( 1 .'" I I , • P ( 1 • ~ J 1- I ) ) ,. ,. ~ P I [ ) ,. '" NC R S I I 
IFI(~.MF.EC.7~ SKSKSK'.A~D.(~(~SIJ.EO.-I') I"PC(2,1)=PPC(01,BI 
GO TO 60 

54 IF(~SC.NF.20q) CC TO 55 
C-----SH~II PREDICTCR A~C CC~~ECTC~ FC~ ~S~Kil = I 

D PC( 1. 1 I = oPe: ( 2, 1 ) = ( C« I • 101 II ) iO ( I ." I 1+ I ) )" 2. 
U PC ( 1 , 1 ) = U PC ( 2 , 1 ) = ( U ( 1 • II 1 I )" C ( I • It I I ). U I I • 101 I J. I "0 ( I , 101 J I + I , ) • 

• CPCI I, 11/2. 
P P C ( 1 • 1 1= PP ( ( 2 , I ):: ( P ( I, '" J I ) • P ( I ,M t f. J , ,,, 2 • 
GO TC ?4 

55 IF(~SC.NF.99' GO TO ~f 

C-----SHKII I"RFDICTCR A~r: CC~~fCTC~ FC~ ~S~K.l = I 
(,3 DP((t,II=DPCI2,1'=D(I,"'(J) $ FPC(I.II=PPC(;2,Il=F(1.NlIl 

u P( C I , 1 I:: UPC ( 2, 1 ) =u C 1 • ". J I , 
GC TC 24 

56 IFINSC.NF.-ll' GC TO se 
GC TC 60 

C-----SHKNJ PREDIC10R FOR NS~K = 3 
61 P(2."~I-l'=PP(ll.3)=CP2"(·>L(NI.),(E.MNI)~(P( I.MNI).PPC( I,E») •• NPNI) 



-139-

.... "CRSNI 
o ( 2 , .. " I -I ) = OPC I I .3 1= 0211 ( SL ( t- 1 ) • (E. "'I'll 1 ) ~ ." C M !: '" 1 / I 0 I I. NN I l.oPC ( I • e I 

.) •• NP"I 
U I 2. II" t -I ) =UP ( I I .3 ) = OP( I 1 • :? I. I l. JOC I I • e 1/ OPC I I. e 1- 5 eM 1 I GE *p I I • "''' I ) / 

.DII,~NI)I·(2./(GF+I.'''SL(''I).(I.-I./SLI''II*.2))) 

IFIINAME.Ea.7~SK!:KSK~I.A"0.I"CI!:Cl("JI.1.EC."'''II) GC TC e9 
GC TC 90 

89 U(2.""I-I)=UPCII.31=OPCII,31.(1.J'CII.e)/[J'Cll,81-SCPTIGe*PPCll,3'/ 
• D PC I 1 ,31 I.;>. / I (F + I I • SL I I'll I 1 ~ I I .- 1 / Sl ( " 1 ). ~ ~ , ) 

90 FPC( 1,31 =E2"'1 (E. ""'1-1 I 
SSL=SSLS(PPC(I,~I.pPCIl.el.GE) J ~~E=~~FS(5~L,GE.I.3) 

"OISCL("II=NOlSCL("II."C~S"'1 

C-----S~K"I CCPRECT(R FCM "SHK = J 
SSL=( SSL+SL INII )/2. 
012,"'''I-II=CP(12.31=D2'''CSSl.(E.'''''II •• ''(FS''I/(tCI.'''''I).OPCII.ell 

•• "'PNI 
PC2,"'''I-1 I=PO(12,3)=IP2~(SSL.CE."'''I)~IP(I.~''I).pPCII.e)I.*NPNI) 

."'.,.,CRSNI 
U(2.""I-1 )=u o CI2.31=DPCI2,:?I.IUPCI I.EI/DPCI I.EI-SCR1IGE.Pl1."'''J) 

• / D ( 1 ,r.I. I'll 1 I I • ( 2 • / I (; F • 1 • ) • S S L • I 1 • - 1 • / S S L •• 2-1 ) I 

_ .,.:';-::- IF((~AME.Ea~nSKS~SKM).A''O.(NC:ISCL(''J)+l.Fe.''''l))GC TO 91 
GC TC 92 

91 U(2."'NI-II=UPCI2.31=DPCIZ.3).(l.FCII,e)/tF«I,p.I-seP1IGE'*PPCIl.31 
./ DPC ( 1 ,3) ,.2. /( (; E. I • I • S SL '* ( 1.- I. / S ~L •• ~ I ) 

92 E(2,MNl-II=EP«2,31=E2"'ICE."'NI-II 
C-----SHKNI COMREC10R Fon NS~K.I = 4 

IFI"A"'F.EO.7~SK5KSK"') CC T~ 5~ 

C 

C 

OI2,~"I)=DPCI2,41=DC(4."'''1,0) f ~(2.~"II=UFCI2,41=UCI4,N"t.01 

EI2,'4NI)=FPCI2,41=FC(4,"'''1,01 S P(2,"'''II=PJ'C(2,41=PC(4.GEI 
59 MH=,\ 

GO T": ;>5 
5R IF(t-SC.NE.I09) (C TC 62 

lRFLCT=(RPo(NI I-RC( f f I )/( SF. Iff I-Sf"" 1 I 
MM=NCD+I ! fr(NSHK-NCD-I.GE.II "''''="CD+2 
IFIR'>(NII+1RfL(1.SFINf).CT.1:20'lfll CC TO fA 
NPlt="CRCSSII' I=NCPStl=O S NR~S(III="R~Sllfl-r S GC TO 63 

f'4 t-CFCSSII\tl="C!:S"I="FNI=O I "lnSlldl=I":;~SI"I)+l S GC TO 11 
6? PPINT 1000,"SC 
1000 FCM~AT(IH ,3/,. TROUALE I" SKSKPF, ~S(= .,I~I 

OFL~=-_ESICEL!:I S FETUF" 

100 T.FfLCT:(I'<C(II)-MCI"II)/(SE(fl'-SEI"f)1 
ROINl)=PO(fll=QC(Nfl-SEI"II·T~RFLCT 

C.ALL SK$KPPA( fI,Nf,6HSI<SKPF,T.AFfL(1) 

RETUqN S EIIIO 
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SLBROUTINE S~SKPPA(II,NI,hAME,'AUFlCll 
cc~Wr~/PARAM/h,J,AJ,G,CF.CEl~.~Fl~ 

COWMCN/TI~F/'.Dl,DTl,1~RI1E.DEll,elCX,_T 

CCW~(~/FIRFET(/INCEX,NCYCLE,~~.~~~,N~l(RE.~~.~ITRC'~ 

CC~MCh/DISCSKF/~CSAV(SIJ,hl~S(51J,~R~S(511,~C~CSS(~J' 

COM~CN/ARRAY~/R(~OI).U(2,~OII,F(2,~OII,D(2,~OII.E(2,SOJI.R2fSOll 

COMM(N/OISCS/~IDISC.ND'SC~C(51),~TYPE(~1).~[I~CL(~lJ.SE(SIJ,SLfSl) 

•• R~(51),hTDISCT.~TDISCS 
CC~~(h/FPCHR/hPP1~,~U~A.~UWAF~T.~LFA.RFP1HC~41.~U~A(lSCI,RUPA(1501 

•• NCLPF1H(241.~CLUWA(J501,~CLUF-(ISOJ,PT~~EXT,RUMAhXT.TUPANXT, 
*OELPPTh.DELUMA,DELUPA 

(-----OEI 5S FL~ FLD (~ITES 4.5,6) elE Tt ~~K-S~~ J~TRCTN BY T~ PLR MTHD 
C-----5ET STATEt.O AS REF STATE FCR FCLAR SCl~. A~ CVERALL REF STATE 
C-----VEL REF ~RT SCRTCG*PJ/CIJ I~ Fl~ S(L~ 

C P41=TD ~[ REAC A~ PRE~S IN STATF. REl Tt A~e ~C~Dt~ BY STATE I 
C V53!=READ AS FRTCLE VEL IN 5T.TfS REL TO ST.TE~, NONOIM aRT STATEI 
C 
( 

( ~STATE- -~-+++6+++RARfFAC110~f •• 6 ••• ---~~----CD--~-.~---S~~I~ 
C H • .. • T D .. 
C ~ • .... C • 

C H * .. .. T C 
C H • • It 

C H .. • .. T 
( 

( 

C 
C 
( 

C 
( 

C 

C 

C 

C 
C 

C 

C 

C 

C 
C 

C 
C 

C 

C 

C 

H 
,.. 

.. • • ,. 
~ .. • 

H .. 
~ .. 

,.. 

• 

.. 
• , .. 

• • T 

• • 
• •• T 

,.. It .... 

~ ••• 1 
.. .... ..... , 

•• 
.. . 

.. 
• .. . 

-3---SMK----2-----S .. K---I-

(-----SEl SlATES 1 AND 3 
GE=G S IFCNOISr.LCNIJ.LE.~FLM' ~E~GF 

PJNI=hDISCLCN()+l 11l11="CISCL(IIJ 

c 
0 
c 
0 
C 
0 
C 
0 
C 
C 
C 
C 

PIO=PC?~NI) S DIO=D(2,M~I' S llO=lC2.""IJ,Cl0 
AI0=SC~lCPIO/C10.(E/G' 

Pll=Oll=AII=I.O $ UIJ=OoO 

• 
.. 

• 
• .. 

• 

P!I=P(Z,Mil)/PC2,MNJ' f D~I=D'2.~lll/O(~'~"I. 

U31=(UC2,MII"CC?,MII I-UC2t~NJ),e(2,M~J»/SCR1(GJ'AIO 
A~I=saRTCP~t/D~I) S SL21=SL(NI) S SL~2=Sl(IJ) 

• • 
.. 
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( 

(-----SET SUB (CNSl~ ANn ITERATICN CCL~lE~ 
BFTA=«(E-I.I/(CE+l.1 , AlP~A=c./«(F-l.1 

~SIGN=-l S EPS=I.E-14 S ~ITER=O S CELF~41=1.0 
C-----GUESS FSJ=P4J AS AVG OFP~1 ~~c P FCR L=~31 AT A=All 

XI=(L3J-O.I·*2/AJ1·*?.(E/(I.-EET~J 

C 

P 4 1= ( ;>. + )( I + SOR T( )( I * *? + 4 • *)( r * ( I • + BE T A I I I 1<'. 
PSl=F41=(P41+P3J '/2.0-1.0 

c-----PE~FOR~ ITFR CF T~E PLR ~CLN 

( 

c 

( 

( 

c 
( 

PRINT tOO<,,~A~E,TI,NI,Sl(III,SL(~11 

1002 FCR~41(IHI,~X,*S~K-SHK J~TER4CTIC~ '*,Af,*)*,SX,213.IOX,*MA(H NOS 
*= *,2FI2.BI 
Pl;ITER=~ITER+1 

IF(NITER.LT.SI I GO TO <' 
IF(NITFQ.EC.~I) CELLSAV=CElU 
TF(NITE~.LT.7C) GC 10 <' 
IF«CFLUSAV.LT.l.F-l?I.A~C.(DFll..LT.I.F-I'" GO TO Ie 
PRINT I~CO,DELL~A~,D[lU 

1000 FOH~AT(JH ,5/,5X,.TTERATt(N~ ~A~E ~EA(~C WA) I~ ~HK-SHK '*,A6, 
**)*,5X,2EII.4,S/) 
DELP=-A~S(DELH) $ HE1LRN 

2 P51=P41=P41+CELP~41 

Sl41=SORT(P41+BETAI/(I.tEETA») $ ~E41=Sl41.All.Ull 

041=1./(~FTA+( 1.-AETAI/SL~I**cl 

U4J=(I.-EE1A)*ll.-I./SL41**2ICSl41*AII 
A41=SORT« 1.-BETA)/(I.+BETA).(I.tBE1AtEETA*CP41-1."/CP41+BETAI*GF. 

.*P41 J 
P~3=P!: I/P~1 

D53=«?.ALPHAI/(f/AlPHA.(pe3-I.I+I.I**(AlF~A/'2.+ALPHAI) 

D!:I=OS3*D31 
A!:~=DeJ**(I./ALPHA) $ A!:I=Ae3*A~1 

U531=-AlP~A*(A5~-I.).A31 f US1=LS"I+uJI 
SLH!I=SLT!:I=-I.C I SF~31=SL~31.A31.U31 $ SET51=SLT!:I.A~I.U51 

nFl~=AeSCU41-U51 I 

PRINT 1001,NITEQ,nELP~41.DFLu,Ple,Clc,A1C.LI0,SL2I, 

*P!I,D!I ,AJI,U31 ,~l32. 
*P"I,D41,A"1.U41,~l41,~E41 • 
• P~3,P51,D~3,~~I,A53,A51,U~~I,L~I,Sl~~I,~E~~I, 
'" HT5t,SETSl 

1001 Fr!:"'AT(IH ,IX,I~,?EI3.~,!FI2.E,I.l).4CI2,.,F14:.el,F12.e.I,IX, 
* "( t 2)( ,F 1 ? E) , 2F t 2.1'\ • I ,1 )C ,1 OF I 2 • e ,I ,97 X, 2F I ;:: • e. / , 

IF(OFlU.lF.EPS, GC TO 10 

IF(CU51.lT.U~I).AND.(N!I(PI;.LE.CI) CElP!41=-.e~(DelF~4I' 

IF(U51.LT.U41).A~C.(~SI(~.£C.-I" ~SJ(~:O 

IF((U~t.lT.U''I,.AND.(~~IG~.EC.l)' CElP!41=-AE~(CElPS4t '/2.0 
IF(L4IolT.U~11.A~D.(~Slc~.rC.-I)' CELF~41=Ae~(DELP~41) 

IF«U41.lT.U511.API;D.(~SIG~.(F..0)1 CElP541=AESCCElPS4I'/2.0 
I F ( ( U" I .l T • U 5 I I • A ~ r; • ( ~ ~ 1 (~ • F: 0 • C I I ~ S I ( ~ = I 
GC TO 1 
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10 NT=NTOISCT 
ND\SCNCINTtl'=NTDISCtl $ p.,CISC"C(fI,;Tt,,'=NYCHC+2 
NTVPElp.,T+I'=4 $ "1,P(II>.ltZ'=2 
Sll"T+I'=O.O $ Sl1Nlt2'=5L41 
SEINltll=U41.~10.SORT(CI.L10 ! SE("Tt2'=SE4ItAI0'SCRT(G'tUIO 
IFIROllIl.GT.R;>P.41II' GO TO II 
OTRFLCT=(IROIII'tS[1 III'T~~fLCT.~cl~ll),/co-ROIJII'/SE(111 
R 0 I I I I =R 0 I N I ) -= 1'1 C I I I , .. SF I I I ). C 1 RF L C 1 
IFII>.AME.FO.61"'C:I<SI<SKI IlCI I1tl,:IlC(lll 
TARFlCT=TARFLC1-CTRFLCT 

II RDINTtll=RDIIIHSE(Nl+II'1ARFlCl !J;D("1+Z'=~0(llltSE("'1+2"TARFLCT 
IF(RC(Nl.ZI.GT.R?I~"I" ~CI"T+21=Ri(MNI' 

IF(RO(NT+l).Ll.RZIWIII) J;C("T.I'=RZI~II) 

IF(RI)(I>.T+I'.CE.RCINTt2») RO(NT-+l)=IRO(IIl+RCI"T+2').lZ. 

DO 12 '''''''NJ,N 
"':"+~tMNI-l 

oC~,M)=oC2,,,,-Z) $L(Z,""=l(Z,"'-ZI SEIZ,~'=E(c''''-?1 SP(Z,M'=PIZ,M-ZI 
oll,W):DII,"'-Z) iUIl,-O=U,,,"-Z) IE(I,I"'=E(I,,",-2' $P(I,'''I=P(l.'''-Z) 
f«"',:R(M-Z) 

I;> R?IM)=RZ(M-;» 
,,=,,+;> 
R2IMII+I)=R;>("'II+;»:ROI"I+I) 
DO 13 1=I,"TOI5("1 
IF(NnISCL(I).CF.~NI) "DlSCLII'="CISCLeJ)+Z 

13 CC"TINUE 
IF("ltl.LE.NTCISCS) "RI"'SINl+ll="R~SIp.,I.I)+c 

IF(p"+I.LE."TDISCS) "LI"'SI"I+I '~"LI"'S("JfI It;;: 
NO ISCL ( I 1 )=NO 1 SCLI "I ):- 1 
IFI~4"'(.[C.A~SKSKSK) "DISCLllltll=-l 
NDISCLINTtl)=MII+1 $ "DI~CLIN1.2'="'11+2 

C-----SET GAS AI>.C T~E~"'C PARA"'FTEFS 1" CELLS MIlt.,:? 

C 

012,"'11+1 ):1)12,"'''' $ 1.(2,"'1I+1 I=UI2,"'IJ) f EIZ,"II+l I=E(Z,"'II 1 
PU',"II I.II=P( ?,MJI I 
0IZ,"II+?)=D41*CIO $ UIZ''''lltZ):(U41.~lC.SC~T(G)+UIO).C(2''''ll+;;:' 

PC?,MII+2)=P41·PI0 
~12,~11+2)=C(Z,"'IltZ'.(P(2."11.2'.lC(."MJlt~I'(GF-I.).~(2,"'11+2'.*Z 

• .lOCZ,"'llt2'**Z/?.) 
NTDISCT:NTDISCT+2 S ~TOJSC~NTCI~C+~ 

C-----ACCT FCR PRTCLE PTH AND ~EC A"D PCS CH~CT ~~AJ CEll lCCTNS C~ANGES 
IF(~~FT~.lEoO' (C TC 110 

I I I 
110 

I 13 
112 

115 
C 

DC 1 I I I = I ,NPF T I"' 
IF(NCLPPTI"'III.CE.MNII ~CLPFTH(I)="ClFF1~(II.2 
CC"TI"UE 
IF(~U"A.LE.O' GC TC 112 
DC 113 I="U~AFST,~UMA 
IF(NClUM~(II.(~.~I>.11 "CLl~P(II="ClU~P(II.2 

CC"TtNUE 
IFINUPA.lF.O) GO TO 114 
DO 1 I!: r = I ,"UFA 
IF("ClUP~(II.CE."'~I) NCL~PA(I)="CLLPA(I)t2 

CC"Tlp.,UI;' 

114 ~CCnE=IO~SKSKFPA t (ALL FR"TFF("COCE) 
"I TRC T":~HVE S 
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c 
RFTUQN " END 



C 
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SUE~CUTJ~E SKSK~~(~I,~21 

Ce~~[~/PAR4~/~,J,AJ,G,GF.DELR.~Fl~ 

CO~MeN/TI~E/T,DT.OTL,1.RITE.OEL1.D1D~.~1 

C C,.. ... ( ~/O I S C 5 K F / R CS A V ( 5 I ) , "1I- C; ( ~ I I, 1'1'< I- ~ ( 5 I I , ~ C 1'<0 S 5 ( 5 I ) 
Ce~W[~/PRrocr~/C~CI2,13),UP((2,131,FFC(2.131.pPC(2,13) 

((~W(~/AFRAY~/RI=OI I,V(2,501 ),P(~,!OII,O(2.5011.E(c.!OI).P2(5CII 
( e '" ,.. C ~ /0 I 5 e 5 / ~ 1 CIS C , NO I ~ C ~ C 1 5 I I , " T Y ~ F ( 5 1 I. ~ [ r S (L ( 5 1 " 5 E ( 5 I ) • SL ( 5 1 I 

•• RC(SI),I\TOlSCT,NTDISC~ 

(-----SLleGT.O.J , ~L2.LT.C.C 

C 

C 

C 
( 

C 

f) 2"4 ( 5 SL , C E ." 1=01 I ,M 1/( ( (E - I • 1/1 (F. 1 • I. c. ;' ( C E • 1 • ) / S 5L •• 2 I 
U2M(SSL,(E''''''''U(I,~)/CCI ,~).SCl'<TCCE.~1 I,M)/[( 1."""12./ 

*CCF+I.I'!:Sl'*( I.-I./~SL'*.;:' I 
r?" 1 5 SL , U: ,'" I'" P ( I, ,., I ~ ( ? • C (E / ( C E + I. I C ~ ~L""?- ( (E- I. 1/( G!: + I. , ) 

E 2M C (E ,M, L ) = ope ( "', l 1'* C P PC C "" L 1/ [P C ( ~ ,l '/ C (E - I • )+UPC' "" l '''.2/ 
*:lPC("',L''''·2/2.1 

~5LSCP~G~,PLC_,GEI=SOR1«(~I-GH;'Fl(~.I[E-I.I"«(E+I."'IGEtl.I/2./GEI 

5 S FS C S Sl • (E, K, L )=" 5 L" 5 C r; 1 (<: F .PP C (K ,L , ;' CPC (K ,L , ,. UFC (K, l , /OPC 1 K .L 1 

([=G $ IF(~DISCLII\2'.LE.I\FLM) (E=(f 
N~HKI=~DISCLI~I' $ ~SHK2="CIS(l'I'2' 

"XSI=~C~CSS'''II $ NXS2=Ncr;OSSI"c' 
~SKSKX=3H 1\0 ! IFC"'CSAV("IJ.CT.~[SIVI"2') "SKSKX=~HYES 

NS(=IJO*C'lS .... K?-1\5HKII+IO."X51."XS:c 
PI; 11\ T 1000 ,NI ,"2 ,I\XS I ,"X52, ,,"51-K 1 .I\5 .... K2,1I:5(, I\SKSKX 

I,)O:l FORMATCIH ,IX,*5K5KP';.,7I5,A"!' 
T RFL (1 = C f: ~ (N? 1- R ~ (1\ 1 I '" ( SE (N 1 )-!: E ,1\ 2 " 
'H;FLCT=PC("I I +Sff"II*HFlCT 
rF(CNS(.N~.IOI.ANO.fl\!C."E.-l, •• ~c.("!r.~E.~I) GC TC 7 
NXSI=~x52=O ~ ~5(=O $ CC TC q 

7 IFCN~C.~E.IOG) GC TC 9 
IF(RRFLCT.GT.~2(~SHK~11 (0 TC 14 

NX51=0 S NS(=~9 $ (C TC 9 
14 NX~2"'0 $ N5(=IIC 

q IFCNSC.NE.OI GC Te 4 
c-----PREDICTOP AN~ (r.MRECTCR FeR NCOES 4,! 

ope ( I ,'I I = CDC 1 2 ,'I 1 = C ~ ( ( 1 , 5 ) = C P ( ( 2 , !: )= C ( 1.1\ S t- K I I •• " /C 214 , SL , N I , , GE , 
*NSHK I ) 

P PC 1 I • 'I 1-= P PC e 2 ,'I 1 '" ~ ~C ( 1 • !: 1= PP ( ( 2, ! )=~ ( 1.1\ 51- K 1 ) •• 2/P 2M ( SL , N 1 , • GE , 
*NSHK II 

UP ( ( I , '\ 1 = J PC f 2, '\ , = U PC ( I • ! I = lJ P ( ( C , ! , = ( l. ( I ." ~ I- K 1 1 /0 ( I ,,, 5 H I< I 1- 5 CRT ( 

* G F. P P( ( 1 ,'\ )" C ~ C ( I ,4 ) )' 2./ , C E fl. 14 5L C,. 1 ,. ( I • - 1 • / SL 1 N I , •• 2' ) .OPC' I ." 
*1 

C-----Pf:ECICTC~ FEP "S~K2+1 • t 
'I "I="SHK?+ 1 

OPCC I ,t.'=OPf"',O) $ UPC( I,f '=UP'JI,C, 
r:PCel,6)=EPfll.0) $ FPC'I.t:'=P~(t:,(fl 

IFCNX5?.F~.-I' GC TO 1 
c-----~PfCICTC~ FrF "51-K2t2 = 7 

M="Sf1K2+? 
DP(( 1,71=OP(~,O) ! upce 1,1'=UP(~,c' 
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fPC( 1,7)=EP(W,O) ~ ~PCII,71='~17,(EI 

GO Tr) ? 
(-----PPFDICTC~ FO~ ~S~K2 = 5 

I 0 P< ( I,!: 1 = ::> ;> 101 ( S L ( N <' I ,G F , N ~ H K ;> 1 S ~ ~ ( I 1 .!: I = ~ <' ,. ( 5 L ( " <' 1 ,C E ." S ~K ? I 
UP[CI,!'iI=:U2MISL(~;>I,Cf,"S~K2ICCPC( I,'!:I , E~C( 1.~I=E2M(Gf",'S) 

C-----CORREC1Cf< FCP "5HK2.1 = f 
M=NSHK2+1 
D(2,WI=D~CI2,fl=CC(6,~,OI 

E(2,M)=EPC(2,tl=FC(6,~,CI 

C-----P~EDfCTO~ FOP NS~KI-I = 1 
2 "="SHI<I-I 

UI2,W)=UPC(2,fl=UC(t,~,OI 

$ PI2,~I=PP[12.fl=PC(6,{F) 

DPCII,II=DP(M,O)' UPCII,t)=UP(W,CI 
EPC(J,II=FP(W,OJ $ ~PC(I,I I=FPII,eEI 

C-----PREDfCTOR FCR NSHKI = <' 
"=~SHI<I'I 

DPC(I,131=02 W(SL("J),Gf,'" 'P~{11,13)=P2~(!:L("I"(E, .. ) 
UPC( 1,ll)=U;>~ISL(~1 I,G[,~)*CP(II.I~I $ EPC(I,131=E?WIGF.I,IJI 
fF("SC.~f.OI GC TC 16 
o P C ( 1 ,I:! I :: 0 PC ( 1 , 1 3 I / D ( 1 ,") * C P ( I 1 ,,, I 
PP«(I,IJI=uP(1 I, l)I/P(I,~ICPP«(I,,,, 
UPC I I ,13) = cpr ( 1 ,13)" ( l..PC ( 1 ,4 1/ C ~ C I 1 ,4) • S CR T (G [*PFC ( 1 ,4 I /OPC I 1,4 I ) 

" * 2 • / ( G E • I I" SL ( "I 1 I" ( I • - I • / ~ L I ~ 1 I. *., I ) 
[PC(I,131=[;>'4(([,1,131 

IP EP~=(RO("I I-R("SHI<I ))/OEL~ 
CI=2 •• (2.-EPSI/(I •• FPSI 
C2=;> •• EPS-~. f CJ=(I.-FP~I.(2 •• fPS-I.)/ll.fEP~) 
OPC ( 1 ,21:: J ( I, N St-'K 1 ) -::> TO)!. « 1 .1.P C I J. 1 :!, +C ?*l. ( 1 ,~SHI( 1 ) +C 3.U I I ,,, S~I< 1-

* I ) 1- AT":n ~ X" ( C I • CP C ( 1 , I 3 1+ C;>" C ( I , ~ ~.,K I '" C ~,. C ( I, N 5 ~K 1- 1 ) ) 
UP C ( I , ? 1 = U ( 1 ,,, S H I': I ) - D 10 )!" ( C I • ( " I I ~ I + C 2 • P WI" ~ .. I< I '" C :! • P 101 ( 1\ 5 HK 1 - 1 1 I 

c- AT. r::T OX. ( C 1 *UO( ( I , 11 ) +t: l' OU ( I, /I, H' K I ) +C ;:.l. I 1 ,,, 5111< 1- II I 
E PC ( I ,2) = F ( I , " S ~ I( 1 I - C T D X ,. ( C 1 • C E ( 1 3 I + C 2 ,. P F ( " S"I( I I + C :! "P E ( 1\ 5 HI( 1 - 1 ) ) 

.-IIT*OTox.(CI*[;>«( 1,1:> I.(;:or( 1 ,"~HI< I I'C;?!:( J ."S~I<I-I I) 
PP(II,21=PP(2,CFI 

C-----(CRRECT[~ F[k ~SHKI = 2 
W="S"KI 
D(2,")=~PC(2,21=CC(2,,,,OI 

E(2,~I=EPC(2,2)=EC(<"N,O) 

IFI~SC.EC.O' (0 TO II 
IF(NX~I.~E.I) GC TC ~ 

(-----p~E~JCTC~ FO~ ~S~KI'I = ! 
M="5HI<I+1 

u(2.~)::U~C(2.2I:UCI2.~,o' 

P(2,wI=r~C(2,21=~C(2,(EI 

CPc(I,;?I=O<'J14(5L(~II,CE,N' ! PPC(I,::I:~2"'(SL("JI.(E,MI 

UPC(I.31:U2"'(SLI"II,eE,~'.r:~(II,J) f EPC(I,;?I=E2'4IGE,I,:?, 
3 fF(~SC.NE.IIO'.A~C.("~C.~E.IOOI.~~C.I~5C."f.qq» GC TC f 

JF(~SC.EC.q91 GC TO 5 
c-----PRFDICTC~ _"C (C~~ECTC~ FC~ I\S .. K2 = ! 

D ( 2, "I S HK ? I = C PC I ? • 5 , =::> P C I 1 ,!: I = C ( 1 , 1\ S HI<:; ) 
UI2'''SHK2)=UP(12,51=UPCI1.5)=~ll.I\SHK:;' 

E(2,NSHK21=EPCI<,,!I=EP(II.~'=E(I."S"1<2) 

PI2,~SI1K<')=POt:(2,5)=np« I,!I=PII,~~~K~I 

C-----p~!:nJCTC~ ~~C CCC~r<TC~ FC~ ~C[f II 
5 OP«(?III=DPC(I,ill=DII,NS"K?I. ~~CI1.41=l;PCI",41"'UII,NSHK;» 

[P(I?4)=FPC(I,41=r:II,NS"K?) f ~PCII.4)=PPCI:;,III=P(I,NSHK2) 

GC Tr. II 
to JFINSC.EO.;>09) GO TO 10 

JF(("SC.N[.?10'.~~C.("SC.I\E.?JoJ.~"C.II\5C.Nf.:!IO" GC TC e 
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C-----P~FOICT~P ~~D CC~~FCTC~ FC~ N~~K~ = 4.! 
012.~SHK2)=ooCI?.4)=OPCIl.41=CPCI2.5'=CPC(I.51=OP(~SHK2,-1) 

UI2.NS~K21=UPCI2,4)=~PCII.4'=vPC(2.!I=UFC( 1.!I=UFC~~~K2.-11 

E(2.~SHK21=rp(12.41=EP(ll.41=EFCC~,!)=fP((J,!)=EP(NSHK2.-11 

PI2.NSH~?I=PPCI?,41=FPC(l,41=FFC(2,S)=FPC(J,5'=FPI4,GEI 
. IFI~SC.EC.?lO) (~ TC 11 

C-----PPEOICl~~ A~D (C~kFClCk FC~ ~~~K2-1 = 4 
8 M=NS~K~-J 

OI2,N)=CPC(2.4 )=(PCI 1,4 I=OFI/o/.C) 
UI2."')=UPC(2.41=~PC(J,41=~P(""OI 

E I 2 • '" 1 = fPC ( ? , 4 1= FP ( ( I • 4 I.: EP ( M • C 1 
p ( 2. "') =Pr'C (2,41 = PPC ( I .4 I.: pp I 4 ,<: £ ) 
IF(INSC.NE.20C).ANOo(NSC.~Eo3IC)' (C T( II 

C-----CCkPEClO~ FOP ~5~K2-1 = 4 
"'.:~SHK2-1 

0(2."'I=OPC(2;4)=C(4,"'. 1 I t ~(€,"')=~PC(2,41=~C(4''''.1) 

E(2,"',=£PCI2.4'=£C(4,"',11 ! 012.",,=PFCI2,4,=PCI4,(E' 
C-----CO~REClOF FOP NS~K2 = ~ 

"'=~S~K7 

DI2. N I=DPCI?SI=nCIS.""CI $ U(c,""=UFCI2,S'=UCIS,"',O' 
E(2,"'I=rFC(2.!)=ECIS,"',Cl $ P(2,""=PPCI2.!I=PCI5,(FI 
GC lC II 

C-----P~fOJCT0P A~D CrkkEClCR FCk ~CDE 4 
10 ')FCII.41=DPCI2,4)=IC;1 J.~SI-KJ.I)+O(I.NSI-K2)'/". 

UPCI 1,4)=UDC(2.41=I!JI 1t~~HKI+ll/C(l.~~~KI+I'" 
"'u I 1 ,"S ~K? I /[) I 1, ~ 5HK 2 I 1/2 •• CPC ( I .4 I 

PPC I I , 4 I = F DC I 2,4 I = I F I I , ~ S I- K I + I '" F I I ,NS I- K" , ) / 2. 
C-----CALCULATF SH~ VFL A"D PC~llIC~ 

11 "'Hl=2."XSI S /oILl=4 t "'1-2=6+"X~c ! /o/L2=!+"XSc 
S S L I = S S LSI P PC It, '" HI) , P P CIt • '" L t ) ,( E , 
S SL? =- SSL 5 I PPC I I, "'I- 2). PP C I 1. /oiL?) ,( E , 
SSr:I-=SSESISSLI,(Ftl,/oILII S SSE2=SSESISSL2,CE.t."'L2' 
~[) IN t ) =R DIN I , + ( 5 E ( rill , +!: ~E I , /2 •• 0 T 
ROIN2'=PCIN2)+ISEIN2)+SSE21/2.tDT 
IFII(qDI~lloGl.k21~SHKl+I»).A~C.I~XSI.EC.O)loCk.«RC(NII.LTo 

"'k7(NSHI(I+I)I.A~I).I~xSI.EC.IIII RC("11=R21~~l-l(t+11 

IFIIIPOI~?I.LT.h?(~S~K21).~"(.(~xS2.EC.O'I.Ck.IIRCIN?'.GT.R2INSHK2 

.1).ANO.INXS2.EO.-II II RDI~21=R21~~~K21 
IFC"XSI."E.II GC TO 12 

C-----CCRREClCR FeR ~SHK1+1 = 3 
M=NSHKI+I S SSL=ISLINI'+!:SLII/2. 
OI2,wI=OFCI2.3'=C2/o1(SSL,(E.wl f P(2.wl=FF(lc.31=P2~(SSL,GE.M' 

UI2,MI=UPCI2,~'=U?~(SSL,GE,~ICDFCI2.3' S E(2,wl=E2W(GE,Z.3' 
12 IFI"xS2."F.-1 I GC TO 13 

C-----CCRRECTOR Fr.R ~5HK2 = 5 
M=NSHK2 S SSL=ISLI,,2'+SSL21/Z. 
012.""=OP«2,~);C2W(SSL,CE,MI t PI?",,=FFC(2,5,=P2MISSL.GE,M) 
UI7.~)=UPCI2,~'=U2MISSL,GE,~''''I)FCI2.~) S F.12.wl=E2/o/IGE,2,S' 
GC TC 20 

C-----COkRECTr~ FCR ~SHK2+1 Z f 
13 M=NSHK2+1 S SSL-=ISL(N2'+SSL2'/Z. 

Ope(1,9)=C2"'ISSL,GE.NSI-K21 t F~C(I.q'=F2/o1ISSL,GE,~S~K2' 

UPCII,9)=U2MISSl,GE,NSHK21"'OP«l,'i1 $ EPe(I,QI=E2w.(GE,I,QI 
IFI~SC.~F.O' GO Tn 16 
OPC( I,<;I=OP« 1.91/C(\ .~SI-K21.(P«(l ,4 I 
upe I I ,9) = OPCI I .9 I '" ( UPC ( 1.4 I /()PC ( I ,III + S CR 1 I <: E * PPC ( I .4' /CPC ( I .4' I. 
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.2.1 ( GE + I. , .. SSL. It. - I • I ~ ~l. '" Z, , 
PPC ( I , Q , = PPC I I, <;I lIP I 1 , NS t-K ;: I • PP C I I ,4) 
EP(( 1,91=EZM(CE,1,<>' 

t~ EPS=CR2(M'-RO(N211/0El~ 

Ct=Z •• IZ.-EPSI/Il.+EPS) 
CZ=?.FPS-3. ! C3=(t.-EP~'.(2."fP~-t."(I •• fPS' 
01 Z, '" , =OPC I 2, f 1= I DC I. M I +OPC ( t , f 1+ C' 0)<" C C ,. LFC ( I ,9 I +CZ.UPC ( I .6' + 

.C 3" UPC I 1 .7' , + AT. CT 0 X" I C 1 .. OP( ( 1 , <;) , t (2. C PC ( 1 • f , tC ~ *OPC( I .7) , , 12. 
UIZ,,,,'=UPC(Z,t,=(U( 1.~'+LPCll ,t'+D'O)<"ICl.(~(9'+C2.CM(f'+ 

• C3.C II I 7 , I • AT. C T D X. ( ( 1 .UP ( I 1. <;I , + ( ? UPC I 1. f ) + C:! * UPC ( 1, '7) ) ) I' 2. 
E(Z,II'=EP(12.tl=(FI1.~)+EPC(1,6'.CICX'((t-(E(9'+CZ.CE(~,. 

-C3.CEI7, HAT'CTOX*CCl.EPCI 1,9'+CZ-EPCI Itt '+C3.EPC(l.7) »1'2. 
P(Z.III=PP(12,~I=P(C6.(E' 

C-----CALC FINAL SHK SPEED 

c 

C 

20 SllNl '=SSLS(PP(IZ, .. t-l "PI'CI2,JlLn.(EI 
SLIN2'=-S~LSIPPCC2.IIHZI,pPCC2.Jll2).(E' 

SECN11=SSE5ISLINI),GE.Z,IILII S SEC~21=~~FSCSL(~21.GF,Z'''L2) 
.... DISCLI"I'=NDI5CLI ... 11+"XSI S ~CIS(LI";:I=""CISCLI~Z"NXS2 



C 
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SU~ROUTINE SKSKF~A(N?~!,lRFlCl.~~FlCT) 

CC~~C~/P~R.~/N.J.AJ.e.eF.CFL~.~Fl~ 

crM~C~/TIMF/T.OT.Oll.1~RITE.OElT.CTCX._1 

CO~uC~/FI~FETC/INnEX,~CYCLE.~~.~~~.~~lCPE.~!.~rTRC1~ 

CO~MC~/OISCSKF/kOSAV(~l ,,~L~SI51'.~~~S(51).~C~CSS(51) 

CO MMCN I ARR AVS IR ( 501 , ,U 1 2 ,~O 1 I • P 12.!: 01 I ,0 I? 0: 0 II ,F C 2.501 to R2 (501 ) 
CC~~C~/nISCS/~Tr15C,~OISCNCI51,,~lYPFC!I'.~Cl!CL(~I).SE(511.SL(51' 

*.RO(51),~TOrSCT.~TDI5C! 

COMMO~/PPC~P/~PPlh,~UM •• ~U~AF!T,~LFA.~FPlhI241,~U~AI15OI.PUPAII~O' 
*,~ClPFTH(241,~ClUMAI150),NCLUF~II~O),FT~NEXT.RU~A~XT.TUPANXT. 

*OELPPTH.DELU~~.DELUPA 

C-----5ET STATE 0 AS FCLA~ A~O C~E~#LL ~fFE~E~CE ST#Tf 
C-----VEL REF _RT SQRTIG$PO/OC' 
C 
C ---2-SHK---5-CD-4---!HK--J---
C 

~ ---2--SHK-----l-----S~K--3---

C 

C 
GE=G ~ IFI~OISCLIN3'oLE.NFL~' GE=GF 

C-----SET STATfS ? ANr 3 
NS2=NOISCL(N2) ~ ~S3=~OISCL(~J)+1 SG=SCRTIG' 
P21=P(2,NS2' t 020=O(2."'S2) $ L2C=LI"."S2I.1C2C/SG 
P30=F(2,NS3) $ C30=DI2."S3) S LJC=LI2."SJ"CJO/SG 
A20=SQPTCP?O/C2C*GE/G) S AJO=~CPT(FJC/C30.(E/G) 

C-----GUES~ F50=P40 AS AVe CF P50 A~D P4C AT AJC FC~ L=(L20+L3C)/2 
BE1A=IGE-I.'/leE+l.) 
XI=«U30-L20"2./SGI·.?IAJr. •• "tGE/CI.-EETA' 
P43=(2.+Xl+SQ~T(Xl**2+4 •• XI.(1.+EFlA")/2. 
Xr=«(U20-U~O)/~./SG)*.2/_20**2·(E/CI.-EE1A) 

P5?=(?+Xl.SQ~T(XI •• 2+4.*Xlt( 1.+eETA)),/2. 
P50=P40=(P43*F30+P52.P20l/2. 

C-----SET SLRROLTIN~ CCN~lS A~C ITE~ CCL~TE~ 

NSJGN=-I S EPS=1.F-14 f ~ITE~=O 

DELP~40=P5C/5.? $ peO=P5C-DELP~40 

C 
c-----PERFCr.~ IlEP OF lrE prLA~ S(L~ 

PRINT 1002.SL(N?I.SL(N~).N2.~~.~DI~CL(~2'.~CJSCL(~3' 

100? FCf;MAT(JHI.2/.5X •• SrK(P)-:-S~KC~) I~TEJ;,tTICN MAC~ NOS.: •• 2FI1.7, 
*5X,415,2/) 
~ITEr.=~IT[R+1 

l'INI1ER.lT.5C) GC iC 2 
IF(~JTFR.EQ.5C) DFLLSA~=DELL 

IF(NJTfR.LT.75' (C Te 2 
IF(DELUSA~.LT.I.F-12).A~C.COELL.Llel.E-12') GO it 10 
Ff;INT 1000,OELUSA~.O~LU 

1000 fr.~~.T(lH .5/,5X,.ITE~T~~ rAS ~(rC ~X I~ St~(P)-SrK(~)-A •• 2EI0oI0' 
IF(DELU.LT.loE-IO) GO TC 10 
OELR=-~ES(CELRJ i RFTU~~ 

2 P5C=P40=P40+DELP540 
Plll=F40lPJO 
SL43=SCRT«(P43+EfTA"(I.+EETA» ! Sf40=SL4Jca~0.u~o 

D43=I./(P.ETA.(I.-~ETAI/SL43 •• 2) , C40=C4~.C~C 

U4'0=CI.-EFTA).(1.-1./SL434.2).SL~~.A~C S L~C:L.~C.~30 
A43=SOR1C(I.-eE1A"(I •• P.ETA'.(I •• EET~.EfTA~IP~J-l.)J/(P43+BETA'*GE 



C 

C 

C 

C 

c 
c 

**1=431 
AIIO="1I3*A:!O 
1=!:'2=F!"O/P20 
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Sl~2=-50kT«p~2+eFTAI/CI.+eET~" ! SESO=Sl5~.A20+U20 

Dt<=I./(eFTA+CI.-AE1AI/Sl~??' S C!"O=O!"?*CcC 
U520=(I.-eF.TA'.(1.-1./5l!"2t.21.5l~c •• 2C ! L!"C=~52C+L20 

" 5 2= 5 0 P T ( ( I. - A ETA I / ( I • + B F T II I * ( I • + E E T ~ • EEl A. ( P 5 2 - I • I 1/ ( P 5? • e E T " I • G E 
•• P~2 I 
A~O=.~2.A20 

DElU=~A5(U40-U501 

FklNT IOOI,~lTEk.CElP~4C.DElU, 

*nco,~20.A20,U?O.~l(~21.SE(~?), 

.P:C,C3C.A:!O.U~O,~l(N~I,SE(~31, 

.F4J.p40,r41,D40,A4J.4110.UII:!0,L4C,Sl4~,5EIIC, 

oP~~,P~J,Ot2.D~0.A~2,A!"O,l~20,L!"O,Sl52,Sf!"O 

I 001 F r F ~ AT ( It-, 1 X, I !" , 2 E I !' • t , ;: C /, 1 )( , II' Ii')<, F 12. <; ) , <F Ie. C;, ,2' I. I X , I OF I 2.9 
., ,II 

IF(OElLJ.lF.EP5' GC TC 10 

IF«U50.lT.U401.A~D.(~SIG~.lF.C" CEll=!IIC=-~ES(CElI=540) 

IFC(U50.lT.U401.A~::>.(t-.SI(~.EC.-lll "SICN-=J 
IF«U50.LT.U4CI.ANO.CNSIG".EC.III OELF!4C=-'E5(CElP540)/2.0 
IF(CU40.LT.U501.A~~.C~SI(N.FO.-I») OflF!"4C=~E5CCElP!"40) 

IF(C~40.LT.U5C).A~O.C~SIG~.GE.OII Cf.LP!"4C=~ES(CElP5110'/2.0 

IFII J40.LT.Uc;OI.ANO.C"SIG~.Ea.CIl "SIG~=I 

Gr:: TC I 

10 Nl=NTDISCT 
NCISCNO(NT+II=NTDI5C+1 , N1YP[(~1.1I=:! 

SlCN21=Sl43 $ SL(~T+I'=O.O , Sl(~31=SL52 

SFCN?I=S[40*SG t SECN1+II=L40*SG ! SEC~~I=SE5C.SG 

QDCN21=R~FlCT.~E(N?)~(DT-TPFLCTI 

RDCN1'=P~FlCT.SECt-.3)·CDT-TRFl(11 

PCC"JT+l )=RRFL CTtS£C ~T.I 14 (DT-lI'FLC 1) 
IF(PCC~1).LT.k2C~S?)' RCC~31=~c(~5cl 

IF(RDC~2).GT.k7(NS~I) RD(N<I=~~(~~J) 

I F ( R !) C ~ T + I ) .l F • Q 2 C ~ S 2 ) 1 k 0 ( N T f I ) = R ; ( ~ s < ) • I • E - !; .0 F. L R 

IFCRD(t-.T+l).GE.R2C~S311 ~D(~T.I)=k~C~SJI-I.E-e.OElR 

DO II 1=I';5J,N 
~=~+2+~S3-1 

D(2,~I=DC2.~-~1 ~ UC2,MI=LC2,~-cl tE(2,~)=EC2,~-2)SF(?,~)=P(2,M-2) 

o C I , " ) = D C I , "'- 2 I ! 'J C 1 , M ) -= U C 1 • '" - ~) ! E ( 1, II 1= F C I, 11- 2 ) S P, 1 • "') =p ( 1 ,M- 2 I 
RCfooI'=RCfooI-:n 

II R2(M)=~2(M-2) 

N=N+2 
R2(NS:>I.:P?C~S3+1 I=ROCp,.l+1J 
DC 12 I=I,~TOISCT 

IFCNDI SCL( [I .(F .11.53) ~C I~CL( I )=~CIS(L (11+2 
I? CCNTINUE 

IFCNFl"'.CE.~53) t-.Fl"'="FL~.2 

'FCNS~.Lr.~JnISCS) "r.~~(~SJ)=,,~t-~C"SJ).2 

IFCNS'.lr.II.TDIS«) "L~SC"SJ)=~L~~C~5J).2 
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NOISCL(N~I=NS2 $ NOtSCL(~T+I)r~S2+t S ~CJSCl(~2)~~S~.2 
C-----SFT T~EP~C ANC GAS P_R_~ETERS l~ CELLS ~S~.1,2 

P(2.NS2+1)=P(2,~52.2)=P5C $ O(2.~S2+I'=C50 S C(2,~S2.2)=040 
U(2,NS2+1)=U~0=U50.SG.D50 $ U(2,N~~+21=U4C=L40.SG.040 
E(2,~S2+II=050.(P50/D50/(GE-lo).U50 •• 2/C50 •• 212o) 
E(2.NS2+2)=040.(P40/D40/(GE-l,,+u4C •• 2/04C·.2/2., 
~TDISCT=NTOISCT+I ! NTOISC=NTDISC+I 

C 
C-----ACCT FOR PRTClE PTH _NO ~F.G A~C FC~ CHPCT l~AJ CELL LCC'~S CHA~GES 

IF(NPPTH.LE.OI GO TO 110 

C 

C 

DO III I=I,NPFTH 
IF(NCLPPT~(I).(E.NS3) NCLPPT~(I)=~CLPFT~(I).c 

III CCNTINUE 
ItO IF(NUMA.LF..O) GO TO 112 

00 113 I=~U~~FST,~UMA 

IF(NCLUMA(I'.GE.~S~) ~CLLM_(I)=~ClLW_(J'+2 

113 C(~TJ~UE 

112 IF(NUF~.lE.O) GC TO 114 
or 115 T=I.NUPA 
IF(NCLUP-(11.CE.~S3) ~CLUF~(J)=~(LUF~(J)t2 

115 CO~TINvE 

114 ~COOE=IOr~KSKF~A 

NITRCTN=~rYES 



c 

c 
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sueRC~TI~f SKSKSK(~I,~2.~~) 

ca~~rN/PARAM/~,J,AJ,G,GF,CELR,~Fl~ 

co~~nN/DISCSKF/~CSAV(~II.~LHS(!II,~R~~(~I),~C~C~~(~1 

C C '" ~(~/ pr.C!.' CC J;/ CP C ( 2, 1:3 I, l;!'( ( 2, 1:3 ) ,n:: C (2, I:! ), ppc ( C, 13) 
C O"'~ (N / AJ.lR A V5 /R ( ~ 0 I ) • u ( 2 • S :)1 I .!' ( 2 , ~ 0 I I ,D ( 2, !: 0 I I • E ( 2 • ~O I I , R? ( 501 ) 

rC~~(~/DISCS/~TClsc.~nISC~C{511,~TYPE(~I),~[I~CL(!:II,Sf(~I).SL(51) 

.,RD(511,~TDISCT,~TOISCS 

P~INT IOOO,~I,~2,~3,r.C(~I),~C(~21.J;C(~:!I.NCISCL(NII,~DIS(L(N21, 

.NO T SC L ( N ~ I ,'K ~o S 5 (N I I ,Ncr;o ~ ~ ( ~ c I ,~C f,C S S (~3 I ,~R"'S (" I 1 • ~J;t-S (til 2 I • 
• ~"'HS(~31 
rF(NCj;CSS(~2)) 1.2,3 

2 "AOO-=O 
r F ( ( N D r SCL ( N? 1- NO r sct. (~ I ) • Ea. ? I • C J; • ( (~C I SC l (~2 1- ~D I SCL (N I ).E 0.2 ) 

•• A"f).(~cr;csso" ).FO.O))I ~l\nD=1 

CALL SKSKPP(~I,~2.~),7H~~SKSKOI 

c-----PR[ryICTO~ AND CCC~ECTCk FCR ~CDE 7 ~ (I) 
DPC(I,7)~DFCII,I+~Acr) $ U~(C1,71~~P«I.I.~jlOCI 
EPC( 1,7)-=CPC( 1,I+NAOO) f. PPC(1.7):F!'CII,I."~CC) 

OPC(2,7)=OPC(2, I+~ACO) ! UPC(c,7)=LPC(c,I+"A~D) 

FPC ( 2,7 I = r: nc ( ?, I + r-.; Ace I l P F C ( 2 ,7 1-= F P ( ( C. I + ~ ACe) 
CALL SKSKPP(N2,N3,NI,7H SKSKSKI 

C 

GC Tr: ?o 

IF((~DISCL(NII.FC.NCISCL(~2)).A~C.(~Cj;(SS("".~F.-n) (0 TO 2 
IF«"r.rSCLI~ll.[C."DrSCl(~?)-II.jI~C.("(j;(SS(~lI.EC.ll1 cr TO II 
GO TO 13 

I I T h F l C T = ( r: r. ( ~2 I - " C ( " I I 1/ ( ~ E (~ 1 1- S f( ~ 2 I I 
M-=NDTSCL(~21 

IF(PC(~2)+SF(~21.1r.FLCT.LT.Rc(~I) (C lr lc 
NCJ;OSS(~~I=O t ~r;HS("?)="R~S("21+1 ! (C TC i 

12 NC~CSS(NI )=:> f "'j;"'S(~II=~R~S("1 I-I 
13 CALL SK5KFF("I'''2'''3,7~SKSKSK~1 

C-----PRFDICTOR A~u C(~~ECTCh F(~ "CCE e = (~) 
CPCIl,fI)=crCIl,:!1 "UF((I,EI=LP((I,~) 
FPCIl,91=EPC(I,3) " ~P{I1.R)="'P((I":>1 

9PC(2,el-=npC(2,~) \ ~PC(~,el~lPC(2.~1 

FPC(?,81:~P((2,)1 l PF«(c,e)=PP((c.31 
NOISCL(~?I="DISCl(~?)-"C~rSS(~2) 

C 

CALL SK5KFF'N2,~3,~I,7~ ~K~KSK) 

NnISCL(~?)=~DISCL(~2).~C~CSSC~21 

GO TO 20 

3 IFC(NDISCL(h?).EC.NDrSCL(h3)1._~C.("C~(5SC~~I.hE~I" GC TO 2 
IFCI"0ISCL(~?).EC.~DISCL(~3)-ll.A~C.(~CFC~~(~~'.EC.-I) GC TO 5 
G[ TC 6 

5 TRFLCT-=(~C'Nl)-RD(~2')/(~~(~2'-~ECh~)' 

"'="01 SCL ("3) 
Ir(R~(~:»+TRFLC1~~[("~I.CT.~2(~I) (C T( • 
NC~OSSC~?)=O S ~FHSI~2)=~R~S'~2)-1 ! (C TC c 

4 ~C~C~5(N3)=O $ ~j;~S(h3)=~J;~S(~31.1 

6 CALL SKSKPP(N?,N3,NI,7"'~K~K5KF) 

"OISCLI"21:NDISCL("?I-NC~OSS(~cl t~OISCL(N~)=NOISrL(~:3)-NCROSS(N3) 

r F ( ( ~ DISC L ( ,,? ) - II. () T S (L ( " I I • E C • ~ I • C f, • ( , "C I 5 CL ( "2 I - II. C I SCL (" I I. Ea. ~ I 
*.AND.(NC~OSS("II.[C.OI) I GC TC 7 
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GO TO P 
C-----PRECICTC~ FCF NCCF I = (f' 

7 OPC(I,I'~DPC(I,6) S ~FC(I,I'=~P((1.6' 
FPC(t,t)=EpC(I,(, S PPC(I,I,=pPC(I,f) 

C-----P~EoICTC~ FC~ ~ODE 2 " (7) 
opC( 1,2)=oPC( 1,7) $ UPcn,2'=l.p(I,7' 
EP((I,2)=EOC(t,7' S PPC(J,2,=PPC(I.7, 
GC TC 10 

C-----pR[ryrCTOR AND CORRECTOR FCR NeOES 2.1 : (e, 
8 CPC (1,1 ':OpC( I,Z )=OPC( I ,S) S l.P( (1,1 I=UPC( 1.2 '''l.PC( 1,13' 

EPC(ItI)=EpC(I,21=Epco.-e, S FP(I,1I=FPC(I.2'~PPC(I,AI 
CFC(?.1):OPC(2,2)=Cp(2,E' S l.PC(c,II=l.pC(?,c,=upC(2.e, 
FPC(Z.Il=EPC(2,?'=EpC(2,A' $ P'(Z,I ,,,FPC(2.c'=PPC(2.8' 
'F((NDrSCL{N?'-NOlSCL("I'.EO.2).A"D.O,C~CSS(l").EG-.JtI CO TO q 
GC TC 10 

C-----PHEoICTCF FeR "CoE I = (7' 

C 

C 

C 

C 
C 

9 01' C( " I l" I)pC { 1. 7 I S UPC ( I • I ) "l. P C ( I .7' 
E PC { I • I , "E P C( It 7' S P P ( (l • I ,,, F r:; ( (l .7 , 

10 CALL SKSI<PP(NI.N2,N3.7I-SPECIAL' 
"oISCL("?)=NCISCL("?'+N(~CSS("2' '''CISCL(N2l=NoISCL(''3)+NCROSS{N3' 

20 CC" TJ "UE 
PRINT 100),Nl,N2,N3,Po("I).RC(,,?,,~O("3I'''CISCL(''II.''0ISCL(N2', 

.,,0ISCL(N3,,"C~OSS{Nl,,~C~OS5("2""CRC5S("3,,"RHS{"1',NRHS(N2', 

.MH~5( "::') 

1000 FOR~AT(IH ,IX.3I~,~FI2.E,~I5' 
IF((Ro{~I).LT.RO("2').A"C.(PC("2'.LT.~((N3"'GO 

IF{(RO{Nl).GT.RDIN2').ANC.(Ro(~2).GT.RC("3»))GC 

IF(Po(NI '.LT.PC(,,3)'.A"C.(RC("2'.GT.RC(N3,))GO 
IF«(IolD{NI'.GT.Ro("2".A"C.(PD("I'.C:T.~C("3'»)G( 

IF { ( R!)( N I , • GT .R 0 ( ,,? I , • A NO. (PD ( " I , • LT. R 0 ( "3 , , ) Ge 
IF ( ( 1'<0 ( N I , • GT .cn: { "3 , , • A" C. ( I'< 0 (" I , .L T • ~ c (" 2 I ) ) GO 
GO TO 21 

31 ")(5""3 

TO 
TC 
10 
TC 
TC 
TO 

21 
31 
:!2 
31 
34 
:!~ 

IF«PD(NII-RO(N2')/{SE("11-5EI"2'J.LT.(Rt("II-RC("3)1/(5E(NIJ­
*SE(N3)) NXS=N2 
TARFLCT=(~C(NII-r.C("'XS))/(5€("II-SE(NXS)1 

Po{Nl':RD(N?)=RD(N~)=RD{"l'-TARFL(l.SE(I\I' S GC TC 22 
32 Po(N3'''PO(I\?,+0€LP •• 5E-IO! GC TC cl 
34 RoIN2,:ROCNI'+OElP •• SE-10 S GC 1C cl 
35 RD{N31=RD{N2'+DEL~ •• 5E-IC S GC TO cl 

2? PRINT JOOI'''I,N?,N3,NOISCL(NI"~DISCL(''2J.''CISCL(''3,,NCROS5(NIl, 

."C~OS5(N2)'''C~D5S{N3),''P~S(NI).''R~S(''c"I\R~S(I\~),Ro(~1',RO(N2), 

• R D (N 3) , 5L ( "I , ,5L ( "2 ) , 5L C "3 ) ,5 E C "1 ) ,Sf'" 2 ),5 E ( "3 ) 
1101 FOl'<MAT(lH ,~/,. 5~I<-S~K-SHK I"TEHA(TIC".,/,lx,12r5,/,IX.9FI~.81 

CALL SKSKPPA{"I'''3,61-5K5KSK,T_~FL(T) 

21 RETURN S E"O 



C 

C 

C 

C 

-153-

SLeRnU11~E D1SK~KI~I,~2.~3) 

Cn~MON/p~RAM/N.J.AJ,G.GF,~ELR.~Fl~ 

C O"'MC ~ /£) I 5 CSKF/ ~ es IV (51 ). ~Lt-S (':: I ). ~J; t- S (~ 1 ). ~ C I'D ~ S I! I I 
CC"''''C~/PRrDC(J;/epC(2,1~).~PC(2.13I,E~C(2.131.PP(2.131 

CC"''''(~/A''R_YS/R('::OII.U(2.~OII,Plc..!OI),CI2,~CII,E(c..~OII ,R2(SCII 
C C MMC N/O I 5 C S / ... 1 £) I 5C , ... CIS C NC 15 I I , ~ T Y Pf ( !: I I, ~ C I SCL ( ~ I " SF I!; I 1.51.. I 5 I I 

*, R D ( ~ I I, I'·a 01 SC T • '" T 0 I S C S 

pJ;rNT 1000,~I,,,,?,N3,RCI~1 I,RO(~2I,~D(~~I,~CI~CLI~11,~DISCL'~2I, 

* NO r SCL I "31 , NC ~ C S 5 ( I'd 1 ,,, C J; C 5 5 ( ~ 2 1 ," ( "C S S ( ~ 3 I , ~ R t- S I " I ), NFlt- S 11\12 I, 
*NIH-S (N 1) ,lilT YPE ( ~ I I ," T YPF I ~ 2 I ,~T YPE (" ~ ) 
JF(IIITY~[(~31.EC.51 GC TC ~f 

IF(NTYPFIN?I.EQ.'::I GC 1e ~7 

IF(I"DI~CLIN2)."E."DISCLI"~I).C".I"C!~~1~21.L1.ROSAVI~311.0". 

*("OSAV(~I).['T.RD5~vI"211.CR.I~C"CSS(~21.EC.CI.CR.'~C"CSS(N3).EQ. 

~1))G010:!f 

IFI"3.FC."TOISCT) GC TO ~p. 

IFIN~HS(N?).GT."9ISCL("~+I)) (( T( 3f 
IFII""t-S("2).EC.~DI5CL(":tl )1.A~e.("TY~E("~+I)."F.2)1 GC TC 3f 

38 NC"O~S("'31=NC"OSS(~2) $ "~t-S(~3)=""t-S(~21 

GO Tn 3t 
37 IFII(hnS~V(~11.(1.I"D5AV("~I).A"C.I~CS'~I"'c.I.CT.RDSAV(N~)II.n~ • 

• ("CR85~(N21.EC.II.C~.I~C~CSS(~1).[C.OI.C~.I"CS~Vl"l ).LT.J;D5AVIN?II 
•• ( F'. (~D I 5 CL I ~ 1 ) .1\ F • "C I!; C L ( " 2 ))) (C T C ~ f 

"CF'OSSI"21="CF'OSS("1 I I ~~t-51"21=""t-S("1) 

3f. IF (p.,CF'CS5 ("'2) .fC.l 1 CC TC ~ 

2 CALL DSORSDINI,"'2,N',7t-D15KSKCI 
C-----PPEDICT~h _,,~ C[C~EC1e" Fe~ "CCE 7 : II) 

M= I 

C 

IF«(I\CISCLl"21-"CISCL("1 I.EQ.~'.O".«~CISCL(~c.I-"'OISCL(Nll.EQ.2) 
* • A "D. I "C ~ 0 ~ S ( "I I • Ea. 0' ), 1/:: 2 

epcI 1,71.:~PC:( I,"" f UPC! l,7'=~PC! 1,~, 
EPC(1,7)=EPCII."') $ "PC(I,7'=~P«I,M' 

DPCI2,7)=DPCI2,"I, $ lJPCI2,71=LPC(2,"" 
fPC(2,7)=FPCI2,"" ~PClc.,71:PP(';,~) 

CALL DSORSOIN2,"3,"<I,7H CTSKSK' 
GO TO 20 

3 tF(NOtSCLIN2).~Q.N~tSCL("~').A~O.(~CJ;CSS(~~'.~r.I" GC TO ;:> 

CALL OSCkSDIN2,N3,Nl,7~DTSKSKP' 
ND1SeL("<2)=N~ISCLI"21-~CFCSSI~21 S~eIS(l(~3)=~CtSCLI~31-NCROSS(N~' 

IFINTYPE(N21.EQ.~1 NFLM="OI~CL(~2) 

lFINTVPF("J).EC.'::1 "FLM=~CISCL(~3) 

IF ( ( "D I SC LIN 2 1 - N [") I 5 C l (N 1 .) • E Q • ~ ) • C ~ • ( (~C I S C L I ~ 2 I - ~ 0 IS CL ('" I ,. Ea. 2 ) 
•• A~O.(NC!'CSS("II.E().Ol)) GC Te 7 

GO TO e 
C-----PRfDICTO~ FCR NODE 1 = It) 

7 OPCII,I'=DPCII,6) $ UF'(ll,J'=I,;P«(t,6) 
EPC(I,t,=EPCll,f) \ ;:>PC(I,J'=PPC(I,f' 

C-----PRfclCTrF FeD NOr.F 2 .: (7) 
OPCII,2,=DDCI1,7' $ UPCII,2)=LPC(I,7) 
EPC!1,21=fPC( 1,7) \ PPC( 1,2,=PF« 1,7) 
GC TC 10 
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C-----PRr~ICTOR A~D CC~RECTC~ FeR NCCE~ ~,I ,. leI 
e DPC(I,ll=DPC(1t21=CP((1,81 l 1.1=(ll,ll=UP(l,?I=UPC;ll,8' 

EPC(1,1'=EPC(l,2)=[PC(I,e, S f;F(I,tl=I=PClt.21=FPC(J,B) 
OFCI2,tl=CP((2,2'=CP(12,8) ! ~1=(1£,tl=UPC(c,~I=~PC(2,el 

EPC(2,t'=EPC(Z,?l=EP(?,e' S FF(c,1 )=FPC(?2'=PPCI2,81 
IF«NDISCL(~21-~DISCLI~I).EO.Z).A~C.(~CRC~~I~I'.FO.I)) GC T( q 
GG T~ J 0 

(-----PREOICTOR FOR NOO£ 1 = (7) 

·C 

C 

C 

9 I"IP(IItII=DPC(t,7) S UP(lltl)=UPCII,71 
EP(1,l)=EPC(I,7) S FF(II.t)=PI=(11,7) 

10 (ALL OSOj.lSI"l(N"N2,N3,7"'~FECIALI 

NDISeL(~2)=NDISCl(~2)+~C~CSS(~2) '~CJSCl(~~I=~DJSeL(N3)+NCROSS(N3) 

IF(NTVPE(NZI.EO.f) NFLw=~DISCl(~ZI 

JF(~TYPF(~3).EO.5) ~FLM=~DJSeL(~~1 

;> 0 P f' I NT tOO 0 , ~ I ,N? , N ~ , ~ C ( ~ t " r; C ( ~ 2 ) • r; C (~:! J, N ( J S (L ( ~ t ), NO J se L ( N Z I , 
.NO I sel ( N ~ ) ,NC QQS S (N 1 ) ,Ne r:: C~ S ( ~ 2) ,,, C~ CS S (~~ ) • ~RHS ( ... ) ,t.J;~S (N2' • 
• "F~S("3),~lVPF(~tl,~TYFE(~21,~TYPF(~:!1 

toO~ FOR~Al(IH ,1~,315,lFI2.8,12151 

IF((RD(NI).LT.R~(N2»).ANn.(RO(~2'.lT.RO(~3)))G( TC 21 
JF(~D(t.t).GT."C(~2)).A~C.(l'iC(~2J.CT.J;CIN31))CO TO 31 
IF(IRO(NJ).Ll.RD(N3)).ANC.(RD("2).GT.l'iO(~31))GC TC 32 
IF((R!::("I ).CT.RC(~2)).A"C.(PD(~I).Gl~~:(~3)))GC TO 31 
IFI(RD(NI).GT.RC(~?I).A~C.(R~("I).lT.I'i[I"3)'GC TC 34 
I F ( ( R n (N I I • GT • R D ( N 3 I I. A" C • ( R ~ ( ~ t ) .l T • J; C 1 ~ 2 ) I , C; eTC 35 
GC TC 21 

31 ~)CS""3 

IF ( ( Q C (" I )- Fe ( I\? ) ).1 ( S!" (~ I ) - S E «~ ~ ) ) .L T • (r:; 0 I" 1 I -RO ( "3' ) .I 1 Sf IN 1 )­
*5EIN:"II) "XS="2 

T ARFL C T= IRe ( t-j I ) - R 0 ( N X S ) I lISE 1 ~ 1 ) - SEC .. )I ~ , ) 

RD(NtI=~C("21"R[(N31=~C(~II-T~J;FL(T.SE(NI) S GO TC 22 
32 RD(~3'=RC(~?)+DrLP*.5E-IC $ GC ~G £1 
~4 ~D(~2)=~~("I)+CELn •• ~F-IC S GC TC cl 
35 RO(N~I~PC(N21+CELR*.5e-l0 f GC lC 21 

22 Pl'iJNl 100I,Nl,N2,N3'''CJS(LI'''1),''[ISCL(~21.''CJSCL(''31.NCRDSSINil, 

.NC~OSS(N2),~C"OSS("3) ,~!;"'S(~I) ,~R"'~1"2),"Rt-~("3),RD("1 ),FlO(N2), 
*FlO(N31,SLI'" "SL(~2"SLI"31,SrC~I),SEI"21.SEI~~I,"TYPF("1' • 
• "'lycE("2) ,"TYP£I~3) 

ICOI FORMAT(tH ,51,. OF1-~t-~-SH~ J"'E"ACTIC".,/,t)l,12Ie • .I,I)l,9F12.e,315 ., 
CALL D1S~S~A( .. t."3,~t-OT~WSK.TA~fL(1' 

21 RETURN SEND 
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Sl.E'ROUTINE OlSKSKA(" ,II.I ,II.A"'E,TAJ;FlCl) 
C0~~CII./FAQ.M/II.,J,.J,G,(F,CELR,II.FL'" 

OELR=-AES(CfLf:1 
1=f:INT 10:1:1 

10:10 FOJ;MAT(IH ,?X,.D1SK~KA ~TCP.' 

C 
PETURII. ~ EII.D 



C 
C 

C 
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SUBROUTI~E SHKCO(NFIRS1.~19~_~fJ 

CC~~(~/U~CeNC/~Uee 

CCWMc~/Se~/SECC~eS,pccsC~.~xccses 

CO~MON/PARAM/N,J,AJ,G,GF.DELR,~FL~ 

CO~~C~/11~E/T.DT.CTL,T~~ITE,CELT,C10X._T 

CQWMO~/OISCSKF/RDSAV(51J.NLHS(fIJ.~R~S(51 ,,~e~CSSI~I' 

CC~~(~/pr.EDeCr./CPC(2,13J.UPC(c,1~),E~C(2,1~"PPC(c,13) 

CO~~(~/PO.E~/VCAPF,R4RI,PCFC.E~,~f(.E~.(~C,'{APF,SFEOLC.SFE.N{J 

COMMnN/ARRAYS/R(50IJ,U(2,501J,f(2,~OI'.D(2,501J.EC~,501),P2(SOl) 

COWM(~/OISCS/~TCISC,~OISCN(SI).~TVPE(51 ).~rIS{L(5IJ,SE(51J,SL(5t) 

•• RO(51,,~TOISCT,~TOISCS 
C(~W(~/PPCH~/~~PT~,~U~A,~U~_FS1,~lfA,r.f~T~(~4"RU~A(J~C),RUPACI50) 

$,NCLP~lH(24' ,~CLUMA(150),~CLUfA(150).FT~~EXT,RUWA~XT.TUPANXT • 
• OELPOTh,DELUMA,DELUPA 

RS=R~(~FIRST) $ SSl=SL(~FI~ST' S SSE=~r(~FI~SlJ 
NSHK:~DIS(L(NFI~ST) ~ R(C=~D(~I) f SE(C=SE(~IJ S ~CO=NCJSCL(N1J 

(E:G ! IF(~rC.LE.~FLWI ~E=GF S (C=(E ! If(~lVFE(NFIRST).EO.5)GG.GF 

NSHKSG~=O S 1~(S~L.Gl.O.CJ hS~KSG~=1 
SECDS-V=SEeD ! SSESA~=~Sf 

RSSAV=r.S $ RS=RS+SSE.CT ! r.COSAV=~(C ! ~CC=fCC+SECC.CT 

NXSS=Nx~cn=o $ MSC=O S IF(hS~K+l.E'.~CC' ~S(=2 

IF(PS.GT.f2(NSHK+I+WSC" NXSS=I ! IF(fS.LT.~c(~S~~» N)SS=-J 
JF(RC~.GT.R?(~CD+2" ~xSCO=1 S IF(RCC.LT.R2(~CD-I'' NXSCC=-I 
JF(~AWf.fO.8~SH~CCS~KI N~~CC=~~CCSCS 

~SHKCDX=O , IF(R~.GT.r.CC' hS~K(CX=l 

NSC=lOO$(NCD-I-N~HKI+IC.~xSS+~x~cc 

PRI~T C999,~A~E,NXSS,~XSCC,hS~KCOX,hSC 

9999 FORIo4AT(lH ,lx,4e,IIIS) 
C 

C 
40 

IF(~SC.NF.10' GC TC 40 
NSC':NXSS=C 

IF« (~AME.Eo.eH 

*8~RARCO )1.ANO.(NS~KCOx.EO.I).A~C.(~FI~ST.FC.l'.A~O. 

$(SL(NFJRSTJ.Ll.l.001J) CC T(1 100 
IF(NA~E.Eo.eHSHKCOS~K' ~ECO=SECDSCS 

JF(~A~E.EC.P~S~KCDS~K) RCC=RCCSCS 
C-----PRFOIC1CR rop hSHK-I-~XS~.lhXSS-I)/2 = 

M=NS~K-I-NXSS.(NXSS-I)/2 

OPCII,J'=OP("',Ol S UFC(l,l)=UI=(M,O) 
EPC(l.J)=E~(M,O' S PPC(l,lI=PP(ltG'" 
IF(NXSS.~E.-I' GC TC I 

C-----PRFOIC1CP FOR ~SHK-l = 2 
M=NSHK-I 
O~C(1,2'=D~(~.OI $ UI=«I,2'=UI=(~.C' 

EPC( 1,2)=EPI"',O) S PPC( 1,2)=PP(2,(~) 
GC TC 2 
IF(NS~KSGh.EQ.l) GC TC J 

c-----P~E~JCTOR FOR NSHK = 2 
oPCII,21=CP(NSHK,-1' S U~C(J,2)=UF(NS~K.-I) 
EPC(1.2'=EO(NSHK,-J) $ ppcn.2)-=PP(2,GE) 
GC TC 2 

c-----~RrDICTO~ FOR ~~~K = 2 
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3 IFI"TY~FI~FJP5TI.FC.'5) C;C TC :COC 
PPC( 1,131=P(I./\SHK+I)*12.*GE/I(E+I.).55L.*2-IGE-I.I/IGE+I.II 
OPC ( 1 , 1 J 1= C ( 1 , ~ 5 I-K. 1 1 / ( I GF.- 1 • , / ( G E .. I • I 4 :<. / I GE + t • I / S 5L 0 * 2 ) 
UPCII,11)=CPCII,13)*(UII,/\5HK.II/CII,/\SI-K.I)450RTIGE*PIl,N5HK+I)/ 

00 I I ,N 5HK + 1 ) ) • ~ • / ( G F. 1 • I • ~ ~ L 0 ( I. - 1 • /55 L * * 2 I I 
fPCI 1,13 )=CPC 11,13 I*IPPC 1 1,13 I/CPCI 1,13'/1 (E- t. I+l-PCI 1,131 0 *2/ 

*DPCll,131.*2/2.1 
GO Tn ?Ol 

2CO BET~=IGF-I.)/(GF.l.) ! e=(GF-I.)/(C-I.1 
PGO=II •• BETAI·(VCAPF-BE1A)/II.-BET~)-eET~ 
A= 50~T 1 P ( 1 , /\5 I-K. I I /D I I. II. 51-K .. I ) ) 

PG= I •• (PG 0-1. 1/ A * * 2 .GF * ( 1 • -I • / ~. *:< ) '" (G /GF Of -!;4R I I 
PSI=II.-f'[TA )/;>.*1 t.+G*S5L.*2) S PPC( 1,1:!)=F(1,II.5HIC+1I 0 P51 
("IPC ( I ,11) = r ( I ,NS I-K. 1 ) / ( I • - ( I • - E E T ~ ) * IF 5 I-P ( )/ I PS IteET ~ ) I 
UPC 1 I, 13) = ( SORT ( G 1* A* 50R 1( 1 I. -PE T ~) * (F5 I-PG ) * (PS 1-1. 1/ G/ 

* ( ~ S I • B [T A I 1 tU ( 1 , "S I-K • lIn; 1 I, II. S 1-1< t I ) I • C ~C ( I ,I:! I 
E PC ( 1 , 1 3) = OPC ( I • 13 ) * ( P F C ( I ,1 3 ) / C F ( I I , I :! ) / ( (F - 1 • I tUPC I I , 13 1** 2/ 

*DPC(I,131."?/?1 
201 (F~=(!;SS~V-~(/\SI-IC»)/DEL~ 

Cl=2.*1 2.-EPSI/( l.tEPS) 
C?=2.*rpS-3. ! (3=(I.-EP5)~(2.CFPS-I.)/(I.+EF5) 

OPC ( 1 ,;» =D ( 1 ," 5HK ) -D T DX * (C I * UF ( I 1 ,13)" C? tu ( I, II.5"'K I+C 3*U ( I, N SHK- 1 ) ) 
*- AT *OT f))(. 1 C I. OPC ( I ,I:! HC 2 *0 ( 1, II. 5HK I tC:! 00 ( 1 ,/\ 5HK-1 ) ) 

l:PC ( 1 ,? 1= U ( I ,,, S h K 1- OT C X" ( C I * (" ( 13 ) t C 2" ~'" I II. S I-K HC! .PM ( N 51-1C - 11 I 
*- A T* OTO X. ( C I" UPC ( I , I 1) +C 2* U ( I ,,, SHK ) .C'l*U ( 1 ,/\ SHIC-l ) ) 

E F( ( I ,2 1= r ( I , "SI-K 1- C T DX " 1 ( 1* C E ( 1 ~ ). C ~ OF E 1 II. ~ t- K hC:? .PE (N SI-K- II) 
* - AT. ') T D)( * ( C 1 • E PC ( 1 , 13 )+ C 2. E ( I , "S I-' K ). C:3" E ( 1 , /\ ShK - 1 I ) 

PPC( I,?I=PP(;>,GGI 
(-----CC!;!;ECTC~ Fr.~ /\SI-K-/\xSS.III.XSS-I)/2 = 2 

2 M="S~K-"XSS.I"XSS-II/2 

D(2,~I=C~(12,21=C((2,W,0) ! U("")=U~C(2,2)=l-C(~,M,C) 

E(2,wI=EPCI2,2)=[C(2,~,OJ ! P(2,~)=PFCI2,2)=PCI2.CG) 

IFINA~E.EJ.B~S"'KCOFL~) GC TC 4 
IF(II.AMF.fC.8~SHKCCS~KI GC TO 10 

C-----PRFC'CTO~ Fr.R NCD+2+~X~CC.(NX~CC+t)/2 = e 
~="CD+?+"xscn.(/\XscC+ll/' 

OPC(l,e):DP(W,~J $ uPC(198)=UF(~,O) 

fPC(I,e)=EPlw,O) $ PPC( l,P.I=FF(f,(E) 
IF(NXSCD.EC.-l1 GC TC 4 

c-----PREOICTC~ FOR II.CD.3+~xSCC = q 

w="CD+3+"XSCO 
DPC(I,ql=CF(~,O) S UPC(I,9)=UF(~.0) 
EPCII,<;I=EP(M,OI $ PPC(l,C;)=PPI'i.C;E) 
M=NCO $ IFIII.CC-II.St-K-t.II.F..O) M="(C-l 
M3=NCO+2 llrl ("~~E.EG.81-~I«C (El).(~.(/\_~E.£C.~I-SKCODT 
CALL GLIW("""'3,~,N(C,SECC) 

»M~=NCD+l 

IF(I"AME.II.E.8~~~~CC ) •• /\c.(/\_,..[."E.B~DFT~~~CC») GC T~ ~ 

o ( ?, N C D 1= 0 pel I , f I = C PC I 2 , ~ ) = 0 ( I ,,, CD) 
U ( 2 , N C C 1 = U p C ( I ,6 1= lJ PC ( 2 , f: ) = U ( I , II. (t » 
EI?,NCDI=[PC(I,~I=EPCI?,fl=E(t."(C' 

P 12, "C C I = PPC I I , ~ 1= PPC ( 2 , " 1= P ( 1 ,II.C D ) 
GI: TC f 

5 IF(~~ME.NE.8~SHKCDRARI GC TO f 
DI?,"CC+t )=DP(1 ,7)=CFC(2,71=C(1,II.(D+I' 
u(?,~CO+l)=UPC(I,7)=uPC(2,7):L(1,"(0+1) 

E ( ?, "C 0 + I I ~ r p C ( 1 , 7 J = <= PC ( 2, 7 1= Ell, /\ CD. I ) 
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P ( 2, "CD+ 1 1 :PPC ( 1 .71 =PPC ( ;;.7) =P C 1 ."CO+ I ) 
6 RCO=RCCSAV+SECD$OT 

IF«(RCOoGT.P2(NCO+211.A~Oo("~SCC.EC.0»)oCF.«RCOeLT.R2C~COt2)1 • 
• A"'O.(NXSCO.FO.III) RCO:R2("'CDtc) 
IF«(qCO.lT.R2("CO-l)).~"C.("~SCC.ECoC)I.OF.(CRCO.GT.R~CNCO-ll'. 

$A"O.(NXSCD.EO.-1III RCO:k2("'CC-1I 

IF(N~SCO."E.-I) GC TC 7 
(-----PREDICTOR A"'O CORRECTOR FO~ ~CO-I ~ 

1oI="CO-1 
o ( 2, PlI =OPC ( ?, ~) =OPC ( 1 ,~ ,,, OJ'C ( I ,7 I 
U(2,PI'=UPC(2,~)=UPC(I,~'=UPC(I,71 

F(?,PlI=fJ=C(2,5'=EPC(1 ,!:)=EPC(1 ,71 
P(2,PI)=PPC(?,!I=PPC( l,el=PPC(1,71 
JF("APlF.EC.B~~M~CCFLNI C( TC 10 

(-----COPRECTO~ FeR "CC+? = E 
PI:"CC+? 
D(;;,PlI"0J=(2,el=C«B,PI,0' ! ~(2.~I=UPC(2,8'=UC(8,/I,0' 

E(2,~I=EP(2,e'=fC(8,M,O' ! P(2,PI':PFC(2,el=!'cce,CEI 
GC TC 10 

7 IF(NX~CD.EO.O) GC TC e 
(-----P~[OICTC~ A"C CC~~ECTCR FOR NCCtc = IC(=fl 

M="CO+2 
o ( ", ~ ) = DPC ( 2, 1 :> I =DPC ( 1 , j C 1= CPt ( I ,f , 
U(?,PI'=UJ=C(2,I~I=UCC(I,IC)=UP«(I,f) 

E(2,PlI:[P«(2,IOI=EPC( 1,IO)=EPC(I,f) 
P(2,PlI=PPC(2, 101=PPC( ItlC'=PPC( Itf' 

C-----Cr.~RECTO!' FOR NCC+2+"X~CC = 8 

C 
C 

8 IF(NAMF.EO.P~S~KCOFLM) GC TO 10 
"'="CO+2+"X5CO 
EPS=(R2("'CDt?'-PCC'/CEL~ 

CI=2.*(2.-F:PS)/( I.+EPS) 
C2=2.$EPS-3. $ C~=(I.-EF~I*(2.tfPS-I.'/CI •• EPS) 
D(2,M)=~PC(2,E)=(0' 1,PI)t[)PC(1 ,e)+Cl0).(CI.~!'C(1.7)+C2$UPC(I,81 

$tC3*UPC(I,9',+AT*CTOX*tCl$OPC(1,7ItC2$OPC( l,e,.c~.oPCC 1.9)'/2. 
U(2,M'=UPC(2,e)=(U(I,~ltLP«(I,e).CTC).(Cl$(.(71.C2*CM(8,+C3*CM(9" 

.+ A T .OT OX. ( C I. UPC ( I, 7' +C 2 tupc ( 1 ,e hC 3tLPC ( 1 ,C; , , ) /;!. 

F(2,PI)=EPC(2,el=(E(I,~'+F~C(I,8'+CTCX.«(1$(E(7'+C2tCE(e'.C3$CE(~)1 

It +A T .'HO X It ( C 1* EPC ( 1 ,7 I +C 2ltEPC ( 1 • e I +C ~ *EPC ( I ,~, I' /2. 
F(2,PlI=PP((?,~I=PC(8,(F' 

10 IF((''SC.NE.?OO)oA~Ce(''SC.'''E.310).~~C.(''S(.''E.~OlJ.ANO.("SC.NE.3111 

It.AND.(~SC.NF.l~91.AND.(~~C.~E~~091' GO TO ?O 
C-----P~FOICTOR A~O C~~~fCTCP FC~ NS~K.l.NXSS = 4 

"'="SH~+l+"X~S 

O(2,~'=OP~(2.41=DPC( 1.4'=OP(~,O' Sl(2.~'=UFC(2.4,z~PC(I,4'=UP(~.O' 

r(2,PlI=FPC(2,4'=EPC(I,4)=E~C~,0'!P(2.~'=PPC(c,4'.FPC(1.4,=PP(.,GE, 

fF(NSC.FO.19~I.OR.(NSC.EO.309" GC TO 11 
C-----P~fOfCTC~ rep "S~K+2t"X5S = !: 

""="SHK+2+"XSS 
FPS=(RCD~AV-R(M"/OELR 

CI=2.·(?-FPS'/(1.+EPS) 
C2~?.FPS-~. $ C3=(1.-FPs,tC? ... epS-I.'/(I.tepSI 
o J= C ( I , 5 , = 0 ( 1 , ~ 1- C T 0 x • (C l' U C I • ~ C C , t C :2 fU ( 1 , " 1 tC ~ t ~ ( I, "-1 » , 

II - A l* 0 T 0 X * ( C 1 * C ( I ,NC 0 I +C? t C ( I • " 1 • C 3 to ( 1 • /1- I , , 
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UPClt,5)=U(I,~I-OT~XOICI·~~IN(DI.Cc.PMI~I.C~OPMIM-I" 

O-AT.DTDX.ICI.\.I 1 ,"COl tC?*UI I.~ ,.C:lOUI I ,~-I I I 
~ PC ( I • !: , = E ( I • " 1- DT D )(11 ( C I. P F. INC 0 ) • C ~ OP E ( '" 1+ C::! It F=E I "'- 1 ) I 

*-"1.DTDX.(CIOF(I,~CO)tC20EII.M'tC3.E(I."'-1') 

PPC( t.!: I=PP( ~ ,CE I 
II IFII\TYF=FINFIRST 1.1'0.';' CC TC ~C~ 

IF(NXSS.EC.O) GC TC 12 
C-----PREDICTCR FOP "S~K+I"X~S+t)/2 = ~ 

~="SHK+("XSS.1112 

PPC ( I. 3) = P I I , M ) • ( 2 •• G E / ICE + I. , 0 ~ SL •• 2 - ( GI' - I. , I ICE + I • I ) 
OP(II,3'=O(I,M)/(ICE-I.I/(C(+I.'+2./(CE+I.)/SSL •• 2) 
UPC(I,31=OPC( 1,:!I.(UII,"I/OII,"'+SCRT(CfOFII,""/C(I."')02./(GE+I.' 

•• SSL O( 1.-I./SSl •• 2 I) 
E PC It, 3 ) = CPC I I , 3 I * IFF C ( 1 ,3 , I D F C ( 1 ,3 '/ I (f - I • I + UP C I I.:!) 0 • 2/0PC I 1. 3 , 

000212.) 
C-----PPEDIClr~ FCr. S~K VFL A"C PCS 

C 

C 

12 MH=4-2.N~HK~G"+"X~~ $ "L=2.20"S~KS(" 

5 SL S A 11= SORT ( (PPC ( I , M~ ,/PPC ( I, "'L ) + I GE- I • ) I ICE + I • ) ). I GE + I • ) /2 ./Gf) * 
OSSL/AeSISSL' 

R S=R S SA II+( S SL ~A "* SOPT (GE oppc ( 1 • ~l'" OF C ( t ." l ) ,tUFC I I • "'l »/OPC ( I, I'll H 
*SSE)12.·01 

GO TC 203 
202 IFINXSS.NE.O) G~ TO 204 

A=SO;TIPPC(I.4)/DFCII,4)1 
PC = I 0 + I PG ,- I • II A.*? +GF. I I. - I. / A. 0;' ). I G IGF * F -R41<1 , 
S5L5AII=SCRTII?OPG-II.-EETA)+c.CSCRT(PC.$2-11.-8ETA)*PG-8ETAIII 

* II.-EFTA I IG) 

RS=R~SAII+(SSI'+SSlSAII*~ORT(GI*A+\.PClt.41/DPCII,411.~T/?. 

GC T: 203 
Z04 RS=RSSAII+(?*SSF)*01/Z. 
203 IF(I(~S.GT.P?(NS~K.I."5C».A"C.I"x!S.FC.C)I.C".JCRS.LT.R2IN~HKtl 

*+"'SCII.A"'D.I"x~S.EQ.1 II) RS=R2("S"'I<+lt~SC) 

t F I I ( R S.l T .f< ;> INS I-K ) I • AND 0 I 1\ X! ! oE C • C ) , • CR. , I .. ~ • G T • ~ 2 C "5 ~ IC ) , • 
•• "D.(NXSS.EC.-II) 1 PS=PZI"St-K' 

IFIII~5.GT.nCCloA"Col"St-KCDX.EC.01).CR.IIR~.lT.RCC'.A"C.("S~KCD) 

* • F G. I ) I 1 R S= P C 0 
IFIINSC.NE.20~I.A"D.'I\~C."F..~lC) •• ~C.I~SC.~E.2CI' •• "C.(~SC."F..3111 

•• A "0 • I "5 C • N F • Z I I ) • AN C • I "5 C • N F. • I 0 I I • A" C • INS C • N F .9 t 1 •• N n. ( N SC • NE 0 q 0 , 
., GO TC 13 

tFI("XSS.EC.OI •• "C.("SI-~SG".EC.O)' GC TC 14 
C-----CCRRECTOR FOR N~t-K+I+"X~~.INX~~+11/2 = 4 

~=NSHK+t+"XSS.'''XSStl'/Z 

MM=NX~S*I"xSS+l»/?-I"x~!+I'*C"x!S-11 

0(2,~I=OPCI2,4)=CCI4,M,~", f ~,?,~)=~PCC2,4'=~CI4,~,~~, 

EIZ,~'=FPC'2,41-EC'4,~,"~1 S F=(2,,,,)=PPCCZ,4,=PCC4.GE, 
GO TO 13 

C-----CCPPECTOr. FOP NSI-Ktl+"XSS*'NX5Stl'/2 = 4 
14 ~="SHKtl+"x!S.("XSS+IIIZ S ~ll=(!!l+SSLS.~IIZ. 

PS=PII,NSHK)(12.*C-E/ICF+I.,4SLI¢tZ-ICF-I.I/CCE+I.J' 
OS:DII,NSHKI/IIGF-I.)/ICE+I.I+2./ICE+I.'/SLI**Z' 
US = 0 S. ( U ( I • NS t-K I 10 ( 1,1\ S .... K 1+ SO .. T (G E." I I ." ~H" ) /C ( I ." S HK , ,.2.11 GE t I • , 

*.Sll*II.-I./Sll·.Z') 
E~=D~.'P~/OS/CGE-I.).\'S*.ZIOS •• 212.) 
frS= (RZ(,..SHK+I,-f;SI/OELR 
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CI=2.~(?o-EPS'/(lo~~P~) 

C2:~o$FPS-3o § C3=(I.-FP~'O(2oQfPS-I.)/lle~f~~' 

D(2.~'=DPC(2.4)=(D(I.~)~C~C(I.4'+C1C~~(CI$~S~C2$UPC(I.4)~ 

~C:3*UPC(I.~I)+ATQDTDX*(CI*DS~C~$CPC( 1.4)+C3*CPC(I.~)))/2. 

U(2,~)=UPC(2,4'=(U(l,~)~U~C(1,4)+CTC).(CI.(lS*.2/CS+PS)+C2.CM(4)~ 

*C 3*C M( !::) ) +11. 111<0 TO x* ( C I*l. ~. C 2* UPC ( I ,4) +C::! .UPC (I .5) ) ) /2. 
E(2,~)=FPC(2,4)=(f(1'~)'fPC(l,4)+CTC~.(CI.U~/0~$(ES+PSI+C2$CE(4'+ 

*C3.CE(5"~AT.DTDX*(CI.ES+C2·E~C(I.4)+C3.EPC(I.SJ)'/2o 

P(2,~)=PPC(2.4':PC(4.GEI 

13 IF«~SC.NE.200).A~C.(~SC.~Eo~ICI.~~C.(~~Ca~E.;01'.ANC.(NSC.NE.::!II) 

.) GO 1C IS 
C-----C(~kEC1C~ FC~ NS~~'2~~~~~ !:: 

M=I\SHK+2+I\xSS 
D(2.U':OPC(~.~'=DC(5,~,OI ! U(2.~)=UFC(2,~,=UC(S.~.O) 

F'~.~)=EPC(?~'=EC(5,~,0' , P(;.M'=PPC(2.S)~PC(S.GE) 

15 IF(~TYPE(I\FIRST).fO.5' G( TO 20~ 

JF(I\XSS.EC.O) GC TC If 
C-----CCPQECTOf; FOR "SI-.Kt(~XSS" '/2 = 3 

M=NSI-Kt(NXSS+I'/2 
SSlSAv=(SSl+SSlSAV)/2. 
OPC(2.3'=D( 1,~)/«GE-lo'/(GE+lo'+2./«(E'J.'/SSLSAV.$2) 
UP C ( 2 • :3 , = DP C ( 2, :3 , • ( U ( I , ", ) / 0 ( J ,'" It ~ OR T ( (f.P ( I .'" , /:l ( I, e. , , $2" / ( 

*GE+I.'*SSLSAV*(J.-I./SSLSAV.*ZI) 
PPC I ~ , ~ ) = P ( I , '" ) » ( 2 • *G F / ICE + I 0 I » ~ 5l ~ A" » » <' - ( (E - 10 ) / C GE ~ I 0) I 
EPC(2.3'=DPC(?3'.(~PC(2,3)/DF(C;,~I/(GE-J.I'UPC(2.3.$$2 

»/DPC(2,1).*2/~.' 

IF«I\AMFoEr..R~SI-KCCSI-K).A~r..I~~(.EC.-1111 (r TC 1~ 

D(2,~'=DP(2,3' $U(2,~)=l.PC(2.3' iEI2,~)=fPC(2.3) !P(2.MI:PPC(2.J' 
C-----COkRECTn~ FCR S~K VEL 

16 ~~=4-2*NSHKSG~+~XSS f ~L~Z+2.~S~KS(N 

SSL=S)QTI(PPC(2,~H'/PPCI;.~L'.I(E-lo'/IGE.lol'.IGftIG)/2./Gf,. 

*SSl/AeS(SSLI 
SSE=SSL.SO~T«(E.~PC(2.~L)/CPC(2,~Lll+UPC(2,~ll/CPC(;.ML, 

GO TO 20f 
205 IF(~XSS.FO.O' GC TC 207 

o ( 2. ~ SH I( + I I'" D PC « i , 3 , = DPC 12. :3 »:: c ~ C I I • 1:3 ) 
U ( 2. ,,"S HK. J , =U PC ( 1 • ::! , = UPC (2. J )=UPC« I. 131 
r(2,~SHK+I'=f~C(I,:3'=EPC(2.3t=EFC(1.13) 

P( 2, ~SI-K~ I ,=PPC ( 1,3 ,=PPC (2, J'=PI'C (1,13' 
207 A=SQRT(PPC(2.4)/CPC(2,4IJ 

PG=I.~(PGO-I.'/A**~+GF·(I.-l./~··2)·«(/GF.E-R4Rl' 

SSL=Sa~T«?*PG-(I.-P.fT~)+2 •• ~QRT(PG.t~-(I~-B~TA'.PG-BEVAI'/ 
$(l.-EETA'/G) 

SSE=SSL*SORTIG'*A+UPC(2.4)/CPC(Z.4' 
206 IF(~SCoNE.-11' GC TC 17 

IF("'A"'E.EO.eH~HKCOSHKI GC iC 3~ 

C-----CORRECTOR FOR ~CO(=~' = COPRECTCR 3 
D(2,"'COI=CPC(2,3' $ UI2,~CC)=UP(2.3' 
E(2,NCOI=EPCI2.3' $ P(2.~COI=PPC(2t3' 

C-----CCRRFCTCf; FO~ NSI-K(=3' = CCRRfCTCR 7 
O(2,I\SHK)=DPC(2,1) $ l(2,~SHK'=LFC(2.7' 

EI2,NSHK1=EPC(2.7' $ P(2.~SHK'=PPC(2.7) 

17 IF(~~C.NEoll' GC TC 35 
C-----CQRRECTOR FOR ~CO(=f' = CORRECTOR e 

DI2.~CDI=CPC(2,6' f U(2''''CO'~UPC(c.e) 
F(2,NCDI=EPC(?f) $ P(?'.~CO)=~PC(?6' 
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c-----cC~~ECTO~ FOR ~CC+? CC~~fCTG~ ~ 

0(2,~CO+21=OPC(?31 $ U(2,~CO+2'=lFC(2.3) 

f(?~CO+2)=EP(C2,3) S P(2,NCO+21·PPC(~.~) 
C-----AOVANCC SHK A~O CO CFLL FCSITlr~ IF ~ECCf5SARY 

C 

C 

C 
C 

e 

3~ NSHK=NSHK+NXSS $ IF(N1YPEC~FIRST).EC.~) ~Fl.=~S~K 

IF'C~XSCO.EO.OI.OF.'~A~E.EC.8~S~KCCS~KII GC TO I~ 

1 8 

~=~C~+2+3"(~X~CO-ll/? 

PS=P(2,~) S DS=CC2,U) 
IF(NXSCO.FO.-Il Gr TC 
P(?,NCO+2)=P(2,NCO+1J 
U(2,NCO+21=UC2,NCO+I) 

$ l5=U(2,~1 S E~=E(2.~) 
18 
S 
S 

E(2,NCO+21=£(2,~CO+11 S 
0(2,NCO+?I=OC2,NCC+11 S 
P2(NCOI=P2S 

FC2.NCO+I,=F(2.NCO' 
UC2,N(0+1)=U(c,~CC) 

£(2.NCC+1 )=f C2."CC) 
C(2,NCC+I )=OC2."COI 

GO TO 19 
P(2,NCC-ll=PC2,II.COI ! P(2,NCOI=F(2,NCn+11 f 
U(2,NCO-ll=U(2,NCOI $ L(2,~CO)=l(2'''CC+I) S 
E(2,NCO-I )=£(2,NCO) S E(2,NCO)=F(2.~CC+11 t 
0(2,NCO-I )=0(2,NCO) S C(2,~CO)=C(2,NCt+l) S 
R2(NCO+II=R2S 

S FC2."COI:P5 
S U(2.NCO)=lS 
t E(2."CO):o:E5 
S 0(2."COI=05 

P(2,NCO+I'=PS 
U(2,"CC+I )=lJS 
E(2.~CO+ll=ES 

CC2.NCO+I)=DS 

19 NOTSCLCNI )=~CC="CO+II.XSCC $ ~OC"I)=F?(~(CI=~2(~CCfl)=RCC 

SF(NII=SECn S NOISCL(~FI~STI=II.5HK S SL("FI~!l'.SSL SSE(~FIR5T).SSF 
FO(NFII'STI=r:;S 

IF(N~~KCOX.fC.O) RETURN 

IFC(NSC.FO.O) .Or:;.(~SC.EC.II01.C~.(~S(.fC.iC~).Oq.(NSC.EC.99).OR. 
*CNSC.EO.2C~I.OR.CNSC.EO.II)1 GC lC 27 
~ETURN 

20 IF((NSC.NE.210).A~D.C"Se.~E.211)1 GO TC 21 
C-----Pr:;FOICTOr:; ANC CCFPECTC~ FCF N5~K+2 = 4 

M="ISHK+2 

C 

EFSooCRCto'+I)-RCIlI))/DELJ; . 
el=2.*C2.-EPS)/(I.fEP5' 
C 2 oo? • * rp s - 3 • S C 3 = ( I • - E PSI" C 2 • * E P!' - 1 • ) I ( I. + E P S , 
o (2, to') = OP C ( ? , 4 1= C PC ( 1 .4 1= C ( t , M ) -[1 ex .. ( C 1 • U ( I, M + 1 he 2'U ( 1. ''0 + 

*c 3 *u ( I ,M- 1 ) 1- AT" OT 0 x* (C 1* 0 C 1 • " f 1 ) + C? * C C 1 ," ) • C 3' 0 C 1 • ~-I 1 ) 
UC2,III=~~C(?,4)=UPCCI,4)=UCI''')-C1CX*(Cl.P''(''+I).C2.P''C"'. 

II<C 3" P II ( "'-1 I I -A T * r 1 D X * ( C 1 *l ( 1 ,1/. 1 ). C 2. U ( 1 , ~ 1 + (:! tu ( 1 .11- 1 ) ) 
E(2.~I=EPC(?,41=EPC(I.4)=E(I''''-OlD)'CCI''FE(''.1).C2tPfe",+ 

• C 3 * PE C M -I , 1-,6 T t eTC X ,. ( C 1 * F ( 1 , M • 1 ) + C c • E ( 1 • M It ( ~. E ( 1. "'- I I I 
P(2 .... ,=PPC(2,41=PPC( 1,41=PPC4,(E) 

IF(NSC.EC.2101 GO TC 22 
C-----PREOIC10J; FOR N5HK+2 = ~(=IC. 

e 

OPC(J,51=OPC(I,10) S U~e!l.5)=UI=CCI.IC) 
EPC(I,~I:EPC(I,IO) S PPC(I.S'=FFCCI.1C) 

22 GC TC II 

21 IF«(NSC.NF.IOI).ANO.(~SC.~E.~I).A"c.(~~e.~E.ICCI.A~O.("5(.NE.901' 

*GC TC 23 
C-----PRFDIC10R A"O CC~PfCI(~ FC~ II.~~~+I ~ 4 

"'=NS~K+I 



C 
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O(2.MI=OPC(?,41=DPC(I,4)=O(I,~1 ! l(2,~)=~F«2.4'=UP«1.4)=U(I.~1 
F(2.~I-FP«?41=FPC(1.4)=E(I.~·) S F(2,~)=PFC(~.q,=pPC( 1.4)=P(I,MI 

IF(NSC.NE .101) GO TO II 
IF(~.~f.FO.8~SHK(CSrKI GC TO ~~ 

C-----PRFDICTO~ FCP ~CD+? = ~(=IC' 
OI'C(J,!'I=CPCII,IO) S UPCIl,5'=l.P(II,IC) 
EPCIl,5'=EP«I,IO) $ PPC(l ,5,=PPC(J,lO) 
GO TO II 

C-----P~EDIC10~ FOI' NSrK+1 = ~ 

C 

3:'1 DPCII,!')=DI2,~, S UPC(1,!"=LI2,~) 

FPC(J,51=r(2,II' ! PPCII.!I=P(;;:,IV, 
GC' TC II 

2.3 IF((~SC.I\Folll).At-.C.(hSC.~Eo-C;)."~C.(I'!'(.Nr.I)1 GC TO 24 
C-----P~EDIC10R AI\O CC~RECTCR FC~ I\CC+2 = 4(=101 

IFII\A"E.EO.f1r!'rKCCSI-K' GC TO :!E 

C 

M=I\CD+2 
o C ;:," 1 = OPC I 2.41 = OPC I I .4 I =OPC C I • leI 
U(2,~)=UPCI2,41=UPC(1.41=UI'«I,IO) 

EC2,~)=EPC(2,41=[PC(I,4)=EI'(CI ,10) 
I' (2, IV ) = PF ( 12, 4 ) = PPC I I ,4 I =PPC ( I • 1 C ) 
GO TC II 

3{ DPCC;:,41=l)PC( 1,41=QPCIt,EI ! IF((,,,41=LF((I,4':1.I'C(lt6' 
EP«2,41=EPC(I,41=FPC(J,61 S 1'1'«~,4)=I'PCC1.4)=PDC(I,f) 
GO TC II 

24 IF«NS(.F.Oo-l~ '.CR.(~S(.EC.89') (C TC II 
'IF(CNSC.NE.0).AI\Q.CNS(.NE.II0'.A~C.I~~C.~E.1CC;I.A~C.(N~C.NE.99). 

*A~C.(I\SC.~E.2~Q).AI\D.I~SC.I\E.-II'._I\C.(I\SC.I\Foll) GO TO 25 
C-----PRfDICTOR AI\O CCRKEC1CR FC~ I\~I-K+I • 4C=f) 

DPC(2.~)=DP«I,41=C~(II,f) S UP«(",41=LFC(I.4)=UPC(I,6) 
EP(C2,41=EPC(I,4)=EI'C(1,6) $ ~1'«2,4)=FFC( l,"'=PPCCl,f:' 
IF (NSt-I<'CDX .EO 0 I) GO TC 2f 

C 

C 

C 

C 

C 

GC Te II 

25 PRINT lOOl,NS(,I\St-KSGN.I\SHKCD~ 

1 001 F'O~"''''T C IH ,5/ ,* "5(.* ,315, lOX, $TJ;Cl.EL E It-. St-K-CC*) 
DELR=-APSCDELR' ~ ~CTURN 

2f. IFII(N~CoEO.-II).rR.("!'C.ECo99).C~.C~S(.EC.O».A~C.(hSt-KSGN.EO.OI) 

*GO TO 25 

TRFLCT=CwCDSAV-RSSAVI/(~~E~A~-SECC~AV' 

RS=RCC=RCCSAV+TPFLCT*SECCSAV 
GO TC 11 

21 IF(~~C.NE.II) GC TC 2P. 
IF(~CD.LT.R2(NSHK») ~CD=~!'=R2(N(O'=R2(~CC+l)=RDC~FI~ST'=RO(NI'= 

.~:>(~S"'I(' 

l~FLCT=(RS-RS!'AV'/SSE~A~ 

2P. IFINSC.NE.IOQ, GC TC 29 
IFCRCD.Gl.R211\SHK+2" GC iC ~o 

I\OISCL INF II<SY )=NSt-K=hSt-K-1 
C-----(0~J;EC1C~ FCP I\(C+2 = (C~~FCTC~ FCF "([41 



c 
C 

C 

C 
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"'="CC+I 
0(2,~+II=D(2,,,,, $ U(2,'"+II=u(2,"" 
F(2,~+II=E(2,,", t P(2,III+II=P,,=,,"1 
GC TC 29 

30 III=NCO 
PS=P(?,,", S OS=C(2,"" S US=UC2,"" f ES=E(2,,"1 S R~S=R2r~+21 
U(2,NCOI=UC2,,,CDt21 $ U(2,"CO+21=uC2,"(C+I I S U(2,~CO+l'=US 
E(2,NCOI=EC2,NCO+21 $ E(~,NCO+2'=EC2,"CO+II S E(2,"'CO+l'=ES 
P(Z,NCOI=P(2,hCCtZ' , P(2''''COfZ'=~r2,~(C.I' S P(2,NCO+l'=PS 
OC2,NCOI=0(2,NCD+21 $ D(2,NCO+~I=C(2''''CO+I 1 S 0(2,"'CO+I'=OS 
"OISCLC"1 '=NDISCL( ... IJ+I 
R2(NCDI=R2S $ QC("F IRST I='"2("'CC+21=R2C"'CC+I '=I'OCO 

29 RO(NFIRSTI=PD(NII 
IFC"TYPfC"EI,"STI.fG.21 C~LL S~KCO~C"'FI~ST''''I,TRFLCTI 

JF(NTYPE(NFIPST,.~a.51 C~LL CETCC~("FI"ST'''I,TRFLCTI 

RETURN 

C-----SPCL FLW FLC ACJSTM"T F~ "S~K(C)=I 

C 

100 DC liD "1=1,'" 
IF(M.GT.NCO+ll GO TO 102 
IFC'".LT."COI GO TO 101 
GO Tt:: lID 

101 O(2,w'=nll,'"I=DIJ,~CO+JI! UI~,,"I=L( 1,~I=L(I,"'CO+l1 

E(2,MI=E(J,M'=E(1,"'CD+I' $ PCZ,""=P(l,,"I=PCJ,"CO+" 
GO TO 110 

10Z 0","'-21=["(1,"" U(J,"'-~I=U(J,'" f ECI,"I-"I=ECI.,"I 
0(2,M-21=OC2,'" , L(Z."'-ZI=LCZ,"" S ECZ,,"-2'=E(2."" 
P(J,"'-21=PII,WI $ 1"'(2,"'-cl=P(",,", ! ~C"-21="C"" S f;H"'-~I::R2C"" 

110 CC ... TINUE 
DO 12C M=I,NTotS!"T 
IfCN~ISCLC"'I.lT."CO+II ~CISCLC""=-I 

IF(NDISCLC"".GE."CD+.' "CISCLC""="CJSCL("'1-2 
120 CC"TI"UF 

NFLM="'FL"'-Z $ "="-2 
IF(NI+J.LE.NTDISCSI NRHSC"ltl I="~~~("I+II-2 
IFC"I+I.l~.NTCISCS' "l~S("I+II="L~S("1+11-2 

C-----ACCT FOR PRTCLE PT~ A"O ... EG A"C PC~ C~"CT '~Aj CELL LCC''''S CHA ... GES 
JfCNPPTH.LE.OI GC TC 126 

C 

DO I I I t = I • NPPTH 
IF(NCLPPT~(I'.(E.~CO+I) "CLPPT~(II=NCL~PT~(I'-2 

III C.CNTINUE 
126 IF("UMA.LE.OI GO TO 112 

00 113 I="U,"AFST.~UMA 

IFCNCLU~A(II.G~.NCO+II NCLL~A(Jt=~(LL~~(I'-2 

11 J CC"T INUE 
112 IF(NUPA.lE.OI GC TC 114 

on It~ I=I,NUPA 
If"CNCLUP4( I I .GE."CC+I) "'ClU~~ (J '="(llJPle 1'-2 

I IS C C" TI "UE 

114 NU!3C=3"'YES 
C 



C 
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$ C~lL ~~~Tff(~CCCE' 
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SlAP~Ull~F. SHI<CCA("FIJ;~T."l ,1J;flCl) 
(C~~("/FAR~~/".J,AJ,(,(F,CFLR,"FL~ 

eO~M(~/Tt~E/T,Dl,CTL,T.R1TE,DELT.CTCx.'T 

(C~MCN/FtRFETC/1NDF),NC~CLE.""."""'''~'CJ;E'''~.''11R(1'' 

(CWW("/A~RAYS/PC501),UC2,SOI),F(2,~01).CC?~01).EC2,~O1',P2esel' 

CCW~C"/Ot~CS/"TCt~C."DISC"C(51),"'~PE'SI ),"eJSCLISll.SEIS1),SLISI) 
*,RDISI',"lDJSCT,"TCJSCS 

c-----OEl STATES 4 AND 5 DUE TC ~HI<-CC I"TEI',e'I'" 
C SET STATE 1 ,0 ~S REF STIITE FCI' PCL'~ sell' .. , ~~ CVERALL REF S'IITF 
C STD CCNDI1~ ASSuwED IC ~LD '(~(55 CC P-CC"!l. u=CC"ST 
C VFL REF .RT SCRTIGF*PI/CI) 
C P21=TC eF OEAC ~S P~FSS I" ST~T£2 ~FL lC II"C "C"CIM BY STATEI 
C U410=REAO AS FRTCLE V~L J" S1TE4 I'el lC 5TTEI '''C "e"D'~ PY ~T1E~ 

C U41=REAC AS PR1CLE VFL I" ST'TE4~£L lC A~C "ONOIM BY SlA1EI 
C 

C 

(-----l.C PCSSIP-LF I"TFFIICT1C"S -
( 

CEFf"CI"( C" T~E SOC CF S"C RATIO 

( 

( 

C 
( 

- STIITE - -~---S--S--(O--4--~---I-

-~---S--2--CC--I--

C A2.LT.AI 
( 

c 
c 
c 
c 

- STATE' - -3---~+Q'I'E+l--S--(C--4--~---I-

-3---!--?--CC--I--

GE=GF ! JFINDISCLINFJRSl'.GT."FL~) GE=G 
C-----~El STATfS I,? '''C 3 

c 

C 

~="~IS(LI"FIRST) $ 15=0 ! IFI"1~FEI"FJFST)."E.2) 15=-1 
PIO=F(2,w+?+?I5) ! CIC=CI2,M+2+2*15) ~ LIC=UI2,w+2+2*IS) 
F20=P(?,M+l) S C?,0-DI2,~.I) S U20=L(2,~+I) 
F~O=PI2,M-?IS) ! O~O=C(2.W-2.1~) ~ l~(=l(2,~-2.IS) 

UI0=L10/DI0/SCRT(G) S U2C=U20/C20/SCJ;l(G' S L3C=L~0/030/S0Rl(GI 
AIO=SQRTIPIO/C\C.GE/Gl S A20=~CI'1(F2C/C2C*(E/G) 
A30=SCPTIP30/C30 0 (f/GI 
SL32=SLI~Fl~Sl-151 t ~E30=S[(~FIR£'-IS) 

SIGN=I.O S JFISL2?LT.0.C) SIG"=-I.C 

PI1=DII=AI1=I.l f UII=C.C 
F21=F20/010 $ C21=C?C/OIC I A21=A;C/AIC 
U~10=L20-UI0 S U211=L210,AIO 
SE~l=SL]?A?\+Ucll 

P32=F30/P20 S F~I-F32*P21 
U~21=(L3C-U201/AIO S L~I=U~21+L211 
O~2-n30/D20 ! C~\-C~2*D21 

A~2='30/A20 ~ A31-A320A21 

(---~-SET SUA CC~STS A~C ITEF (CUNTe~ 
SL~3=SL52J=SL~35=~F51=!E~I=SF.l1=SS~~~.~~~ 

AETA=(GE-I.I/(GE+I.1 ! ALP~A=2."(E-I.1 

"~IG"=-l S DfLP541=O.5 , EFS=I.f-14 I ~ITe~=O 
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C 
C-----GUESS P51=P41 AS ~vG BET F~l a~c ~ FC~ U31 6T All 

U41=U31 

C 

XJ=IL41-Ull'~·2/All •• 2.(E/llo-EET~' 
P41=12.+XJ+SORTlxJ.*?+4.*XI*II.ieETA')'/2. 
P5t:P41=IP41+P~I'/2.-C.~~~~33~CELP!41 

C-----PERFOR~ ITER OF T~E PLR S(L~ 

P~INT J003.SL32,A21 

C 

1003 FC~MATI1Hl.5X,.SHK-Cn I~'E~ACT~ - S~K ~AC~ ~[o. A2J=O.2F8.4J 
'''TE~=''ITER+I 

IFINITER.LT.75J G( TC 2 
IFINITER.EQ.7~' OELL~Av=DELL 

IFINITFR.LT.86' CG TO 2 
IFI(OrLuSAv.LT.?E-J2J.A~C.IDELL.lT.2oE-12» CC TC 100 
P~(~T 1000,CELU,DELUSAV 

1000 F(~M~T(IH .5/.5x,.~(. (f ITE~'TI(~S ~~S ~E~(~EC ~AX CF E~ •• 2E2C.IO 
.J 
IF!~ELU.lT.9.E-JO' (C TC 100 
DELR=-A8SIDEL~J $ ~FTL~" 

P5t=F4t=P41+ryELP~41 

SL41=SC~T«P41+EE'A'/(I •• EE'~J)~SI(N 
SE4t=SL41*AJl+Ull 
U4 I = 1 I • - E ETA) 0 I I .- J ./ SL 4 ICC 2 I C SL 4 I C A I 1 
04 I = I • / (Bf: TA+ ( I • -BE' A, / Sl4 1 * * 2) 
AAI=SORTI(I.-eETA'.*2.!SL410.c-eET~/1 1.+BFlA',*(I./SL41 •• 2+ 

*RElA/! I.-EETA) ,OCE) 

(----C~ECI( IF A2.(T.AI 
IF(A21.LT.I.?) GC TC 10 

( 

(-----HE~E 62.GT.Al SC SrK-SrK 

c 
C 

p~ 3=P51/P~' 

SL53=-SCFT«P53+EETAJ/(I.+PET~')CS)G~ 

SF5t=SL53$A31+U31 
U5~1=( I.-EFTA )*1 1.-) ./SL~:! •• 2J*SL!!~$A3t 
U51=U531+U31 
05~=I./(~ETA+II.-BETA)/SL~~"'·21 

C~I=C53*C)1 

A 5 J = SO R T' 1 I • - B F. T A ) * .;> '" 1 S L 5 J •• 2 - E E T ,/ 1 I • + E E T ~ , , '" 1 I e J' SL 5 3 •• 2+ 
'" A ETA / ( 1 • - P. ETA J I '" GF , 

A51=.653*A31 
GC TC J 

C-----~ERE A?LT.Al SO RARE-SHK 
C-----ASSU~E A LEFT Ru~~f~G ~A~E 

J 0 P5~=P51/P:! I 
D53=11?~ALPH_IJ'ALP~A'(E'(P~J-lol.I.'.'IALF~A'I~.+ALPHA') 

051:D5~.D31 

Ae~=C5~·.(loJ'ALPHA) 

.651=653*A31 
~~~I=-ALPHA.(A~~-I.).A~t.SIG" 

U~I=U5:!I+U31 

Sl533=SL53~=-I •• SIG~ 
SE~t=SL5:!3*A~I+U~1 S SE'I=5L5J~.A51+L~1 



C 

C 

C 

C 

C 

C 

-167-

3 DELU=ABS(Ulil-V:l)*(AfI~(1.'U4l) ... e~(1.'L~I»)"2.C 

PRINT 1001,~lTER,DELP~4l,CELL."cl,Fcl,C21.~cll.UII. 

*F32,P31,C32,n~1,A32,A31,L~cl,L31,~L3c,~E31, 

*P41,D41.A41.U41.~L41,~E41,~L~33,SL~3~,~F~t,~ETI, 

*P~3,P~1,C~3,O~1,A~),A51,L!~1,L~I,~L~~.!E~1 

1001 FCI'<MAT(lt- ,J5,2EI2.5,~F12.7",IOF1~.!."IOFI.3.~,'.IOFI3.S." 

IF(OELU.LE.FPS) GC T~ ICC 

IF(CU51*SI(N.LT.U41.SIG~).A~0.(~~I(~.LE.O») CELF541=-"E~(OELP541' 

IF((L51.SI(N.LT.U41*SIG~)."~C.(~SI(N.EC.-t') N~JG~=C 

IF((u51.~IG~.LT.L41.SIG~).A~C.(~~I(~.EC.l) CELP54l=-AeS(OELP54l)/ 
*2. 
1~«(L4l*SIG~.LT.U51.SIG~I.A~C.(~~1(~.EC.-l») CELP~4l= .. eS(OELP~4l) 
IF((U41*SI(~.LT.U5l*~IGN).A~O.(~SIG~.(F.C»CELF~41=Aes(OELP541 1/2. 
IF((~41*SIGN.LT.U51.SIG~).A~O.(~SI(~.EC.C) ~~IGN=I 

GC TC t 

C-----ACO CISCS Tn T~E ~LC~ FIELD 
100 ~'=~TCISCT! LIO=UIO*SCRT(GI 

~DCSCNC(NT.l)=NTDI~C+l , ~CISC~(~'+2)=~lCl~C+2 

NOISC~C(~T+])=~T~ISC+J 

~TYPE(~T.l)=NTYPE(~T+3'=2 f ~TYFE(~T.2)=3 

SL(NT+3)=SL~~ $ ~L( Nl.ll=~L4l $ SL(~l.:n=o.o 

SE(~'+3)=SE5l CAIO*SQQT(G)+UIO S SF(NT.I)=SE41*AtO*~ORT(G'+~IO 
~E(NT.2'=U41*AlO*SCr.T(G)+UlO 

~CD=NDlSCL(NI+lS' 

1'.2 (NC 0' = I'< 2 (~CC +1 1= R C (~T .2 ) = 1'<0 (~F I j;!: T ,. (U4 1.' 10* S:)QTC G, H, I 0). 
*CDT-TRFLCTI 
FCC~T+3'="'O(NFI~ST )+SEC~T+3)*CCT-T"'FLCT) 

QOCNT+l)=qDCNFJRST'+~E(~T+l'*(CT-Tj;FLCT) 

IFCRC(NT+3+2*IS).LT.n2(NCO-l» ROC~T+~.2*1~)=R2(~CO-l) 

IFIRCI~T+I-?*IS'.GT.F2(NCC+2» FC(Nl+1-2*IS'=R2(~CC.2) 

NDISCLINI,=NDISCL(NFIRST)=-1 $ ~DI!:CL(~1+3+2.IS)=~CO-l 

~CJSCL(NT.I-?IS)=~CC+l f ~DISCL(~T+c'=NCO 

C-----SET THER~C A~D GAS P~RA~E'E"'S I~ CELLS ~CC. ~CO.I 

U50=U~I.A10.SCR1(G'+UIO f U4C=U~I."IC*~CRTCG'+UIO 

"''''~CO-IS 

C 

C 

050=~(2,M)=051*DIO S U(2,~,=U~C*O~C S F~O=F(2.~)=P51*Pl0 
E(2,~)=n50·(PSO'C50'(GE-l.'+U~CC*2/2.' 

Io<="CO+I+15 
D40=O(2,M)=D4l*DtO S U(c.~'=U4C*D4C S F4C=FC2,~'=F41.PIO 
E(2,~'=040·CP40'C40'(G[-I.)+U40 •• 2'2.' 
~TDISCT=NTDtSCT+J $ NTDt~C=~101~C.~ 
IF(A~I.(T.l.O) GC T(1 101 
NTDI5CT=NTOISCT-l $ ~101~C=~TCISC-l 
NTYPE(NT+~)=4-4*IS 

"'=~CD-IS $ MM=NCC-I-3*IS 
DC2,M)=D(2,"'''') $ U(2,M)=L(2,/oI/oI, S EI2,/oI'=E(2,"''''' S P(2.N'=P(2.~~' 

I?l NCODE=IO~~HKCCA 

CALL F~~TFF(NCOCE) 



c 
N ITIH-TN= 3f-VE5 

HETURN $ fNn 
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C 
C 
C 
C 

C 
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SUS~CUTINE CETCD_(Nl,~2,lRFLCTt 

CO~MCN/PAR4M/~,J,4J,G,GF,DELR,~FL~ 

CON~CN/TI~E/T,DT,DTL.l.RITf,DElT,OTO~,_T 

CO~M(N/Fl~FET(/I~CEX.~CYCLE,~~,~~~,~STC~E,~~,NITRCTN 

CCNMC~/OISC5KF/RDS4V(Sll,NLHS(51I,~R~5(511,~C~CSS(51) 

cc~~r~/POWE~/V(APF.R4Rl,PDPO.E~,PP(.ER,C~O,CCAPF,SFECLO,SFE,NCJ 

COMMCN/ARRAYS/R(SOll,U(2,SOI),F(Z,501),C(2,501',E(2,SO1),R2(SOI) 
CO~MCN/D1SCS/NTDISC,NDISC~O(51I,~T'PE(51),~CI~CL(51),SE(Sl',5l(Sll 

*,RDC51I,~TOISCT,NTOISCS 

-5TATE-- ---1---4-CETCN_TIC~-~---

-5r4TE-- ---I-DETO~ATJC~--~-CO-~---

~CD=~OI5CLC~2) $ ~I=~CO.~ 

o ( I 101= ~ I • ~ 
pc 1,~-2'=P(t,~) SOCI,"'-21=C(I ,~, sue 1,~-21=U( 1,111 SE(I,II-21=EC I,~) 
PC~,~-2)=PC2.M) SDC2,~-~)=D(?,~) SlC~''''-2)=lC2,NI $EC2,101-21=E(2,"" 
RC"'-2)=~C~) S F2CM-2)=~2C"') 
CC~TI~UE 

DC 2 "'=~2,~Tr.lSCT 

I~CN~ISCL("').(T."'J) ~CISClC~'=~CJS(L(~)-2 

2 CCNTINUE 

C 

C 

C 
3 

c 

~=~-2 $ NCJSCL(~21=-1 
IFCN2+I.LE.~TCI~CS) ~R~SC~2+11=~~~~(~2.1'-2 

1 F( ~?I .LE.NT CISCS' NL~S(~2+ I )=~L"H ~~+I '-2 

8ETA=(GF-I.)/(GF+l.) ! A=(GF-I.I/«(-I.' 
PGO=(I.+eETA)*(VCAPF-BETA)/(I.-BETA)-EET_ 
A=SOR1CPC2,~CD)/C(2,~CO» 

P(=I.+CPGO-l. )/A •• 2+GF*( I.-I./A •• ~ )OC(/GFOS-R4PI t 
SlCNI)=Sr.~TC(2 •• PG-(I.-EETA'.2.~SC~T(P(O.2-CI.-eETA'OPG-BETA')/ 

*n.-eETA)/O 
SECNI )=SlC~l ).SQQT C().A+L;C2,N(C)/CC2,~CO) 

ROCNI )=ROCNI )+SE(NI )''''OT-TRFLCT' 
Ir(RC(~1).LT.~2C~CC)) (C TC 3 
IFCROCNI).GT.R~(NCO+I) RD(NI'=~2C~CD+l) 

PSI=(J.-fCTA)/?.*CI.+G*SlCNI) CC 2) t PC2,NCO)=PSIOPC2,NCO) 
LS=SQRT(G'*A*SORTICJ.-eETA)O(PSI-F~)*CFSI-I.)/G/ 

*(PSI+RETA)+UC2,NCO)/OC2,NCO' 
OI2.~CC)=OI2,~CC)/CJ.-CI.-EET').CPS1-P()/CPSltBETA') 

U(2,~CO'=~SOOC?,NCO' 

E(2,~CO)=CC2,~CC)*CPC2.~CC)/CC2,~CC'/C(F-I.)+LS**2/2.' 

NFLM=NOJ SCl( ~l )=~OJ SCLI ~t '+1 
A=SORTCP(2,NFL~+II/D(2,NFLM+t') 

PG;1.+(PGO-I.'/A*02tGF*II.-I./~C.2'OC(/(F.E-R'RI' 

SLINI)=SORT«2. oPG-C 1.-BETAI+2.*SC~T(PG··2-IJ.-BETA).PG-PETA')/ 
*Cl.-EETA)/G) 
SEINI);SLI~IIOSORT(G)·A+lC2.~FL~.I'/C(?,~FL~+I' 

~CCOE=IO~DETCO 

NITRCTN=3IiYES 

RETUIU; $ E~O 

S CALL F~~TFF(~CCCE' 



C 

C 
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SleRO~TI~E SCCFL~(~FlkST.~SECC~[.~T~lkr.~_~EI 

COMMCN~PARAM~N.J.AJ.G.GF,DELR.~Fl~ 

C(UM(~~T1AAE/T,CT,DTL.TWqITE.oELT.DTo~._T 

CC~U(~/PRFoCCk/CPC(2,13'.U~C(2.1~I.E~(2.1~I.PPC(2.13) 

COMI'I eN /ARR AVS /R ( 50 I I. U( 2,50 I , ,P (2. ~ 0 I ) ,0 ( 2.! 0 I 1 ,E' 2.501 I. P2 (SO I 1 
CCM~(N~OISCS~~TC1SC,NDlS(~C(51,,~TYPE(Sl,.~rISCL'~1).SE(SII.SL(SII 

•• RO(51'.~TDISCT,NTDISCS 

PRINT 100t.NAMF: 
1001 FC~M_T(IH .IX.-41 

RS=R~(~FIRST' S SSL=SL(NFIRSTI f SSF=SE(~FlkST' 

~S~K=~DIS(L(~FIPSTI S PCC=PD(~SE(C~DI S se~D=SE(NSECOND) 
~CD=~OISCl(~SECr~DI $ RF=RC(~l~lkCI S SFE=SE(~T~JkCI 
SFl=SL(N1HtRDI 
PCD1EST=PCo~S~CC·CT 

NXSC~;O 

IF(RCDTEST.Gl.R2(~(C+21)~XSCD=1 

SFESAII=SfE 
IF(PCDTES1.LE.RF+SfE$oTI GC T[ I 

IF(kCCTESTolTok~(~Co-111NXSCo=-1 

6 PPI~T IOOO,~CC.RCC,SE([.PCCTEST,kF.SFE,CT 

1100 FO~MAT(IH .5/.1X,15.~EI4.5,/ •• lRClElE S~K-CD FLM. CC-Fl~ MERGE.' 
PETUPt\ 
NSCDF=IO*(~FL~-t\CC-II+~xSCC 

CALL S~KCO(NFtRST.NSECCNc,eHS~~COFl~' 

JF(RCC.GT.RF+SFf.CT) (G TC 6 
IF(NA~E.Ea.4~SCFSI GC lC 2 

C-----PpfoICTCP _t\c (CPRECTCk FOP NFl~+1 = Ie 
"'=~FL"'+I 

0(2,M'=OP(2,lOI=OFC( t,tC)=oF(~,C) 
U(2,W)=UFC(2,10)=UPC(I,tOI=UF(~,O) 

E(2,WI=EPC(2,IJ'=EPC(l,IO)=EF(~.0) 

P(2,WI=PPC(2,101=PP(( 1,ICI=OP( le,e) 
C-----PPEOICTOP P~r. CCk~FCTC~ FC~ ~FL~ : 9 

CALL SFVDPO( G. GF ,PPC( I, 10). OPC« I. I C I. SFl. lie ,~O ,CELl<, 
O(2.~FlM)=CFC(2.9)=DPC(1,91=CFe(I.10)/VC 

P(2,t\FLM)=PPC(2.~)=FPC(1,91=P~C(1,lOI.~C 

U ( 2 , t\F L" I=U P C (2, c; ) = UP C ( I • <; )= OPC ( 1 • ~ ) • ( !:FL * I 1.- V!l , + I.; PC , I , Ie) " 
toPCCI tl 0 II 

E(2,U)=EPC(2,S)=EPC(I,GI=OPC( I,S)O(P~C(l.S)"CFC(I.C;I"leF-l.) • 
• uPC( I .9)$.2/0P( 11,9 ) •• 2/2.' 

2 tF«t\SCOF.Ea.l~I.CR.(~SCCF.ECocl)I ee lr 5 
IF(~SCOF.FC.91 GC 10 3 

C-----P~EOtC1CP FO~ ~Fl~-l = 8 
M="FLM-l 
OPC(I,81=00("'.01 S UPC(I,el=uP(~.O) 
EPCI l,FI=EP(~.OI S FPCC1.e)=pp(e,(F~ 

(-----CORRECTCR FOP NFLM-I = e 
~-=NFL"-I 

EPS=(R?IMI-RCC)"oELR 
Cl-=?*(2.-EPS)/(I.+EPSI 
C2-=2.*(P5-3. f C3=(lo-EPS1*12 •• E~S-1.I"(lo.lpS) 
012. ~ I -= ope ( 2. e ,= (O( I. M 1 tOPC ( I ,E I. OHn. «( I .UPC ( I" 7l+C 2 (I UPC (1 ,81 + 

*c 3*UPC ( I ,91 )+ 1\ T. CT D X" (C I .CPC ( 1.7 It'( 2. r 1= e ( I. E It(:!. CPC ( I, S 1 ) »" 2. 
U(2.~)=UPc(?e)=(U(I,")+lPC(I.el+CI0X.(Cl*("(71+(2.CM(8)+(3*CM(911 

*. AT * CT OX .. ( C I * UPC ( I , 7 I +C 2 ~ UPC ( I , e 1 • ( 1 4 UP( ( 1 , 'i 1 1 '" 2 .. 
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E(2,~)=EPC(2,€)=(E( I,~)+EPC( 1,€)+Dl0).(CI*CE(i)tC2.CE(f)+C3.CEJ9)) 
.+Al.DTOX.(Cl.EPC(l,7)tC2.EFC(J,E)'(~.FP( I,S)),2. 
P(2,W)=PPC(2,p)=PC(e,GF) 
GC TC 4 

C-----P~FOJCTQ~ FO~ NFl~-? = 8(=C5) 
J OP~( I,A)=DPC(2,~) ~ UPC( l,e)=lFC(2,~) 

EPC(l ~R)=EP(2,5) $ FFC(1,8)=FP(2,~) 

C-----CORRECTQR FOR ~Fl~ = ~ 

4 O(i,NFl~)=CP(?,9)=C(~,NFL~,C' S l(i,NFl~)=UFC(2,~)=UC(~,NFL~,C) 
F(2,NFLM)=EPC(2,9)=EC(9,~Fl~,O' t F(2,NFL~)=PPC(2,9)=PC(9,GF) 

C-~---(O~REC10F FO~ NFLMtl ~ Ie 
vD=DFCII,JO"CPC(I,9) t CALL FLM4~(9,VC,~FL) 
M=NFL~tl 

C 

~(2,~)=OFC(2, 101 1 U(2,~)=UPC(2,IC.) 
E(?,~)=EP~(2,10) ~ P(?,W)=FFC(2.JOI 

5 RO(NT~TRO)=R2(NFL~tl )=F2(NFLwl=~F=~Ft!FE~A~.Cl 

SF(NT~JRC)=SFltU(2,NFlWtl),~(~,NFL~+I) i Sl(Nl~JRO)=SFL 

RETU~N ~ ENe 



C 
C 
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SL~~OUTI~E SCDFL~SC~FI~51,~SEC[~D,~T~I~C,~I) 
(C~~(~/F.~A~/~.J.AJ.(.(F,CELR.~Fl~ 

CC~Nr~/PR[~Cr~/CPC(2,I!J,UPC(~,13).[FC(2,13),PPCC2,13) 

C(~N(~/AFRAY5/R(!OI I,UC2,50l).F(~.~OI).D(2,!Cl),E(~,!OI),R2'~Cll 

CAll Fl~S~K(4~S(fS,~T~IRr,~I) 
(-----PR£~ICTOP A~D CCRRF.Cl(~ FC~ NFl~ = ~(=7) 

C ( 2 • ~ F l .. ) = C F C ( ? , C; ) = CP ( ( I • C; ) = C F ( ( I • "i .1 
U ( 2 • ~F l ~ ) = U Fe I 2 • 9 ) = UP C ( 1 ,9 ) = U F ( (l • 7 ) 

[(;:,NFlM)=FPC(2,C;)=EPCI I,<;I=EFC( I,il 
PI2.~FLW)=PFCI?9)=FFCIl~9)=FFCII.7) 

C-----PREDICTCR A~D C(RR[CT(F F(~ ~Fl~f.1 = lCI=e) 
0' ? • "F L W + I ): r F ( I? I 0 1 = DP ( ( I , Ie) = CP ( ( I. f ) 

C 

U« 2 • ~F L ~ + 1 ) =lJ F ( ( ? , 1 0) = UI= ( ( 1 ,1 0 1= U P ( I I , e ) 
E I ;: ,NFL M + I ) =r PC I ? , I C I =F PC ( I • I 0 I: £ F ( I , f I 
P ( 2 , ~F l W f I ) =. PC ( 2 • I 0 ) = P F ( ( 1 • I 0 ) = P F ( ( I • f ) 

CALL StDFL"I"FIR~1.~5EC(~C.~T~IRC.4~5(F5) 
CALL Fl"S~KI4~~(FK."T~lpr.~I) 



C 
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SlBROUTr~E SKCDS~KI~FI~S,,~SE((~C,~I) 

CO~~O~/SCS/SEC~SCS,RCDSCS,NXCCSCS 

CCWM(~/DISCSKF/RCS_V(51 ),~L~SISI),~~~S(51).~C~CSS(fl) 

CC~MCN/DISCS/~TOISC,NDISCNCI5tl.~TYPE(51'.~CISCLI~II.SE(SII.SLISI) 

•• ~C(51 ).~TDlSCT.NTDlSCS 

PRINT 1000 
leoo FQ~MATltH .IX,.S~K-C[-S~K C_LlE[ EY [ISC.) 

C 

C 

C 

C 

~CO=~CISCL(~SE(C~DI ! SECC=SF.I~SEC(~D) ! RCC=RDINSECONO) 
~AWE=~~SCD(TI $ IFI~CC-~CISCL(~fl~ST).EC.l) ~_wE~~~SCOECI 

CALL CDS~K(NSECCND.NI,~AME) 

PCDSCS=RD(~SECDND) $ RD(~SFCC~D)=RCD 
~CDSCS=~C1SCL(NSECCND) ! ~CISCl(~SECC~C)=~CC 

SFCDSCS;SE(NSFCr~D) ~ SE(~SE((~C)=SEC[ ! ~x(CSCS=~C~CSS(~SECONO) 

~ETU~~ $ E~C 



C 

C 

C 

C 
C 

C 
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SUP-ROUT INE OSORSC( 11."1 ."J ,"A"E) 
CC~M("/~~~.M,,,,J,AJ,G.(F.CfL~."Fl" 

CC~MC"/lIWE/T.O'.OTL,T.~rYE,DELT.CTCX.~Y 

CC~~("/OrSCSKF'RCSAV(!1 1.I\L~S(!I),~R~S(!ll.~C~CSS(!ll 

CCMM(N/PPEOCO~/CPC(2.131.UPC(2,131,E~CC2,J3),PPCC2,13) 

CC~~CN/PQWER/VCAOF.R4Rl,PC~O~E~,FFC.fP,C"C.CCA~F,SFECLC,SFE,I\CJ 

CC~M["/APPAY5/R(501 I,U(2.501 I.P(e,~011.C(2,~CI),EC2,!01).R2(5011 
COWMCN/OISCS/"TOrSC'''OISC''C(51'.''TYPE(~1 '."CISCLCSl),SF(511,SL(51) 

.,PC(~1 ),"TCISC1,"TCJSCS 

C"~ ( S SL • (E ,II' 1=0 ( I , ,.. 1/ ( ( (F- 1 • ,,« G E. 1. )+ ~ • / C ( E + I • I,' S 5L $ $ 2 ) 
U2M(5SL,(F.M)~DI2,~I.IUCI.Ml/CI1,W)+SO~T(Gf~P(I,M"OI I,M))$(2./ 

• ( G E + I • ) * 5 S l t'l 1. - 1 • , S 5l*. "I 1 ) 
P2wISSL.GE.~)=PIl,W).(2.~CE/«(E+1.)CS5l •• 2-«(E-1.)'(GE+1.1) 
F2"'(GE.M)=nI2,~I*(~(2'''''/C(2,W)/(CE-1.).U(2''''*~2/0('',Ml.*212.) 

SSLS(PAHo.peHC,(F)=SC~T«~E~D/~A~C.(CE-I,'/«(E+lo)I~(GE+1.1/2./GEI 

S5ES(SSl,GE,K,L)=5Sl*SC~1(GE*FPC(K,lI/CFC(K.LI)tUPC(K,L)/CPCIK,Ll 

PG1(AI=1.+(PGO-1.1/~*·2.(F~(1.-1.II~C"'$«(/(F.e-R4~1) 

PF.TA=«(F-l.I/(~~+l.1 ! B=(GF-l.I/(G-l.1 
PGO~(I.+eFTA).(VCAPF-eETAI/( l.-EETA)~EETA 

GI=G ~ IF("ClSCl("II+I.LE."FL~1 GI=(F 
G2=G S IF(NDISCLI1II+1.LE.NFL"" G2=GF 
G3=G " IFC"CISClIII).LE.I\FLM' C::'=GF 
"CQSII=NCPCSSOI' S "11="CISClCII)tl 
NCRSNI=Nc~nSSC~l' $ ~~I=~~ISCLC"l'+l 
NSC=lOO.(~CIS~l("I)-~CISCLII11 1+IOt"C~5JI+"(PSNI 

P~tNT 2000.NAME,NCRSII,~CRSNI."II.~"1.II.NI,,,SC 

2000 FC~WAT(Jr .lX,~7,lX,7I~) 
IFC(WII.EC.""I).A"C.C"C~5II.EC.I'.A"C.("CPS~I.EC.OJI GC TO 72 
GO TO 71 

72 ~C~SIl=NCFCSSClll=O t "~~S(JI)="~~S(JII-I S (C TO 1 
71 IF(NQHS(lI'."E."4NI) GO TO I 

C-----SHK~I("CRS=O) PRCTR FR "SHK-I.O,I.2=I,2,3.4 - C~RCTR FR ~SHK,t=2,3 
C-----SrKNI(NCPS=l) PROTR FR N5HK-l,O.1,e,3 AND C~RCTR FR I\SHK,l,2=2.3,4 

IFI"A"'E.EC.7~CTSKSKO) (C YC 2 
.IF(C"A~F.EO.7HSPECIAL).O~o("AMEaEa.7~SFECIAl)' GC TO 2 
IFI~TYPFC~I).Ea.21 CALL S~KCPCC~I).SE("I'.Sl("l)."OISCL(NII' 

IF(NTYPFINI).Ea.S) CAll CETCPCC".).SE("I),SlC"I)."CISCLC"II.NCRSNI 
•• 7H OSORSO.NII 

GC TC " 
C-----SHK"I FRfOICTCR FOR I\SHK+2+~CHS"1 = 4 

1 IF(C~A~EoEO.7rCTSKSKO'.C~.C"A"f.EC.7~S~ECIAl») GC lC 2 
GE=GI 
~=NDISCLCNI'+2+~CRSNI 

OPC(1.4)=OP(W.0) S UFC(t.4)=UF(~,C) 
EPC(I,4)=[PIW,O' f. PPC(I.4)=PP(4,C;E) 

C-----srK"r F~FCICTCR FCR "5~K.I+"CHS"1 ~ ~ 

M=NDISCL("I'+I+"CRS"I 
OPC ( 1.31 =DP( M, CI ! LPC ( 1.3) =UP(". c, 
EPC(I,:n=EPC"',O) $ F~C(I,3)=PPC::!.(fl 

C-----SHK~I CO~REC'CR FCR ~SHK.l."CHS"1 = 3 
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DI2.N):DPCI2,3)=CCI3,~.1) f LI2,~)=U~C(2,3)=UC(3.~.I) 

EI2,~)=CPCI2.~)=EC(3,M,1) $ P(2.~)=P~C(2.3)=PCI3.(E) 

C-----SHKII PREDICTCR FOP NS~K-l : f 
2 IF(~A~f.rQ.7H nT~KSK) GC lC 7 

M=NOISCl I I I I-I 
DPCII,6)=DPI~,O) !- UF(II,f'=U~I",C) 

EPC(I.t:)=EPI~,O) $ PPC(I.t:,=PP(t,Cn 
C-----S~KII PRrDICTC~ FeR ~S~K = 7 

"'=~OISCl(I1 ) 
IF(NDISClIIIJ.EO.f'\OISClI"I)) GC lC !: 
P!;;:P2"'ISlIII),G2,"'II) f CS=C2/1/ISL(JIJ,(2,II4JIJ 
US =U 2/01 I SL I r I ) ,G 2, M I I ) "c I 2, '" I r ). C S 
IF(~TYPEllr).EO.2) (C TC 6 

A=SOkTIPII,~II)"Oll''''II)) S PG=F(l(A) 
PSI=( I.-EETA),,?.I 1.+ G.Sl( It ) •• 2) f FC1=P~=PSI*P(I.'"'tI) 

(101= a 5 =0 I I ,/1/ It) / I 1 • - ( I • - E 1:1 .. ) " ( F S I -P ( )" (P S 1 iE I: T A ) ) 
UOT=US=JS.ISORT(G ).A*SCkT(II.-EE1~) .(PSI-PG'.IPSI-l.'/G 

• /IPSI+B"T~))+U(l./oIIJ)/Oll''''III) 
EOT=DS*IP!;;/CS/ICF-I.)+LS •• 2/0S •• 2/2.) 
GC' TO t 

5 IF(I~A"'F.EC.7~01SKSKO)._"C.I~CISCL("Jltl.I:C."'~I») GO TO ~t: 

IF(I"AME.EO.7H5PECIAL).A"C.(NCISCl("J,tl.EC."'''I)) GC TC 102 
PS=P;>"'ISlI~J),(I.MNI) f CS=02"'(!;;L("I).(1.~"I' 

US = U 2'" I Sl I ~ I ) ,G I ,"" r I / C I 2 , ,.." I ) * C S 
IFINTYPEINI'.EO.2' GO TC ~7 

A=SC"TIPII.MNI'/CII,""I)) S P(=P(J(A) 
PSI=II.-EETA)"2 •• ll.t (.SL("II •• ?) S FCT=PS=~SI.P'l."'Nl' 
CCT=r.S=OII,"'''I)/ll.-ll.-EE1A)C(PSl-PC)/(PSlteE1A), 
LOT=LS:OS*ISCFTIG '._*SCFT(II.-EET~) *IFS1-PG'*(PSI-l.'/G 

* /(PS I +PETII)) tUI I,MNI '/O( I ."'NI)) 
FCT=r.S*(PS/OS/I{F-l .1'LS".2/CS.*2"~.' 
GC TC c7 

102 PS=PFCII,t) S CS=C PC(I,l' S U~=I;PC(lol' 
GO TC <;7 

Sf PS=P~MISlI"J),G ,"'''11' i CS=02~(SL(~J).C .~~l) 

L~=L2"'(Sl(~J).G ~U~I)/C(2,MhI).CS 

IFINTYPF(~J'.EO.2' GC T( 82 
A=SCkT(P(t,,","'I)/CII,"'''I)' S PC-=PCJ(A' 
PSl=(1.:-EFTA)/2.*".t (.SL(~J).C2) ! ~CT=PS=FS1*P(1."''IIl) 

OOT= C S=D ( I ,"4N I , / ( I .- I I. - EEl A) *' PS I-PG ) / (F SIt EEl A) ) 
LCT=LS=OS*ISQRT(G )*A.SCFT«I.-EET.) tIFS1-PG)t(PSI-I.'/G 

• /IP<;;I"OFTA))+U(I,"'''I)/O(J,,",,,I)) 
FOT=nS*IPS/OS/IGF-I.'''LS •• 2/DS*~2''~.) 

e2 lFINTYPF(Nl).EC.2) ~C TC 83 
A=SQRTIPS/OS' $ PG=PGIIA' 
PSI=(1.-eETA)/2.~rl.. C*SL(NI)*.2' S PC1=PS=PSltPS 
U5=(SQRTIG ).A.~OPT«I.-eETA) .'FSI-F~).IFSI-l.J"G 

• /IPSltRFTA',+US/CS, 
OOT=OS=OS/ll.-(l.-FET.)*(~SI-F(I/'~SltEfT.») 

1,,01=l;s=us*ns 
ECT=CS*,PS/CS,,«(F-l.)+USC42/DS*.2/c., 
O~I=OS , PSI=PS 5 lSI=lS 
GO TO Q7 

e3 GF=G $ IFI~TY~[("J).[C.S' (E=(F 
US=U!;;/os+saRTIGE.PS/OS).c./IGEtl.'.Sll~ll*rl.-l./SL'NI) •• 2) 
C S I = ')S = n2 '" I Sl r ~ I ) , C F , "'~ I )/ C I I • '" ~ I ) .0 S 
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USI=US=US.OS S P!I=P!=PZ~(Sl(~J),(f.~~J)'F(I.~~J'OFS 
97 JF(N1YFE(IJ).Ea.5' (( T( f3 

GE=G 3 

US=U!/DS+SORT(GE*PS'CS'.~.'«(E'I.)CSl(IJ'.(l.-I./SL(11'OOZ) 
OS=OZM(Sl(JI).GE.~NJ)'C(I,~~I)OCS 

us=US*OS 
P!=PZ~(Sl(IJ).(F.M~J)/F(l.~NI).FS 

GC TC t 
~3 A=sa~T(PS/DS) S FC=PCI(A) 

PSl=(l.-EETA)'Z.*JI.+ COSl(JI,.C2) ! FCT-PS=PS1*PS 
US=lsaRT(G ) •• *saRT« 1.-EElA) *(F51-FC,.(FSI-I.)'G 

• /IPSI+PET.))+US/OS) 
OOl=OS=OS,( 1.-(I.-8ElA).IF51-FC)/IFSI.fETA)) 
l"Dl=US",US.OS 
FDT=OS.(PS/OS,(CF-I.)'LS.$2/CS·.2/2.) 
ES=IPS/OS/(G~-I.)+lS.·2/DS$.2'2.I·CS 

EFS=(RC(II)-R(M)/OELR 
Cl=2.$12.-EPS)/ll.+FPS) 
C2=2 •• EPS-3. t C3=CI.-EPS,$C2.$EPS-I.),C\ •• EFS) 
OPC(1,7)=CI1,~)-OTOX·CC1·LS+C2·L(1.M)tC~·UCI.~-1') 

UP( ( 1 ,7) = U I 1 ,"') -,)TO). I C 1 • ( l S.l S /OS .PS.I<D I II ).$ J. tC2 .PM (1.1 1+ 
*C3$F~ 1M-I)) 

EPCI 1,7)=fll,~)-OTOX$(Cl$lS/C5.(E5'F5$I<C(II ) •• J).CZ$PE(~)+C3$ 
*PECM-I)) 

FFCIl,7)=FFC7,G3) 
C-----SHKII CO~RECTCR FCR ~SHK = 7 

n(2,W)=OFCCZ,7)=CCC7,W,O) f UCi.~)=UPC(i,7)=LC(7.M,0' 

EI2,M)=EPC(2,7)=EC(7,W,C) $ P(2.~)=PF(C2,7)=FC(7,C~) 
7 IF(NCROSS(" '.NE.II GC TC 3 

C-----SHKII Fl<fDICTCI< Fel< ~S~K'I = 8 
GE=G ~ 
OFCI1,e)=02~CSL(II),(E,MII) 

UPC C 1 , e) = lZ W ( IL ( I J I ,GE , ~ II 1/ C( 2., \II 1 I ). CF ( ( 1 , e ) 
P ( ?, .., I I ) = FPC C I, f.I 1= P 2M ( SL ( J I ) ,C E • M J I , 
E FC ( 1 ,e) = OP( C 1 .8) * (FI<C ( 1, e)/ CF C ( 1 ,e)/ I CE- I. )tU!'!C ( 1. e) $ $2/0PC( •• e) 

***2/2.' 
IF(~TYFECrr).EC.2' CC TC 3 
PC2,0.4II)=PPCll,A)=PDl $ CPCn,B)=C!:T $ EFC(l,el=EOT S UPCU,8)=UDT 

3 IFIINCROSS(NI'.NE.l'.OR.C~RHSCJ1'.EO.M~'Il' CC TC 4 
IFI(~.~E.EC.7~CTSKSKO).C~.C~.~E.EC.7~5FECI.L)' GO TO 4 

C-----SHK~I PREOICTCR FO~ NSHK+I = 2 

C 
C 

C 

F ( ?, M ~ I , = P PC ( 1 , 2 1= P 2'" (SL (N I , • C 1. ,. ~ I , 

4 IFeNR~S(JJ'cEC.M~1l GC TC to 
IF(NQHS(I').EC."~I+I) GC iC 20 
JF(~R~S(IJ'.FC."'~1.2) CC TC 30 
IFlNRHS(III.EC."~I+31 ac TC 24 

10 IF(~A"'F.~E.7~r.TSKSKO) GC TO ee 
GC TC 22 

c-----S~K~I PRfCICTC~ FeR ~5~K = 2(=1' 
RI OPCII,2'=OPC(l,l) $ UFCC1.2l=LPC(I,1' 

EPce l,2)=F.PC( 1,1' S PPC( 1 ,2):PPCl 1.1) 
C-----S~KNI PRFDICTCR FOR ~S~K-l = 1 

1I=~01 SCl (~I '-1 
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OPCI1,II=OI'("',Ol $ UI'CO,I'=UI'(/II,C) 
FPC(I,ll=EP(A4,O) , PPC(I,I)=PP(J,G2) 

C-----SHK~I CC~~FCTC~ Fn~ ~S~K = 2 
M="015CL("I) 
0(2,~I=OPCI2,2)=OCI2,M,CI S U(2.MI=UI'C(2,2)=~C(2,,,,.0) 

EI2,/II)=FFCI2,21=ECI2,"'.0) S 1'(2,/III=PI'CI2,21=PC(2.G2) 
C-----SHKTI CORRECTCR FOP NSHKtl+NC~5II = I 

80 nI2,"'II+"C~5111=CP(12,II=C(ll''''II+''C~SII,ll 

U I 2, '" 1 It "-C R 5 I I ) = UPC I 2 • I ,= U C ( 1 , " I I t ~ C I' 5 II • I I 
E ( 2, .. I I tNC RS I I '=EPC ( 2, 1 '=1" C ( I. /II I It "C ~ 5 II ,I I 
PI2,/llltNCr:;SII,=1'1'(12,1,=I:«I,C2) 

12 IFINTVPE( tll.FO.5' GO TC 52 
S5L=55LSIPPC(I,1 ),PP«1,7+"C~5II).G2) ! 55f=55ES(5SL,G",1.1' 
IFINCRSII."E.I) GO TC II 

C-----S~KII CORRECTOR FrR I\SHKtl • f 

C 

S5L=ISSL+SLIII)l12.0 S "CISCL(Jl)="CI5CL(IJ)tNCQ5I1 
IF("lTVPF( II '.1"0.5) "FL"'="CI5CL( II) 

CE-=G2 
0(2,"II)=CI'CI2,81=C2"'(SSL,CE,"'II) 
U ( 2 , .. I I I = UP C I ?, f' I. l,; ? M ( 5 5 L • G E • /II I I ) 
PI2,~II).PPCI2,8'=1'2"15SL,(E,/IIII) ! r(~,MII)=EPC(2.e)=E2M(GE,~II) 

GO T'2 II 
52 IF(~C~SIJ.EC.OI CC TO ~~ 

DI2,"'lll=DPCI2,AI=CDT S L(2''''JII=UI'C(2.e'=~CT 
FI2,'111 '.FPCI2,f'I=E')"T $ 1'12,"'11 I=FI'C(2,f)=FCl 
55F=SFIII) S "CI5ClIIII="CISCLIII)t~(~SII 
I FIN 1 Y PE I II ) • E G • 5) "F L " = ~ DIS (L ( II ) 
GC TC II 

53 A=SO~TIPPClltI)/CI'(II,I)) S PC=I'(J(A) 
SSE=A.saPT(G)*SORTII?.PG-II.-eF1A)+2.*SC~T(I'G •• 2-CI.-PETA).PG 

*-eETAII/II.-efTAI/G)+UI'C(I,II/CFCCI,I) 
t 1 ROI II )=ROI r I I +( ~5E+SE C I r) )/2 •• CT 

rFINTYFEIII).Fa.~) (C Te 54 
SL I I I ) =S SL SIP ~ ( I 2, I ) , I' I' ( 12,7 t" (F S I I J • (:: ) 
5 E ( I I) = S SE 5 I 5L ( I r ) ,G? ,;> ,I ) 

GC TC 55 
54 A=SOIHIPPCI2t1)/CPC(;>,I)) $ PC=I'GICA) 

5LCII)=SCRT«?*PG-CI.-EETA)t2 •• SCRTCPG**2-(1.-BETA).PG-BFTA))' 
*Il.-E'E'TA),G) 

SEll !1.5LI II)tSOr:H(GI.A+LPC(2,1)/CFC(;:,I) 
55 JF"(11'l0IJJ).GT.R2IMll)).A~D.CN(r;SII.EC.C)) RCCII,=R2(/IIIII)-OELR. 

*I.E-IO 
IF(IROCII).LT.R?CMII)).A"D.(NCR511.EC.IJ) ~C(II)=~~(~II)+OELR • 

• I.E-IO 
I F I ( RD ( J I ) .L T .R 2 I ,.. I I - I , ) • A "0. ( "C r; 5 1 I • E G • C ), R C« II ) '" "2 C "11-1 ) 

*+OFL~.I.E-I 0 
9 JF((R:>(lI).GT.ROI"'I)).A"C.C~A"~.EC.7~ [15(t5)) GC TC 100 

rFI(qOllr).GT.ROI~I)).I\"C.("A"'F.EO.7~ CISC5C)) GC TO 100 

"ETun" 

20 IFC(~cr:;~rI.EO.0).A~c.c"cr;5NI.EC.0') GO TO ~I 

IF((II.CRsrl.EO.l).A"O.("Cf;S"I.EC.O) (;[ T( 22 
C-----H~RE N~RSrl~J AND "CR5~1=1 OR "C~SII=C A"O "CRS"I=I 
c-----SHK"I Co~I'LcTr p~FCr(TCf; Fe" "5~K+l '" 2 

IFINIIMr.Eo.7HSPFCrAL) GO TO 27 
Gf=GI 
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01 2, Io4N 1 1= OPC I I ,2 , = D 2M I SL I II; J , ,G E ."''' • , 
UI2'''''I'=UPC(1,2)=U2MCSL,,,,),(E,,.~,) • EPC(I,2'.E2~IGE,MN" 

IFIN1VPECNI).EQ.2' GC lC 27 
A=SQJ;TOI(I,""NII/C!l,"'''I)) • PG=PGllA) 
PS1=11.-EETA)/2.$(I.+ C$SLC"" •• 2' S ~CT=PS=FS'.PCI.MNt' 
onT=OS=DC I,MNI'/CI.-II.-EETA)*IF51-PG'/(FSI+EETA', 
~CT=LS=OS$ISOJ;T(G I.A*SC~T«l.-ffT/) $(P51-PGI$,PSI-l.'/G 

• /(PS'+BETA) I+U( 1,"'''1 '/DI1,"'''.) I 
EOT=DS$IPS/OS/(CF-'.'+LS$*2/n~·.2/~.' 

OIZ,""I'=OPCII,21:CCl , LI?,M"t'=LFCC1,21=UCT 
EI2,""NII=EPCII,21=Eol ! PI2,Io4"tl=PFCCI,21=~CT 

27 IFII"CJ;Slt.EO.O).A"C.I"CRS"t.FC.JII CC TO «1 
C-----S~KNI PREOICTCR FCR "sHK = I 

22 IFII"AUF.EC.7~SPfCtALI.""O.I"""I-",tt.EC.21.A"O.'''CRSII.EO.II' 

*GC TC 7(:, 

IFCCNAUE.EO.7HDTSKSK01.A"D.(NOISCLC"w'+I.EG.W"II' GC TC 77 
GC T C 78 

77 P~=P2"'ISL("J),G ."'''11 , CS=02"'ISLOJ),C ."'''11 
US=U?""ISLINJ,.G ,"'"II/D(2,"'Nt'$CS 
IFIN1VF[("JI.EO.2) GC TC 73 
A-:SQF1CPII,MNt)/Clt."'''I)) f PG=~Gl(AI 

PSI=(I.-FETAI/2.*II.+ C*SLINJ).C c , f FCT=PS=PSI*PCI,MNI' 
CC1=OS=DII,"'~I'/(I.-11.-EETA'*(FSI-PC)/IFSlfEETA)) 

UDT=US=DSoO<CSORTIG loO<"*SCJ;T( I.-E!ETA, 
• /CP~I +E!ET'" +U( I, "'''I '/o( 1 ,M"I" 
ECT=DS*CP~/D~/IGF-I.I+LS·$2/0~$.2/2.' 

73 IF(NTV~f("II.EO.?' Gr TC 74 
A=~OqlIP!/OSI S PG=FGIIAI 

*IFSI-FG'.(PSI-I.I/G 

PSI=II.-PETA)/2.$II.. G*SLCNII.$21 S FC1=PS=FS,$PS 
LS=CSccTIG )*'*SCF1(11.-EETA) .1~SI-FCI.(FSI-t.I/G 

$ /IPSI+BETA"+L~/OS' 
C~T=os=nS/CI.-II.-EFT~I*(PSI-PC)/IFSl+EETA1' 

l..DT=LS=U~*OS 

rr,T=CS*IPS/OS/IGF-I.'+l..S'.?/n~··2/c.' 
GC TC 79 

74 GF=G ~ JF("TVFECNJI.EO.5) 'E=GF 
US=US I CS + S OIH I C; E .PS / C~ ,.2./ (GE + I • , 4SL ( " I ,. ( 1.- 1. /SL C NI ' •• 2) 
DS=D?~(SLI"I),GE,W"I)/CII'~"I)*OS 

US=USoO<OS 
PS=P?~CSL("I"CE,M"I)/F(l,~Nl'.FS 

GO TO 79 
78 tFIN1VPFI"I'.EO.5' CC TC 6C 

GE=Gt 
P~=PrMISL(NII,CE,MNt' S CS=02""SL("II.'E.~~lt 
L~=U2"'ISLC~I),'E'~"I)/C(2.MNI).tS 
GC TC 79 

60 A=SCf;T(PII,""NIJ/CIl.~"I)) t PC"'J'Cl(A) 
PSI=(l.-EETA'/Z.$(l.+ '$SL("I).'2' f PCT=PS=PS1$P(1.~NI' 

ODT=OS=DI I,MNI,/C 1.-(I.-EE1AI'CFSI-PC,/(PSltEETAI' 
UD1=LS=nS*ISC~T(G I.A.SC~TI('.-EETI' .IPSI-PG,tCPSI-l.)/G 

.. ICPSI+,,\FTAII+UClt",,(I/O(l,"'''II' 
FCT=OS*IPS/DS/CCF-I.'+LS.'Z/O~'.2/co' 

79 E~=(PS/n~/(G2-1.'+LS'.ZICS*oO<Z/2.I.tS 

M=ND t SCL on I 
EFS=C~CI"II-RCM)I/CELf; 

CI=2.$C?.-fPSI/(I.+FPS' 
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C2=2 •• FPS-3. S C3=(I.-EFS'.(2.4EFS-I.';(1.4EPS) 
o ( ?, ,.. ) =O"C ( 1 , I , =OPC ( ?, 1 1=0 ( 1 ,~, -0 T C)(. ( C I • US. ("2.U ( 1 ,M I +C:3.U ( I, M- I ) I 
UI2,~I=UPCII,II=UPCI2,1)=U(I,~I-CTC)(.(CJ.(LS.LS;OS+PS.ROIIII •• J'+ 

.C2.P~("').C3.P~I~-I I I 
E(2,MI=FPCI1,1'=EPC(?,I'=E( 1,""-OTO)(.(CI.U!;CS.(ES+PS.~D(III •• J'+ 

.C2.PE 00 +C:3.FE( ~-I ,) 
PI 2, tI , = PFC I 1, I I = FPC ( 2 , 1 ) =pp ( 1 ,G 2 ) 
IF((II.AMF.EC.7~0'TSKSKOI.AII.0.(NG~S(IJ).EC .• "'I\I)' GC 'TC el 

76 IFIINCRSII.EO.I).AII.C.III.C~SI\I.EC.O)' GC TC 24 
C-----S~KNI COHRFCTCR FOR NS~K = I 

?3 M=NOISCL(II.I) 
o ( 2 , " 1 = 0 P C ( 2, 1 ) = DC ( I , ", I) S \; ( 2 ,M ) " U F C I 2 , I ) = U C ( I , '" , I , 
F(2, Af I=FPC(2, I '=ECI I,~,I' f P(2,",=PPCI2,I';:PC( .,G21 
GO TC 24 

C-----S~KII PREDICTOR AI\O CC~RFCTCR F(~ I\S~K = I 
2 I ~ ( 2 , M I I , = C FC ( I , I ) = C PC 12 , I ) = C I I , '" I I ) 

U ( 2, Y I I 1 = UPC I I , 1 ) = UPC 12, I );: '" ( I ,~ I I ) 
E'12,~II)=EPC(I, I I=EP(12,1)=EI 1,~II' 
PI 2. M I I ) = I' PC ( I , I 1 = PP C ( 2 , I ) =P ( I , ~ I I I 
IF«NCRSII.EO.OI.AII.O.(!l.C~SI\I.EC.C') G( TC 24 
GC' T::: 23 

C-----CALC SHKII.I(~E~E) AII.O S~KII(AT 12) SPCS A!l.C I'CSI'ICII. 
24 IF(II.A"'E.EC.N-CTSKSKOI GC TO 12 

IF(II.A~E.[C.7~SPECIALI GC TC 26 
IF(NTYPEINI).Fa.~1 GC TC !E 
Af~=I+I\C~SII.I 

S~L=~SLS(PPC(I,~I,PPCII,~~),GI) S !S£=SSES(SSl,GI,I.~) 
IFIII.C~SNI.NE.II GO TO 2~ 

C-----SHKI\I CO~~ECTC" FCI' II.S~K.II = 2 
SSL=ISSL+SLINII';? ! I\DISCl(!l.I)=II.CISCl(1I.114I1.C~SNI 

IFII\TYPF.III.II.EC.5) NrL"'=!l.CISCL(I\I) 
GE=Gl 
D(2,"'II.II=CPC(2,21=C2MISSL,GE,MNI' 
UI2,~I\II=UPC(2,2)=U2~ISSL,GE,~1\11 

P(2,'l4NII=PPC(2,21=P2MISSL,GE,"III.I' ! F.12,~I\II=EFC(2,2'=E2~(GE,MNI' 

GC Te: 25 
5f lr(NCRSII.I.EC.OI GO Te: ~7 

D(?,"'!I.[,=OPC(2,?,=ODT S U(2,~II.I'=LPC(2.?J=lr.T 
F(2,~I\II=EOC(2,21=ECT S I'(2,MI\I'=~~C(2,2J=PCT 
SSE=SE(NI) S NOISCL(~[I=lI.orSCl(l\r'+~C~SI\I 

JF(NTYPE(NII.EC.SI ~FLM=II.DJSCL(~.J 

GC T~ 2'5 
57 A=saQT(pPC(I,~,/OPC( 1,3') S POzPGIIA' 

SSF=A.saRT(G).SC~T«2 •• I'G-(1.-EET~142 •• SC~T(P~ •• 2-(1.-EETAI.PG 
"-BETAJI/(I.-~ETAI;G)+LPC(I,3'/OFC(I.3) 

25 RO(NJ,=RC(I\II+(SSF+SE(NI))/2.tCT 
IF(NTYPE(l\r'.EO.~1 GC IC 58 
SL(NI,=SSLS(PPC(2,3I,PPC(2,MH"Gt,S SE(I\I'=SSF.S(SlCII.I'.GI,2.3) 
GO TC 59 

5e A=SORT(PPCI2,~';DPC(?'3" S PO:FGI(A, 
SL(NII=SC~T«2 •• PG-(I.-EETAI42.CSC~T(PG •• 2-(1.-BETA).PG-BETA)); 

*( I.-BETA)/G' 
SE(Nll=SLINJ).saRT(G).A.UPC(2,~);OPC(2,~, 

59 rF(IROINrl.GT.Q?(MN[II._I\C.(~C"Sl\r.f.c.o)' RC(Nl)=R2(MNI'-DELQ • 
.. I .E- I 0 

IF ( ( I: C (1\ r , .L T • R 2 (",II. I I I • A 1\ 0 • ( ~ C ~ S II. I • [C • I ), .. C (N I I -=R C( loiN J 1+ OElR. 
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.'.E-'O 
IF«r.C(NI'oLT.R2(M~I-11).A~Co(~C~S~I.ECoC)1 RC(NI'=R2(MNI-II 

*+DELR*1.F-10 
26 IF(~R~S(lrl.EC.~NJ+31 CC TC 4C 

GO TC 12 

30 IF(NCRSlr.EQ.OI.A~D.(~C~S~I.EC.OI) (( T( 31 
IF«NCRSIJ.FQ.II.A~D.C~Cr.S~I.EC.OI) (C TC ~2 

C-----HERE NCRSII=I A~C ~C~S~I=I Or. ~C~SII=O A~C ~CRS~I=I 

C-----PRDCTR ANC CRRCTR FOR FCTTClS ~CE =1 
IFC~AME.EO.7~SPFCIALI GO TO 24 
IF(NTVPFI~I).EO.51 GC T( 67 
(E=Gl 
D(2.~~JI=0~CII,ll=02~CSL(~I),(E,~~J) 

UPC(t,ll:U2""CSLC~II,GE.M~11 $. FFCCt,tl=PPC(t,2) 
5 SL= C SSL S I PPC (1 ,31 • PP C C 1,,, ). (E HSL C NIl) 12. 
DPC(2,1)=D2WCSSL,GE,~~!) S PPC(2,')=~2~CSSl.(E,M~I) 
UPCI2,t)=U2MISSL.GE,M~I)/0(2,M~II.CPCC~,11 

GC TC 24 
t:7 A=SaRl(Plt,MNn/DCt,W~I)) S PG=FGt(A) 

PS1=CI.-PETAI/2 •• C1.+ (.SL("II"~21 S PC1=PS=PS1*PIl,MNII 
DDT=DS=DIl,M~JI/CI.-(I.-EETA).(FS1~P(I/(PSI.EETA» 

UDT=US=Ds.(Sa~TI( I~A*SOr.TI( t.-PETAI *CPSI-~GI.(PSt-t.)/G 

'" /CPSH·BET")I+U(l,M~J)/C(1,M"I)) 

FDT=DS*CPS/OS/CGF-I.I+lS.·2/0S·.212.) 
OfCI2,I ):CPCCl,t I=OOT $ l.PC(2,1)=UPC( 1,1)=lCT 
EPCC2,1)=EPCCI,11=EOT S FPC(2.II=F~C(I.ll=PCT 
GO TO ?4 

C-----S~KJI PRDCTR ,INC c~r.rTr. FCr. FCTTOUS NeE =1 
31 GE:G 1 

D PC ( 2. 1 ,: OPC ( I , I ): ~ 2~ ( SL (" I I. C E , ~" I 1 
PPC ( 2, t I = PPC ( I • 1 I: P2 Y ( Sl ( ~ 1 I • ( E , ,,~ I 1 
UPC ( 2, I I: up" I, I I" U 2M I Sl ( ~ J I. (E. /1/ ~ J ) 10 ( 2, "4" I ). ope ft ,I ) 
IF(~TYFE(~II.EC.2) (C TC 6t: 
IF(~A~E.NE.7H D1SKSKI GC TO 84 
A=5CJ:T(P(J,~"J)/C(I,WI"'1 S "(=PGlfA) 
PSl=(1.-E~TAI/2 •• (I.+ G.SL(~i) •• 2) $ FCT=PS=P5I t P(t.MNII 
DDT: DS:O( I, MN r , I ( 1 • - ( I • -FE T A) • ( F S I-P( , I ('" S I • eE T A) I 
UDT=LS=DS.C5C~T(C I.A.SC~T«l.-EET_) t(PSI-PG).(PSI-I.I/G 

• II PS l+AETAII +U( I, ~"II/D( 1 ,"'''1)) 
ECT=CS.(PS/OS/«(F-I.'.l.SC.2/0S.~~~~.) 

84 DPC(2.ll=DPC(I.II=DDT S LFC(2,II=UPC(I,I):UCT 
EPC(2.11=EPC(ltll=FOT S lPC(2.II=F"'C(I.I1~FCT 

66 IF«~AMF.EC.7~DTSK5KO).A"C.(NCISCL(NJlfl.EC.MNI)' GO TO 101 
GO TO 24 

101 CPC(2,JI=CPC(I,J'=!)St $ LPC(2,ll=LPC(I.1l=l!1 
PPC(2.1)=~~C(I,II=PSI 

GO TO 24 
c-----S~KII PREOJCTC~ A"C CC~r.E(TCr. FC~ "S~Kfl = 1 

C 

~2 OPC(2,t'=OPCCltll=O(J,"'11I S LFC(2,II=UPC(l,II=U(I,IIIIJ 
n:n 2,1 )=PPC( It I ,=P( I .". I) 
GO TC 24 

C-----S~KII r-~fOICTCR FCR ~S~Ktl : e 
40 IF("JTVPE( "'.EO.51 GC TC 6". 



C 

C 
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IF(NAME.EO.7HSPE(IAL' CC TC 41 
DPCIJ,I)=D:JT $ UI'C(ltI'=lOT $ J:FClt,I)=I'CT S EFC(l,t)=ECl 

41 GF=G3 
FFC(I,~'=P2M(SL(II,,(E,~II'/F(I,~II'.FFC(I, I' 
OPC ( 1,8 )=02"'( SL( II', GE. "'I I' /O( 1./11 II' .OJ;C« I , I' 
UP CIt, 8):: OPC ( t , 8 ,,. (U I'C ( 1 , 1 ) / C J; ( « I, I ) + S CF T ( (E .PPC ( 1 , 1) /opc C I , 1 ) 1* 

* ( 2./ ( GE + I • ) *SL C I I 1* ( I • - I. / SL ( I I ) *,.;:: ) , I 
EPC( 1,6 )=CP« t, f' I*(PP(C 1,6I/0P« I, f 1/1 (F-l. HliPC( 1 ,8' •• 2.10p( (I ,BI 

.**2/2.' 
SSL=SSLS(PPC(t,1 I,PPC( I,EI,GEI ! !~E=~~FS(~~l,GE,I,I' 

SSL=(SSL+SL(lt)'/2. 
o ( ?, M I I ) = OPC ( 2, e) = 0 2 II ( S S l , ( E , " t I '.1 [ ( I ,~I I ,,. [P C ( I , 1 I 
P ( 2 , II I I I:: I=P C (;:: , e 1= p 2~ ( S S L , «( , '" , I )./1' ( I , ~ I I ) .I'PC ( 1, 1 ) 
U ( 2, M I I 1= UPC ( 2 , 8 , = ope (2.6) • ( UJ; ( ( I , 1 I/OI' ( ( I , I ,. S CRT I GE .PPC ( I , I ,.1 

• OP C ( I, I I '" ( ? / I "( + I • ItS S l • ( I • - 1 • / S !O l ,. ,. c I I ) 
E(2,MIII=~PC(2,81=E2MCGE''''JI) 

GC TC ~<; 

O(2,~III=CPC(?,81=CPC(I,e)=nOl 

E(2,MII'=ECC(2,61=FI'CI1,e'::£CT 
SS(=SE( III 

I. ( 2 ,,,, II I = I. FC ( 2. e , = UFC ( 1, e I = 1.0 1 
1'(2,~JJ'::FFC(2,e,=pPC(I,6'=POT 

69 0I'CI2,II=CPC(2,ZI $ UI=C(;::,I)=I.FC(',cl 
EPC(2,1)=(PC(2,Z) $ I=Fc(;,I)=I=I'«2,21 
I\CISCL (111=NDISCl (J J I .I\CFS II 
IFCN1YPECIII.EC.SI I\FL"'="CISCLCII) 
GO TO II 

100 lARFLCT=CRCCIII-POCI\II).ICSECIJI-SECI'\'») 
F D C N I I = r; C C J I I :: R C ( " I ) - SEC" I I. T H:; FL (T 
IF(NAME.EO.7H DISCSD) CALL S~~DETA('I.""T~~FlCTI 
IF(I\A"e.EC.7H CISCOS) CALL OPTS~K~«II,I\J,TA~FLCTI 



C 
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SLe~CUTINF S~~DETA(II,~J.TARFLCT' 

CCMMCN/P~RAM,~,J.AJ,G.GF.DELR.~FL~ 

OELR:-ABS(OELI'<' 
Pj;JNT 1000 

1000 FC~MAT(iH .2X,.S~KCF1~ STep.) 
c 

I<ETUR~ $ ENe 



C 
C 
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SLeRCLTI~r OE1S~K_(ll,~1,T_RFL(T) 

CO~~CN/PARA~/N,J.AJ.G,GF,OELR.~FL~ 

(OM~C~/T~el/PLT~.CLTR,ULT~,ELT~.C~E~C~~,NO~E~ON 

CC~~CN/FIRFET(/I~OE~.~(YCLE,~~,~~~,NS1(~E,~~,~tTR(T~ 

C(~~(~/FCWEP/V(APF.R4RI.POPO.E~,FFC.ER,C~O,CCAPF.SFECLC9SFE,~(J 

(O"'M(,,"/A~RAYS/R(SOI I ,V(2.S01 "F(2.~Ol '.C(2.~OI ),E(2,SOI),R2(SOI I 
CO~MON/OISCS/~TOrSC,NDtS(NO(~11,~T~PE(~J,,~CrSCL(~I',SE(51',SL(5I' 

•• RD(511.~TDISCT.~TCISCS 

C-----OvERo~M=CVERO~lVF~ (FTC~ATIC~ ~'(~ ~C. 

C-----NOVERON=""O. OF TIME STEP~ OFT ~_~ eEE~ C~E~C~I~E~ 

( 

C 

PGICA'=J.+(PGC-I.I/A.t2+CFtCJ.-J./'.·2)t(C/CFte-R4RJ) 
PETA=(GF-i.J/(GF+I.' S e=(CF-I.I/«(-1.1 
PGO=(I.+EFTA,t(V(AFF-EfTA'/(l.-EETA)-EET' 

C-----ASSU~F. OVERCRIVF~ eET I~STTSLY CECYS TC - CFLAG PRFSS EQLAL TO THE 
C AVG CF (PREV CJ + (FLAG PRESS C~~S TC _ RL FASS~G T~~U PREY CJ'/2 

NDIC;CL(~II=-I S ~SI-K=~DISCLCIII 

C 

c 

c 

A=Sa~1(p(2.~SI-K+II/D(2,~S~K+1 I) ! ~C=FCI(_) 

A"4<'=(P(2.r-;St1K ,/P(?NS..,K+I'-I.'/( 1.-D(~."SHI<+I'/C(2."SI1K')/G 
POFLAG=(I.-eETA,/2.t( 1.+"tAM21 
PCFLAG=(PDFLAG+~C~T(PCFL'Gtt2-(.(1.-EE1".'~2tPG+EETA''.PC2.NS~K.1 t, 
FA~G=(PDFL-G.F(2.~S~KI)/2. 

PRATI0=PAVG/P(2.NSHK+I' 
SL(II'=GVERO~~=SCPT«FF~TIC.eETA'C(P~ATIO-I.)/( l.-BETA'/(PRATIO 

t-PGI/GI 
SEC 1I'=SL(11,tA.SCRT(GI.L(2~NS"'K+I'/C(~."S~I<+I' 
~C"E~D~=O 

.. C ( I I , = p C ( I I ,. S" ( I I ,.1 A R FL C T 
IF(RDC"'.LT.R2(~SI-K+IJ' GC TC 
IF(RD(III.CT.r<2(NS,",K+2)' RO(II,,,,~c(~SI-K • .,, 
P(2.~St1K+I'=P'VG 

UC2,NSHK+II=SCRTIG'tA.SC~T«I.-EE1_'t(F"ATIC-PG).(P~AT10-1.'/ 

.G/CP~'TIC+E[TA".U(2.~SI-K.l'/C(~t~~HK.I' 

OI2.~SH~+I'=D(2.~SI-K+l)/(I.-CI.-eET~'.(PRATlC-PG'/CPRATIO+BETA), 

U(?NS~~+II·U(2.~S~~.I'tC(2."SI-~.I' 

E(2.~S~~+I'=O(?t~SHK.I,t(PC2t~S~K.I)/O(2.NS~K.II/(GF-1.). 

tU(2.~SH~+II •• '/D(2.~SHK+I'·t2/2.' 
~FL~=~O]SCLClt'=~DISC(CIJ'.l 

NCODE=IOI-DE1SI-KA 
~ITRCT~·3HYES 

S CALL PR~lFF(~CCOE' 



C 
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SUe~(UTINE SCTRCT~(~I,N2.N!.N'~' 

CC~M[N/OISCS/~TCISC.NOISC~C(51,,~'YPE(51,,~CISCL(!I',SFI!I),SLI511 

•• ROI51 "NTOISCT,NTOISC~ 

NTR=-I 
P~INT 1000 

1000 FOP~~TIIH ,5/.5),.TE~~I~ATI~G Till CF RARE (A~SCC .JTH CJ-DET) IN 
*SUPROUTINE SCTROTR$, 

CALL SHKCOI~I.~2.BHSKCO CET) 
NTYPEIN2'=3 
PRINT 1001 

IDOl FORMAT(IH ./,5X,*CO TYPE SE~ TC ! I~ SCT~Ol~.' 



C 
C 

C 
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SLBRQUTINE SCOTOETI~19~X~,~?~XCC,~3,~~T~.~4,~XC,~.MEI 
CO~~CN/PARAM/N,J,AJ.C.CF,OE~R,~FL~ 

CC~MC~/TIME/T,OT,OTL.T.hITE,CELT,C1C~,_T 

CC~~(N/PR[DCCh/DPCI?,I~I,UPC(2,13J,EFC(2,13J,PPCI2,131 

CC~M(~/A~R'VS/RI~OI I,UI2,501I.PI2,~01"O(2f~01I,E(2,~0Il,R2(5Cl) 

CO"'toICN/OJ SCS/" T 0 I SC, ~i)J SC~c (51 I ,~T YPE (~ I " ~ C I SCL (!; I "Sf: (51', SLI 5 II 
*,RD(511,NIOlSCT,NTOrSCS 

"TF=~DISCL(N3) $ ~CC="DI~CL("21 
NSC= I 00. 1 NTP-"CC-I 1+1 O*"XCO+~XTF 
PRINT tOOO,NAMF,NSC,II,NCISCL«(),~lYFEIJI,I="I,~4,,~XS,~~CD.~XT~. 

*N)cD 
1000 FDRMATIIH .IX,A4,17151 

IFI~XT~."'F.-II <:C TO I 
pqNT 1001 

1001 FOR~ATIIH ,S/,S).*TRCLBLE '" ~CCTCET, ~)CTF=-I •• 2/' 
~FLR=-AeSIOELF' ! ~ETU~~ 

I IF("A~F.EC.4~?67~' CALL S~KCD(~I,~~,E~~~CD C~" 
IF(~AME.EC~4H675CI CALL CO(FO(~2),SE(~2),~CJSCL(N~),SHCDTRDI 

"'A~ES=P~SCTC YES ! IFI~SC.LT.~CC) "A~E!=E~~CTC NO 
CALL T~DET(~~,NXT~,~4,~XC,~A"'ES) 

IF(IN~C.EO.O).OR.I"SC.EC.-IO).CF.(~SC.EC,-~'.fR.r~SC.£~.I).OR. 

*(~SC.EC.II~I.CR.INSC.EO.IIIII hETU~~ 

JFINSC.NE.rl) GC TC 5 
C-----CORRECTOR FOR NOISCLI~2'-t 

"'=~DISCL("21-1 

012,""=0(2,"'.,1 $U(?,~)=l(2,~+II $EI2,~)=EI2.~+I' 'P(2.""~P(2,M+II 

RFTUR~ 

5 IF((~SC.I\E.2101.4"C'("S('''E.2111' (C T( 4 
c-----eO~REeTOR FQR NCO+3 = (P121 

"'="CO+3 
D(2,~)=OPC(I,IZI $ ~(2,~':~FC(l,le' 

E'2,~)=EPCII,12) $ P(2,M)=PPC(I,l2' 
"ETUR" 

C-----PREOICTOR FOR N~JSCL(N?I.I.(N)CC-II.")CD/? = 1 I 
4 w="OISCL("?I.I+(~XCO-".~XCO/~ 

OPCIl.III=C(Z,"" $ ~PC(1,III=~(2,~, 

EPen,l1 )=F(Z,toIl t PPCI.,I!lapre,,,,, 
IF(r"sc.EC.200'.C~.(~SC.EC.201).C".("'s(.eC.~IO).CR.(NSc.ra.31111 

*CO TO 2 
C-----p~ECICTCR ."c CC~~fCTC~ Fe" NCC+2 = 12 

O(;>,~I=OP(2, 121=OPC( 1,12'=D( 1,"" 
U(2,~I=UFC(2,IZI:UFC(I,12'=U(l,~) 

E ( 2, ~ I =E PC ( 2, 121 =EPC ( I, 12' =E I I ," ) 
PI2,~'=PF(2,12'=PPC(1.121=P(I,,,, 

IF(NSC.EO.IOO) RET~R" 
tF(NSC.EO.IOII CO TO ~ 

c-----CCRRECTO" FC~ NCISCL("Z'4Z = 12 
D(2,MI=OC(12,~,O) $ U(Z~M'=UC(t2,"'tO' 
E(2,~I=FC(12,~,01 t P(Z,""=PCIle,CF) 
"ETUQII. 

C-----PRFOICTO" FOR NCO+3 = I~ 

:3 M=II.CO+3 
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OPC(2.t31=O(2.MI $ UPC(2.131=~(e.~J 
FPC(2,J31=F(2.~1 $ FFC(2.13)=F(2,~) 

C-----COQRECTOR FOR NCO~2+N)CD = 12 

c 

2 ~=~CC+2~NXCO 

EPS=(R2(~I-RO(N211/0ELP 

CJ=2 •• (;:>.-FPS)/( J.+EPSI 
C2=2o*EPS-3o S C3=(I.-EFS).(2 •• EFS-lo)/(la+£PS) 
o ( 2. '4 ) = ( 0 ( J , M ) + DPC ( I • J? )+ 0 TO )(>0( C l$l PC ( I • 1 1 1+ C 2 .UPC ( J 0 12 ) + C3 »UP C ( J • 

$131))/2. 
U ( 2. "4 1 = ( U ( 1 • ", 1+ U PC ( 1 , 12 )+ C 1 C X II) ( C I Ii) C II ( I 1 )t C 2 • C " ( J 2 It C 3" ClH 13 J » 1/2. 
E (2, M 1= ( F ( J, M I +EPC ( I, t 21 +0 10 X* (C I.C E ( J 1 ) +C 2>tCE ( 12 I+C3$CE ( 131 ) ) /2 0 

OPC(2.12)=O(2,,,,' $ UPC(2.12)=~(2.") 

EPC(2,J2J=F(2,M) $ P(2,"'J=PCIl2,GF) 

RE1UR~ S EI\O 



C 

C 

C 
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SLBROLTINE COFL~(~A~E,~FIRST,~l) 
CJ~~ON'PARAM/~,J.AJ,G,GF,OELR,~Fl~ 

CO~MC~'TI~E/T,DT,OTL,T.~ITE.DfLl,CTCX,_1 

CC~~(N'PREDCnR/CPC(2,1~I,uPCI2,1~),EFCI2,13),PPCC2,131 

CC~~(~'AFRAYS'RI501 ),UC2,SOI"P(~,~01),OI2,~CI),EC£,!01),R215C') 

COMMr.N'015CS/~TOISC,NOISC~CC5I'.~TYPE(51),~CI5CLCSI',SF(51),SLISI) 

.,RO(51),~TOISCT,Nl0ISCS 

~CO=ROCNFJRST) S ~CC=~CJ~ClI~FI~~I) ! SECO:~EC~FIFST) 

RF::RDIIIII) S SFF::SE(~l) f SFL=SLlld) 

RC~S.~::QCO , ~CC=~CC+SfCC.CT 

NCROSS=O 
IFCRCO.GT.R2C~CC+2)1 ~CRCSS=I t IFIRCC.LT.~~C~CO-I)I ~CFrSS=-1 

NFLMCOX=IO·(NFL~-~CC)+~CFCSS 

NSC=IOO.INOJSCLC~I )-NOJSCLI~FJRS11-t)+10.~(FCSS 

PI'<I~T 1001 '~""'F..~Fl~CCX."CFCSS,,,S( 
IDOl FCR~AT(IH ,IX,A~,3151 

IF(~FL"'CCX.~E.21) (0 10 ~ 

PRINT 100?,RCCSA~,FCC,SECC,CT,RC"Fl~),F2C~Fl~),SFE,SFL,~CO,NFL~ 

1000 FCR~AT(IH ,8EI4.7.21~,/,. SL9FClll"E CC-Fl"'.) 
RETU~'" 

9 JFI~A~E.EC.4H CFS) (~ TC 2 
C-----PREOICTO~ A"O CCFRECTCF FCF NFl~+1 = e 

M=NFL~+I 

OI2,~)=DPCI2,e)=CPCIl.e)=OPIM,O) fl(2,~)=UP«~.P)::lPCC J,E)=UPIM,C) 
E(2,W)=EPCI2,e)=fPCC1.AI=EFI"',O) J~12,~)=PFCI2,8)=PPC(I,8)=pPle,GI 

C-----PREOICTQR A"O CC~FECTCF FCR NFL'" :: 7 
CALL SFVOPCIG,GF,FPCII,9),CFCII,B),SFL,VC,Ft,CELR) 
OI2,NFLM)=epCI~,7)=OPCI l,7)=OFC(1,f)'~C 

PC2.~FL"')=PPC(2,7)=PP(CI,7)::PFCCI,E)~PC 

UI2,~FL"')::UPC(2,7)::lPCCI,7):C~(1,7).(~FL.CI.-~O'+UPCCI,B)' 

*OPCI 1,8 II 
E(2,/l.Fl~'=E"CC2,7'=E"'C(l.7'=CI=C(J ,'HIFFel 1,')/CPC( 1,7,/cGF-I.) 
*+UPC(I,7)~*2/DPC(1,7) •• ?/2.) 

J; 0 (N 1 ) = I'< F = R2 ( ~ FL ~ ):: ~ 2 C NF l II .. I ) = J; F + ( S FL of LPC C I, f ) /opec I , e , , *01 
2 IFI~FL"'cOx.Ea.19) GC TC ~ 

C-----PR[DICTO~ FROJ; NeD-? = I 
1o!="CO-2 
OPC( 1t1'=OP(M,O' S UPC(I,I)=UPCII,C) 
EPCCloI)=EP(IA,O) S PPCC1,1)=PPCa,CF) 

c-----PPfOICTCJ; FCR NCO-I:: 2 
"'::~CO-I 

EFS::(RC~CO)-R("')/CEL~ 

Cl=2.*(2.-EPS'/CI.+EPS) 
C2=2.*EPS-3. f C3=CI.-EPS'.(2.~EPS-I."(I.+EPS) 

OPC(1.2)=O(1'''')-OTOX·CCI.U(I,~CC'+(2.UC1,II)+C~.UCI,~-1 » 

• - A TOO TO X • ( C I • C C I , NCO" C 2 CO C 1 , '" ) + C :! • C ( 1 ,11- I I ) 
UPCC 1 ,2) =U ( 1 , '" ) - OT ex. (C I • I=M (III ( C ) .. (2. F /01. (II ) • C :: .1=14 ( 14- 1 ) ) 

• - A T *11 TO X 0 I C 1* U ( I ,Ne 0' .C 2. t;( I ,II ) +C :!. U ( 1 ,"'-I ) , 
FFC(I,2)::f(I,II)-CTOX·CCI.PEC~CC)"C<.FEC~)"C~.PECI4-I)' 

• - A T* ")1 0 x. ( <;1* E C I ,~C 0) +C? *f C 1 ,'" ) • C::H E ( 1 , '" - I , , 
PPCII,?)=PPI2,GF) 

C-----COFFECTCJ; FCR NCC-J :: 2 
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D(?,~~=DPC(2.2)=CC(2.~.O) $ U(i,~I=UPC(2.2)=~C(~.~.O) 

E(2,~)=EPC(?,2)=EC(2,~,O) $ F(2.~)=PPC(2.2)=PC(2.GF) 
C-----PRfDICTOR A~D CORRECTOR FO~ ~CC,~CC+I = ~.4 

3 CALL GLIM(NCD-I.NCC+?3,~CD,SfCO) 

RCD=RCDSA~+SECO*D1 

IF«(RCD.CT.R2(NCD+2».A~D.(~C~C~~.ECQC)I.C~.«RCDoLTe~2(NCD+2» • 
• A~D.(NC~OSS.EC.I») ~CC=~2(NCCt2) 

IF«(RCO.LT.Rc(NCO-I».A~D.(~CRCSS.EC.C».(~.«RCC.CT.R2(NCO-1 II • 
• A~O.(~Cq~SS.Fa.-I») RCO=R2(~CD-I' 

IFINCRCSS) 4,5,t 
C-----PREDICTOR AND CORRECTCq FOR NCO-I = c,f(=4) 

4 ~=~CD-I 

DI2,M)=DPCC2,c)=DPC(I.c)=DPC(2,t'=CFC(I,t'=tFC(I,4) 
U(2,~)=UPCI2,2)=UPC(I,?)=UPC(cttl=UPC( l,t)=LPCIl.41 
E(?,~)=EPC(2,21=EPC(1.2'=EFe(2,61=EPC(I,t)=fFe(1.4) 

P(2,~)=PPC(2.2)=PP(I,21=PPC(2.f)=FPC(I.fl=FPC(I.4) 

GC Te 8 
C-----PREOICTOR AND CORRECT(R FOR NeCt2 = !(=3) 

6 M=~cDt2 

D(2,W)=DPC(2,!)=DPe(I,5)=DP(CI.~) 

U(2,~)=UPC(2,!)-UPC( I,!)=upe( I,!) 
E(2,~)=EPC(2,!)=FPCCI,5)-EFC(l,3) 

P(2,W)=ppe(?,~)=PPC(1 ,!)=PPCll ,!) 
~ IFC(~FLMCOX.Ea.20).CR.(~FLMCDx.Ea.~1» GC T( Ie 

C-----PREDICTOR FOP ~FL~-I = 6 
M=NrLM-I 
DPCCI,6'=DPCM,O) $ UFC(l,61=UF(~,C) 
[PC( 1,~)=EPCM,O) , PPC( 1,6)=PP(t 1 CF) 

C-----CCRRFCTC~ FCF NFLM-I = t 
EFS=(R2C~(Dt2)-RCn)/OELR 

CI=2.*(2.-EPS)/(I.+EPS) 
C2=2.*EPS-3. S C3=(I.-EPS)*C2.*EPS-I.)/(I.+EPS' 
D(2,W)=DPC(2,t)=CDCI,~)+DFCCI,t)+C1C).(CI.LFC(1 .• 4'+C2*UPCII.6'. 
*C3*UPC(I.71'-~T*CTDX.(Ct.DPC( J,4)+C24DFC( l.f)+C~.DPC(J,7)"/2. 
UC2,~)=UFC(2,tl=CU(J,~)+LF(1.6'+C1CX.«(J.C~(41.C2*C~(~)+C3.C~(7)) 

*-AT*DTDX*(CI*UPC( 1,4)+C2t~PCI l,EI+(~.LFC(1.7)IJ/2. 
E(2,~r=EPCC2,6'=(E(1,~).fPC(I.E)+C1C~.«(1.(E(4'.C2.CE(E)+C3*CEC71) 

*-Al*~lDX*(CI*EPC(l,4).C?EPC(I,fl.(3.EF(1,7)')/2. 

P(2.~)=PP(?,E)=P(6,(F) 

C-----CC~REC1C~ FOR NFL~ = 7 
A D(2,NFL~)=DPC(2,7)=DC(7,~FL~.C'! L(2,~FL~)=~FCC2.7)=ue(7.NFL~.O) 

~C2,~FLM)=EPC(2,7)=EC(7,~FL~.O' j FI2,NFLM)=PPCI2,7)=PC(7,CF, 
C-----CQRREC1CR FOP ~FL~.l = e 

7 VD=DFC(I,81/DP(1,7) 
CALL FLM43C7,VD.SFL) 
M=NFLM+I 
D(2,~)=DPC(2,e) ! U(2.~'=UFC(2.e, 

E(2,W)=EPC(2,e) S P(2.~)~PPCI2.f) 
SLC~I)=SFL $ SE(~I)=SFL.L(2,M)'CC2o~) 

C-----AD~ANCE CO CELL FCSI1I(~ ~U~EE~ IF ~E((ESSA~V 
10 IF(NCROSS.fO.O) GO TO It 

~=~Cnt2.3*(NC~OSS-I'/2 

PS=P(2,~) $ OS=DC2.~) S lS=~(2.~) t ES=E(2,~) S RS=R2(~) 
IF(~C~CSS.Fa.-l) GC TO I~ 

P(2,~CDt?)=PC2,~CCtJ) S F(2.~C[.l)=P(2,~(C) t PI2,~CC)=PS 

U(c,NCD+2)=UC2.NCDtl I $ L(2,NCD+I)=U(c,~CD) f U(2,~CD):~~ 
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E(2,~CO+21=E(2,~CO+ll S E(2,~CC.l)=E(2,~CCI f E(2,~CCI=E~ 

O(2,NCO+?I=O(2,NCO+11 S O(2,NCO.II=O(2,~CO) S O(2,~CO)=O~ 
~2(NCOI=I:'S 

CC TO It: 
IS P(2,~CD-II=PC2,~CO'! P(c,~COI=F(c,~CO.J' • F(~,~CO+l).P5 

U(2,NCO-ll=U(2,~COI $ UC2,~CD)z~(2,~CC+l) • UC2,~CO+l)~US 
O(c,NCO-II=O(?,NCO) S O(2,/I;CO'=O(c,~CC+1I S C(2,I\IC0+1'.C5 
E(2,~CO-l )=F(2,NCCI S E(2,~CC)=E(c,~CC.11 f E(2,NCO+.'=ES 
R2(NCD+1 )=RS 

16 NOISCL(NFI~ST'=/I;CC=~CC+~C"CSS f ~C(~Fl~ST)=~c(~COI=R2(~CC+1)=RCO 

5E(NFIRSTI=SECD 

RE'UR~ S E~D 
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SLBROUTINE CDFL~SK(~FI~Sl.~SE((~C.~I) 

CALL FLMS~K(4~CFSl,~SEC(~C.~1' 
CALL CDFL~(4H CFS.NFIRS1,NSECC~D) 
CALL FLMS~K(4~(FS2,~SECC~D.Nl) 

RETURN SEND 
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sueRCUTfNE CDS~K(~FIRST,~I,~A~E) 
CO~~c~/UeOCNO/~Ue( 

CCW~C~/PARAM/N,J,AJ,G,GF,OElR,~Fl~ 

CCW~(~/TI~E/T,DT,DTL,T~RITE,DElT,DTOX,.T 

ca~~c~/0ISC~KF/RCSAV(51),~lHSI~II,~R~S(51I,~C~CSS(~J' 

COMMCN/PPEOCCR/OPCI2,1~I,UPCI2,1~I,E~C(2,131,PPC(Z,13) 

C 0 ~M C N/ A I< I< AY S / R « 50 I ) ,U ( 2,50 I I, 1= I Z , eo 1 I, C ( 2, ~ 0 I ) , E( Z , '! 0 I " R2 ( 501 I 
COMIo4CN/O I SC~ /~ TD I SC ,ND I ~CNC« 5 I I ,~l" PE (e I I ,~C I ~Cl (!; I 1,5 E (51 I, 5L (51 I 
*,I<C(51),~TOIS(T,~TOISCS 

CCM~CN/PPC~R/hPl=lH,~U~A,~~~AF~1,~lfA,~FPT~(~4),I=U~A(15O),RUPA(leJ) 

*,NCLPPTHI?4),NCLUMAII!;0I,~CLUI=A(I~C),PT~~E~l,R~~A~XT,TUPA~XT, 

*OELPI=TH,DELU~~,CElUI=A 

RCD=RDINFIRSTI $ SECO=SE(~FIRS1) S ~cr=~r(S(L(~FII=Sll 
RS=ROIN', $ SSL=SL(NI) ! SSt:=SE(hl I S ~~~K=~Of~CL(~11 

GE=G , IF(~SHK.L[.NFlMI (E=GF 
~S~KSG~=O S IF(SSL.GT.O.O) NS~KSG~=1 
SECD~AV=SECD $ ~SESA~=~SE 

RSSAV=RS $ RS=RStSSE*OT ! RCO~~V=~(D S RCD=I=(O+SECO*OT 
NX~S=NXSCC=O S ~CS=O $ IF«~5~K.fC.~(Ctl) MC5=-2 
IF(RS.GT.RZ{NSHK+II) NXSS=I S IF(I=S.LT.I=Z(~~hK+~CS)1 NXSS=-l 
IF(RCO.GT.P2(~CCt21) ~X5(0=1 f IF(PCD.lT.Rc(~CO-II) NXSCO=-I 
~COS~KX=O $ IF(RS.LT.I<CC) ~CCS~Kx=1 
NSC=IOO*(NSHK-I-NCDI+IO.~xSCO+~~SS 

PI=INl IOOl,~A~E,~XSS,~XS(C,~CCS~KX,~SC 
1001 FOR"IAT(,H ,IX,Af,4151 

IF(I~SC.FC.-I I.A~D.(~CCS~KX.EC.OII ~xSS=C 

IF((NSC.EO.-I I.~~C.(~COS~KX.EC.OI) ~S(=O 
IFIISLINI l.lT.O.OI.A~O.(~I.EC.~).A~O.(AP.S(Sl(II).LT.I.OOI I) GC Te 

* 100 
IF((SLINI).LT.J.01.~~C.(~I.EC.4).A~C.'APS(Sl(1 1).lT.I.001)) GO TO 

* 100 

IFI(~A~E.EC.~~SCCECl).Q~.(~~Mf.EC.t~~CC(TI).CP.(N)SCD.Ea.-I» 

* GO lC 1 
C-----P~fDICTC~ FCI< NCC-2 = 4 

~=~CO-2 

OPCI J,41=OPIM,O) t l,;PC( 1041=~F(~,CI 
FPC(I,41=EP(",01 t I'f'C( l,41=PP(4,([1 

C-----PREDIC1QR rop ~CO-I = 5 
~=~CD-I 

FFS=lhCOSAV-R(~I)/OELh 

CI=2.*(Z.-EPS'/(I.+EPSI 
C2=Z.*EPS-3. ! C3=11.-EPSI.(z.-rpS-I.'/(I.ffPS) 
ope ( 1 , S I =0 I 1 , ~ I - D TO x. (C 1* L ( I ,~( c ) + C 2 fl. ( I , ~ I .-C :!. U , I ,"'-I " 
*-AT*DTOX*(CI*D(I,NCCI+C2.C(I,~I+C~CO(l,~-1 I) 
UPC(I,S'=Ull,~)-OTOX·(CI.F~(~CCI+C2·1=~(~'+(~-P~(~-.)' 

*-AT*CTOX*ICJ*U(I,NCOI+C?.~(I,~I+C1.l,;(I,~-I)' 

EPC(1,51=E(1,"'-DTDX*'CI·PE(NCCI+CctFE(MI+(~.PE("'-II' 

$-Al*DTDX*(Cl*E(I,~(OI+C?*E(l,~I+C~_E(I,~-111 

PPC(I,51=PP(S,GFJ 
C-----CC~I<ECTC~ FCF NCC-I = 5 

DI2,MI=DPCI?,~J=Dr(5,~,c) f ~(2,~'=UI=(2,~I=UC(S,~,OI 
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E(2,~I=EPC(2.~)=fC(5'.90) i P(2.~)=P~((2.~'=FC(~.GE) 
(-----PREOICToR A~O CORRECTOR FOR NCO,~CC+t = E.7 

~=~CO-l ~ IFI~~ME.EGe6~S(CEC1' ~=~(C 

"'M:NCO+l $ IFI"'SHK-~CO..,l.(;Eol' fJlll=f\CO+2 
CALL GLI~I~,~~,E,NCC.~f(C) 

C 

IF(~.M~oNE.6H R~~CC) (;C lC 27 
o ( 2, NCO I'" OPC ( I. to) :OPC ( 2. E) =D ( I • ~CO I 
U(2.NCO'=UFClt.61=UFC(2,E)=UI1.~CCJ 

E(2,NCD'=EPC( l,f)=EP(?,f'=E(I.~CCI 
P(2,~COI=PP((1,61=PPC(2.Et=P(I."CO' 

GO TC 28 
27 IF(NA~E.NE.6~CDR~~K) GO TO 28 

D(2'''CD+ll=CPCt1,7)=CI=CI2.7''''C(1.~(0.1 ) 
UI 2."'CD+ I I:upC I I ,7 )=UP( (2.7)=1.( I ."(C4I' 
E(2.~CD.I'=FPC(I.71=EPC(::,71=f(I'''CD.l) 

PI2.I\CO+1 I=POC(I,7,=PI=CI?.71=1=(1."CC.l' 
28 RCO",RCCSAvtSECOtOl 

IFII(RCO.(;T.R?(N(0.2».A"O.("_SCCGFCoC".0~el(RCOoLT.R2(NCO+2)). 

*4~O.(NXSCO.FO.IIII RCO=~?(~CC"21 

IFI«RCO.LT.R~(NCO-III.A"D.(N~~(O.EO.CI).C~.((RCO.Gl.R2("CO-ll'. 

*A"n. Ir-XSCD.EC.-I' II J;CO=~2("'CC-ll 

IFINXS(O.EC.O' (;C TC 2 
C-----POTR,CRTR FR "CO+(~.~x~CO.l'/2=ftl~."x~CC.I)/2=P(f-("XSCO-I)/21 

M=NCf"l+( 3*"XSCO+1 1/2 $ ,..11=(:+1 3"~)<~CC+1 )/2 f "~II=f-(~X~CO-t)/2 

DI2.N'=OFCII,II"'=CI=CI2''''')=CI=((I,~''M' 

U I 2 •• '" = UPC I I ."" I = U PC ( 2,"" ) = L F C I 1 • '" ~ II ) 
FI2,~)~FI=C(I.II")=EPCI2.~")=EP(I.~~~) 

P(2,1I)=PPCIl ,~NI=PPCI2.b~'=I=F(II.~~~' 
2 IF(NXSS.EO.O) GO TO :3 
(-----PPEDICTC~ FC~ ~S~K+I"XSS+l'/2 = II 

~=NSHK+INXSS+II/2 

I' P ( I 1 • I I ) = p ( 1 • ~ ) ~ I 7 • ,. G E / ( <: E t I • , C S S L ... 2- ( C E - I G , / ( G E + 1. , ) 
OPC ( I • I I , =0 I I ,II , / ( ( G E -I 0 ) / (G E • I • ) +:; .. / I (; E • 1 • , / 5 SL .. It 2 J 
IF(NXSS*NS~KSGN.EO.-l1 GC TO tiC 
UPCI 1,11 )=DPCIl.lI "HUe hll)/OC I," HSC!;T«E*P( I.M)J'!::! loMIJl)2./ 

*IGE+I.I"'SSL'lt( lo-I./~SL.'lt2)) 
GC TC 41 

40 PP((l,lIl=PII."l)**2/PPCIl.11l $ CFCCl.lI'=C(l.tJ,002/0P(U.tt) 
UPCI I, II ,=ope( I, I I It( U( I .~'/D( I."")-~OPHGE.F( I ,"tll/Ol I.~+ll )$2./ 
t)IG~+J.)*SSL*(1.-I./SSL.t)2" 

41 EPC( I,II,=OPCI 1,111*IPPCCI,II)/CPCCI.11'/(E-I.'+UP(I.11'$*2/ 
*CPCI I,ll '$07/2.) 

(-----PREDICTOP FOR ~S~K+l+("X~S+I).~X~~/2 = 12 
3 M=NS~K+I+IN_S~+I'*NX~~/2 

DPCII,12,=OP(".O) $ UI'CII,12'=UF(tJ.O) 
EPCC 1.121=EPIN,O) $ PPC(l.I?'=PP(I~.(;E) 

IFlNXSS.EC.-l' (;0 TO 4\ 
C-----P~FDICTO!; Fnp ~SHK+2.~X~~ = 13 

M=NSHK+2+NXSS 
DPC(I,13,=DPI",O' i UPCII.13'=UI=(IJ.O, 
EPC(1,13'=EP(~,C' S PPCII,t~'=PP(l~.GE' 
IFII~xSS.EQ.O).A~O.(NS~K~(~.EC.C.) GC TC ~ 

C-----CC~~FCTOJ; FCQ NS~K+l+~x~~.(~x~~.I'/2 = l? 
4 M=NS~Ktl+NX~S$(NX~S+II/:: 

M~=NXSS*INXSStl '/2-(~XSS.l'.I~X~S-t' 
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DC2.~I=DP(C2.t21=D( 12.M.~M) S L(2.~)=LPCCc,tZ»=~C(t2.~.~~) 
E(2.~)=EP(C2.12)=FC(IZ,~,M~) f P(Z.M)=PPC(c,12'=PC( IZ.GE' 

5 IF«NSC.NE.3111.AND.(NSC.NE.~IC).A~C.(~~C.~E.ZII).A~O.(~SC.~E.2tO) 

*.AND.(~SC.NE.200).A~C.(NSC.NE.3091.A~C.(NSC.NE.189).ANO.(NSC.NF. 

*199).ANO.CNSC.NE.20tll GC TO IC ' 
JFC(~S~KS(~.EC.O).n~.CNS~KS(N.~XSS.FC.-I)) (C TO t 

C-----PREDICTDR A~O CCRP[CTCP FCP NS~~ = 10 
OS=D ( I ,NS ~~ .. t ) / ( ( GE- 1 • ) / (CE .. 1. , .. ;:>. / ( CE" 1 • , / ~ ~L.* Z I 
PS=P ( I • ~SHK" I ) * ( 2 • '" G E/ ( (E .. I • ) C S SL * C 2 - C C E- 1. ) / ( GE .. I. ) I 
U S=OS* (U( t ,~SHK" 1 I/O ( 1 • ~ ~H 1< .. I ) .. S CR l( GE.P ( I ." SHIC+ 1 »/ 

'" 0 ( 1 , ~ 5 t-I< .. t I ) ,,;:> • / ( C [ t I • I "S SL * ( 1.- I • / 5 SL ". c ) ) 
ES=~S.CPS/CS/CCE-I., .. ~S •• Z/OS •• 2/2.) 
EPS=(RSSAv-R(~St-I<))/DElR 

Cl=2 •• (Z.-EPS)/(I.+EPS) 
C?=?.EPS-3. ! C3=(I.-EPS).C;:>.*fPS-I.)/(I."EPS) 
o ( 2, ~S HK )= cPC (2, 10 )= cpr ( t. 10) = C ( ., ~ St-~ )-0 TC )" (C •• L S+C Z*L( 1, NSt-K) + 

*C3*U(I,NSHK-I ))-AT.OTDx.(CI.ns+CZ.cCl.~St-K) .. C3.D(I.NSHK-I') 
U ( 2, N S t-I< )= UPC ( Z, to) =UP( ( t, 10 I = L ( I ,,, St-K I-CTC ). (c t • (L ~ •• Z /OS+PS I+C2 

**P~(~SHK)+C3.PMC~SHK-II)-ATtCTCX.I(I.US+C2.L(I,NSt-K)+C3.U(I,NSHK-t . ) ) 

E{2,~St-I<)=EP«?,10)=EF(I,tO)=F( 1.~St-K)-OTC).CCI.LS/OS*(ES+PS)+C2 

**PECNSHI<)+C3*PE("St-K-l,,-AT.DTCX.«(I*ES"C2*E(I,"SHK'+C3*E(I.NSHK-I 
"') I 
P(2,~SHK)=PPC(Z,10)=~FC(I,IO'=PF(IC,CE) 

GC TO 7 
(-----PREDICTOR A~r. (CPPFCTCP FCP NSt-~ .. ,,)~S lC 

C 

6 M=~SHK+~XSS $ ~~=NXSS."XSS-I 

0(2.M)=DPCC2,IO)=OPC(t,IC)=OP(~,~~, 

U(2,~)=UPC(Z.10)=UPC(I,IO)=UP(M,M~) 

E(2,~)=EPC(2,10)=EPC(I,IO)=EP(~,~~, 

P ( 2, ~ ) = PP ( ( 2, 10 , = PPC ( I , Ie, =PP C I C , (E) 

7 IF(NSC.NE.310).AND.(NSC."E.311)._"O.(~~C."E.20C'._~C.(~SC."E.20I' 

"') GO TC 8 
C-----PREOICTCP FeR ~~HIC-I = 9 

~="'SHK-I 

OPC(I,9)=DP(~,O' $ UPC(I,9'=UF(~,O) 
EPC(I,G'=EP("I,:)) s PPC(I.9,=PP(<;,(E' 

C-----C(PRECTC~ FC~ NSt-K = 10 
M="SHK 
O(2,"SHK)=DPC(~.10)=CC(IC,M,O' ! L(2,"'St-K)=lPC(2,IC'=UC(IO,~.O) 

E(2,"SHKI=EPC(2,IO'=fCCIO.M,J' ! F(2,"'St-K)=FPC(Z,IO):PC(IO,GE) 
GO TO e 

10 JF«"SC.~~.101).A~C.(~SC.NE.91).A"'C.(NSC.Nf.1CC'.AND.C~SC.NE."O" 

*GO TO IS 
C-----PREOICTOR AND CCPPECTCR FOR NS~K = IC(=( 1,~~~kJ) 

D(2,~SHK'=CPC(2,IO)=r.P(I,10)=C(I."S~K) 

U ( 2, NSHK 1= UPC ( 2,10) =UPC ( I , I 0' = ~ ( J • ~SHIC ) 
E(;>."S"'K )=EPC(2010 '=E:PC( I, 10)=E( 1,~St-K' 
P(2.NSHK'=PPC(2.IO'=PPC(1,IO)=P(J.~St-kJ 

8 IF«NSC.NE.189).ANO.(~SC.NE.91).~~C.C~~(.~E."C)' GC TC II 
C-----P~[DICTCR(9) = FPEDICTCP(7) 

DPCIl,9,=DPC(I,1) S UPC(I.9'=LPC(I,71 
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EPCII,9'=EPCII,7, S FFCII,9,=PFC(I,7' 
~-----CORRECTOR F~R NSHK = 10 

D(?,NSHKI=CPCI?,(OI=OCIIO.NS~K.O) 

uI2,~SHK)=UPCI2,IOI=uC(IO,~SI-'~.C) 

EI2,~ShK'=FPC(2.IO)=E~(IC.~ShK,0' 

PI2.NSHK,=PPCI2,IO)=FCIIO,(E) 
GO TO I~ 

II IF«~SC.NF..311'.ANC.I~SC.NE.3101.A~CoIN5C.NEecI1'.ANDe(NSCoNE.2CC) 

•• AND.(~SC.~E.IOI).A~O.(~~C.~E.cOI»GC lC 1~ 

C-----CC~RECTC~ F~R NS~K-I+WD = S+~C 

1010=0 S IF(I"SC.EC.211).O~o(NS(oEC.I01)1 /lC=1 
M=NS~K-I+~O S 1.=9+MD 
FFS=(R2I/1,-FCC'/CELR 
Cl=2 •• (?-EPS)/II.+EPS' 
C2=2 •• EPS-3. ! C:I=( 1.-EPS).(;>o.EP~-I.I/1 I.+EP~' 
D(2,/I)=CPC(2.L'=(0(1,/I'+CFCII.L'+C~CX.ICI.UF(II.7'+C2.UPCll.L' 

* + C 3" UP «( I. L + 1 , ) + AT. D T D)I • ( C I • D P C ( 1 .7 ) + C c. 0 P ( ( I • L He 3.0 P C « 1 ,L + 1 ) , 1/2 

•• 
U(2,/I)=UPC(2.L)=(LII,~'+LF«(I,LI.C1Dx.(CI.C~(7)+C2"C/I(L'.C3"C~(L+1 

.. ) I + AT" DT D X" ( C I *upc ( 1.7)+ C 2 *UPC ( I ,L J+ (3 *l;PC« I ,L +1 I ) ) /2. 
E(2,1I)=FF«(2,L)=IEII,/I)+EFCII,LI+C1CX*CCI*CE(7)+C2*CE(LI+C3*CE(L+l 

• I I + AT" D lOX. ( C I • E PC ( I , 7 ) + C 2 • f' P C 1 1 • L ) + C " .. E P C ( I, L + I , ) »/2. 
P(2,w,=prCI2,L'=P«L,(EI 

c-----PkFDIC1CP FCR SHK ~EL A~C Fes 
C 

C 

C 

( 

C 

15 "'1-'= I C+NXS5*.2+ INX55** 2-1 ,.( ~5~1<5("-1 '.2 
IFI«~SC.EC.II0'.~P.INSC.EC.-IOI.CF.IN5(oFC.C».ANOoINSHKSGN.EOol) 

*) /lH=7 
IFI«(NSC.F.a.189'.OR.(N~C.EO.ISS».A"Do(~XS~."5HK5G~.EC.-1)' /11-'=10 
IF((I~SC.F.a.89).CF.INSC.fC.991.C~o(NS(.ECo-II».ANC.(NXSS"NSHKSG~ 

*.fO.-I" "'H=7 
"'L=!I +~XSS-(NXSS.*2-1 ,. (-1+2."SI-K5(" I 
JFIIINSC.EO.2CQ).CP.("SC.ECGI09).(~.("SC.EC.89)oOP.(NS(.EO.-III.OR 

*.(~SC.EO.99').O~.I«NSC.EC.-IO).CR.(~S(.EC.IIOi.CR.I~SC.EC.OI)oA~D 

•• (~SHKSG".F.C.O») ~L=7 

JFIII"SC.Ea.189).OR.IN5C.EO.P9'.CR.(~SCoEC.IQ9).CR.I~S(.F.C.99).OR. 

*I~SC.EC.-I 1 II .A~C.I~XSS.~S~KSG".EC.-l) I IoIL= II 
S5LSAv=SORT(IPPC(I'''H)/~FCII,~L)+«(E-I.)/«(E.I.».IGE+1.)/2./GF'* 

*SSL/A8S1 SSL' 
R S=R S S A V+ (SSL S AV*S C~T «( E ""'PC 1 1 • JlL '/ CF C ( 1. ML ) , tl;P( ( 1, ML ) /DPC 1 1, ML H 

*SSE)/2.*DT 
IFII(RS.GT.~2INS~K+I').A~D.(~XSS.EC.C".CI=.IIRSoLl.R2(NSHK+t» • 

• A"D.I"XSS.EO.I») R5=R2(~SHK.I) 

JFI(IRS.LT.R?(NS~K+"'CS').A~D.("~!S.EC.C".C~.(IRS.CT.R21"S~K.~CS') 

*.A"D.("X5S.EC.-l I»~ FS:~c("S~K+~CS) 

IF(I(~S.LT.PCC).A~C.I"CCSI-KX.FC.Cl).C~.«RS.(T.RCD).A~O.(~CDS~K~ 

*.EO.I») RS=RCD 

JFII~X5S*~XSS.E~.I).CR.«"XSS.EC.0).A~r.(N5~I<S(~.EC.I)'1 GO TO 29 
C-----CC~FE(lr.1= FOR NS~K.I = 12 

M=~SHK+I S SLI=(S5L+SSLS~V'/2G 
PS~P(I,NSHK'.(2 •• (E/«(E+I •• tSll •• 2-«(E-I.)/«E+I.') 
f) S =0 ( I , NS HK ) / ( 1 ( [-I • 1/1 G E + 1 • Ii;: ./ ( ( E. 1 • ) / SL I t I)" » 
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us=ns*(u( I,NSH~I/D( 1,~SHK)+SO~T(GE*P(J,~~HKI/o(I,~~HKII*2./(GF+I.1 
**SLI*(I.-I.I'SLJ**2» 

ES=DS*(PSI'OS/(GE-J.)+LS •• 2/D~.*2/~.1 
Ef'S=(R2(~S"'K+1 )-RSI/DELI< 
CI=2.·(2.-EP~I/(I.+EPS) 

C2=2.*EPS-J. $ C~=( 1.-EP~I*(2."'EP!-I.I'(I.+Ef'S) 
O(2,MI=DPC(2,121=(C(J.~I+Cf'C(I,121+C'CX*(CI*LS+C2*UPC( 1,121+ 

*C J*UPC ( I , I:! 1 I + A T *D T D "* ( C 1* D ~ +C ~ >II< DF ( ( I ,I? 1+ C ~ * C PC ( I • 13 I ) II' 2. 
U (2, ." =U P( (2, I;> )= (U ( I ," ) +UPC ( I, I ~ , +oT C X * (C I. (l.: S •• ;: I'D S+PS' +C 2>11< 
*CM(12)+(~*CM(13) )+AT.DIoX.(CI.lS+(2.UP«(I.I~'+C3.Uf'C(I.13)')/? 

F ( 2, M,= FPC ( 2, 12) = ( E ( I ,~ , H: PC ( I , I;: 1+ D'" C X. (C I * L ~ I'D S * (E S+ f' ~) +C? 
* * C E ( 12 1+ C 3 * C E ( I 3 ) 1 + AT • C' C X • ( C I • f 5 + C 2. E F C ( 1 , 1;: HC :!. EPC ( I, 13) I , /2. 

P ( 2, ", ) =PPC ( 2. 121 =PC ( 12, GEl 
2q tF(~XSS.EC.OI GO TG 16 

C-----C('I:;RE(TCI< F('P ~~t-K+(~XSS+I 1'2 II 
M=N5HK+(NXSS+I)/2 
SSLSA~=(SSL+SSLSAVI/2. 

D ( 2. ", 1 =D PC ( 2, I I 1 =0 ( I • M , / ( ( GE - I • 1/( C E + I • ) + 2 • / ( GE + I • II'S SL S" V* '" 2 I 
o ( 2. ,.. ) = PF ( ( ;> , I I , =P ( I , ., ) • ( 2 •• GEl' ( G E +] • ) ,. S SL S A ~ * * 2- ( GE - I. 1/ (GE + I • I ) 
IF(NXSS*NSHKSG~.Ea.-I·1 G( TC 42 
U ( 2, M ) = UP «( 2. I I 1=0 ( 2, '" ) * ( U ( I , ,.. I /D ( I ,,, ) + ~ C J;.,. (GE. P ( I • '" II' C ( I ,,,, I 1.2. / ( 

*GE+I.)·SSLSAV*(l.-I./SSLSAV.*;:») 
GC TC 41 

42 f'(2,"')=f'P«(;>,tll=P(1,"'I.C2'PPC(;,J11 
n ( 2, >I) = Df' ( ( 2 • II ) = C ( I , '" ) *.2/ cpr ( 2 , I J I 
U ( r , ... ) = U P ( ( 2 , 1 I ) = D ( ;> , '"'. I • ( L ( I ," ) / D ( I , ~ ) - S C" T ( G E * f' ( t • ~ + I ) /C ( 1 ," + til 

**;>.I'(GE+I '*SSLSAV. (I.-I./SSLSA~.C;» 
1\ 3 F ( ;> , ", I =E PC ( ;> , I I 1 = Of' C ( 2, I I I. (f' J: C ( 2 , I I ), (PC ( ;: , 1 1 II' ( GE - t • I +UP( ( 2, I I ) 

••• 21'CP«(?, II )**2/;>. I 
(-----CC~J:~(.,.C~ F(~ St-K VEL 

If ~SL=SaRT«(pPC(2,M"I/PP«(;,~LI+(CE-I.'/(GE+I.I'*(GEtl.J/2./GEI. 

*S~L/ABS(SSLI 

S!E=SSL*~Ckl(GE.f'f'C(;>''''LI/CP«~'''lJ'tLJ:«(2'''l'/CP«2,"L' 
JF(~C;C.NE.-Il) GC TC ;>5 

(-----CC~kECTC~ FO~ NCC+I(=7) = (C~~ECT(~ 7 
D(2,N(0+II=DPC(2,71 S U(~,NC()+II=LPC(;.71 
E(2,"(0+1 )=EP((2,71 S P(2,NCD+ll=PPC(;:.7) 

C-----CC~RECTCf' FCR ~(C-I(=~' = II 
0(2,~CD-II=CP((;:tlll S U(2,NCC-I'=I..PC(c,111 
F(2,~CO-I)=[f'((2,IJI S f'(2,~([-J'=FPC(c.lI1 
G() TO 17 

25 IF(~SC.IljE.JII GC TO 17 
C-----CORRECTO~ ~SHK+l(=e' = C(R~eC1C~ E 

0(;>,"SHK+ll=0f'C(2,EI S U(2,NSt-K+l'=uPC(2,EI 
F(2,~SH~+1I=Ef'C(2,6' S f'(2,NSt-Ktll=PP((2,t' 

C 

C-----~oVA"CE St-K A~C CC CELL J:(SITI[" IF NEC(ES~"R' 
17 NSHK="SHKt~XSS 

IF(NSC.EC.IOQI GO TO 20 
IF(NXSCO.EC.O' GC TC lq 
M=NCD.2+~*(NXSCO-l)/2 

P~=P(;>.~' $ CS=C(2,~, 
IF(NXSCO.EO.-II GC Te 
P(2,NCDt21=P(2,NCD+t' 
u(2,N(0+2'=U(2,~CO+l ) 
E(2,NCD+2'=E(2,NCO+t) 

uS=U(2,~) ! ES=E(2.~' ! RcS=R2(N) 
19 

S P(2,N(O+I'=P(2,,,CO) f P(2."CO'=P~ 
S U(2,~CCtll=I..(2,,,(O' t U(2,~COI=~S 

S E(;>,NCo+ll=F(r,~CD) S E(?,~CO)=ES 



C 

C 

c 
c 

C 

C 

18 
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OI2,~CO+?'=OI2,~CC+I' ! C(2,~Ct.l)=O(2,~CC' ! D(2,~CC)=CS 
R2INCD,=R2S 
GC TC 19 
PI2,~CO-I'=P(2,~CO' $ P(2,~CD'=~12,~Ct.l , f ~(2,~CC+l )=PS 
UC2,~CO-I'=UC2,II:CO' S UCc,NCO'=~(2.~CC+I' S \jC2,~CO+1I·LS 
E(2,~CO-I)=E(2,~CC) $ E(2.~CD)=E(2,~Ct.l) S EC2,~CO+l'=ES 
OI2,NCO-l)=O(2,NCO) ! O(~,II:CO)=OCc,NCC+l' S OC2,~CO+t)=CS 
R2CNCO+l,=RZ5 

19 NOISCLC~FI~5T'=NCC=II:CC+II:)SCD! ROCII:FI~~T'=RcC~CO'=R2(NCO+"=~CO 

SECNFIRST'=5ECO $ ~DISCLCNI)=~S~~ ! Sl(~I'=S5L ! SECNl)=SSE 
ROCNI )=RS 

2€ IFCNCOSHKX.EC.I' GC TC ?C 
RETURII: 

20 T~FLCT=I~CD5AV-~5SAV'/CSSESA~-SECCSAV' 

ROINI )=ROI~FIQST'=RS=RCC=RCCS'V+1~FlCT.SECC~AV 
IFI(NSC.EO.IIO).CP..(NSC.EO.~9J.C~.(N~C.EC.C).CR.«~SC.EC.-II).AII:O 

*.C~CC.LT.~ZINSH~.I)')) GC TC ~O 

IFIINSC.NE.tO~).OR.IRCO.G1.RZCII:S~K+I'" GC lC 21 
~OtSCLCNFI~ST)=II:CC ! R2CII:CO'=P~C~CC+I)=P.CO 

23 II:D1SCL(~I'=II:S~K $ SECII:I,=SSE t ~LC~t'=SSl 

GC TO 30 
21 IFIII:SC.NE.109, GC 1C 22 

OI2,NCD+2)=OC2,NCO+I) S LC?,NCO+2)=~C2,II:CO+') 

E(2,~CO+2)=EC?,~CC+I) J ~12,NCC+2'=P(c,II:CO.J) 

R2CNCO)=R21I1:CC+2) $ ROC~FI~ST)=~2CII:CC+I)=RcCII:CC+?"=RCC 

NOISCLINFIRST )=NCO=NCD+I t NSHK=II:S~K-I 

GC TC 23 
2Z IF(CII:SC.EO.-II).ANO.IRCO.GT.R2(II:SHK+I)" GC Te 2' 

P~INT 1000,II:SC,NS~K,II:CO,II:X5S,II:XSCC,II:COS~KX 

1000 FCR~ATCIH ,IX,.1RrUBLE I~ CO-S~~.,tf5) 

OELR=-A~S(OELR) l RETURN 
24 DC2.~CO+2)=DC2,II:CD+JJ S UIZ,II:(C+2)=UI2,II:CC •• J 

EC2,~CD+2)=ECZ,NCO+I) $ ~(2,NCCf2J=PC2,II:CC+l) 

DCZ,~CO+I )=O(?, ... CC) ! UC2.NCOfJ )=U(2,II:COJ 
EI2.~CO+I)=E(2,II:CO' $ ~(2.II:COfl)=~(2,~CC' 

R2INCO+2)=RZINCDJ S R2CNCOflJ=R2C~CO+?)=RCC 
II:OfSCLINFI~ST)=II:CIS(L(~FI~ST).1 S ~CISCL(lI:l )=NOlSCLCNI'fl 

30 CALL SHKCOA(NFI~ST,II:I,1RFLCTI 

RETURN 

C-----SPCL FLW FLC _CJSTM~T F~ NCCS~KX:I 

100 00 110 M=I,~ 
IF(M.GT.II:CDfl) GC TO lei 
IFC~.LT.NCO' GO 10 102 
GO TO 110 

10Z OCI,~)=OCI,NS"K) S UII'''')=UII.''S~K' t EII.,.,'=EII.NSHK. 
01?"W'=D(I,~5HK' S UCZ,~'=~CI,~S"K) f E(2.""=E(I,"SHKI 
P(I.W)=PCI,NSHK' t PC2.W)=P(1."S~K) 

IFC(II:I.FC.~)._NC.(M.CE.~CISCL(2))I R2C"')=R~C"'.2' 

GO TO 110 
101 wW=M-2 S IF(~t.EC.4) ,.,,.,=,.,-4 



C 
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o(I,MM)=O(I,M' S U(I,~M'=U(It,.q S F(I, .. ,.,,=F(I,W) S E(I,W"'=E(I,W' 
0(2,~~)=0(2,M) S U(2'~""=U(2,,,,) S F(2,,.,,,,,=F.2,MJ t FC2,MM'=E(2,M) 
RC"'M)=RCW) S ~2CMM'=R2(~' 

110 CC ... TI ... UE 
,.,M=2 S IF("'1.EO.4, W,.,=4 
00 120 M=I,NTDISCT 
IF(NDISClCM).lT .... S~K) ... CISCL{""=-I 
rF(NCrSCL(W).GE .... SHK) "'CrSCL(""="'CISCL("'-"~ 

120 CC"TINUF. 
P"FLN="FLW-"'''' S ,,= ... -"',., 
IF(NI+I.lE.NTOrSCS) NRHS(NI+I'="'R~~C"'I.I)-"" 
IF(NI.I.LE.~TCIS(S) Nl~SC"'I.IJ="l~S("'l.I)-"'''' 

C-----A(CT FCR P~TCLE PT~ A ... C "E( A ... C FC~ C~RCT lRAJ (ELL lCC1"S CHA"'GES 
IF(NPPTH.LE.O' GC TC 126 
DO I 1 I r = 1 ,NP P l .... 
IFCN(LPPT~(I).(E."SH(' "'CLFFT~(I'="CLFFT~(I)-MM 

II 1 C ("T I MJF 
12~ IFC"U"'A.Lf.O) GC TC lie 

00 113 I=P"UMAFST."L",A 
II ~ CCNT INUE 
112 IF("'UFA.LE.Ol GC TC 114 

DO II~ 1=1 .... UP"" 
IFCN(LUPACY1.(E."SHKl NCLUFACI1= ... CLLFA(Il- .... 

It5 CC ... TIP"UE 
( 

Itll NUf'C=3t-Yr:'S 
( ALL 5 H K C R C C Nt' , SEC 1>1 , , S l '" I , .... CIS (L '" 1 ) , 

C 

NCOOE=IOt-CCSHK $ CALL F~"lFFC"'COCE' 

C 

!"ElUR" $ E ... C 



C 

C 
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S~BROUTINE COTROTR(NI.N2.~TR) 

CC~Mr~/oIS(S/~TtlSC.~OISCNO(~I).~TYP~(!l).~DI~CL(!I).S£(~I).SL(51) 

•• RD(Slt.NTOISCT.~TDI~C~ 

NTJ;=-I 
PRINT 1000 

1000 FCF:M~T('H .5/.5X •• T~RWI~jTING T~ll CF ~AF:E (A~SOC .ITH CJ-DET) I~ 

*S~BROUTINE COTROTP.) 

CALL CO(F:C(III' ).SEI~I t,~C1SCL(~1"~"C[TF:C) 
NTYPE(~2)=3 

"'I'I~T 1001 
lOJI FOJ;MATIIH ,/.5X.*CO TyPE SET TC 3 I~ (CTJ;CTJ;*) 



c 

c 

I\TI<=- J 
PRI"T lCCO 
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1000 FORMAT(IH ,5/,5~,*TER~'I\ATI~G TAil CF ~A~E (A~5CC blTH CJ-OET, '1\ 
.Sle~CvTI~E TRARE*' 



C 

C 
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SleRCUTI~E TRCET(~I.~XT~,~2,~XC.~~~E) 

CO~~C~/PARAM/~,J.AJ,G,GF,OELR.~FL~ 

CC~~(~/TIME/T,OT,OTL.TWRITE,DEL"DTO).A' 

CD~MC~/TRDT/PLT~,OLTR,LLTR,ELT~.C~E~C~~.~CVERC~ 

COMMrN/PREDCOR/OPCC2,1~.,~PC(2,13"EPC(2,1~"PPCC2,13. 

CC~M(~/A~RAYS/R(5011,U(2,SOl).P(2,!011.C(2,~Cl"EC2.~01),R2C5CI) 

CC~~C~/prWFR/VCAPF.R4RI,~CPC_E~.~F(WE~,(~O,C(~PF,SFEOLC,SFE,NCJ 

co ~MO N/O I S CSt ~ TO I SC ,NO I S (NO (5 I ) ,,, T 'rPE C ~ 1 I,,, C I SCL' ~ I ) • SE (S U ,SL ( 511 
•• ROCS1.,"TDISCT,~TD1SCS 

NSC=100*(~DISCLC~21-~CIS(L("I))+IC.")T~+~XC 

P R IN T 1000, ~A 'I.E , ( I , ~D I SC L , I •• " TYPE ( II • P C ( I I , 1=" 1 ,"2) ." Xl R • ~ XO. "SC 
1000 FC~MAT(IH ,IX,AB,2(3T5,FI4.7),3IS) 

NTR=NOTSCL(td I 
IFC"AME.EC.8rSCTC NCI CC TO ~ 

C-----PROCED~RE FOP I"CC~PC~ATI"G l~E R~RE Assec bJT~ CJ OET 
IFCNl(TR.EQ.-1 I Gil TO 1 

C-----P~EDIC1C~ FC~ NT~-I = 12 
M="TR-I 
OPC(l,12 1=r:PC~,OI $ U~CC 1,12'=UPC",OI 
EPC(I,121=EPCW,C) ~ P~CII.12)=PPC12,CF) 

C-----PREOICTOR FOR NTR 13 
~SHK="TQ ~ Ps=rLTp $ CS=CLTP , LS=LLT~ ! ES=ELTR 
EPS=(RO(Nl,-R(NTR)I/OELR 
CI=2.*C2.-EPSI/Cl.+EPS) 
C2=2.*EPS-3. $ C~=(1.-EPSI.(2.*EPS-l.)/(I.+EPS) 

oPCC I, 111= DI 1 ,N SrK I -OT~ X. I C I *L S+C 2. U I I," SH I< I +C 3tu C I ." SHK-I • I 
UPCII,131=UII,NSrK)-DTOX+(Cl+CLS*LS/CS+PS.PC(Nl) •• JI+C2.PM(NSHK'+ 

*C:!+Dh/(~SHI(-t) ) 
EPC(1.13)=E(I.~SrK)-OlDX.C(I.LS/CS.(ES+PS.~C("II •• J)+C2*PECNSrKI+ 

*C3*PE(~SHI(-1) I 
PPC( I, 131=PP( I~.GF I 

C-----CCPPECTC~ FC~ NTp = 13 
O(2,NSHK)=OPC(2,13)=OC(t!,NSHK,O) 
U(2,~SrKI=UP(C2,13)=U(Ct~,"SrK,C) 

E(2,NSHKI=EPC(2,131=EC(13'''S~K,O) 

P( :>,NSI-'K I=ppr (2, 131=PCC I:: ,GF I 

C 

C 

3 IF(~XT~o~E.II GC TO 1 
D(2,~lR+I)=DLTR S UC2.~T~+I)=lLTP 
r(2,~Tf;+II=ELTR t P(2,NTp+.,=PL1R 
RD(Nl)=RC(~II.SEINI ).CT S "CISCLC"l)=~T~=~CISCL("I)+NXTR 

C-----PREOICT S CCNCITICNS 
NSHK="OTSCLCN2) 

C 

RETA=(GF-I.)/(GFtl.) S A=CGF-l.'/C(-l.I 
PGO=(1.+EETA~.cvrAPF-eET~I/(I.-EET~I-EE1_ 
A=SQRTCP(I,"SHK+I)/O(I,"SHKtl) 
P <:= I •• ( PC 0- I • I I A •• ;: + <: F. ( 1 .- 1 • / A •• ~ 1* C G IGF *e-R IIR I I 
PSt=(I.-EFTAI/2.*(I.+G*SLI"21CC2) S PS=FSl.~(I,"SI-'K+l) 
OS = 0 ( 1 ,N S!-oK + I I I ( 1 • - ( I • - e ETA I * C F S 1- F G II CPS 1 + E E T _ ) • 
~S=SCRT(GI·A*SOPTC(I.-EETA).(~Sl-FC)t(FSt-t.)/GI 

*(P~I.l3fTI\I I+U( I ,~SHI<+I I/C( 1 ,~Srl<+l I 



-201-

C-----I~PUT RAPEfACTIC~ 

ALPh_=2./CGF-I.' S NT~PI:~l~+J 
DC 2 I:NT~PJ .~SHK 

C 

U C 2. 1 ) =U s- C l. 5- Ul TF! /OL l' F! , • C 1<0 ( " ~ ) -" ~ C I , )/ ( ~ C CPo 2) -Il C C N J ) , 
UX=(l.C2.1'-US'/SCRT(CF.~S/CS) 

AX=UX/ALPHA+I. S OX=Axt.~LPH~ S CI~,l)=CxtC5 
PX=ALP~A.(F/(2.+ALP~A'·CCX •• ICc.+ALP~A'/AL~~A)-I.'.I. 
P(2,I,=pxtPS 
E C 2 , I )=0 I 2, I ) • I PI 2, t , /c ( ~ , I ) / I GF- I • ) + l.. I 2 , I ) •• 2/2. ) 

2 UC2,l)=UI2,I'.D(?,I' 

J:FTURI\ f f"O 



C 

C 
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sue~CUTI~E TSTEP 
CC~~C~/P.Q.~/~,J.AJ.G.GF.DEL~.~Fl~ 

COW~C~/TI~E/T.OT.OTL.T.RITE.DEll.0lDX •• l 
CC~MC~/A~~AY~/R(501).U(2.~Ol 1.~(2.~Oll.C(2.~CII.E(2.~OI).R2(5011 

OlL=OT 
C-----STABILITY CRllERIA 

C 

C 

~E=GF S oT~IN=1.E+300 
00 5 "'=1,~ 

IF(M.GT.~FLM' CE=G 
C=~OQT(GE*P(?,MI/o(?/II)1 

IF(U(2.~).LE.C.C) GO U: I 
US=U(2,M)/C(?M)+AT t LS~C=LS.( lS"C=LS-( 
IF(ABS(US).LT.A85(L5PC))lS=USFC S IF(.ES(U5).lT.AeS(US MC)'US=USMC 
GC T C 2 
L5=U(2.M)/C(2,/II) •• T-( 

2 CT=DF.LR/~8S(U5)~C.7 

IF(DT.LT.DTMI~) CT/III~=DT 

5 cr~TI~LE 

oT=r)T"I~ 

T = T+oT 

C-----PEINITIAL PRCDFQTIES 
00 10 N=I.N 

C 

tJII.")=U(2,M) S C(1,"'=C(2.~1 S ~(I.M)=P(2.~) S E(I .... '=E(2./II) 
10 R(~)=R2(M) 

RETUQ~ S E"D 



C 

C 
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SLB~CUTINE C~~RCI~(~CYCLE) 

ce~~C~~PA~_~/~,j,Aj.G,GF,DELR,~Fl~ 

CONMCN/TIME/T,OT,C1L,l~RITE,DF.lT,O'0~,Al 

CCNM(~~A~RAYS/R(501).U(2,501),~(2.~01),C(2,!Cl),E(2,~O1),R2(SOI) 

CCMM(N/PPCHR/~P~TH,~U~A,~U~AFST.~LFA,~PPT~(24,,~U~A(15O'.RUPA(15~) 

*,~CL~~TH(24),NCLUMA(1!0),NCLU~A(1!C,,~Th~E)1.~L~A~X'.TU~A~XT, 

*OELPPTH,OELUMA,DELUPA 

U A \I G ( J I ,R I , =U ( I , II - I , / C ( 1 , 11 - 1 ) .. ( l. ( 1 , I J ) "C ( J , I I ) - U ( I. I 1- 1 ).1 

.0 ( I, I 1- 1 ) , • ( R 1- R ( I t - J ) , " ( ~ ( I I , - ~ ( I 1- 1 , ) 
P A V G ( [ 1 ,~ t ) = P ( t, I t - 1 , .. ( P ( t , I 1 ,- P ( I , I 1- 1 ) , • ( ~ 1- ~ , I 1- I ) , .I' R ( 1 1 )­

·~(1l-1" 
OA VG ( I 1 ,R t ) = 0 ( 1 , 11- 1 , +( 0 ( 1 , I I , - 0 ( 1 , I 1- 1 ) ) * ( F 1 - J< ( 11- I ) ) " (R ( I t )­

*R(Jl-I» 

C ~FFT~=~C. OF I~ITIAL PARTICLE PA1~~ 
C PTHNEXT=POSITJC~ CF T~E ~EXl P.~TI(LF PAT~ 

C DELPPTH=OST ~ET SCCSS\lE PJ<lCl Pl~~(~~T FE > C. TC ~\lf AeCTL~ Pl~SI 

C ~U~AFST=~e. OF T~E FRST ~EG C~'~.(T T~j ~T~ PSTN > 0.0 
c N~MA=~C. OF I~ITIAL ~EGA1I\lF C~'~'CTE~ISTIC T~AjECTCRIES 

C ~U~A~xT=FeSITIO~ ~F T~E ~EXT ~ECATIVE C~ARAC1ERISTIC TFAJECTCRY 
C OELUMA=DST eET SCCSS\lE ~G Ch~ l~JS(~ST EE > O. Te HVE ACOTLN TRJS) 
C NUPA=NO. OF 1~ll1AL PCSI1I\lE C~ARACTE~ISTIC l~AJFCTCFIES 
C Tl.PA~XT=PCSJ1IC~ OF T~E ~EXT PCSITIVE C~ARACTFRISTIC TRAJECTORY 
C OELUPA=DSl BEl SCCSS\lE PS CH~ l~JS(~ST ef > O. TC ~Vf ACCTLN TRJS) 
C ~FFTH,~U~A,RUP~=PPTCLE, ~fCTVE C~F.CT, FCS1\lE CHA"'Cl PS1~ 
C NCLPCTH,~CLU~A,~ClUFA=CL ~C OF P~T(L PT~.~( C~RCT TRJ,PS CHRCT TRJ 
C 

C 
IF(~CYCLE.GT.C) GC TC 14 

C 

C-----OFT I~ITIAL PARTICLE FAT~ CFLL FCSITI(~S 

IF(NPPTH.EO.O) Gn TO ! 

C 
C 

~t=1 

DC 1 11=I,"PPTH 
DO 2 12=Nl,N 
IF(R2(12'.CT.J;FFTI-'CIl" CC TC I 

? CCNTINUE 
1 ~CLPFThCIl)="I=I? 

C-----DFl NeG INITIAL ~EG A~C FCS C~'J;A(T T""J CELL POSITIONS 
5 IF(NU~A.EO.O) GO TO 8 

~I=I 

DO 6 11=l,~U"'A 

DO 7 12=NI,N 
IF(~2(12'.GT.J;U~'(ll)' GC TO t 

7 C(~TlNUE 

6 ~CLuwA(11)=~1=12 

C 
8 IF(NUPA.EO.O) RETURN 

Nl=1 
DC q 11=I,II.LPA 
DC 10 12=~I,,, 

IF(Q2(1?I.GT.~UP'(11)' GC TC 9 
10 CC~TINUE 



c 
C 
C 

9 NCL~PA(JI'=~1=12 

I'IETURN 
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C-----C~LC PA~lCLE PAIr ANC FI~AL CELL L(CATIC~ 

C 

III IF(NPPll-'.EO.I)' GO TO I!: 
0011 1=1 ,"I=PTH 
II=NCLPPTH(I) $ I'II=RPP1r(II 
F I" PT ... ( J ) = U AV G ( 1 I , P I I * D 1 • J: P P T ... ( I ) 
IF(~PPTH(I).LT.O.O) kPF1~(I'=O.0 

II CCN1INUE 
DC 12 11=I,NPPll-
I\I=NCLPPTH(JII-~ S JF(~I.Ll.2) "1=;= 
1)[ I) 1<'="1," 
JF(I'I<'(12).GT.~PPlr(JII' (C lC 12 

13 ccrnfNuE 
12 "CLPPTI-'(ll,=J? 
I!: IF(DELPPlH.LE.~.O) GC lC 20 

fF(R2("I.Ll.PTHI\FXTI (C TO 20 
NPPTH=I\PPTH+I $ ~I"FTI-'(I\P~T"')=~T"'I\EXl 

J=N-5 
DC 16 1<=1," 
IF(R<'(fI.GT.PTH"ExT) GC 1C 11 

16 CCI'~lJNUE 

11 "CLF~lH(I\PFTHI=K 

PlHNEXT=PlH"EXl+DFLPPTH 

C-----CALC I\EG A"D ~c~ CHARACl T~AJ A"C Fl"AL CELL LCCA1IC"S 

C 

<'0 IF(NUMA.EO.OI GO TC ?!: 
DC ?I I="v~AFST,"U"'A 

II=NCLUMA( f) " c:n"I<U"IA( f I 
GE=G $ IFltI.LF."FL"'1 CE=GF 

2 I R U '" A ( I I = ( U A V G ( I I ,I'll 1- 5 0 f:; T ( (E * P A \J C ( 1 1 , J: I I I C A \J ( ( I I, ~ 1 ) I I • C T .1'1 U'" A ( I I 
DO 22 II=NUMAFSl,NUMA 
IF(RL~A(II).LT.-CEL~) ~U~AFST=~L"'~fS1.1 

NI=NCLUPA(fl)-~ S IF("I.LT.2) 1\1=2 
O[ 21 12="1," 
fF(R2(f2).GT.~U~A(IIII GC TC 22 

23 CC"T INUE 
22 NCLU~A(III=I2 

25 IF(DELUMA.LE.O.O) GC 10 30 
IF(R?I"I.LT.RUMA"XTI CC TC 30 
I\UWA=NLMA+I S R~~A("~~AI=~L~A"XT 
I I=N-S 
00 2.6 1=1 1 ,1\ 
IF(R2(II.GT.RUMA"X11 GC TC 21 

26 CC"T II\UE 
21 NCLUWA(NU"'A)=I 

RUMANXT=RLMANXT+DELUMA 

30 IF(NUPA.EO.O) GC Te 35 
DC 31 1=I,"UPIl 
IJ=NCLUPAIII $ I'II=~UI=A(II 

CE =G S IF ( II .LE ."FLM, GE=GF 
31 J: UF II ( I ) = (U II V G ( I I ,R I I + 5 C ~ T ( CF 41': I \J" ( I I , ~ I , I C II \J C ( I I ,1'1 I I ) I • D T +1'1 UP A ( 1 I 



c 

-205-

on 32 1l=I,NUPA 
~1=NCLUM~(111-3 S IF(~1.LT.2) ~1=2 

DC :!~ 12="1," 
IF(R2(12).(T.~JP~(11)) (C TO ~~ 

.33 CC:"TIII,UE 
~? NCLUPAI (1)= 12 
35 IF(OELUPA.L~.O.O) FETU~~ 

IFCT.LT.TUPANXT) RETU~" 

~UPA=~UP~+I $ nup.(~UPA)=O.O , ~CL~FAC~~PA'=c 

TUPANXT=T~PANXT+CELUF. 

RETUF<~ S E"C 



C 
C 

C 

C 

C 

C 
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SlP~OLTINF. PR~TFFC~CCDE) 

CO~MCN/PARAM/~,J,AJ,G,GF,DElR,~Fl~ 

CC~MC~/TIME/T,DT,DTL,T~RITE,DELT,CTC),~T 

CO~MC~/FIRF£TC/I~OE).~CYCLE.~~.~~~,~STC~E,~S,~ITRCT~ 

CONMCN/ARRAY$/RC5011,UC2,~01I,PC2,~Otl,D(2,!Ol),~C2.501).~2(501 

CC~~(~/PO.Ek/V(APF,R4kl,~C~CWfF,FFCWE~,(~C,CCAPF.SFEOLC.SFE,NCJ 

COMMON/DISCS/~TOISC,NDISCNC(511,~lYPE(~1 1,~ClSCl(et),SEC5t"SLC51 I 
*, RD(SI ), ~TDISCT, ~TDISCS 
CCM~CN/PPCHP/~PF1H,~U~A,~L~~FS1,~L~~,k~FT~(~4I,kU~ACt5O',RUPAClell 

$,NCLPPTH(?4I,NCLUMA(tSOI,NCLUPA(t~CI,Pl~~E)l,Rl~A~XT.TUFA~XT, 

$OELOFTH,DELUMA,CELUFA 

IjlFF=3H ~c 

IF«NCOOF.~a.tOHINITIAl I.Ok.(~C(OE.EC.tC~I~ITIALACC).CR. 

*(NCODE.EQ.IOHFFST~FT I.O~.C~(CCE.FC.IC~FICIF II IARF=3HY£S 
IF(IAI'lF.EO.3HYESI GO H' I 

DC 2 "'=1,'" 
U(2,"oI)=U( 2,""/D( 2,111 

2 EC2,II)~E(2,""/CC2,~1 

PRINT cOOO,T,CT,JN~E),NCYCLF,~lCIS(T,~CCCE,(I.~DISC~C(I),~TYPECII, 

.~DISCL(II ,~O(ll,SE(II,SLCI).I=I,~TCIS(T) 

2~O~ FORMAT( IHI,* 1*,EI2.~,3x,.D,.,EI2.~,~),*I~CE).,lf,3X,*~CYCLE.,16, 
*7X,*~TDISCT*,13,5X,.~C(CE .,_10, 
*2/,* 1=*,12,3X,*DISC ~C.=.,13,~X,.~TYFf=*,11,ex. 
**CELL=*,14,3X,.FCS=.,EI2.~,3),.ElLERIA~ \EL=$,EI2.!,~x,.LAGPA~GIA~ 

* VEL=*,EI2.5,SO(/,15,12X,13,9X,ll,tOx,14,7X,E12.S,t6x,E12.5, 
*lex,'=12.S11 

PPINT 200I,(M,~2(~I,F(2,~),D(2,~I,L(2,~),E(~,MI,M=l,~,~NN' 
2001 FOFMAT(lH ,/,fX,.C£LL*,3X,.FCSITI(~*,5),·P~ESSURE.,ex,.CENSITY*, 

65 X , * VEL CC IT Y * , I' X, * E "E ~ ( y. , /, I ) , ICC I ( 1 € • ~ ( I) ,F. 12. ~ ) , /, I )( ) ) 
IF(14r:;F.FG.3~ NC) (0 TC 4 
NCI=q~~EGATIVE 'NC2=7HC~ARA(T S ~C~=S~ T~~JECTS 
"FCl=q~DCSITIVE ~ ~C4=e~TF_J F= 'NP(4=e~lRAJ T= 
NPl=SHPARTICLE $ "P2=7H~_'HS S ~P3=S~ S NP4=PHPAT~ R= 
p~ I"T 20C3 

2003 FCJ:M_TClHI I 
IF(N~PTH.NE.OI PI'lINT 200~,~PI,~F~,~F~,"F4,Flh"EXlt(I,FFPT~CII, 

*"CLPPT~(I"I=I,~~PT~) 

2002 FCR~AT( IH ,2/,ICX,AS,A7,_9,IOX,.~EXT .,~~,Fe.4,24(/,Sx,f(13,Fe.4, 

*15,5X)) 
JF("L~A."E.ol P~I~T ?C02,~(l,~(2,~(3,~(4,RU~A~X,,(J,RUMA(I', 

*NrLUMA( II.l=~lt.\AFST,NL~A) 
IF(NUFA.~E.O) Pr:;INT 2002,NPCI,~(~,~C~,~FC4,TLPjlN)1,(I,r:;lPA(II, 

*NCLUPA(I ),I=I, .... LPAI 
RETUR~ 

4 00 3 M= I, N 
U(?,~)=U(2,~)·C(2,~1 

3 E(2,W)=E(2,~).D(?,~) 
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C 
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FU~CTJ(N CP(~,U~I 

COWMCN/TIM~/T,Dl,OlL.T~RlTE,CELT,CTCx,~l 

COM"'CN/ARRAYS/R(~Ol"U(2,~OII,P(2,~OII,O(2,~OI"E(2,50II,P2(SOII 

OP=O(l.""-DTO~.(L(l,MtMUtl'-L(l,Wt~~"-AT.CTCX. 

* (O( I, "'tM"'.1 }-C( I ,MtMM, 1 

RETURN SEND 

FL~CTIC~ UP(~.~WI 

CC~MC~/TIME/T.Ol,CTL.T~RITE,DELT,OlO~,AT 

CO""-C"/A<:"AYS/I'«SOl' ,U(2,SOI ',F(2.501 I,C(2,501 l,E(2,501 l,R2(SCI' 

UF=U(l.M)-CT~X*(U(l'''.I.W'')C.c/C(l'''.I.~M).F(l.MtltMM)-L( l,"'tu",,** 
.2/0( I .... """-P( I."'."''') )-Al*CTCX*CLC l,~.~".1 '-U(I,ut~""l 

IOF1Uk~ S E~C 

FU~CTlr~ EPC","") 
Cn"'MC~/T'''E/T.Ol.01L,T~RITE,OELT.C1CX,'1 

C CMMCN/ AR;? AV ~ /R ( 501 ) ,U C 2. ~ 0 I I ,F C 2 • ! 0 1 I ,0 C 2 ,~O II .E ( 2 .501 I , R2 «50 I I 

EP=E( I.MI-DTO~*Cl;( I,"'.I+WMI/OC 1."'+lt~~I .• (E( 1.~tl.W~I.PC1,Mt~"'.1 ,)­
*U ( 1 • ~ + "''' I/O ( 1 • M +~,. ) • C E ( 1 ,M +,. ... , + F« 1 ... +"" 1 I ,- A T.O T:> ~. C E ( 1,104+/01/01. I 1 

*-E( 1 •. "U"", I 

IOE1U"'" S E~O 

FL~CTfCN FPCL,{EI 
COMMCN/PREOCOIO/CPC(2,1~I,UPC(2.1~"EFC(2.I~l,FF(<<2,IJI 

PP=(EPC(I,L'/CPCCl,Ll-LF(CI,LI*.~/[P«I.L) •• 2/2.01.CPC(l,~l 
**(GE-I.OI 

RETURN SEND 
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c 

C 

C 

C 

C 

C 
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FUM:TrC~ OC(L,M,~M) 

CC~~(~/TI~E/T,DT,CTL,T~RITE.DELT,DTD),AT 

cr~~(~/PREDCrR/CPC(2,13),UPC(2,13).EFC(2,1~),PPC(2.1~) 

COMMCN/ARRAYS/R(50It,U(2t~Olt,P(2,!Olt.0(2,~Olt,E(2,50It,R21S01) 

DC: ( 0 I 1, ~ HOPC ( I t L ) - DT C ". I LPC I 1 ,L .,"", ) -UF C ( I ,l-l H' ~ ) , 
.-AT.DTDX·(DPC(I,L+~~)-DPC(l,L-I.~~»)/~. 

RE'TURN $ END 

FL~CTr(N LC(L.~,~~) 

CC~~[~/Tr~E/T.CT.DTL,T~RrTE.DEL1,CTO",AT 

cc~~r~/PFFOCC~/CPC(2.131.UPC(2,13I,EFC(~.1~),PPC(2,13) 

CO~ ~ ['" / A RR 1\ Y ~ /R ( !: C 1 , ,U ( 2, ~ 0 I ) ,F I ~ • ~ 0 I ) ,D , 2 , ! C I I ,E ( 2 ,501 t ,R2 ( 501 ) 

LC:(U(l,~I+UPC( I,L)-D1D).(LPC(t,l+~~) •• 2/CFCll.L.~~). 
o FPC ( I • L""'" I-UPC I I ,L + ... ~- I ).42/ CPC ( I ,L- I +~ ~ )- F PC I J, l- I + ~'" t ) 
O-ATOOTDX.(UPC(I,L+~~)-UFC(1,l-1.~"')tt/2. 

"ETU"~ $ E~C 

FU~CTrCN Er(L,~,,,,,,,) 

CC"''''C~/Tr~E/T.Ol,CTL.T~''JTE,CEL1,~TCX,~T 

CC~~CN/PREDCO~/CPC(2,13),LPC(?,13),EFC(2.~3),PPC(2.13) 

cc~ ... r~/AFQAY~/RISOll.U(2.5011.P'2,!OI),D'2,~CI'.EI~,!:0l',P2(SCI) 

E C= ( E ( I • ~ l+ FPC( I, L ) -OTO". (UPC ( I ,L. '" '" t /CPC I I ,L. ~'" I. (EPC ( I ,L+ "'~ I + 
.PPC(I,L+"'~II-UPC(I.L."'M-II/CF(t,Lt"'~-II.(EPC(l,L-I.MMI+ 

oPPC ( t • L- 1 +MM I ) I - AT. 0 TD "* I EPce 1 ,L +" "', -E FC I I ,lU' "'- I t I 1/2. 

RE'TUR" S E"O 

FU"CTICN PCIL,GE) 
CO"'MCN/PREOCCR/DPCI2,13),UPC(~,13"EF(2,13"PPC(2,13' 

PC=IEPC(2,LI/CP(2,LI-UP(?,L)442/[P((2,l)442/2.0).CPC(2,L' 
**((E-I.O) 

PETUQ" S E"O 
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F I,; "C T r c" P '" ( ,., I 
CO"''''(N/APRAY~/RI~Ol),L(2,~Ol),~(2,!OI),O(2,~OI),E(2,501),~2(501) 

RETU"" , Ef\D 

FI,;f\CTrCf\ PE("') 

CO"lM ("I / ARR A Y ~ /R ( !' 01 ) ,\" I 2 ,~O 1 ) ,~( 2, ! 0 1 ) ,D ( ;> • ! C 1 ) ,E ( 2,50 I ) ,R2 (501 ) 

PETU"f\ $ Ef\C 

FLf\CT1Cf\ C"'("'I 
CO"'~CN/PREOCC~/CPC(2,1~),UPC(2,1~),E~C(2,1~),PPC(2,13) 

CM=UPC ( I ,'" ) ~* 2/ CPC ( I ,'" ) +PPC ( I ,"') 

RETUR" , EI\D 

FUI\Cll(N CF(") 
C("''''Cl\/P~[C(r.F/CPC(2,13),\''PC(~,1~)tF~C(;tl~),PPC(;tl~) 

C E = UP C I 1 , '" ) / 0 PC ( I ,M ) • ( E PC, 1, '" ) • ~ F C ( 1 t '" ) ) 

RETURN $ END 
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9999 500.') 
0.01 

0.1749nC;C;2 
1.1777401 

l.O 
0.l)fl6206896 

19 0.O;?fl9'5:?62'1 
2 2 10? 1.' 
3 I.e; O.!' 6 1.1 

0.3::>3 0.66f6 0.9999 
0.5 0.6 0.7 

7.0 

0.0 

• t 77? 
1 • ') 

o. 1 

1 ." t').'3 
0.0 
0.IQ9"'7"1:>3~1 

11 n.l O. 1 

1 .0 
0.00001 0.1 1').2 0.'1 0.4 0.') 0.6 0."' 
O.Q 1.9 1.1 
** •• ***.********.**.***.***.*.EN~ ~~ nATA •••••• * •••••••••• ** •••••••••••• 
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FIGURE CAPTIONS 

Fig. 1. Streak schlieren photograph and pressure transducer records 

of flame-shock interactions. Oscilloscope leads the streak 

record by 3.38 msec (sweep rate = 0.5 msec/cm; vertical 
I 

deflection = 0.5 psi/em). 

Fig. 2 •. Finite wave analysis of flame-shock interactions depicted 

in Fig. 1. 

Fig. 3. Comparison of the experimental and analytical pressure profiles 

at positions PGl and PG2, indicated in Figs. 1 and 2. 

Fig. 4. Pressure-space profiles of the flow fields corresponding to 

a flame burn ing speed of 25 m/sec. j = 0, l,and 2 for plane-, 

line-, and point-symmetrical flow fields respectively; y = 1. 3; 
u 

Yb = 1.2; VF = 7; M = 1. 

Fig. 5. Density-space profiles of the flow fields associated with 

Fig. 4. 

Fig. 6. Particle velocity-space profiles of the flow fields associated 

with Fig. 4. 

Fig. 7. Shock-shock collision in the hodograph and time-space planes. 

Fig. 8. Shock-shock merging in the hodograph and time-space planes. 

Fig. 9. Shock-contact discontinuity interaction corresponding to a 

speed of sound ratio (a
2
/a

l
) greater than one. 

Fig. 10. Shock-contact discontinuity interaction corresponding to a 

speed of sound ratio (a
2
/a

l
) less than one. 

Fig. 11. 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 

merging resulting in a Chapman-Jouguet deflagration. 

(C) Solution breakdown for burning speeds less than the 

Chapman-Jouguet value. 

Fig. 14. (A) Deflagration-contact discontinuity interaction resulting 

in a burning speed less than the Chapman-Jouguet value. 

(B) Deflagration-contact discontinuity interaction resulting 

in a Chapman-Jouguet deflagration. (C) Solutio~ 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 discontinuity 

interaction. 

Fig. 16. Non~steady analysis of detonation-shock merging. 

Fig. 17. Comparison of reflected shock pressure-space profiles: 

MacCormack (·)1 Cloud Code (+)1 Exact (-). Incident gasdynamic 

state: PI = 2.4301 VI = 0.5141 U1 = -0.8331 Mn = 1.505. 

Reflected gasdynamic state: P2 = 5.4131 V2 = 0.2821 U2 = 0.01 

Mn = 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. 
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Fig. 20. Density-space profiles of a contact discontinuity after 40 

cycles of MacCormack scheme. Conditions: P2 = 2.026: 

PI = 2.133: P = 1.493: U = -0.456. 

Fig. 21. (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 surrounding 

a contact discontinuity. 

Fig. 22. Difference schemes associated with the four possible relative 

motions of a contact discontinuity and a translating grid. 

Fig. 23. Difference scheme associated with deflagration. 

Fig. 24. Chapman-Jouguet detonation on the pressure-specific volume 

plane. 

Fig. 25. Difference schemes associated with the two possible relative 

motions of a detonation and a stationary grid. 

Fig. 26. 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: YF = 7: Yu = 1.3: 

Yb = 1.2: M = 1: ~ = 5.12. 

Fig. 27. Difference schemes associated with the relative motions of 

a shock-shock system within a translating grid. 
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Fig. 28. Difference schemes associated with the relative motions of 

a shock-contact distontinuity system within a translating 

grid. 

Fig. 29. 

Fig. 30. 

Fig. 3l. 

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 

a contact discontinuity-shock system within a translating 

grid. 

Fig. 32. Difference schemes associated with the relative motions of 

a contact discontinuity-deflagration system within a translating 

gr ide 

Fig. 33. Difference schemes associated with the interface between 

a contact discontinuity and a rarefaction within a stationary 

grid. 

Fig. 34. Difference schemes associated with the relative motions of 

a deflagration-shock system within translating grid. 

Fig. 35. Difference schemes associated with the relative motions of 

a deflagration-contact discontinuity system within a translating 

gr ide 

Fig. 36. Difference schemes associated with the relative motions of 

a detonation-shock system within a stationary grid. 

Fig. 37. Difference schemes associated with the relative motions of 

a detonation-contact discontinuity system within a stationary 

grid. 



-222-

Fig. 38. Difference schemes associated with the relative motions of 

a plane of symmetry-shock system within a translating grid. 

Fig. 39. Flow diagram of the executive instructions controlling the 

whole of the computational process. 

Fig. 40. Flow diagram of FIDIF. 

Fig. 41. Solution for burning speed increments below the critical 

value. 

Fig. 42. Solution for burning speed increments above the critical 

value. 

Fig. 43. Details of the solution of Fig. 42 depicting onset of detonation. 

Fig. 44. Pressure-space profiles at various instants in time associated 

with Fig. 41. 

Fig. 45. Pressure-space profiles at various instants in time associated 

with Fig. 42. 

Fig. 46. Pressure histories at various positions associated with Fig. 41. 

Fig. 47. Pressure histories at various positions associated with Fig. 42. 

Fig. 48. Limit line between steady and non-steady regimes of solution. 



(/) 

E 
I 

W 
L: 
J-

1.4 

0.1 

-223-

02 03 04 

DISTANCE - m 
XBB 782-1328 

Fig. 1 



1.6 

1.2 

() 
Q> 

E 
I 

LU 
~ -I-

0.8 

0.4 

o 

o 0.1 

-224-

0.2 

DISTANCE-m 

Fig. 2 

0.3 

, 
/ 

/ 
/ 

/ 

0.4 

XBL 781-6787 



-225-

PG-1 
2. - ANAl..YSIS 

--- EXPERIMENT 

.! 
I 

Q. 
<2 1.0 

°0~==~L-05~------~0------~----~ 1. 1.5 

PG-2 
2.0 -- ANALV5IS 

--~NT 

.~ 

I 

~ 1 

05 

TlME-ms 

1.0 

TIME-ms 

Fig. 3 

1.5 



p -226-

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

o 
. I 

o 0.5 1.0 1.5 2.0 2.5 R 

XBL 781-6788 

Fig. 4 



-227-

p 

JaO 
1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

o 
0.2 

2 

o 
L 

o 0.5 1.0 1.5 2.0 2.5 R 

XBL 781-6789 

Fig. 5 



-228-

u 

0.5 

0.4 

0.3 

0.2 

0.1 

o 
o 0.5 1.0 1.5 2.0 2.5 R 

XBL 781-6790 

Fig. 6 



-229-

A 

1.2 

,I 
I 
I 
I 
I 
I U 

-1.0 -0.5 0.5 1.0 

T 

R 

UM 
-1.0 -0.5 1.0 

XBL 781-6791 

Fig, 7 



T :-. \ 

\ 
\ .', 4 / 

\ \. I 
\ \ I 
\~ 

1- " 
f 

2 f 

0 

/ 
/ 

R 

-230-

A 

1.2 

1.1 

P 

2.6 

2.2 

1.8 

1.4 

u 
1.0 

1.0 ~ __ O ___ ...L-. ___ ~_......;U:..!,:.:...M,;;.., 

o 

Fig. 8 

0.5 1.0 

XBL781-6792 



T 

4 

R 

-231-

A 

1.2 

1.1 

1.0 

P 

2.2 

1.8 

1.4 

2 
I 
I 
1 
1 
1 U 

0 0.5 11.0 
I 
I 
I 

I 

12 U,M 1.0 __ --'--'--_--L-___ --I __ .....:.-_ 

o 0.5 1.0 

XBL 781-6793 

Fig. 9 



T 
\ , I 

\ 5 I , 
I , 

", '-. I 
/ 

"\I 
y"" 

t 
I I 

I 
I 

I 
I 

I 

I 
I 

°2<0. 

R 

-232-

A 

1.2 

1.1 

1.0
0 

P 

2.2 

1.8 

1.4 

2 U 

.2 1.0 __ ....... ..J-_-'-___ ---" ___ ""-

o 0.5 1.0 

XBL 781-6794 

Fig. 10 



-233-

A 

____ ~_I.O _____ ~ 

-0.5 o 0.5 

p 

T 2.6 

R 

o 

-0.5 1.0 0 
UM 

0.5 

XBL 781-6795 

Fig. 11 



U,M 
--~------~----I.O~------~~------~------~-------
-0.4 -0.2 o 0.2 0.4 0.6 

XBL 781-6796 

Fig. 12 



-235-

T 

R 

14 

-----------I~~ ____ ~ ________ L_ ______ _L~----~ 

-0.2 o 

p 

2.0 

2 

1.5 

0.2 0.4 0.6 
I 
I 

1 __ ------:~4 

U,M 
--.L.---1.0-'--------~------.L.------'---~-

-0.2 o 0.2 0.4 0.6 

XBL 781-6797 

Fig. 13A 



-236-
A 

I 3 
T 

6 

I 3 

61 2 

I 
I 2 
I 
I 

R 

I 

IU 
--~--------~~---I~------~~------~--------~----~ 
-1.0 -0.5 o 0.5 1.0 1.5 

P 

6 

2.Ll----

U,M 
~-----------~-----I~------~--------~------~---------
-1.0 -0.5 o 0.5 1.0 1.5 

XBL 781-6799 

Fig. l3B 



-237-

A 

:3 
3 

2 

2 

~ ______ ~ ______ I~--~--~--------L---------
-1.0 -0.5 o 0.5 1.0 

T 

p 

U,M 
-1.0 -0.5 o 0.5 1.0 

XBL 781-6798 

Fig. 13C 



I 
51 

6 
I 
I 
I 

I 
I 

I 
I 

3 

-238-

A 

3 

2 

T 

14 
I 

R 

__ ~ ______ ~~ ______ I~ ______ ~ ____ 2_. __ ~ ______ ~ ____ U 

-0.4 -0.2 0 0.2 0.4 0.6 
I 
I 

p 

2.0 

1,2 
3 

1.5 

U,M 
-0.4 -0.2 0.2 0.4 0.6 

XBL 781-6800 

Fig. 14A 



-/.O 

-/.O 

I 
61 3 

-0.5 

-0.5 

-239-

A T 

:3 

R 

2- U 
I 

0 0.5 1.0 11.5 

I 
P 1 

1 
6 1 

I 
1 
I 

4 

U,M 
I--------~~------~------~~ 
o 0.5 1.0 1.5 

XBL 781-6801 

Fig. 14B 



-240-

A 
T 

3 

5 
® :5 

2 
R 

-------® 2-

I • 

-0.8 -0.4 0.4 0.8 

p 

-0.8 -0.4 '0 
U,M 

0.4 0.8 

XBL 781-6802 

Fig. 14C 



-2 

A 

3.0 

3 

2.0 

/.5 

1.0 

P 

100 

2 

0 

-241-

2-

U 

2 4 6 
I 

I 
I 
I 
I 

4 

R 

U,M 
----~ _____ I~--------~-------L--------~--~-

-2 o 2 4 6 

XBl 781-6803 

Fig. 14D 



-242-

p 

70 T 

60 

50 

40 

30 

20 

10 

o 2 

o 0.1 0.2 0.3 0.4 0.5 0.6 1/ 

XBL 781-6804 

Fig. 15 



p 

120 

100 

80 

60 

40 

20 

o 

o 0.1 

-243-

"-
"­ , 

0.2 

"­ , 

2 

, 

T 

, , 
J, , 

0.3 

Fig. 16 

R 

0.4 0.5 7/ 

XBL 781-6805 



p 

5 

4 
2 

3 

2 

o 

0.4 0.5 0.6 

-244-

0.7 

-4 , I 
, I 

I 

Fig. 17 

• , 
\~ 

0.8 0.9 R 

XBL 781-6806 



-245-

n+1 --- • • • 0/" • • 

n--- • • • • • • x • 
i-I s i+1 i+ 2 

Fig. l8A 

s 
n+I---· • • • • • 

n -,-- • • • • • • • 
i-I i+1 i+2 

XBL 781-6807 

Fig. l8B 



-246-

· ... r· · · 
• , .x L.L.. 
· 1-11 i/ " · · c.wv, lL.L. 
· ','/',l' · . .L.L. . , . 
. ' .O'\x.' .... .' 
',' 'i-:T · · · .L.L!\ .L. . . 

XBL 781-6830 

Fig. 19 



-247-

p 

2 
0 _ 0 - 0 _. 0_0-0_0-0-0---------------0-0- -

o ~ ______ ~ ________ b_ ____ --_4 ______ _ 

0.10 0.15 0.20 0.25 R 

XBL 781-6808 

pig. 20 



P>P 
2 J 

n+1 - --. 

n - - - • • 
i-I 

-248-

Fig. 21A 

I / 
: / 

I ,,-
//. 
:/ 

43 
• 21' · 

• +'+ • 

• • 

• • 
I i+1 i+2 

XBL 781-6809 

Fig. 21B 



• 

• 

• 

• 

• 

• 

• 

• 

-249-

• 

• 

r-m /:Pii;=P · 
(.~ W-.L. 

• • 

• • 

• • 

• • 

XBL 781-6827 

Fig. 22 



1 - • n+ - - - . 

n - - . 

-250-

«-1). 

.OlL.· 
, 1 '1+2 i-1 i 1+ 

4 :3 

Fig. 23 

• 

• 

XBL 781-6831 



-251-

p 

Fig. 24 

1/ 

XBL 781-6810 



-252-

• • 

• • 

• • ---.1. .... 

• 

XBL 781-6832 

Fig. 25 



-253-

p 

14 p,U 

2.5 
12 

10 2.0 
p 

8 
1.5 

6 

P 1.0 

4 

0.5 
2 

P 

0 
~ uL 0 , 

'--' 

0 0.2 0.4 0.6 0.8 1.0 
R 

XBL 781-6811 

Fig. 26 



-254-

f-rf) v F=r ~ . ; ----ffI y . 'i~" . 
310 ~ U \[JL.L. 309 cE=1V! .Ll\ .L. 

i --{j] / iT '(?r;=p . i --{j] /. V," . 
200 ~.U \W-l--. 199 ~ .L.~ .L. 

210 JJU~ U.· 209* JJ/ "'-!L.· 
i' If \~ . 

100 ~. W-.L. 

;'!\~ . 
110* ~. \W-.L. 

;, If)t;==p " 
0* c±;jlj \IJL.L. 

10~0 ."X.· 

Fig. 27 

t --rtl I 'i -:t. . 
99* ~ 1\ .L. 

109-+-110 .' X.· 
109-+-99 .. X .. 

. "'I" 
-1-+-0 " .A. 

9--0 .' V 
XBL 781-6837 



-255-

i-tl Y trl Y r" i-n7 Y Y r' . 
311 d=1V! d=!iV! L.L. 111 ~ /1 L.L. 

i-ril liFft) j/ ,,' . 
201 ~~ L.L, 

r-ffl v in / r . . 
310 ~~L.L . 

./ 

;-ff! liFt) 1/1' . 
200 ~~fLL, 

;-iJ j/ (t-y r' . 
211 ~ L.L. 
101 i-tl If I! r' . cE;/)Jj. /! fL L. 

r-rfl y ~ I,' . 
210 cf.==:tV CJI fL.L. 

i-ff! 1'/ ro , 
100 ~! L.L. 

l-ril!! r' . 
1 ~. L.L. 

11 y/, .. 
110* ~! J L.L. 

1-rtl'1 " . 0* ~ L.L. 

i-ff! ~/' . 
11* ~ lL.L. 

XBL 781-6842 

Fig. 27 Cont. 



-256-

·~o ~l' \j~' . 
189 .L.L!\ .L.~ .L. 

i' v . 'i-;-]' 0 

309 ~ .L!\ .L. 
i---rtJ /. "il' . 

199 ~ .L!\ .L. 
t-nl y \j~' . 

209*~! .f\ .L. 
i -m l'i-:-t' . 

99* ~ j\ .L. 

109-.-110 •• ;!\.' 

109 .... 99 
·X . 
. . . 

90 .,. v,il ,. . .L.L.'\ . fL.L. 
o-r vl·v r· .. 

91 .L .L." J /! !L.L. 
1 .,. 'J Ir· . 

- 0 .L.L/\/lL.L. 
·l· 'i Y~' . 

-9 .UL!\/i !L.L. 
',' \j \j~' . 

89 .L.L.f\ ." .L. 

-11* OL~lL.· 

9 .... 0 0

0 v. 00 

o "10 0 

-1-.-0. 0"1. . 

XBL 781-6838 

Fig. 27 Cont. 



-257-

311 

r--{f) /;rl ~ . 
201 ~GSjJ{?( IIJ-.L. 

i-rrl Y rn-~ . 
211 c±=::;W~ W-.L. 

101 

111 i---ff} Y ~ . 
~V14 W--.L. 

f-ril /. v'c+· • • 

~ .... 

i----ff) tt1t I) . 
11* ~~ ••• 

. ;7' 
11+-0 • do . 

Fig. 28 

'J x, 

201 .L. . 
IQ.-~ 

91 'ff \j~; /~ . 
. LtLI\ .~1 YJ-.L. 

.~ \\Xl H +0 

101 .L. \. +/+0 

-9 'J' \j ~. L.Ll\+:t:7 l!J-.L. 

.~\ ifYJ;=P .. 
1 .L. t;!.f 19-L. 

XBL 781-6841 



310 

200 

210 

100 

r-;il / . \+ +. 

d=J1J ! +I~\' 
110* 

10+-0 
'x' +Ito • 
, / 

. . 

-258-

100 

-10 

o 

Fig. 28 Cont. 

.~ \i \ + • . L. /+ \. 

',' \f \+ +. .L.Lt/+\ . 
'J~\~w;=p . 
. G.~{W-L. 

XBL 781-6B40 



-259-

bJU · +~':J' . 
309 (.~. .Lk.L. 

r-fi] I . +\+. J. . 
199 cS1}j .L~L. 

b1Ul~J · 209* ( .~. . +\+ .L. 
i ---ff) !\'K-::r . 

99 ~~.L. 

Fig. 28 Cont. 

XBL 781-6839 



-260-

310 

; ----{fI V ~ 
C.l=;1M .Oil.' 

200 

210 

100 

110~100 

n~ · .tL.J.L. 

bl/. c·~ -

~ -,- -

.i.l. 
A 
-I- • 

___ --=-~ .!.L. 
-
-

Fig. 29 

· ·V· 
o A. 0 

XBL 781-6826 



-261-

~ in v 'j" 'JV Y 'j' , 
311 c~ ,~ LL, 111 (!~ ,/I, LL. 

f' lin V'j" t---tll IV 'r' , 
201 ~~ LL. 1 ~/'. tLL. 

r--ri) v in rj' , 
310~!~LL, 

t'liMltj' , 200~~LL, 

~I" 211 ( !~ ~, LL. 
f-nll GV 'j' , 

101 ~ 1. /l LL, 

~'j" 
210 (!~ ~ LL, 

f-ff) /' / 'j' . 
100 ~ ILL, 

'Y/'j' . 
110* (1~ , LL. 

r--Kl 1/',' . 
0* cEJlJj LL, 

X6L 781-6824 

Fig, 30 



-262-

;-[fi ~ V f," ...+ +. . . . . 
311 ~ cf:E!M L.L. 310 • .. (. • .x.if .L. 

i-ilz~/rr . 
211 ~db/. tLL. 

f ----]l . ,>!?' 'il' . 
309 ~ .L!\ .L. 

i' '~+y " . 
111 ~/1 L.L. 

209* i----nl .~+~ l' . . ~ 1\ .L. 
in~ tHir' . 

11 ~L.L. 

JJkPlij\~ . 
310 ~+. .:J \/S-.L. 

210 c.i tr1:j\U-.· 
f---A7 .">V7iJ· . 

110 ~/lL.L. 
. . .+/\W;=? 

110* •.. + +~ +\i!J-.L . 

. / . XV+ . 
1 09~99 • .,.(. • 

XBL 781 -6836 

Fig. 31 



-263-

i1\~ i/ r·· . ~'\J. \i-:l. .' 
201 ~ L.L. 189. ~.L.'\ .L. 

•• \++ •• x ••• 

cdJMtJf\IT 200 ~+ ,. • • • • 

199 ;-(fI\;q' ~~. . ~.L!\ .L. 

101 

1 00 --+-. ---- f 

100 

99* i1'';~\~' . ~!\.L. 
. . \ +7f/ r-' , 

~1. +~!. lL,L, 

o 

* f-f{f\~~' 
o ~~,L. 

'+~l V,' . 
91 . ,+\+, A lL.L. 

· +\+'"Cj'/,' . 
90 . ~./ .lL.L. 

• +\+';J'\~ . 

90 , ~] \ lJ-.L. 
'+\t" Vl ' . 

89 . ~.'\ .L, 

-9 ,'+~ f CL.· 
• +\+'. 1;,' , 

-10 • ~jL,L. 
, + \+, \cv;==p . 

-10 • 'l+ \l!J-.L . 

• +~ •. 

-11*. ~~,L. 
· "! ' 

-11 ........ 0 . ,,~, 

XBL 781-6843 

Fig, 31 Cont, 



-264-

•• • 

310 .1.L. 

210 

200 

200 

90 

100 

100 

XBL 781-6822 

Fig. 32 



311 

310 

211 

210 

111 

110 

11 

-265-

· .+dQt. . . / . / " 

// ,/ 
• +~ + • • • x • 

· O+lJhO . ,. / : 
/ . I 

• +4 • ·X: • 

'Y+ • • / 0 

/ 
/ 

• +/+--.--

e' 

./ 

• ~v+ • / •. / : 
I I 

.... /+ 0 eX:. 

I 

-y+ 
I 

. I 0 

/ 
. +/+ . I • 

OY+ I • 
I .. 

I .I 
• +1+ • i 

.'Y+/ • 
/ " 

1/ 
• +/+/: 

Fi9. 33 

201 

200 

101 

100 

1 

o 

91 

90 

-9 

-10 

• \+1&0 • / • \f I' 

A ,/ 
• +/+\ • • X '. 

. \+II" " I" V " 
f\ .I 

0+'+ \ • x' • 

o \+,+. /. 
X t ;' 

0+,+\ .;' • 

• \+-,+. I • 
'I ' " / ·+'+\/~ 

• 

• "I • 
.I 

I. 

'" .I 
i . 

• 

XBL 781-6829 



-266-

~ 

101 'lli v y-' · L.,. /! .lL.L. 
'l? 't-:]' · 

199 .l.:LJ\ .L. 
100 'l~\CX' , · .L... \. . . 

f\ 'l'/ijr-' · 
100 .l.:. .lL.L. 

99-+100" ~ .. 
XBL 781-6828 

Fig. 34 



-267-

• 

101 • 

• 

100 • 

100 

. ~---
.olr~ · 

·1. +\, ... ..,...-

• 

• 

• 

99 .. 100 • 

XBL 781-6835 

Fig. 35 



-268-

f------fil v tr4l v r-" f-rfl y Y 'r' . 
311 ~. ~ LL, 111 ~l It LL. 

f-tfl I tr==Kl V '/" t ---({J I V 'r-' , 
201 ~~ LL. J ~/l LL. 

r,1) V fMl 1'/" ,4l X/'/' , 
310 ~ ~ LL, 110*~! LL. 

t-tfl / in 1"/' . r-tllj'j' . 
200 ~~LL. o*~,LL, 

f-nll '~v r-' . 
101 chl}J 1. /! LL. 
~./ .. 

210 ~~ LL, 
f----ftl /'/'/' . 

100 ~ ILL. 

Fig. 36 

t---n1 £(/')'. ' 
11*~ LL, 

XBL 781-6823 



311 

201 

211 

101 

111 

1 

11 * 

-269-:-

f-nl v·++· 
( ~ ..... /+. 

e ;ye 
.A · 

Fig. 37 

• 

• 

• 

• e 

e'---------- • 

XBl 781-6834 



310 ( 

200 

210 

100 

110* 

0* 

10-..0 

gv.~' '-----' 
J;!j~~ 

f-ffi 'j'++o 
~ -+/+\ 

-270-

WH-
. . . . . . 

• • X *'+ \ . • . 

f-K1/~~ . 
~t\W-~. 

309( 

199 

209* 

99* 

109~110 

Fig. 37 Cant. 

. +~/ . 

. /. ',+, .. 

XBL 781-6833 



-271-

.. · · r· · bf[lJ. 201 (.:=-z. L.L. 299 
.~. 'fJ' · .L.Lt\ .L. 

· - r- · JJJj 200 • .x L.L. 
- j/ r- · 

101 ! /! lL.L. 
-Ir- · 

100 ! .L.L. 

Fig. 38 

':V\~ · 
200 .b. \JJ-.L. 

i \il' · 
199 _ J\ .L. 

100 f 'fJEt.' 
[<Fl' . 

199 . ~ .L. 

100 

XBL 781-6825 



-272-

INITIAL 
READ INPUT PARAMETERS 

AND DEFIN[ CASE 

START OF CYCLE 

RESTART 
READ RESTART DATA FROM 
FINAL CYCLE OF PREVIOUS 

RUN 

RUN TERf·lINATION J..-YE_S _____ ...... 
CRITERIA nET? 

PRINT APPROPRIATE 
TERMINATION MESSAGE 

I~O 

CELL ADDITION 1----+-4 ADD ONE CELL TO 
CRITERION MET? FLOW FIELD MESH 

NO 

FIDIF 
COMPUTE FLOW FIELD 

TSTEP 
COMPUTE NEXT TIME STEP BASED 

ON CFL STABILITY CRITERION 

Fig. 39 

RESTART 
WRITE RESTART DATA 

FOR NEXT RUN 

PRINT ERROR MESSAGE 

XBL 781-6812 



-273-

----- ....... 

DISCONTINUITY YES 
,.----M l'IELL SEPARATED? ~-----....-.j~ 

NO 

APPLY APPROACH OR 
SEPARATIDN PROCEDURES 

r----L..----. YES 
t---+I 

NO 

,+-_Y_E_S .... DISCONTINUITIES 
REMAINING? 

NO 

REORDER DISCONTINUITIES 

CALCULATE PARTICLE PATHS 
AND CHARACTERISTIC TRAJECTORIES 

"'----..-----

APPLY APPROPRIATE 
FLOATING DISCONTINUITY 

FITTING TECHNIQUE 

cmlPUTE 
I NTERACTI ON 

XBL 781-6813 

Fig. 40 



-274-

T 

<C ~ 
/ I. 

L / / ;/ 
/ / / 

P' / / 

----J 
/I / / / 

/I / 
/ // 60 // / / 

/ 
/ 

/ 
/ 

/ 

;/ 

/ 
/ 

40 / 
I. 

20 

a 
a 20 40 60 80 100 R 

XBL 781-6814 

Fig. 41 



T 

25 

20 

15 

10 

5 

o 
o 10 

-275-

20 30 40 R 

XBL 781-6815 

Fig. 42 



I-

-276-

t\I 
t\I 

o 
t\I 

0::: <D 

00 
<D 

I 

00 
r--
...J 
a::l 
X 

t\I 
t\I 



-1---
I -1 

o <X> 
OJ 

-277-

0 ,.... 
II .... 

0 
U> 

o 
10 

0 
~ 

0 
I'f) 

0 
~ 

10 

0 

,r=] 

(0 

to 
~ 

~: 
(0 

q 

I 
it ~ _v 

'\r--' 
<.\l 0 

cr 

0 
0 

o 
w 

0 
U) 

0 
v 

0 
<.\l 

0 

r-.... 
~ 

co 
~ 

I 
r-
co 
r-.... 

--' co 
x 

"" "" . 
b1 

or! 
[L, 



-278-

p 

P 40 

I 22.3 
---i 

I 
2.5 I 

I 

I 30 

23.0 
----1 l I 

2.0 -----. 
~ 

20 ~~ 8 

10 
5 6 1.5 -=i1 

~n 1.0 

10 

0.5 

o 

Fig. 45 



-279-

p 

2.0 

1.8 

1.6 

5 17.5 30 
50 

70 

1.4 

~~------~2~~------~~1~--~--~~------40 I 60 T 

XBL 781-6819 

Fig. 46 



-280-

p p 

6 R::23 40 

5 

28 
30 

4 

38 20 

2 

10 

o o 
o 5 10 15 20 25 T 15 20 25 T 

XBL 781-6820 

Fig. 47 



-281-

l1S +Wu 
m/s I 

20 

15 

/0 

5 

o 
o /0 20 30 40 50 S-m 

XBL 781-6821 

Fig. 48 



,~-~ 

( 

C) 
This report was done with support from the Department of Energy. 
Any conclusions or opinions expressed 'in this report represent solely 
those of the author(s) and not necessarily those of The Regents of the 
University of California, the Lawrence Berkeley Laboratory or the 
Department of Energy. 

, 




