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FOREWORD 

The work of this technical report was perfomed under Contract 

No. DAAA21-74-C-0401, by the Thermal Research Branch, Systems Research 

Department of Calspan Corporation for the Quality Assurance Directorate, 

Picatinny Arsenal, United States Army. The work was monitored by Messrs. 

F.J. Fitzsimmons and P. Serao of Picatinny Arsenal. The work described 

in this report was conducted during the period from May to December 1974. 

This report contains only those modifications that were made 

to the Calspan 175mm gun model. It is recommended that References 1 and 

2 be reviewed in order to obtain a better understanding of the details 

of the complete model. 



ABSTRACT 

A mathematical model has been formulated and programmed in 
FORTRAN IV, for use in the propellant charge design and investigation of 
the performance anomalies for the 155mm howitzer. The model solves the 
unsteady gas dynamic equations for conservation of mass, momentum, and 
energy by finite differencing simultaneously with auxiliary expressions 
for suen important features as gas generation, bed friction, barrel boun¬ 
dary layer development, and projectile acceleration, until the projectile 
leaves the muzzle. This report details the mathematical concepts and 
experimental results that were incorporated into modifications of an 
existing mathematical model (for the 175mm gun) from which the 155mm 
howitzer model is derived. 

The major modifications to the basic model include a better 
description of propellant movement, propellant bed compression, and more 
uetailed representation of primer jet effects upon ignition sequences 
suen as igniter base pad penetration, and heating of black powder. Flame 
spread in the base pad was also incorporated as well as center core 
loading tie failure and its subsequent compression and jamming in the 
igniter tube. Phenomena observed from movies of ignition sequence exneri 
ments were delay time for tne important events and the effectiveness of 
ignition of tne center core loading without benefit of the base pad igni¬ 
ter. bxperiments were also conducted to measure propellant bed friction 
factor and to investigate the validity of the expression for bed friction. 

Sensitivity analyses were performed using the computer program. 
They revealed the exceptional effectiveness of center core ignition for 
promoting uniform chamber pressure distribution during firing. The wave 
dynamics detected from some of the firing tests using the XM123E2 high- 
performance propellant charge were reproduced by the computer program 
only for cnarge configurations involving abnormal ignition such as a 
flawed igniter tube. One common cause of waves is the interference in 
the action of the igniter tube to relieve longitudinal pressure differences. 
The extreme case of the lack of this relief is representea by the end 
ignition configuration which was shown to be very sensitive to the ini¬ 
tial conditions of standoff, loading, density, and chamber length. The 
first two conditions were of little significance to performance with a 
properly functioning center core igniter. 
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1.0 INTRODUCTION 

The 155mm howitzer is in the process of being upgraded to higher 
performance levels. The high performance propellant charge is designated 
XM123 and contains M30A1 propellant. The cha*ge design incorporates a 
black powder base pad and center core igniter tube with a black powder 
charge. 

Chamber pressure measurements made during firing tests with 
this propellant charge have exhibited dynamic wave phenomena under certain 
conditions. The waves have been strong enough in several instances to 
result in breech-blow gun failures. Pressures as high as 90,000 psi have 
been detected at the breech during one such failure. Subsequent investi¬ 
gation into the causes of dynamic phenomena have identified at least three 
sensitive parameters. These are charge standoff (the distance from the 
primer flash hole to the base of the charge), primer strength, and pro¬ 
pellant loading density. For example, strong waves were observed with a 
strong primer, zero standoff, and high loading density. 

Calspan has been actively engaged in formulating mathematical 
simulations of mortar and artillery systems. The mathematical model of 
the 175mm gun (References 1 and 2) was recently completed under Contract 
No. DAAA21-72-C-0577. This model provided representation of center core 
ignition, flame spread, and interior ballistics of the gun. Using this 
model it is possible to assess the sensitivity of propellant ignition 
and combustion characteristics on muzzle velocity as well as to aid in 
the understanding of phenomena associated with center core ignition. 

The ultimate object of this project was to use Calspan's dyna¬ 
mic simulation of propelling charge ignition phenomena as an analytical 
tool to reveal details of the mechanisms that lead to wave generation, 
identify any additional sensitive parameters, and pose potential solutions 
to the problem. 

The basic 175mm gun code was modified during this program to 
represent a variety of gun features and postulated events that could 
conceivably occur during a gun firing. The code underwent an exhaustive 
debugging and validation period and finally was used to conduct a parameter 
sensitivity analysis. The details of the code modification and improvements, 
and the results of the sensitivity analysis are presented in this report. 



2.0 SUMMARY OF ASSUMPTIONS 

The 155mm howitzer gun is a rather complex system. Performance 
depends on the action and interaction of numerous components and physical 
and chemical phenomena. Exact representation of all these would be 
impractical both in the implementation of the model and in its execution. 
Certain simplifying assumptions have helped to make the problem tractable 
while at the same time, the essential features have been retained. The 
important assumptions of the model are listed below: 

(1) The igniter tube is allowed to fail, grid by grid, 
either by tensile or compressive loading. In 
addition, combustion can cause the tube to disappear 
and allow propellant to shift into the region 
formerly occupied by the tube. 

(2) Propellant grains are assumed to have the thermal 
properties of good insulators and to be effec¬ 
tively semi-infinite in thickness for surface 
temperature calculations. 

(3) Ignition is assumed to occur when the surface 
temperature of a propellant or black powder 
grain reaches a critical value. This is 
allowed to occur in two stages: one due to the 
convective heating of gas flow through the 
propellant bed, and one due to direct impinge¬ 
ment of gas flow through igniter tube holes. 
The latter stage affects only a small fraction 
of the total amount of propellant in a grid. 

(4) The gas state is assumed to be adequately repre¬ 
sented by the ideal gas equation of state with 
secant values of gas properties defined by the 
ideal gas equation; that is, II = c^T and R * P/.^T. 

(5) The propellant in each finite difference grid 
is represented by the dimensions of a typical 
grain, which are subject to change due to 
burning and an averaging process associated with 
propellant movement. 

(6) Main charge bag strength is assumed to be 
negligible considering the high pressures genera¬ 
ted by the gas. 

2 



(7) If a fraction of a grid contains a portion of the 
main charge igniter, that portion is assumed to 
be evenly distributed throughout the grid. 

(8) Propellant in the chamber is free to move in 
either axial direction but not radially. 

(9) Propellant in the barrel is free to move only in 
the direction of the projectile. 

(10) The rotating band rf the projectile forms a perfect 
seal with the barrel. 

(11) Combustion of black powder and M3o propellant is 
assumed to be pressure dependent only. Erosive 
burning effects are not included. 

(12) The bands and grooves of the rifling are assumed 
to have no influence upon the character and 
growth of the boundary layer. 

3 



3.0 MATHEMATICAL MODEL CONFIGURATION 

The mathematical model of the 155mm howitzer as modified from 

the existing 175mm gun model, is intended to serve as an analytical tool 

to aid in determining the causes of dynamic wave phenomena that have been 

observed in the XM123 propelling charge. The identification of these 

causes permits use of the mathematical simulation to evaluate potential 

engineering solutions to the problem. The model represents all elements 

of ignition, combustion, and their relationship to the wave problem. 

The problem of interest involves the ignition, flame propagation, 

propellant deflagration, and unsteady gas and propellant flow that occur 

during the firing of the 155mm gun. The interactions of the various 

components and phenomena are illustrated in Figure 1. It is important to 

include all these phenomena in the mathematical model so that the indivi¬ 

dual effects of each can be ascertained and applied to the general func¬ 
tional representation of gun dynamics. 

The mathematical model consists of two major routines, the 

Chamber and Barrel Routines with domains as illustrated by Figure 2. 

The Chamber Routine calculates propellant ignition and deflagration in 

the gun chamber. The Barrel Routine handles the unsteady gas flow, boundary 

layer, and projectile motion through the barrel. The components of the 

155mm howitzer that are considered in the model are defined and discussed 

in Section 3.1, while the actual structures of the two major routines are 

described in the remainder of the chapter. 

3.1 GENERAL CONFIGURATION OF 155MI HOWITZER 

The general configuration of the 155mm howitzer is shown in 

Figure 3. The shell provides the major portion of the cross-sectional 

area upon which the pressure acts. The rotating band performs a sealing 

function as well as the means for producing rotational acceleration. Any 

leaks past the baud tend to reduce system efficiency. However, because 

this band undergoes an interference fit as it enters the barrel, the 

seal is assumed to be tight, allowing negligible loss of gas. 

Thi ignition system and main propelling charge occupy the gun 

chamber. The maximum propelling charge consists of eight zones of M30A1 

multiperf propellant. The maximum charge contains a nominal 26 lbs. of 

propellant. The full charge length is no more than 30.5 in., which is 

slightly less than the distance from the breech to the base of the pro¬ 

jectile. The breech spindle of the XM198 155mm howitzer has positioning 

pads to assure a charge standoff of at least one inch. With this, the 

charge nearly touches the projectile base. The outer diameter of the 

charge is somewhat less than the chamber diameter in order to facilitate 

loading. This gap can allow gas to flow around in addition to through 

the bed of propellant and through a center core igniter tube. 

4 
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•«. Th® x^123_Zone 8 propellant charge contains an igniter consisting 
of a nitrocellulose center-core tube enclosing a bag of black powder, which 

is tied to the tube at each end, known as the center core loading or snake. 

A base pad of black powder is located at the entrance to the center igniter 

tube. A gap of three inches separates the base pad from the beginning of 

the snake. The igniter tube contains a few holes near either end to 

anchor the center core loading. The tube is capped at the nroiectile 
end. 

The actual gun system firing sequence is initiated when the 
primer is fired and primer gas flows from the flash tube. This causes 

a sequence of events resulting in black powder ignition. Hot gas and 

burning particles generated by the burning black powder flow through the 

igniter tube and into the end of the propellant bed. The grains of the 

main propellant charge and the combustible igniter tube are* heated by 

this flow and eventually become ignited. After ignition, the propellant 

burns at a rate governed by local conditions. Gas flow through the pro¬ 

pellant creates forces that result in movement of the bed. As pressure 

increases, loads on the burning igniter tube increase and eventually cause 

the tube to collapse. At this point, the space between the propellant 

bed and the chamber walls probably becomes loaded with propellant so that 

the chamber system may be simply represented as having a homogenous cross 
section of burning propellant. 

As the pressure builds up in the system, the force created by 
pressure acting upon the projectile base overcomes the force restraining 

the projectile. This restraining force is a result of the material ex¬ 

trusion/shearing phenomena that occur while the rotating band is engraved. 

When this "shot start" force is reached, the projectile begins significant 

acceleration. As the projectile travels through the barrel, it is accel¬ 

erated in a rotational direction at a rate proportional to the axial accel¬ 

eration. These inertia forces, along with friction and engraving forces, 
constitute the projectile retarding forces. 

Gas and propellant flow into the barrel behind the moving pro¬ 
jectile. The gas loses energy and momentum through the boundary layer 

while it does work in overcoming retarding forces. The sequence of 

events of interest in this model terminates when the projectile leaves 
the muzzle. 

3.2 CHAMBER ROUTINE 

The Chamber Routine calculates all phenomena concerned with 
ignition, gas generation, and flow inside the chamber of the 155mm 

howitzer. This routine is basically the same as the corresponding routine 

for the 175mm gun code. The grid formulation consists of parallel one¬ 

dimensional networks, one to describe the center core igniter tube, one 

for the main charge, and one for the gap between the main charge and 



chamber as shown in Figure 4. This system has many advantages, such as 
flexibility in defining the radial dimension of each grid network as a 
function of axial position, and arbitrary selection of grid size. Gas 
is allowed to flow between grid networks through simulated or pseudo holes 
in the boundary thereby achieving a semblance of radial mass and energy 
transport. 

The basic equations of fluid motion with terms to take the 
porous, variable area bed into account are used to calculate flow propa¬ 
gation through the bed. These equations are the well-known, universal 
relationships that express conservation of mass, momentum, and energy. 
These equations contain terms to include gas generation by burning pro¬ 
pellant and other source or sink terms such as heat transfer losses and 
mass flow through igniter tube and pseudo holes. In addition, equations 
expressing conservation of mass and momentum are included in order to 
express movement and compaction of the propellant bed. 

The primer output is represented in terms of jet pressure, mass, 
and energy flux. The loads on the base pad and train of powder in the 
igniter tube are computed to determine (1) ;f a hole is punched in the 
base pad and (2) if the igniter charge of black powder is tom loose and 
driven down the tube. While ignition can occur naturally, instantaneous 
black powder and/or propellant ignition has been represented at time zero 
in one or more grids for sensitivity study purposes, in order to accelerate 
and accentuate certain events. In any case, remaining black powder becomes 
ignited by convective heating from the primer and previously ignited 
portions of the charge. 

The treatment of flow through igniter tube and pseudo holes 
has been simplified but still retains the essential features. Gas flows 
sonically or subsonically through the holes, according to the existing 
pressure ratio, across the hole. This radial outflow creates radial 
gradients in the bed, but the model assumes that an exhausting elemental 
volume loses gas uniformly. 

At some point, the igniter tube fails due to either tension or 
compression, it is or simply consumed by combustion. The failure is 
allowed to occur on a grid by grid basis. When the interior pressure 
exceeds the outer pressure by a given amount, the tube is assumed to split 
and a pseudo hole is added to the grid where a solid boundary had pre¬ 
viously existed. If failure occurs in compression, the tube is assumed 
to collapse, a pseudo hole is added, and, in addition, propellant from 
the main charge is mixed with the black powder on the axis. When the 
black powder is completely consumed, the multiple one-dimensional grid 
matrix is converted into a single one-dimensional network. This is 
achieved through a weighted average of all grids at each axial location 
throughout the chamber. 

9 
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The breech end of the chamber is assumed to be reflective; that 

is, waves are reflected with no losses. The multiple one-dimensional 

formulation requires no specification of wall boundary conditions. The 

downstream end of the chamber is non-reflective and allows a smooth 

flow of gas into the barrel after the projectile has moved at least one 

grid length. Prior to this, the projectile base conditions are computed 

by the chamber routine and the base is assumed to be a reflective surface. 

Basic inputs for the Chamber Routine include the chamber and 

propelling charge geometry pertinent to propellant ignition, gas genera¬ 

tion aid flow, and propellant geometry and burning characteristics. 

Essentially all elements of the igniter system that could conceivably 

influence gun performance were included in the mathematical model. 

Virtually none of these elements is built into the program but, rather 

each is an input that can be varied independently from the others. 

3.3 BARREL ROUTINE 

The Barrel Routine accepts the flow of gas and burning pro¬ 

pellant from the chamber and performs the unsteady gas flow and pro¬ 

jectile motion calculations until the projectile eventually passes from 

the barrel. These calculations are performed in a one-dimensional frame¬ 

work which assumes that all two-dimensional effects can be assigned to 

boundary layer -type calculations. The grid network used to represent 

the barrel is shown in Figure 5. 

The one-dimensional equations of fluid motion, modified to take 

the presence of solid propellant grains into account, are used tc calc - 

late the gas flow. These equations express conservation of mass, momen¬ 

tum, and energy for each grid and include losses of momentum and energy 

as well as the mass flow area constriction due to viscous effects of the 

boundary layer in the barrel and heat transfer to the barrel wall. Pro¬ 

pellant movement is calculated from pressure gradients and drag forces 

exerted by gas flow. This is simplified by allowing propellant to move 

in one direction, away from the breech. 

The individual items that influence projectile motion have 

been accounted for separately rather than being lumped into an effective 

projectile mass or resistance function. The main propelling force is 

that due to pressure acting on the projectile base. Retarding forces are 

considered individually and consist of the force required to engrave the 

rotating band, the component of the accelerating force producing rota¬ 

tional acceleration, and frictional resistance. The engraving force is 

a result of the extrusion process and subsequent slip fit/galling condition 

encountered by the projectile rotating band as it begins motion through 

tne barrel. Rotational acceleration depends upon the axial moment of 

11 
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inertia and the twist of rifling. It is a component of the total accele¬ 

ration that detracts from the effect of the pressure force, and in this 

sense, it acts as a retarding mechanism. The frictional force is deter¬ 

mined as a result of rotational acceleration. The torque required for 

rotational acceleration is supplied by a resultant force normal to the 

rifling. The retarding force occurs as a result of the coefficient of 

friction between the rotating band and the rifling and this force. 

Another resistance force that has been included is the pressure head that 
is developed ahead of the projectile. 

Barrel Routine calculations are initiated with the projectile 

at rest and located at the first or second grid of the barrel network 

whichever is specified. When the pressure force exceeds the assumed 

initial resistance force the projectile starts to move. As the projectile 

travels through the barrel, grids are added to the network. Initially, 

a relatively small grid size is required in order to supply the required 

computational accuracy. As the projectile moves through the barrel, the 

number of grids in the entire system is cut in half from time to time, 

greatly accelerating the calculation while providing acceptable accuracy. 

The one-dimensional barrel calculations require no specification 

of radial boundary conditions. The initial grid of the barrel network is 

common with the last row of chamber grids and is loaded with weighted 

averages of parameters from these chamber grids. Therefore, no specific 

boundary conditions &re applied to the barrel entrance. The barrel grid 

network is terminated at the projectile base, which is a reflective 

boundary moving at the projectile velocity. 

Inputs to the barrel Routine consist mainly of projectile 

characteristics, which include equivalent pressures to represent retarding 

forces, mass and moment of inertia, representative base radius, and 

friction coefficient. Barrel length and constants describing the twist 
of the rifling are also input parameters. 

13 



4.0 EXPERIMENTAL SUPPORT 

A variety of experiments were conducted to investigate pecu- 
liarities of the action of some components and to measure certain quan¬ 
tities to aid in the description of associated phenomena. The use of 
properly designed experiments for these purposes is necessary to insure 
that the simulations are realistic in those cases where the available 
theory and experimental results are deficient. The experiments deemed 
necessary for adequate modeling of the 155mm gun included tests for 
measuring ignition temperatures of black powder and M30 propellant, 
experimental studies of center core ignition by high sp^ed photography 
compression characteristics of black powder, and propellant bed resis-* 
tance to flow. Details of these experiments are described in the sub¬ 
sequent paragraphs. 

4.1 BLACK POWDER AND PROPELLANT GRAIN IGNITION TESTS 

Tests were conducted to measure the ignition temperature of 
both M30 propellant and black powder using the hot plate method. A 
steel plate, 1/2 inch thick, 4 inches by 6 inches, was fitted with an 
imbedded chromel alumel thermocouple by peening it into a shallow hole 
at the center of the plate. It was placed on a tripod for heating by 
a large Bunsen flame so that the thermocouple wires were not exposed to 
flame. Readout was done by means of a Brown potentiometer. The pro¬ 
cedure was to adjust the flame to obtain a steady plate temperature, 
and then to drop the powder granule or grain onto the plate near the 
thermocouple while simultaneously starting a stopwatch. The stopwatch 
was stopped in the case of the propellant when vigorous degassing started 
(this was usually followed by flame in one or two seconds). In the 
case of black powder it was stopped when the black powder exploded into 
flame. Only the larger size black powder granules were used in the tests 
because it was found that small or thin granules ignited much sooner 
than the bulkier granules. The contacting surface of these larger 
granules was annroximately 3/16 x 3/16 in. 

Results are plotted in Figures 6 and 7. Although this method 
produces heat transfer to the grain in a different manner than it exper¬ 
iences in a gun chamber, and the actual temperature measured is that of 
the plate that heats the grain instead of the surface of the grain, the 
method is used universally and provides a relative value for ignition 
temperature that is useful. It is especially easy to interpret if, as 
plate temperature is slowly decreased, a point is reached where delav 
begins to increase rapidly. This is definitely the case with M30 pro¬ 
pellant. The curve for black powder does not show this point because 
test temperatures were limited to 860°F but the trend is obvious. The 
inputs to the computer program require a single value of ignition tempera¬ 
ture of each component. It can be seen from the figure that 85D0F for 
black powder and 450°F for M30 would be reasonable values to use for the 
program. 

14 



Figure 6 HOT PLATE IGNITION TESTS FOR M30 PROPELLANT 
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Figure 7 HOT PLATE IGNITION TESTS FOR BLACK POWDER 
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4.2 CENTER CORE IGNITER SYSTEM TESTS 

iligh speed motion pictures were taken of the ignition sequences 
and burning with the center core loading installed in a transparent tube. 
The test setup was the same as previously used for similar studies of 
the 175mm igniter system, Ref. 1. It was arranged so that the M82 primer 
fired through a 1/4 inch inside-diameter flash cube, 5 1/2 inches long. 
The jet emerging from this tube was directed into a transparent tygon 
tube of 1 inch inside diameter across a gap that could be varied in 
distance to represent standoff and to accommodate the base igniter pad. 
The transparent tube was 28.5 inches long with holes in its walls for 
securing the center core loading as in the 155mm igniter tube. Two 
Fastax motion picture cameras were sot up several feet away to photograph 
the burning sequences. A large shield was fitted over the transparent 
tube, located 1 inch from its primer end and secured in an orientation 
perpendicular to the tube axis to delay obscuration by smoke in the 
optical path of the cameras. The test setup is shown schematically in 
Figure 8. 

Three firings were conducted. The first incorporated a full 
igniter charge complete with base pad and center core loading at a stand¬ 
off of 1/2 inch. The second used only a partial center core loading 
(1/2 oz. of black powder) sewn snugly into a shortened igniter bag and 
secured in the transparent tube with its primer end situated exactly as 
would the end of a full charge. The purpose of this test was to measure 
the ignition delay at a total gap of 1 inch without benefit of the base 
igniter pad. 

The third test again used a full igniter charge but at 0 stand¬ 
off to determine if the center core loading would move down the tube in 
any manner during the early stages of its burning. 

No perceptible movement of the igniter bag took place during 
the first test. After initial flow of the primer jet (ignition of the 
base pad could not be distinguished from this) the powder in the base 
pad burned vigorously. But its incandescence was considerably diminished 
before initial ignition occurred in the igniter tube. This delay was 
335 milliseconds! The center core loading ignited several points along 
the tube and by 20 milliseconds later it had erupted into a single bright 
image over the full length of the tube. 

The second test revealed that the center core loading ignited 
almost instantly 5 milliseconds after firing of the primer even though 
the nearest grains of black powder were 4 inches from the jet exit. Once 
again the ribbons securing the igniter bag were not torn away by the 
primer jet blast. These tests vividly demonstrate that the presence of 
the base pad seriously delays center core ignition. 

The third test showed the same events even more clearly than 
did the first. Ignition spots on the center core loading were very 
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distinct and after eruption gases could be seen to flow in both directions 

away from the central regions of the tube. Again the ribbons securing 

the igniter bag held the charge until all was flame in spite of the zero 

standoff, which demonstrates that as long as the M82 primer is used for 

the 155mm gun this igniter system can be considered to bum in its 

original loaded configuration. The delay between the appearance of f1 ime 

from the burning base pad and ignition of the center core loading was 90 
milliseconds. 

4.3 iTRENGTH ThoT OF RIBBONS FOR SECURINO IGNITER 

A test was conducted to measure the strength of the pair of 

ribbons that are ussd to secure the center core loading in the igniter 

tube. The test fixtire was arranged to load the ribbons as well as their 

attachment to the loading bag so that failure would reveal the weaker 

point, as well as a measurement of its strength. The bag was clamped 

in a vise so that the ribbons hung below it where they could be attached 

to a pan for applying the load by hanging weights. This was done in 

increments of one pound until a total weight of 24 pounds was reached 

whereupon the ribbons tore away at their point of attachment to the bag. 

4.4 COMPRESSION TEST OF CENTER CORE LOADING 

A test was devised to measure the compression characteristics 

of the center core charge in the igniter tube. A center core charge 

was cut to a four inch black powder bed length and the cut end was 

closed by stitching. It was placed in a six-inch long rigid tube having 

the same inside diameter as the igniter tube (1.17 in.) and this was 

placed upon a weighing scale so that it rested on one end. A cylindrical 

shaped ram was placed in the other end (its diameter was only slightly 

less than the tube I.D.) so that its lower end contacted the bag of 

black powder. The ram extended several inches above the upper end of 

the tube so that it could be pressed into the tube a sufficient distance 
to crush the loading completely. 

The whole apparatus was placed in an arbor press for applica¬ 

tion of the compressive load. It was applied slowly and interrupted at 

intervals, while a steady load was maintained so that the travel of the 

ram could be measured by a vernier scale. The load was increased in 

steps in this manner until a load of 200 lbs. was reached. 

Results are presented in Table I as compressive force vs. ram 

travel. These data were proportioned for a full length core loading of 

24 in. (multiplied by 6) and presented in the third column as equivalent 

deflection of core loading. 
- 
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4.5 MEASUREMENT OF PROPELLANT BED RESISTANCE TO FLOW 

The resistance to gas flow offered by a bed of gun propellant 

is a governing factor that determines the movement of the propellant. 

Therefore, flow resistance data for actual 155mm gun propellant is neces¬ 

sary for use in the mathematical model if proper movement of the propellant 

is to be simulated. Because specific data was nonexistent a special 

apparatus was fabricated for its measurement using steady air flow through 

a bed of actual or inert propellant. The test philosophy was based upon 

duplication of grain dimensions in a bed of representative size, and 

duplication of Reynolds number for modeling the flow conditions. The 

use of cold air for testing was made possible by the fact that the Rey¬ 

nolds number for hot propellant gas flow, at conditions of chamber pres¬ 

sure above 20,000 psi, can be duplicated in cold air flowing at comparable 

velocity but with pressures from 10 to 100 psi. The object was to obtain 

sufficient data to evaluate bed friction factor and to determine the 

validity of the relations used for computing bed friction, i.e., drag in 
the model. 

The apparatus confines a bed of propellant within a 4-inch- 

diameter pipe between heavy screens so that air may be blown upward 

through it over a wide range of pressure. To achieve this, the apparatus 

is connected to a compressed air supply so that pressure at the bed 

entrance may be varied up to 250 psi. A schematic diagram of the apparatus 

is shown by Figure 9. It is essentially a 4-inch I.D. pipe fixed in a 

vertical orientation, with a 1 foot long removable length that can be 

filled with propellant grains. These are restrained from falling through 

by a heavy screen of 3/16 inch diameter wire spaced 3 x 3 to the inch. 

In addition, an upper screen of the same material is provided to prevent 

lifting of the bed by the air flow. This screen can be positioned at 

various heights by the use of spacers. Pressure taps and thermocouple 

fittings ire provided along the bed walls at 2-inch intervals. The pipe 

outlet is fitted with a precision orifice meter made and installed to 

satisfy requirements as a choked-flow meter according to Ref. 3. 

Inert M30 propellant was tested over a wide range of air flow 

from that just sufficient to lift the bed off its lower screen, at a 

Reynolds number = 4500, based upon bulk velocity and effective particle 

size, to a flow rate 25 times greater where the particle Reynolds number 

was 163,000. Average grain length was 0.80 inch and outer diameter was 

0.42 inch for an effective particle size, Dp = 0.59 inch (defined as the 

diameter of a sphere having the same volume as the particle) In addition, 

a shape factor of 0.82 was computed from the relation <ps - 4-d/(d+4/.) 
where 1 is grain length and d is its diameter, Ref. 4. 

In preparation for the tests, 1326 grams of inert propellant 

were placed in the test section. When it was vibrated until completely 

settled, the bed depth was 7 1/2 inches. At this condition, the measured 
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Figure 9 PROPELLANT-BED PRESSURE-DROP TESTER 
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voidage was 0.41, obtained by pouring a measured amount of water into a 

straight sided container holding similarly packed propellant to a known 

depth. Bed pressure drop was measured for the fluidized bed configura¬ 

tion, which was obtained with the upper screen located 2 inches above 

the top of the bed. Pressure drop at higher flow rates was measured 

with the bed restrained completely. Test data and results ai*e presented 

in Table II. Friction factor was computed from the relation: 

f = o.z5<& <t>3At> jl_ \/_* 

l-4> P / Dp*] 

where n is the diameter of a sphere having the same 

^ volume as the particle 

L is the bed length, ft. 

Ap is the pressure drop, psf. 

V is the superficial velocity, = 0 times actual 
velocity, fps 

P is the fluid density, Ibs/ft^ 

0 is the porosity 

0s is the shape factor, equal to the area of a sphere 

having the same volume as the particle divided 

by the particle surface area 

The results show that friction factor varies only slightly over the test 

range of Reynolds number. The amount of variation is approximately the 

same as the experimental error, except for the first and last run. 

Furthermore, the fact that f is almost invar*^nt over the range of Rey¬ 

nolds number from 40,000 to 140,000 range lends credence to the validity 

of the expression for bed friction from which the foregoing relation for 

f is derived. Tnis expression was, of course, originally obtained by 

a correlation of results from tests similar to those described in this 
report but using different shapes of granulated materials. 

4.6 CONCLUSIONS AND SUMMARY OF EXPERIMENTAL EFFORT 

Results obtained from experiments described in this report 

were very useful to the correct representation of the 155mm howitzer by 

the computer model. Specific phenomena were demonstrated and their 

natures defined in sufficient detail to permit mathematical description. 

The ignition temperature as a function of delay was measured 

by the hot plate method for black powder and the M30 propellant grain. 

Although this method suffers obvious disadvantages as pointed out pre¬ 

viously its results were easy to interpret in the case of black powder 

and M30 propellant, thereby yielding useful values for ignition tempera¬ 

ture as required by the computer program. Specifically, these were 850°F 

for the black powder, and 450°F for the M30 propellant. 
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High speed motion pictures of very good quality were taken of 

the ignition and burning of the center core loading both with and with¬ 

out the base igniter pad. This was made practical by the use of a thick 

tough transparent tube for simulating the igniter tube that houses the 

center core loading. Certain time delays were measured that could prove 

useful in assessing the effectiveness of the computer codes. Furthermore, 

specific phenomena were revealed such as the fact that the M82 primer 

jet does not dislocate the center core black powder charge, and that the 

charge ignites over its full length quite rapidly once it becomes ignited 

at some point. In addition, it was demonstrated that the presence of the 

base igniter pad absorbs some of the impact of the primer and drastically 

delays ignition of the center core charge. 

The ribbons that secure the center core loading to the igniter 

tube were strength tested. Although the forces of the M82 primer jet will 

not cause ribbon failure, the data has been used in the program for 

studying the effects of firing with the XMlli) primer, which may create 

forces sufficiently high to cause failure. 

The center core loading was compression tested. These results 

mainly apply to the representation of the charge configuration with the 

stronger primer, because the need is contingent upon ribbon failure. 

Propellant bed flow resistance was measured over a wide range 

of flow rate and particle Reynolds number. Results show that the revised 

relation for computing bed resistance to flow, as postulated in this 

report (See Section 5.8), is a valid formula for this purpose inasmucii 

as it provides a correlation of test data with a constant value for 

friction coefficient over the Reynolds number range of interest. Friction 

coefficient for M30 propellant was computed to be 0.95 from the data 
for the range of interest. 
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5.0 DETAILS OF THE MATHEMATICAL MODEL 

The 155mm howitzer computer code consists of the 175mm gun 
model described in Ref. 1 and 2 with several additions and modifications. 
The majority of the forty subroutines employed in the model experienced 
no or only minor changes. Only those new significantly modified sub¬ 
routines are described in this chapter. However, all subroutines are 
listed in Section 5.1 and given a one-line description. A program flow 
chart and complete FORTRAN IV machine listing are given in Appendices A 
and B. Program input and output are discussed in Appendix C. 

5.1 LIST OF SUBROUTINES 

The computerized mathematical model is characterized as con¬ 
sisting of two major routines: Chamber and Barrel. The subroutines 
contained in these major routines as well as those that perform a func¬ 
tion not specifically associated with a routine are given a one-line 
description below. A detailed discussion of the subroutines in the 
original code is presented in Ref. 2, while those subroutines added or 
modified during this program are described in subsequent sections. 

Chamber Routine 

(1) AREAS Calculates grid volumes and areas for 
use in finite difference calculations. 

(2) AXIS 

(3) AXIT 

(4) AXIT2 

(5) AXIT3 

Performs finite difference calculations 
in the igniter tube, the axis of the 
propellant charge. 

Performs two-dimensional finite differ¬ 
ence calculations in the propellant bed 
adjacent to the igniter tube. 

Performs one-dimensional finite differ¬ 
ence calculations in the propellant bed. 

Performs one-dimensional finite differ¬ 
ence calculations in the void space between 
the propellant charge and chamber wall. 
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(6) BN DY 

(7) BPFIR 

(8) BPINIT 

(9) BSURFA 

(10) BS1IRA2 

(11) BSURFB 

(12) BSURFI 

(13) BSURFI 

(14) BSURT2 

(15) BSURT3 

(16) CIISHT 

W 

(17) DRAG 

Performs two-dimensional finite differ¬ 
ence calculations at the outer boundary. 

Calculates heating and eventual ignition 
of black powder grains. 

Reads in and initializes black powder 
igniter charge. 

Performs two-dimensional finite differ¬ 
ence calculations on the axis of an 
upstream solid boundary (breech). 

Performs one-dimensional finite differ¬ 
ence calculations in the igniter tube 
at the breech. 

Performs two-dimensional finite differ¬ 
ence calculations at the outer radial 
boundary of an upstream, solid axial 
boundary. 

Performs two-dimensional finite differ¬ 
ence calculations at an interior point 
of an upstream solid boundary. 

Performs two-dimensional finite differ¬ 
ence calculations at the outside igniter 
tube surface and an upstream solid 
boundary. 

Performs one-dimensional finite differ¬ 
ence calculations for the propellant 
charge at the breech end. 

Performs one-dimensional finite differ¬ 
ence calculations for the void region 
between the propellant charge and the 
chamber wall at the breech end. 

Reads in initial chamber data, initializes 
the chamber grid matrix and performs 
other necessary preliminary calculations 
before finite difference calculations 
begin. 

Performs simultaneous solution of drag 
and updated gas velocity for finite 
difference subroutines. 
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(18) FSURFA 

(19) FSURFB 

(20) FSURFI 

(21) FSURFT 

(22) MOLES 

(23) MOLSET 

(24) INTER 

(25) MFLOW 

(26) ONEMM 

(27) PATHS 

(28) PRIMER 

(29) PROPEL 

Performs two-dimensional finite differ¬ 

ence calculations at the axis of a down¬ 

stream solid boundary. 

Performs two-dimensional finite differ¬ 

ence calculations at the outer radial 

boundary of a downstream solid boundary. 

Performs two-dimensional finite differ¬ 

ence calculations at interior grid points 

at a downstream solid boundary. 

Performs two-dimensional finite differ¬ 

ence calculations at the outer boundary 

of the igniter tube and a downstream solid 

boundary. 

Calculates the igniter tube hole area 

that is assigned to each grid. 

Sets up the arrays of holes to include 

both igniter tube holes and "pseudo" holes 

that provide transport between adjacent 
grid networks. 

Performs two-dimensional finite differ¬ 

ence calculations at interior points of 
the grid matrix. 

Calculates mass flow through igniter tube 
and pseudo holes. 

Transforms the Chamber grid matrix from 

multiple one-dimensional or two-dimensional 

network into a single one-dimensional grid 
network. 

Assigns values to an array of parameters 

that permits logical selection of the 

proper finite difference subroutine. 

Calculates burning of black powder in the 
155mm howitzer. 

Calculates movement of propellant grains 
in the chamber. 
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(30) PRPFIR Calculates two-stage heating of 
propellant grains and eventual 
ignition. 

(31) PRPVUL Calculates propellant grain velocity 
and black powder movement. 

(32) REGRES Calculates burning of main charge. 

(33) TUBFAL Calculates failure of igniter tube due 
to pressure loading and combustion. 

Barrel Routine 

(1) BARSET Reads in barrel and projectile input data, 
initializes the barrel matrix, and per¬ 
forms other initializing functions prior 
to start of finite difference calculations. 

(2) BNDLYR Calculates the tube boundary layer with 
associated viscous and heat transfer losses. 

(3) DIMIN Calculates deflagration of propellant that 
has moved into the barrel. 

(4) MOTION Calculates projectile acceleration and 
movement. 

(5) PROPMO Calculates velocity and movement of pro¬ 
pellant that has moved into the barrel. 

(6) RiiOUH Performs all finite difference calcula¬ 
tions in the barrel grid matrix. 

Other Subroutines 

(1) CLEAR Zeroes specified arrays or blocks of 
common storage. 

(2) GSPROP Calculates propellant gas properties. 

(3) MAIN Performs main logic function for the 155mm 
howitzer mathematical model. 

(4) NEWÜX Reduces the number of grids involved in 
the finite difference grid matrix. 
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(5) UPDATE Updates the finite difference variables 

to the next time interval and provides 

for output of these variables. 

The more significant additions and improvements provide for 

representation of such phenomena as: penetration of the igniter base pad 

by the force of the primer jet, radial flame spread in the igniter base 

pad after ignition at its center by the primer jet, movement of both 

propellant and black powder in large slugs packed to maximum density 

and encompassing many grid lengths, as well as in slugs of single grid 

length across grid boundaries, elastic response of the packed propellant 

when loaded in compression, and a more thorough expression for deter¬ 

mining pressure drop through the propellant bed based upon actual experi¬ 
ments on the M30 propellant bed. 

5.2 IGNITER BASE PAD PENETRATION 

Base pad penetration can be brought about by either the process 

of burn-through after ignition or by shear failure as a result of primer 

jet blast. The former phenomenon was featured in the basic computer 

program as were some of the fundamental statements required to describe 

jet blast. Specifically, this included the statements for computing 

stagnation pressure in the primer jet in terms of time. However, it was 

necessary to add a factor to show dependence upon distance from the jet 

exit. Additional information on the jet width was needed which was obtained 

from a correlation (curve fit) of supersonic jet data from Ref. 5. This 
is: 

= 

o. SIS 

for the radius to the point where stagnation pressure falls off (¾ is 

the radius of the jet exit, i.e., tne primer tube). The expressions used 
tor determining stagnation pressure are: 

and 

M 8*. 

t -e>. kss S /r, 
¿ oioo X io t e 

; - O.lis s/r. - tzoot 
I. 53 X io e. 

for t < 0.004 sec. 

for t > 0.004 sec. 

the Pressure in "»rimer jet as a function of dis 
tance from the flash hole and time for the M82 primer, 

is standoff, the distance between the spindle and the 
base pad 
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and T is the flash tube radius o 

Then the shear force per unit length of jet circumference is 

This is resisted by the shear strength of the pad, i.e., allowable stress 
times thickness. Note that the resistance or reaction force of the pad 
is assumed to be the maximum shear force that can be exerted by it. This 
is realistic because the action of the jet is impulsive and the pad iner¬ 
tia provides the reaction necessary for development of the shear condi¬ 
tion. Maximum shear will occur, then, around the edge of the jet, i.e., 
where its radial pressure gradient is a maximum, as long as the pad is 
unsupported in the region of jet impact, which is the case for a centrally 
located primer tube, because the pad bears against the end of the tube, 
and the inside diameter is greater than the diameter of the jet. 

Inputs required by the pad penetration logic are flash tube 
diameter, called FTMBR, and pad allowable stress, called PPALST. A 
logical variable, PHNFP, is initialized as FALSF and when penetration 
occurs PENET is set to TRUE, and the words "base igniter pad penetrated," 
are printed. The black powder in the sheared out volume is assumed to 
be displaced to the first grid containing the center core loading, and 
porosity for each grid is adjusted accordingly. Of course, the base pad 
is heated by the primer jet over its whole exposed surface, and base pad 
penetration can occur as a result of bum through as well as by shear. 

Subsequent to base pad penetration, the primer iet heating is 
applied to the near end of the center core loading in the igniter tube. 
This is accomplished in the logic for primer jet heating of black powder 
by using "flags" and the logical variable, PFNFT, as controls. The pro¬ 
cedure insures that primer jet heating is applied only in one axial grid 
and when the black powder there is consumed a search is made to find 
the next grid containing black powder. This logic is located in subroutine 
BPFIR. 

5.3 FLAME SPREAD IN THE BASE PAD 

Flame spread in a bed of propellant has been studied in the 
closed bomb and it was found to exhibit characteristics similar to the 
linear burning rate relation, r » bpn, where p is the chamber, or bomb 
nressure, Ref. 6. The rate of increase of burning surface area was 
found to obey the relation, s * cpn for Ml propellant, for which m = 2.2 
and c = 1.45 X 10-5 in 2/sec-psi3. For black powder a value for c = 1.8 
X 10" was first attempted. This was incorporated into the logic for 
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black powder burning in subroutine PRIMER. But first, the mass genera¬ 
tion logic of the primer jet was moved to MAIN so that it would be con¬ 
tinuously credited. Then the logical variable BPLEFT was made TRUE in 
a different location of the sequence for detecting black powder ignition 
and depletion so that subroutine PRI'tER would be called at all times 
until black powder is depleted, including the time previous to its 
igntion. 

Flame spread is assumed to start with the ignition of black 
powder in the first axial grid that contains it. Then it proceeds 
radially outward from the periphery of that axial grid, and computes the 
change in porosity of the Mack powder in the .1 = 2 grid and the mass 
of gas generated. Entry to the base pad flame spread logic is permitted 
only when the loop (within which it is located) is executed for the 
axial grid of the base pad, inasmuch as it constitutes the source of 
flame spread. When the base pad is consumed as a result of the flame 
spread, a logical variable, BRNOMT, is set true and this ends entry to 
the flame spread logic. At the same point, porosity of the black pow¬ 
der is set at 1.0. 

5.4 PROPELLANT AND PROPELLANT BED MOVEMENT 

The basic mathematical model has been demonstrated to simulate 
gas motion in the gun very effectively. However, its representation of 
propellant movement is inadequate to treat the problem of wave formation 
and its propagation back and forth in the chamber of the 155mm gun. The 
large pressure gradients that have been recorded in this chamber are 
sufficient to cause vigorous movement of propellant and it is very likely 
that this movement in turn affects the wave formation and its shape, i.e., 
pressure distribution. This would especially be the case where bed poro¬ 
sity is low as when the propellant is packed to maximum density. This 
is exactly the condition that the basic math model was incapable of 
simulating and yet is so necessary to the study of gun behavior. 

A new subroutine has been written and extensively debugged 
for description of propellant movement. In addition to describing the 
independent one-dimensional motion of propellant in each grid the new 
PRPVEL subroutine describes the movement that results when two or more 
adjacent grids become tightly packed with propellant so that it moves as 
a single slug. Furthermore, in its new form the subroutine can treat 
the situation arising when a slug separates into tv.o slugs as a result 
of a pressure peak occurring within it. 
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Execution of this subroutine starts with computations for 
pressure gradient in each grid, npnx. From these values, a total force 

on the propellant is computed grid by grid. It depends of course, v.pon 

propellant porosity, PHIBG (I,J) and is obtained by summing drap force 
per unit area and the pressure gradient. 

After this, a computation sequence is entered to evaluate the accelera¬ 

tion and velocity of propellant in each grid, if it is not packed, i.e., 

if the porosity is greater than the minimum allowed value. The accelera¬ 

tion is simply force divided by mass. Then, the change in velocity is 
computed for the computing interval. 

If a packed grid is identified, the solution flows to a repe¬ 

titive sequence where the force and mass of propellant in all adjacent 

packed grids are summed. This is preparatory to the computation of 

acceleration and velocity for the slug, which moves as a single mass 

through many grids, unless it splits into two separate masses because 

of a pressure peak. In the process of distinguishing this phenomenon, 

the end grids of each slug of packed grids must be identified. The 

first packed grid in the search is called LF1, and the last one of the 

first packed group is LF2. If the slug separates into two separate 

groups the first grid of the second group is assigned the name MF1, and 
its last grid is called MF2. 

In order to determine whether a slug separates, the individual 
value for the velocity of each grid is comnared as soon as it is computed 

with the average value of velocity for all packed grids that were com¬ 

puted previously for the slug during the looping. If the individual 

value exceeds the average value, separation is indicated and the computer 

is routed to another section of the program. This contains logic similar 

to that for grids LF1 to LF2, for the purpose of computing acceleration 
and velocity of grids MF1 to MF2. 

It can be shown by momentum theory that the imposition of the 

group velocity upon an individual mass within a group of masses in inti¬ 

mate contact is valid unless the individual's velocity is greater and 

it is located at the forward boundary. This fact has been applied to 

the propellant bed movement logic by maintaining a running sum for grids 

packed with propellant, of mass and force on the group which is used to 

compute group acceleration and updated velocity. When a grid is encoun¬ 

tered where propellant velocity is greater than that for the group, 

separation is indicated as described previously. If not, the logic 

continues to the last packed grid, updating velocity with each loop. 

When this is complete the final average velocity is assigned to the pro¬ 
pellant in all packed grids. 
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.^e l°gic is provided for packed grids in a second group 
if it is identified. Execution of the program using this logic has 

proven its validity by a printout of propellant velocity from subroutine 

PROPEL as well as PRPVEL. Subroutine PROPEL actually makes a check on 

propellant velocity using statements based upon momentum theory. In a 

variety of computations, the results obtained from PROPEL always have 

been the same as from PRPVEL, as indicated by the special printout. 

5.5 BLACK POWDER MOVE'IFNT IN THE lONTTER TUBE 

Experiments have shown that the igniter core loading may be 

driven far along the igniter tube by the force of the primer jet, prior 

to ignition of the black powder (Ref. 1). Of course, a prerequisite 

for this action is the penetration of the igniter base pad at the breech 

end of the charge, which is a demonstrated capability of the M82 primer 

jet. This phenomenon has been modeled as discussed in previous para¬ 

graphs. (The M82 primer has approximately 1/2 the energy of the XM119 

primer that has been used in some firings of the XM123E2 charge in the 

155mm gun). In addition, logic was formulated and incorporated to repre¬ 

sent the effect of the primer jet forces upon the igniter core loading. 

The stagnation pressure of the primer jet is modified by 

'Kt = * to permit the representation of primers other 
than the M82. The quantity r, which is given by the input quantity 

RRMCOF, is the ratio of the strength of the primer used relative to that 

of the M82 primer. Presently, a factor of 2.15, (the weight ratio of 

black powder content) is being used in lieu of test results for the 
XM119 primer. 

Resistance to movement of the igniter core loading is provided 
by its inertia but initially it is tied to the igniter tube near its 

breech end by two ribbons. A strength test of these ribbons revealed that 

they could be torn from their attachments by a total tensile force of 24 

pounds. Therefore, this force was made an input to be used in logic con¬ 

tained in subroutine PRPVEL. In this subroutine, this logic is entered 

when the center core calculations are made (.1 * I) and the base pad has 
been penetrated (PENET is true). Then PR¡t t is evaluated and con¬ 

verted to a force (BGFCE), which is summed along with the forces of 

fluid flow for several grids along the igniter core loading. If this 

sum of forces, called FORCE, at any time exceeds TYFCE a logical variable, 

BG.TAM is set to TRl'E, which permits entry to the movement logic for the 
igniter core loading. 

The method for treating the actual movement of black powder in 

the igniter tube is one of considering the velocity, and therefore, 

the distance moved during a time interval, to be an average value for 

all the powder, i.e., it all moves simultaneously at the same rate, until 
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the forward end of the core loading encounters the base of the projectile. 

Subsequently, it becomes compressed by the prevailing forces that are 

induced by gas flow, according to compression characteristics that were 
determined by test. 

After obtaining the sum of the forces caused by the gas flow 

at all grids, the weight of black powder is summed for all grids. Then 

the black powder is moveo from grid to grid under the control of an 

indexing system. The intent here was eventually to make the indexing 

rate a function of the computing interval and an input quantity, to be 

determined as a result of actual tests of core loading movement in a 

transparent igniter tube, as done for the 175mm gun model (Ref. 1). Pre¬ 

sently, the indexing rate corresponds to a powder velocity of about 200 
fps. 

After sufficient movement the igniter core loading is stopped 

by a limitation on NF.ND, an input variable, called INRP, that represents 

the grid where the loading is assumed to jam. Next, the variable BflSTP 

is set TRUE, permitting entry to the powder compression logic. Basically, 

this logic determines the powder volume, i.e. core loading length after 

compression, and the porosity in each packed center grid, using the pre¬ 

viously determined powder weight. The expression for minimum compressed 
length is 

or«'. 
J",' - ¿ Ji C I - O. 0314? CF -/o) ) 

where 5.X is the sum of the loading lengths and F is the force. One of 

the first steps in this logic is to identify the first grid containing 

powder, IBONP. The next grid after IBONP is, of course, the first 

packed grid, called LLI, because the breech end of the igniter bag is 

not always located at a grid boundary. 

The total deformation by compression is not permitted to occur 

during only one computing interval after encounter with the limiting 

grid, INBP. Instead, IBGNP is advanced one grid for each computing 

interval. A test is made each time this occurs to detect the event when 

compressed length reaches the minimum compressed length. 

5.6 COMPRESSIBLE PROPELLANT BED 

The elasticity of a porous granular bed such as that typified 

by a propellant charge when loaded in compression may be represented as 

a proportionality between compressive force and the bed solidity,(1-0) 

instead of bed deflection inasmuch as the two properties are directly 

related. This fact has been utilized in providing for bed elasticity 

effects in the force balance on the propellant grains within each grid. 
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Furthermore, the new logic in subroutine PRPVFL lends itself very well 
to the accommodation of bed compressibility in this manner because of 
the individual treatment given each grid. 

It was necessary only to add a new pair of terms to the force 
balance on the propellant that account for the difference in the reactions 
in each direction caused by the elasticity of propellant in adjoining 
grids. In addition, the lower limit of bed porosity was reduced to a 
small fraction of the original porosity, 0O> i.e., bed porosity was per¬ 
mitted to be as low as O.20o to represent compaction to very high 
solidity. 

This logic should provide for a better representation of dyna¬ 
mic effects within the propellant bed as gases flow within and through 
at ever changing conditions. For example, the situation can be envisioned 
where wave formation in the gases is reinforced by the action of the 
propellant. Another example is the action that the free ends may exhibit 
when influenced by the arrival of an impact-induced shock wave. 

5.7 PROJECTILE RESISTANCE TO MOVEMENT 

The previous logic for describing the variation of projectile 
resistance to movement through the barrel was inconvenient to implement 
because considerable preparation of inputs was required. Consequently, 
it has been changed so that data that are conventionally used to describe 
the pressure during the projectile may be directly applied as inputs to 
the program. The conventional format is a plot of pressure vs. distance 
along the barrel. Four significant points on this plot may be selected 
that will adequately describe the most important part of the plot, i.e., 
for the first foot or two of travel. The remainder can be expressed by 
simple statements that are based upon isentropic compression of the air 
in the barrel that is ahead of the projectile. The coordinates of the 
four points of the driving pressure plot constitute the inputs and the 
logic provides all the rest, i.e., the conversion to force, FDPRIM, for 
all values of XP the distance traveled. Referring to Figure 10, 
these points are (PZO, 0) (POMAX, WOB), (PINT, XTNT), and (PLO, XLO) 
Then, for values of XP> XLO the pressure is computed from the expression: 

Ap = Y pAU /( C - (ï~-)Au) 
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The value of AU used, i.e., the change in projectile velocity, is 
obtained from the previous computation. For Air, Y= 1.4. 

5.8 NEW DRAG EXPRESSION 

A more nearly complete exnression for drag has been incorporated 
that is useful because it is valid for any particle shape of the porous 
bed. The expression was obtained from Perry's Chemical Engineers' Hand- 
boom, pg. 5-53, Ref. 4, and has been verified for M30 propellant by 
experiment as previously discussed: 

V1) 
f 1 jIo.'U» i 

where Ap is the pressure drop, psf 
p is the fluid density, lbs/ft^ 

fm is the friction factor 
4> is the porosity 
0s is the shape factor, equal to the area of a sphere having 

the same volume as the particle divided by the particle 
surface area 

n is the function of the Reynolds number approximately equal 
to 2 for Re > 3000 based upon Re = / o. 

/*■ is fluid viscosity P 
V is the superficial velocity, = 0 times actual velocity, fps 

Dp is the diameter of a sphere having the same volume as the 
particle 
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6.0 SENSITIVITY STUDIES CONDUCTED KITH THE COMPUTER PROGRAM 

After exercising the computer program thoroughly to eliminate 
"bugs" it was employed in a sensitivity analysis of a number of the 
variables associated with the XM123 propelling charge and its loading 
configuration. These variables include; the chamber length, which could 
be established by the distance the projectile is rammed into the barrel; 
the loading density or degree of initial c inaction, which is defined in 
the program by chamber diameter and igniter tube length for a given 
charge weight, the standoff, i.e., the distance separating the breech 
from the end of the charge; the propellant burn rate at the low pressure 
end of the range for which existing data is of somewhat dubious value; 
the friction factor of the propellant bed which has been measured but 
whose significance has been little understood; the shot start value, i.e. 
the engraving force on the projectile; the primer strength; and the ini¬ 
tial temperature of the propellant. 

A large part of the study was devoted to the ammunition confi¬ 
guration in which ignition is accomplished wholly by an igniter base 
pad to identify the significance of each variable to the development of 
pressure waves in the chamber. A few computer runs were made with the 
igniter base pad located at the barrel end of the charge. Finally, the 
input combinations that produced the most interesting effects were sub¬ 
mitted and the complete center core igniter loeic was invoked. The 
center core igniter exercises provide a variety of situations for 
examining the consequences of using the strong primer, i.e., the XMllf) 
primer, inasmuch as it has not yet been demonstrated that this primer 
is incapable of dislocating the center core loading before its burning 
is well under way. It is easy to speculate that if the XM119 primer 
does have such a capability, the manner of ignition of the propellant 
charge must be abnormal, to sav the least. 

A description of the input conditions and configuration of 
each computer exercise, or run, is given by data in Table III. Each is 
also identified by a run number for use in the following discussion. 
Charge weight was 25,5 lb. for all cases. 

The first run, R-l, represented a loosely compacted charge in 
a moderate length chamber with breech end ignition and zero standoff. 
Propellant minimum burning rate was 0.36 in/sec up to 600 psi, chamber 
pressure. Pressure throughout the chamber rose uniformly, climbing 
steadily to a peak value of 61000 psi without any unusual effects. 

For the next run, R-2, all conditions were similar to those 
of R-l except that initial charge compaction was increased to a moderate 
level. The effect of this was to produce an unsteady rise in pressure 
such that at any given time the pressure at each point along the chamber 
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rose at a different rate compared to others and this rate was variable 
with time. In fact, the pressure decreased briefly on a couple of 
occasions before peaking. The peak value indicated was 61300 psi at 
the breech end. This peculiar behavior of chamber pressure history is 
interpreted to indicate the existence of pressure waves, which is con¬ 
firmed by the regular progress of the pressure variations along the cham¬ 
ber and their reflection at the ends. The character of these waves can 
be appreciated by examining the history of the difference between pres¬ 
sures at the projectile end and the breech end of the chamber. This his¬ 
tory is plotted in Figure 11 for run R-2. It is similar to the plot 
obtained from firing test data (Figure 12), except that initially the 
pressure drops to a much greater negative value than for test. (The 
time scale cannot be compared on an absolute basis because no attempt 
was made to duplicate the early ignition mechanisms.) The compaction 
of the propellant bed apparently promotes local pressure buildup, which 
leads to the formation of waves. 

Run R-3 represents a highly compacted bud, which was obtained 
at the expense of increased gap between the end of the propelling charge 
and the projectile. Pressure waves were obtained but they were greatly 
reduced in intensity. The first positive excursion in end pressure 
differences peaked at only 2900 psi compared to the 6800 of Figure 11 
for Run R-2. A possible explanation for this is that the large gap 
strongly attenuates the waves. 

When the conditions of R-2 were repeated except that a longer 
chamber was input making the gap even greater, run R-4, the waves dis¬ 
appeared completely (in the sense that the projectile base pressure never 
exceeded the breech pressure), and the peak pressure reached was 47000 
psi, which tends to support the speculation that pressure waves are 
attenuated by a large gap. In addition, it demonstrates the effect of 
chamber volume relative to charge volume, which was too low for R-l, 
causing excessive peak pressure. 

Run R-5 was similar to R-4 except that the chamber length was 
reduced to a minimum. Kven so the gap was 4.5 inches (allowing for a 
1/2 inch thick base igniter pad). Again, the result was very strong 
waves. Chamber pressure histories are plotted in Figure 13, which 
shows the interrupted pressure rise and how exaggerated it becomes at 
the projectile end. 

All previous runs had been conducted for a zero standoff so 
the effect of increasing this variable was studied. For the first run 
(R-6), all inputs were at moderate values (standoff = 1.5) except that 
the .36 in/sec minimum bum rate was retained. This made the run the 
same as Run R-2 except for standoff. Waves that were almost as strong 
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as for R-2 were obtained, see Fig. 14. Furthermore, the nature of this 

plot is very much like that obtained from the firing test data (Figure 

11). Chamber pressure histories for each end are plotted in Figure 15. 

A further increase in standoff placed the propellant charge 

much closer to the projectile than the breech for Run R-7. Cap was l.n 

inch while standoff was 6.0 inches. This caused even stronger wave action 

than previously with the projectile end pressure going above breech pres¬ 

sure when they were only 1540 psi. The first positive excursion peaked 

at a difference of 11800 psi when the projectile end pressure was 15000 

psi. The highest peak chamber pressure was recorded also for this run - 

a value of 72500 psi. Our interpretation of this run is that if a strong 

ignition, which means that a large amount of propellant is ignited 

suddenly, occurs at the breech end of the propellant charge, waves will 

be present regardless of the standoff. However, increased standoff 

reduces the probability of a strong ignition. 

A run was conducted for very high bed friction factor. Other 

conditions for run R-8 were the same as R-l, which produced no wave action 

although peak pressure wa^ excessive because the charge was confined. 

Vigorous wave action resulted for R-8 demonstrating that friction of the 

bed and excessive compression are related conditions that promote wave 

formation. The effect of increasing initial bed compaction was nearly 

the same (run R-2) although this cannot be construed as an independent 

cause of wave action inasmuch as the compaction must be maintained for 

a period of time to be effective in promoting wave formation. 

In order to determine whether the high initial value of burning 

rate contributes to the formation of waves, Run R-2 was repeated with a 

much lower value of burning rate as Run R-9. The result was that the 

wave action decreased slightly in amplitude, and it was very much like 

that of run R-6. Real: pressure was 59,300. The next run, R-10 was 

conducted with the same inputs as R-6 except for the moderate initial 

burning rate, (increased standoff compared to run R-9). Waves were even 

more vigorous than for either run R-9 or R-6. The history of chamber 

end pressure difference is plotted in Figure 16. Obviously, propellant 

bum rate at low pressure is not a critical factor. This was confirmed 

by Run R-ll, which was the same as R-6 except that ROFN = .005 instead 

of .0057. Its effect was to delay everything slightly and to produce a 
flatter, lower peak, see Figure 17. 

Run R-12 was then made with a high shot start pressure. Other 

inputs were the same as for run R-9. Wave action was very similar to 

that for run R-9 with end pressure histories crossing and recrossing at 

nearly the same pressure levels. However, peak chamber pressure went to 

76700 psi as a direct result of increasing the projectile resistance to 
movement. 
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The effect of initial propellant temperature was studied by 
means of the next two runs, R-14 and R-15. Run R-14, at the low tempera¬ 

ture level, was carried out to 12 millisccs and no propellant ipnited 

so efforts were discontinued. Run R-15 exhibited an end pressure difference 

peak of 5000 psi when projectile pressure was at 17000 psi and at 3.86 

millisecs but the second positive excursion of pressure difference 

occurred at a very high chamber pressure level. In fact it was near the 

peaking point for chamber pressure at 7.4 millisecs. Compared with run 

R-6 it can be appreciated that action was considerably accelerated by 

the high initial temperature although the development of the second wave 

was not sufficient in strength to raise it beyond the breech pressure. 

Run R-16 was conducted to complete the series on the variation 

of shot start pressure, which was only 2700 psi for this case. Very 

moderate wave activity was manifested and chamber pressure peaked at 
53000 psi. Wave action was similar to that of run R-9. 

The final two runs of this series were made to investigate 

the effect of grain breakup due to impact at the ends of the chamber 

and to crushing by compression of the propellant bed. This was formu¬ 

lated temporarily into the logic in subroutine PROPEL by operating on 

XL(I,J). For the first it was stipulated that whenever velocity of pro¬ 

pellant entering the end grids exceeded 20 fps, that entering was broken 

into 100 pieces from each grain. Results of this run, R-17, showed a 

slightly greater rate of pressure rise comnared to run R-6, but other¬ 

wise results were similar. For the other run, XL(I,.T) was diminished 
by 5 percent for each computing interval during the time and wherever 

the propellant bed was compacted to less than 0.9 PIII0. This produced 

an excessive rate of pressure rise that was unreal, leading to conditions 

that t’ae program could not accommodate. Although the peak pressure was 

not obtained results served to demonstrate that crumbling of the pro¬ 

pellant is very significant to performance and could be a critical 
factor in simulation. 

The run that represents end ignition by a base pad at the 

barrel end of the charge is labeled B-l in Table III. It was computed 

for near-zero standoff to study the effect of reflection of pressure 

waves at the breech. This extreme configuration was expected to yield 

extreme results, which were fully realized, in the form of very strong 

waves. The first peak of end pressure difference for Run B-l (after 

propellant ignition) reached a positive value of 17,500 psi. see Figure 

18. Projectile base pressure at this point showed a peak of 36100 psi 

and dropped thereafter to a low of 19,840 psi before climbing again to 

later exceed breech pressure by 14200 psi. Maximum breech pressure 
reached was 72100 psi. 

One object of conducting run B-l was to provide data for 

comparison with the computation for tne charge with a full center-core 
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igniter, in particular with the configuration using the strong primer 

where the bag ribbons fail and the center core loading is pushed down 

tiie tube and jammed at the end. This run is identified as C-l and is 

the first of a series of center core igniter runs. It resulted in pro¬ 

pellant ignition starting at the barrel end of the charge and progressing 

rapidly towards the breech so that ignition was complete by 1.3 milli- 

secondsafter it started. (The sequence lasted 3 milliseconds for run 

b-1.) Initially, the chamber pressure at the projectile was pushed up 

to a peak of 1430 psi, 840 psi in excess of breech pressure as a result 

of black powder burning. However, this situation was not sustained by 

burning of propellant. The pressure at the projectile end did not 

again exceed breech pressure until it rose above 15500 psi, whereupon 

it reached a pressure difference of 4500 psi. This run is also plotted 

in Figure 18 where it can be contrasted with the results of run B-l. 

Frequency of the excursions for both runs is roughly the same but the 

peak amplitudes are obviously far different. One possible explanation 

for this is that the igniter tube of the center core configuration acts 

as a relief device to prevent extreme longitudinal gradient in pressure 

from developing. Hven though tube collapse interunts the suppression 

of pressure wave development, this effect is manifested beyond the time 

of tube failure. It is obvious that suppression is no longer needed 

after the rate of chamber pressure rise reaches a maximum. 

Run C-2 is a center core igniter run for a configuration that 

produced vigorous waves with end ignition (same configuration as for 

run R-2). Run C-2 used the fixed center core loading and weak primer. 

Propellant ignited in an orderly progression from the breech end to 

the projectile end. This sequence lasted only 1.5 milliseconds although 

it was 1.2 milliseconds for run R-2. Peak chamber pressure was 57000 

psi but no waves developed. 

Run C-3 was conducted with the same inputs a? Run C-2 except 

that chamber length was reduced to 30.0. Ignition required about the 

same length of time as for run C-2. Wave action apparently started but 

never became substantial. Chamber pressure at projectile was in excess 

of breech pressure for a considerable length of time (centered at the 

6000 psi level) but their difference never exceeded 1000 psi. 

Inputs for Run C-4 were the same as for C-3, and a fixed 

center core igniter again, except that standoff was reduced to 0. 

Definite wave forms were initially exhibited (A P * 2700 psi at 13000 

psi chamber pressure) but the second pulse did not materialize. 

Run C-5 might be considered a standard configurâtion-fixed 

center core igniter, and chamber length = 34.0 in. with everything else 

moderate. Peak pressure was 46000 psi. 
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Run C-6 represents a deliberate attempt to produce waves in 
the chamber by introducing a flawed igniter tube into the charge con¬ 
figuration. This was done by assigning large values of radius to pseudo 
holes, one in each of the first four whole grids at the breech end. 
The total grid length affected was 3 in. In addition, the other inputs 
were conducive to wave formation for the end ignition case (same as 
for Run R-5). Results showed that ignition was very rapid, requiring 
only 1 millisecond to progress from the breech end to the other. (In 
R-5 it required 1,7 milliseconds.) Wave formation was initiated, (the 
first A p peak was 2400 psi) but it quickly damped out and chamber pres¬ 
sure distribution assumed the usual character with the breech pressure 
maintained at a iiigher level than at the other end. Run C-6 was 
repeated with low strength values assigned to the tube material in an 
effort to simulate overall early failure which can be expected to 
promote wave formation. (PllOOP = PCOMP = 100.) However, the failure 
did not occur sufficiently early to have any great effect. Of course, 
to carry this concept much further in reality would be to reach the 
end ignition situation which would practically constitute a repeat of 
run R-5, because of the considerable ignition delay observed witli the 
center core loading, i.e., drastic tube failure starting near the breech 
end would cause restriction of flow through the center core region so 
that ignition would move progressively from the breech end through the 
propellant in tiie same manner as it does using only a base pad igniter. 

Run C-7 represents another deliberate attempt to induce wave 
formation in the gun chamber. This simulates the folded igniter bag 
such that all the black powder is jammed into half the tube length at 
the breecli end, thereby restricting pressure relief between chamber 
ends that the igniter tube normally provides. Results revealed that 
the chamber end pressure difference readied a peak at the point where 
projectile end pressure was 16600 psi and exceeded breecli pressure by 
4300 psi. The difference went to zero at the 17000 psi level and to a 
negative peak of 6100 psi as breecli pressure rose to 40500 psi. Projec¬ 
tile end pressure equalled tue breecli pressure at 46300 but never again 
exceeded it. Pressure peaked at 60,500 psi. 
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7.0 CONCLUSIONS ANU RLCOMMENUATIONS 

In addition to numerous conclusions derived from the computer 
results of the sensitivity analysis some very interesting conclusions 
have been reached by observation during the formulation of the mathema¬ 
tical model and as a result of the various experiments that were conducted 
in support of this formulation. 

1. Sensitivity analysis showed that the center core igniter 
of the 155mm XM123 propelling charge promotes a desirable, near-uniform 
chamber pressure distribution by providing pressure relief between the 
ends of the chamber. If the tube remains intact and severe flow restric¬ 
tion does not occur until chamber pressure rise rate approaches its 
maximum, this uniformity of pressure distribution is practically assured. 

2. If the center core igniter tube remains intact during the 
early period of propellant burning, initial conditions such as standoff, 
loading density and propellant temperature will have little effect upon 
chamber pressure history and its distribution according to the results 
of the sensitivity analysis. 

3. The mathematical model showed that if the center core 
igniter tube fails before chamber pressure exceeds approximately 2000 
psi, drastic pressure disturbances will result depending upon initial 
conditions of standoff and loading density. 

4. It was also demonstrated that if the center core loading 
becomes jammed in the igniter tube either by deliberately loading it 
that way or as a result of strong primer action, pressure maldistribu¬ 
tion will result. Its severity depends upon the degree of tube flow 
restriction introduced and the initial conditions of the propelling 
charge. 

5. Initial conditions that promote pressure maldistribution, 
given an igniter abnormality such as those already cited, are very 
large or very small standoff, reduced chamber length, high loading 
density, nigh shot start resistance and over-strong primer action. In 
other words these conditions can aggravate an unfavorable XM123 ammuni¬ 
tion condition but each one, by itself, will not induce maldistribution 
of chamber pressure, given an intact igniter tube. 

6. A propelling charge configuration using end ignition 
exhibits performance in the 155mm gun chamber that is very sensitive 
to the initial conditions of standoff, chamber length, and loading 
density, as well as to their interaction. Zero standoff does not 
cause maldistributions if the air space at the other end of the charge 
is over several inches in length. On the other hand, if this length 
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of space is divided by centering the charge in the chamber having the 
same length, pressure waves could be severe. 

7. Computer results show that propellant burn rate affects 
chamber pressure level and wave activity somewhat; increased rate being 
an aggravation given other conditions conducive to the development of 
waves. Crushing of the propellant, such as might be caused by bed com¬ 
pression, can result in increased burning rate and excessive pressures. 

Ö. Results obtained from computer exercises, which repre¬ 
sent a variety of propellant charge configurations, generally indicate 
that the more severe chamber pressure waves of the firing test results 
were caused by abnormalities of the propelling charge. 

9. Ignition sequence experiments revealed that the presence 
of the base igniter pad causes a manifold increase in ignition delay of 
the center core loading. Furthermore, the igniter pad was demonstrated 
to be unnecessary to center core ignition at room temperature given the 
proper alignment. Computer code results show that propellant ignition by 
the center core loading is at least as rapid or more so than ignition 
started at either end of the propellant charge. These results should be 
useful to any effort to redesign the center core igniter for improved 
effectiveness. 

Additional work on the computer program could produce improved 
simulation and ettectiveness in its use as a design aid. It is recommended 
that the computation be accelerated temporarily during the early period 
before center core ignition. This might be done by a combination of 
procedures including either the lengthening of computing interval or pro¬ 
viding another interval for primer action and black powder heatup, com¬ 
bined with an intermittent use of the finite differencing subroutines. 
The present computer code requires the use of artifices to avoid long 
executing time such as initialization of black powder to ignition tem¬ 
perature in selected grids. The recommended improvements would permit 
more effective simulation of ignition delay in all its phases. 

A better simulation would result from the representation of 
black powder movement. This could be implemented by modifying the pro¬ 
pellant movement subroutines to accept tne black powder variables. The 
effect of tliis improvement would be to provide for the spread of burning 
powder grains as their ignition propagates and pressure gradients develop. 

Propellant bed compression tests are recommended. These would 
provide data on the modulus of elasticity and the characteristics of the 
quasi-plastic flow regime, i.e., the state of no recovery, where actual 
crushing of propellant occurs. In addition, it would be useful to 
measure bed friction at this compacted, crushed condition. The required 
fixtures already exist, inasmuch as the test section of the propellant 
bed friction test apparatus was designed for such a contingency. It 
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nas sufficiently thick walls that it can contain the bed for compression 
tests and without disturbing the compacted bed it can be moved to the 
friction test apparatus for air flow tests. 
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PROGRAM FLOW CHART (CONI.) 
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PROGRAM FLOW CHART (CONT.) 
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PROGRAM FLOW CHART (CONT.) 
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APPENDIX B 
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*uQil925 3V 
ChStT c 

CHStT 7 
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CMSET 13 
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•'laj ii.Ébíb aÍ.ü (allulViI CONSfÁfiTS otn SU8RCUT1N1S 

JL l¿i¿kg. i - itbb 

iIFaíLU) = u 
.« ¿t lOjI iUbt 

CALL LLk «K ( I • UMlItlHlCMtOn 

KL Ab t b . Ltilui') 
iE I IuLbUb ( £■ M «Ai U (b.LHiNE') 

I MhLt JiEELKLI.I VLEi>Xbl.i» Ül 1HL CHÍAilCa CAN fct KUh. 
iE LE.aE'1 Ib fhüt. , TUL LilAibU» COfJSI ¿ i ¿ bE Ab XlvTElEiOCPENüfcNT TbO- 
L ÍE Ll.bibl.AL ;ii SI f A . 

iE LErtlV ib n Ut , I Ht LEtAPtiLt CÜE:SIblS UE TwC INDtPENOF-NT ONE- 
nELAbibl.AL 'itblt.l'b. 

1E CHAE'í Ib lEbL, H-l CEiAiibLE COMSlblb UE THFEt IbDEPENüENT ONE« 
L iE LI.jílI.AL bultib. 

>Ñ = EluAÍïl.ÈtEE i 
U'iLE-t s- ihlCKI/X^.b 
ub 1 xsl,b(i 
IblbAiXIsThllKI 
E'E’UbP = PeioJE « ÍH‘i . o 
E*L yhP =_ PC ji*E * 11. -,, u 
LilUbSBl Ub/1o»*Kl«IUP ) 
ALU = ALU/1¿. 

Jbo = U0/1¿. 

blU/ld• 
= lilA-ll/X/, 

- U i Afc L / A,1 , 
blbí/i¿. 
ÜlSXí/12. 
IJIS5/12. 
UIbH/12. 
= blAEbl/lfc, 
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u 1 U S 
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jíaP^ 
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uibH = 
ulAhüI 
jK AM = 
oAP = bAP/l¿. 
AbbLL = XtbE L/lc*, 
ICPbAP ■ TOPbAP/l*. 
PU s PU*!*»**, 
AbtN = /<bbl,/I 12 . * !'t*i , * «PLXP ) 

tGEN/ ( Xc , « X H*f , » *PLJ*P_1 
tGtN/12. 
= bPKMJU/ 12. 

llbLf, = 

lulN = 
nPKAbU 
üPULlMb 

AGtNbP 
bbLNbP 
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= bbLf.bE/12.0 
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-W.. i«!ky«lku..tt'j IhL. tíhkib THt .faAS.U PutStAU_ .. lhSET.Sk.. 
.«U = wULt' ChSET 9h 
i<wu = hnüBP CHSLT yb 
I.VU = CVUÜH ChSET 91 
tVf. = CVhUh ChSET 9b 

L ChSET 99 
V _CUL'EJ' waC. lAi'it.li CCT If uAAlhC htCiC^i. t. T MLLiELl HERE LOR AHL»_ C HSLT 
i. Calcula I iciub. ChSET 

ulmtu = úChLC/l¿. ChSET 
liOKLK s U.btLOhtC ChSET 
uLnLA = N »ÜLHEbítjlhLh CHSET 

c ChSET 
_l_Ukft.h.hiUi CAj. 1 UUltLt jjbtuc i JEhiit__fhSET 

ux = UnAr/KccAl (LUX>1 ) CHSlT 
iFiXLl'LL ♦ **/.h .»,1. bf'rtr) b/F = DH Ar - UBEl CHSET 

C ChSET 
C ir I he ctll H-ht bt bin* 1.» bt U) l, f wSii IT IMO GHIÜ 2. ChSET 

UlLBLb = UHAh - (XU CL ♦ btoPI ChSET 

_iliti?E-=tElEEu/.LA-tX.a____CHSET 
iHtUrisicCbC ChSET 
btuthu = UHAf - CM CHSET 
it iMbti = Hbx - 1(ímlai/Ia t ü.b) ChSET 

I . . . ChSET 
C F « A11 i toM) rrttoCt^ Cut IhL FhaCT lOi-Jb oF GhlCS IPtGb AND IENDB ChSET 

.-E_JitShkiJJLVttJf JHAl. !hE_tclc luiJL .QtiEiOjJi*_ CHSLT 
iF ( 1 üCCi .Cb.i )H „LU = l.U-2.o*htlbtc/'LA ChSET 

IP (luLbi..bj.x)FhAC 11 = ( (FLOAT (meet-U.SX’X-BEieEGl/DX ChSET 
FAAC I £ = IHtLtul - (FLUAI(IFNUtí) - i,b>*DX)/UX ChSET 

i - . ___ _ ChSET 
C Li .wLOlvb, Al.u wbCOli* AbC httrED II! boboOUTINE PKPF1R. CHSET 
_uh « <l.b»U0ù»LCü»ALL»*tü.33S__ChSET . 

uLoh* = ?.U4*WHT (ACrhA/ò.miSSSl/Xr, ChSET 

wbCOnb = i¿1u*SchT(ALphüP/3.1*Flb9á)/A*»LF ChSET 
PCKAu=OiAhb(/i. HOD092b 

t — .. _ _ . CHSET 
C a I Pu AhL cT .,At AttulO F Oh C/.LCUCAli.*G THE OIHN HaTE IN HEGKES CHSET 

_Ain» =. fti»LI»*.Ul ♦ bfrUi____ChSET 
cT = cclN*1u CHSET 

-L_. . _ _ . CHSET 
C vise i* A CoF.SIaNT Ci*Lu in c.UPKPU?1i,L JbAG CHSET 

wlab = (PtortAV _ CHSET 

I CHSET 
_CACCOlAIL Hu tbCF Tit tol.ii PU _ __ChSET 

call bbb«OP(bO»bbu*K,L(/U«CVil,CV,P0,htk , U . HHC DUh , 0.0 . Ö . 0 • G Ah »CP « 1 I ChSET 

t ___ _ CHSET 
b CHSET c*,.thStT 
C i.*i I i AIÍ2L An F A I lPAl(*. CHSET 
c,, ij. .♦ » « ♦ ♦_* **»*»* 4 • 4 * , CHSET 

<- ChSET 
CALL PATHS ChSET 

I ChSET 
L. .. CHSET 
c,,,.*,..,».,*,**,,*,«,*,,,,*,,.,,,,*,,,,,,',.,,,,,,,,4,CHSET 

C úLfLbhiNE 0EL1 AGO LAcCuLaTl CONSTAUiS FOR FINITE DIFFERENCE EUNS. CHSET 
C4 «44 44*****44***44*444 44,4*44,,,4,,,,4,.»4 CHSET ’ iRÖ 
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129 _ 
130 
131 
132 
133 
139 
13S_ 
13b 
137 
13b 
139 
190 
191 _ 
192 
193 
199 
195 
19b 

11*1-. 

73 



> I AK I I it ht u.o hhil LLTtKMNt DtU , i rit T ICE IMERVaL LENbTh 
i 1 nt. = o.U 
oJ — Oh »4 V * AUl I- 
I WOO J - t' • u *' u 

jtLl = I tT».»L>/i,l.«IUhUl.-o»MVAX) 

IkOL I - ¿,u *L tL1 
UIUA - I EL I /LX __ __ __ 
i/luK = tCLI/Oh 
l^uh = li.btUUih 
ItoA = o,b*.lU'A 
I «o I uh = c . lm l i i 14 

L LALCULML LKUbb-t-LC I loi hL A«t At> A Si 0u 1.-ft l) WITH THE CHArbtK 
t*»<«»♦♦•**•*•«**»»*•♦*»**•»»♦»•*»**♦*«*»♦♦.*****#**#*♦******»*•#*****#* 
L 

0«LU MHLAi 

oSHvo IHE AiitAb oEbT LaEEUEaTEÜ, CalEcLATE THE INITIAL VOLOHE 
U£ L M Ah l*E H Khl-lfiL Kpfci i. ¿ AMU 3. AwbO CALCULATE THE IQTaE 
CHAHUth VOLJhL. 
».HnOwi = (FlLAI (I.Oa) - u « b ) *EX»AKE AAA 

i.HKOoi: = AHEhKll l*L/A»t.b 
oO luu 1 = 2.NOA 
oKHUx-e = AHHL+ malí ». I i ) *¡ X 

1. . LUiil ftut 

ah i o I - (»Hhowl ♦ AhhüWí 
íF(LhAH<» Ou TU ItU 

_ AHHUOd h aHEaUi i i ' «i X» o . j 
uu líu i = «t«ta»x 
AhrtUxi = «HHLka mKLAuH I 1 I »DX 

liü LUt»l il.ut 

AHlUl - Ah Tul + Al KUx¿ 

i.u LUivlil-uL 

UALI LLEAhI XL 1111)tul(bü«%)I 

u all CLl Ah I Xl-TuT 1111 ) ji ul IUHfcO\t I ) _ 
uAuL LLt Ah(PhlbbIItil*fbcTbPTaTí 
OaLL LLt Ah ( til h Au 11 . i ) .ol'hAU ( bO t‘ ) ) 
CALL ULl Ah I hf tn-LL I x«l ) « IF UhtT I b(j « 5 ) i 

UPu Ib li\il I i aEL I O.L 
InlUwU.1 bET ALE H/HÜfcl I Itti IL 1,0 THEN _LHANGE ThUSE THAT HAW I 
kLACA HUrüEh (h HmUILLLaIíI 

CUSE T 
LHSET 
ChSET 
LHSET 
ChSET 
ChSET 
ChSET 

LilStl _ 
CHSET 
ChSET 
ChSET 
uhSET 
CHSET 
Lh$EJ _ 
ChSET 
CHSET 
ChSET 
CHSET 
ChSET 
CHS£T_ 
ChSET 

ChSET 
LHSET 

HU00301 
H0D0301 
CiODOaOI 
HUD0301 
HUOOJUl 
I-.OD03U1 
HUD03Ü1 
Hunojoi 
flllDiiUl 
huüüäul 
HL00301 
MODO301 
MuDOSOl 
HOD0301 
MUD0301 
HÜDÜ3U1 
HUD0301 
.SU00301 
NUDU301 
HOD030I 
MLlPttU/l 
CHSET 

CHSET 
ChSET 
ChSET 
( hSET 
LhSET _ 
ChSET 
ChSET 
ChSET 
ChSET 
CHSET 
ChSET 
ChSET 

1*19 

.iä£_. 
151 

152 
15Ò 
154 

155 
ist 
157 
15« 
159 
IbU 
Ibl 

1EÍ- 
163 
164 
165 
16b 
167 
166 
169 

17c 
171 

b 
7 
6 
9 

Ul¬ 
li 
12 
13 
14 
15 

_16- 
17 

16 
19 
20 
21 

.JUL- 
172 

173 
17A 

175 
17b 
177 
176 
179 
160 
161 
162 
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wiu 
jLi 

-I m 
.w 
c u 
c 

c 
(. 

biU 
_hit) â»i«ntoit _ 

►'Muou.wl = l.D 
HfiLÍUltJI = 1.Ü 
HhltHU.w) = J,b 
^^IHTUUjJI = i.v 

L< U I lIMUc 

Llul/Jt 11 lili,i M-«05,illL'' rif C. i IC b CbNtAlMhfi BLACK HOIÜULK 

LALi m irai 

_ yL .XMM.A J::Xii L* 
irfij 1 b b 0 «J**!««. 

l i . y ) stiKHALb 
1buu lUHl 1iü) = lu 

IuuX tCHllKbL 

HUKüth UK LKXbS Uf: 

_ 1 ¡itul_. 
ub I a * HHé 1/5 

Llrtl = It'LbC + 1015 
iKLOi = Lini ♦ 1 

Lll-ic = LJ ni ♦ l.blî 

IhLUy = Lin¿ ♦ i 

lLL,t 

toi. 

btb 
L 
L 

Jt_ 
L 
L 

tinLt (ML IliTLUL», I 1VXMI..H hY 3 MGk,| a^VOLVE TKUNCaTION THL LAbT 
Inlrtu UK rt,L I Ul'l. I aT Kim Y L HOHE ThAf, AuT3 bRIDS, 

Ib tou i = ÎHLbl),b iPJ 

D^KmOU«!) = ntK AL y 
■ ic ... _ _ 

uü.l I li»UL 

üb bHb IrltjLbíi.LIii; 
-oKKAbllti) r iNittbb 
• wkU.ji = lu 

uOi.l iIKUt 
L/U tbb l = JiJLb3,JLi Ufe__ 

uK'KAbl 1 « 11 = t.H<AUo 
IijMJ.k ï lu 

‘.UH I A l«bt 
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21J 
2i<k 

215 
21b 

217 
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uGlGHG = KgLCHG ♦ AhLAK(l)*(lX 
^I '» I iGut 

1/CLChG ï dULtnu ♦ AhLAK UL.;i'i )*F(.al_i p JX 

_ 

nl'Gl* = I MtU/lGLCI'G 
At.itsl . G-KMi^f /Hp-.uP 

■>0 GgS J = 2,nl. _ " ‘ 

t-Ml.GUbt.GtUwIsl.u-rKAl.U ♦ FHACTUu.u-hhOE/RhüF) 
CC G I iliUL 
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r'Mibo» ï .0 ) = 1. u-rti.öc/m 0|- 
GÚG I ¿litt 

JG G'JG , m 

mi il 11 ¿L i,Lt,, « ) = i, o-l KAt T¿ ♦ FKAC T2» i ¿ , ü-HHOE/RHOP ) 
LCi* I ¿ I'wt 

ItltMMht HU /.M unto FÄUfl P(. AN[< F¡¡ gSPROP 

gall GMHüPlhü.RKH.K.tvO.tVH.CW.PO.Hli.TO.RHCÜ.O.U ,0.0 .bAF,.CP.l) 

G i- . 

üO buO o=l,ggK 
GU GUU 1=1,GbA 

Pl-M_l, j ) m PU 

HHG(1.J) = Mo 

HMtttfal 1,0) = AMGO 
uoG Uio ) = uo 
««toll toi = vo 

lUbUtol = To 
oGg I llitl. 

t„0 

IF I illLt GG U ) ) km i I L ( t , cO Ub ) 
oO b^O 031,1» GA 

if «IntBUGUn t.R¿Ttlb,2007) J.tAhidbU.wl.Isi.NGX» 
K, Ul» I 1 I<CL 

*-*1 t 
L 
JL_ 

I ♦ ♦ ♦ * 

i* I lüt r.Uj ( ¿ ) f ir.r I 1 L i t, * sL Ub ) - 

UU t*HU u — itNoh 

iM ¿liLMUtli) ) Np i 1 o I b ,2007 I Jt IPPidPIl.o ) ,I = 1,NGX) 
L L I, I i liCL 

7b 

CHSLT 
UlSkI_. 
LHSET 
CflStT 
LMSET 
CHSET 
ChSET 

24b 
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252 
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55 
CHStT 
CbSET 
CHSET 
CHSET 
CHSET 

_ cHSET_ 
CHSET 
CHSET 
CHSET 
CHSET 
MODI Ul 

- CtíSLL. 
CHSET 
MO0U9.2Î» 
CHSET 
ChSET 
chSET 
LbSET 
M0DU925 
CHSET 
lmSET 
CHSET 
MOD0925 
CtlSEI 
CHSET 
ChSET 
CHSET 
ChSET 
CHSET 
CHSET 
CHSET 
ChSET 
CnSET 
ChSET 
CHSET 
CHSET 
ChSET 
ChSET 
CHSET 
ChSET 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 
ChSET 
CHSET,_ 
l.nSET 

25b 
?57 
256 

25V 
2b0 
2itL 
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264 
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266 
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270 
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Sul UH t'.LUb 11 MIL UM AI»|J AUY HSul-oÜ HOLES DETtttEN KAUXAL KÜWS 

out At«U IkO. 
LALL nuL.SUl 

Oui iioLu AKLA Al LAtM OwXU titToLfi hhLiAl KOUS UNt AND TWO, 
u ALL I'OLlS 

01 I >uvLL ,,HLm A Í LalH Ok Jo b 1 Ltb K),LiAL ROWS TWO AND THRCU IF 
on. nó Is IK Lu • n iv LAlLOL I U USXi.O «1» AVEHaOL UIaHETLH 
LUlAil.to (■ Kun Obt'HL'L I ilvL mKLaS, 
iL 4 iiiH t CbAT ó) 01 T0' ! 0 J_____ 
AI-uÃmí i li. JL*II i/LLlAl*u.b*VnAVt, - I „ ROAR )"• TOHGAH* 

l a>*Kl (¿.J/JOhi' - l.u) » 

? ui‘ O0:M I 1 KLL 

L uf HU 11 lulAL fAsS IL X IlL SYSTLM 
L< 
jL 
». LJOiL is MJf WHiTUM hth LHA*‘íX TROt. 

iMLbAM) wHX IL lb «¿DUO ) _ 
it (LnAM ) 00 To eoo 

lu H.iU IhL UTmL oaS IaSS, SUM THE kHojUCT CF TOTAL POROSITY* 
OLt.sill LF bi«S*VOLlrt «1 LttCh OHXC, 
SltCt OaO Ut,<sllr /..0 Ohiu LtNGTH Ahu oUNSTAM, MOLTIPLY BY THLr 
/»> Tub OOrrtiHu._ ____ 

/«-1. 

IIKSI SLf ALUO0 TId Axis. TuEHt ALl AkCAS ARE aREAAX SO FACTOR IT 
son = u«!)*(PnlbO() tlj ♦ HHX|iH(ifij . oj 
JU /¿U 

sOF = So.- ♦ H.ibb(i.i) ♦ ►’HlpPj*^) - X,Q 
oUi« I iWOt 

oUfUtRÜtiiM__ _ 

sun = o.S*lRbIi>On ,t) ♦ PHljPU.g) . , 0 ) «AFEAR < i ) 
ui* /00 1 sc t uOX 

SL. = SJ. ♦ (HhXt)b(li2) ♦ PHieFii,2) - 1.0 )*AHEAR( I ) 
7ó0 oOl.l ilxuL 
_tulw ■ tolw ♦ Sil», __ _ 

iMUiAF«.) oj To 7iiu 
U »* * *F ni 00 ( i « ¿ I inn MiioMi.s) AHf 1 . fl Fon aLL I 

son = o. O» ArtLAoi-11 i 

jU /Ht Isÿ.nOA 
_SOF a auir. ♦ ARLAbR < i I _ 

7‘. 1 o Un I 4l*Ut. 
IUIIi = TO IF ♦ sOF 

L 
7 o 0 OO.ill'.Ot 

i o I f = loi n*t iiOn»i/A 

Mill- in r.Mbt. Ul OLAC h PL»ULh At/U PRCPlLlANT. 

ChSET 
* IhSET 
lhset 
LHSET 
ohSET 
LHSET 
CHSET 
LH5LÏ 
ChSET 
ChSET 
CHSET 
CHSET 
CHSET 
LHStL 
ChSET 
CHSET 
CHSET 
CHSET 
CHSET 
LüSEJ _ 

► CHSET 
ChSET 

► CHSET 
CrtSLT 
CHSET 
ChSET.. 
ChSET 
ChSET 
CHSET 
CHSET 
CHSET 
UiSEI 

. CHSET 
CHSET 
CHSET 
ChSET 
CHSET 
CHSET 
CHSET 
ChSET 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 
cHSET 
ChSET 
CHSET 
CHSET 
CHSEI 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 
CHSET 

305 
30b 
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30V 
3X0 
311 
3X2 
313 
31** 
315 
310 
317 
3HL- 
319 
320 
321 
922 
323 

-32*t 
325 
32E 
3?7 
32b 
32v 
litt 
331 
332 
333 
331 
335 
13b_ 
337 
33b 
335 
390 
391 

. 192-. 
393 
399 
345 
34b 
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i.9e 
399 
350 
351 
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359 
355 
35fc 
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359 
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f u 0 L t/'» I 1 l»ul 

u<.i*iLL1 jl /LMrtiN/ALÜ.buÜ.UiO.I AUMULtf-„*ul»tN«*CL.NHOWh, 
* I ir L.utLl . TbL'GJtl TCa.C I Jh . T2C K , 12bX, TkOTOH »PHI ü. 
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*_ _ bn t o I jt.U. I O' J11 * ^ G « C GL N. 
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lF( IbbbkiGtH ) I KhltUo.LMUM 

CHSET 
castL 
CHSET 
LHSET 
CHSET 
CH5ET 
CHSET 
CHSET 
CHSET 
HÜ01I1S 
CHSET 
CHSET 
CHSET 
CHSET 

i\t I l»KW 

7ÕUZ fTwKSTTTTT* lg«>1c Wùà f ihuinS ToT^ cham is Truc íg'NoT'wKiff 
ici'. ILM) 

h viHHtt I (///«• aHPAT PHlUG*./) 

MJkHAM/,* naLIAC HU*» , 12,/, (2UX,Ki-I 
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r w Ut 
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cC-ulLAt 1G^ 1 I ,Lu£1'»Lmmi'i1«Lha*2,( *-Ai' 

PJíllxltíUiUw._ _ _ 

.' übKUUl INt P-.lhi» 1I-1T1/.LULS AHHAY li-AlH, 
wMlutò OI 1PI.IH (Ot-Klsful-O 1-> T Ml PW|P Sl'bH(iLTIhF.S lu THL 

» A T - - 

c - AXit S 
b_ - IbUHIJ J 
IL - uSoHlT 11 - 

ll'L LhH( iuLa CONSI S 1 „ 

I OL LUn iKl 

1 
_ p 

a 
1F ChMr¿ 

MAIS 
^Uh±ü 
Ub'jl'f -t 

1S |IUL 

INÎtR H - HNUY 
r SUMI_6_ -_iÿURFü_ _ 

SuRFI 12 - bSuRFB 

, -TWO QNL-LilflENSIONAt. ROWS» 
t-t ko» OolOu AXIS HOCiIlNtS, THL OlhoH OSING AXIT KOüTINLS. 
ir CHftr-j n, Tr Ot Il-t CHaTOLH CONSISU »F THR£E ONL-OIMLNSIONaL 
kj»ó, l»L HO-S LIki IhOSt «HLN CHAR«: 1. TRUE ANt) THE 1H1H[| USIl.G 
àií:ÜloK JivÇlllïi>^_JtA^ViLÎ> OE 1PA1H LqAnLSPOwC TC JH^Nrk, RCuTINtS 
«S 1-OlLLmS-- 

a - AXl12iAXl1o 
1 * I.SUKAc 
lu - ÜSUHl¿.dSLKlá 

_iiliiA..».lüU--U-AtALJi0 10 t'U_ __ 

»ittii 1 = 1, USURE-'., 
iE'Al!i(l,i| = 9 
O — a» 

irMlnU-mJ _i .J.1 . 

o - w*j 
1T (U.Cl . t,UN i 00 10 
IHa IM1,J) = 1, 

( SOkI 1 , AhIj HSURFt: Ai.E CALLED. 

IL 

lltl DELL IjMTER TUBE, mXIS, INTER, A^O BNDY 

Lu IL Ho 

IL Su 

L 

_k_ 
L 
L 
U 

H U 

liOJrt l=t UNI IL 
JinÇ CmCLlu._ 

1 = 2 
TT U.oi .1ULGU 
IHAllitl.l) = 1 
U = 2 
1 I M I f. ( 1 , J I s ¿ 
o=o+1 
iE ( U .L I ,|ubK J 0( 
i I A I 11 t 1 , O I = i, 
l = l»l 
ot* lu ,u 

TyT- V-'CLtS OE 1 ,-.Ikl l,,t uLlL 1GMIlh ILbE 1S AXIS, AXIT, INTER, 
a,.u bi.u » are l ALLEE « ‘ - -- 

I -A ll'L vrlu 01. Il l SoREALt (-E THE uuLu IGNITER TUBE Al EITHER 
L-o, 11* I L K 1S CALLtu. 
lEtl.Ot.lLI-Ul ) GL 10 tu 
IRA III 11,1) S 1 

_IRA L lit 1,2) a 2__ _ 

RATHS 
CHAHIX 
CHAHIX 
ChAftlX 
CHAHIX 
R _ 
CHAHLOG 

PLQfc- 
RATHS 
paths 
RaIHI 

paths 
paths 
PüTJtS 
paths 
paths 
RATHS 
paths 
PATHS 
RAWS- 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
paths 
paths 
PATHS_ 
PATHS 
PATHS 
paths 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
PATHS 
paths 
paths 
PATHS 
Paths 
paths 
PATH« 
PATHS 
PATHS 
PATHS 
PATHS 
paths 
paths 
paths 

JL. 
1 
V 
t> 
2. 
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. 2. 
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(I 
y 

1U 
11 
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13 

14 
15 
lb 
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IA 
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21 
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23 
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27 
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35 
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53 
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_ 

il I J.L I , .ÜK ) üO l(‘ jU 
i^MlllUiJ) = H 
1 = 1 + 1 
bü lo +ü 

fc ü 

?0 

loi' it^ 
l ALl.t u • 

1+ »l.o| ,Nl»X J 
lHAlhll.ll = 
J-¿ 
IHm I >1 i 1 . j i = 
J=J+1 
il- I J ,L 1 , I.0l< ( 
tl'M I h I 1 i j ) - 
1 = 1 + 1 

oo lo to 

»tu. loullljl I Oük |í> HaSJLj, . AXIS. INT H. ANU HNUt AHt_ 
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Oo 
4 

10 's o 

U 

Ou 
ïttt HÜLCUtTÑo 

OUI. 1 1 lit L 
lHMlMll.ll = 

IHaTmI1«ü) = 
iHaImU.ji = 
UO 0 3 i_=¿ . I.OX 

•tPÏRÎTnïl 
lHAlt,( I .C I 
IHAlHU.S) 

oohi ir.ot 

Looil is oSLO fiÕH IBTh CrAMè MB CHAH| TRUC 

O 
lo 
lo 

'il 

i¿ l I) K/ 

LÜhé I ¿IVUt 
H l .HUI . lüthUOIMI KllUHlj 

«KlftlO.^OOUI 
oO '»•j o=i.lii»H 

»H lit It.cUOl I w. I 1H A llt( I . J I • 1 = 1 . l\ w X I 
oui+l ir.ut_ 
RE ÍÜHI+ 

Hl-AHiMl (///, • AHK A Y iHATh»./) 
► UhHAM» NAüIAL KOt.» , I¿./.10X.30 ( 14 , ./.lOX.JOl 1*1 ) i 
Olio 

HATHS 
fúIHi— 
MATHS 
haTHS 
PATHS 
PATHS 
paths 
PATHS 
PATHS 
PATHS 
PmTHS 
PATHS 
Paths 
paths 
PATHS 
paths 
PATHS 
paths 
Paths 
paths 
paths 
paths 
PATHS 
paths 
PATHS 
P_ATHS 
paths 
paths 
paths 
paths 
paths 
paths 
PATHS 
Paths 
PATHS 
paths 
paths 
paths_ 
paths 
paths 
paths 
paths 
PATHS 

5b 

AL 
06 
59 
bO 

61 
62 
A3. 
6A 
65 
6b 
07 
b» 

JlV- 
70 

71 
72 
73 
70 

1~ 
7h 
77 
76 
79 
flu 

fl¿ 
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64 
65 
et 
67 
60 
69 
90 
91 
92 

95 
94 
9õ 
9b 
97 
9b 
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Kj 
X c 

t. 
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L 

_ 

lut) 
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V 

jturu^llisL l'I i üL I 
uonrou/LHA) / i A, 1 i-.LAiitbu»'•'»Ai^biltil.uC ai,MjBjiPAl±llAfljiLiAiiLâtLîil i 

y AnLMChiAhtcAC l b U ) « ¿ Cu 1 1 lUt-LlNPlAri^ «ulA^2«C lSl«ÜlS2iUIS3fUl5H« 
i >At't»,utey ) ./U.LAAA.thAnltCMAflZiCHAPoi I OPOAPjARLAüHlhO) »0AWÖ« 
i i«kchii¿ « Uluru I ( I tLt. ikl <t LLüf b « 1PS1 • iP.>i¿ • KAUF S t bPlbN 
uOi^o'Vi uK-i/i 'La . Ubn, I£UA, TnOlCHibiLiMhPDilHObJiPVAAlSiOVAXiTi 

i UX « UK « |X t uw « I ui'U I • HbP 
iAi!Íñk'í/l3vi.Lii¿HauLbi.ii;tíl » '•*'gi,h»NtiOU.^t^3Ji.xa.iaa.l.»AREAhl&0i «_ 

i uH I bu ) |F K>a I Ib'] 
ulnbNblUi^ ultMPiau) iNlt-F» (bO) .KtEFPiSu» 
uOultuL Ibhl 1 ,ti t.l. .CbAhl tCH„r. • C^A Má * u P1 bN 

Irtl ülbluUCt I li. JiitbLS) MLli.HN Tr L ti-NTtR llNL ÜF HOLES IH KOb 1 
ii'.u lut- tul' I Lt\ Eli.L tt IML HI'tvLQUS ilL» OF -HtlLS-xAS IMgUl IMIfi_ 
au i 111« xLl ( 1 ) LOHlAir.o IMt OISTAXCl V.F THE CENTtH LINE OF HOlLS 
1 <t MOu i EHOM 1 ht ULbiHulUb Ut iHE ulLu TUEtE* 
i.ohüLK O»- HULLS 11. KO» i «AS INPUT ¿ulu NHOLES(I). 
hnuius ui mulls il kum i «as input i..K haqhclu). 
I StubU HULLS V ILL LL PUI ULFOHt ANC uFlER THE BELL TUÜt AND 
• M-Altt' JUL SiM. AS tlkttS ON JHt Hii-L- lObU._ 
IMt PUS11IUH LT ThE LENTE« LINE OF HuLtS IN FOw I ( IN FEET ) 
MILL lL MU' IhTl alLUJ. 

lu'-KUK^hiLl[ ^ynL T ht li»PUl 

U lüiAbDH .L J. 0 ) bU TL 1 U¿ 
_ LU lub 1=1 »HhOxh__ 

ulEi-PUl = XLL 11 ) /12 • 
HttF'Pm = t-hCLLSU) 
Hlt'-Ptll = HnUhOLU >/12. 

luhI H-ll 
lU'îI 1* Lt 

LA1 A ABülf THE HCLES. 

Fol PStLLÜ HÜLLù HLFuhL THE HELL TLOl. 
KuUPS. IHL HaLIUS LF THl PSLUDO HOlLst IS CALCULATED TO GIVb ABbUT 
1-lLt /'S MUCH AAL A «S FuCLS ON THE olLl TUBE. 
huuPô-u.1*Sui<T (l lAFibT*U*> 
iPSl s LIlLUH 

uU 1u L Irl.lFSl 
Al LIIÍ-FLUA K 1-1> »uX + La/h, 

umollS(I) = i 
hALHOL(i) = HAUPS 

LU*. I 11 JL t 

it tbLLutb.Ll .1 A)«I.LhUHl)=KAUHOHl)»S.i<T(BEmEb/DX) 

HULSET 
CHAHIX- 
CHAHIX 
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bbiKMl = ORF - i,o 
LOiib 1 = ¿,ü/»OFiF ♦ 1.0) 

FAR = brtFVbbF.fl 
_CUNS2 « Z.b/GfUiRl__ 

HF LOW 
HF LOW 
M-LOb 

HF LOW 
Mf LOW 

rihLÖW 
HF LOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
KFLOW 

HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 

HFLOW 
HFLOW 

HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW. 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 

HFLOW 
KFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 
HFLOW 

Sb 
51 
52 
53 
SW 
SS 
SG 
57 
SR 
b* 
GO 
faL- . 
62 
63 
64 
65 
6b 

LZ_ . 
6b 
69 
70 
71 
72 

.73_ 
74 
75 
7b 
77 
78 

-TS- _ 
ao 
dl 
02 
69 
04 
05- 
06 
07 
66 
69 
90 
.91 
92 
93 
94 
95 
96 

_ 9I_ 
96 
99 

100 
101 
102 
119 
104 

93 



J
 

J
, 

^
 

U
 

HblAl = ^«CürblAvHkn 

It t HM , L T, > Mai ) uO TO Ö0 
t-n s Surfit ( (Ha/PK)*»( uHf'hl /(JP ^ i - 1 • 0 ) *CONS£ I 
KM AT = Ht 

3c rtMAT = t>AA/IJ.l 4 Ti'^Ff'/CONSa ) 

MF LOW 105 
fttLflM_Iflfa.. 
MFLOb 107 
MFLOIt lot) 
MF LOU 109 
MF LOW UQ 
MfLOu 111 

L i-ii'ct toAS 1S FLUWIM» FhuM ÜH1U ÍTmMfTÍ î® ¿«10 (l.dHjÖTM SHOULL 
t l't t’Oiiltyt, 
t. ••• * iS F*)*l bt-11 ) OrtAY 

uUl!',) 1 i = .¿OJ4UMF *t M*CA/j(,1U(fcMMFl*hSlAT*FHlB6U.2M 
t 

§g_umiinmi:__ _ ___ 
iFIU«M<3 .A.tl. 1U .tu. 1» uU TÕ I2t 

_MJLÛkL._112 _ 
MFLOU 113 
MFLOW 119 
MFLOU 115 
MFLOW Ufc 
MFLOU 117 

_ALLOW_llâ_ 
MFLOW 119 

Hu 

U 

- — — _MFLOW 
MFLOW 

FILL MitnAY LtülMlG MFLOU 

*** 1* ♦♦♦♦.? »♦«-*■ ♦♦»»♦♦♦«.»»♦■«. * * L?»»»*** ■«*■♦** .*■*♦*■***.* «15« ♦♦»»»»♦»*»»♦ » ♦ JF LOW 
MFLOU 

AVLrfMbt b Ai) MASS FLOU Al LALH GH 10. MFLOW 
uOIMltotll = U.S*1UU1MU) * C‘0TM(2) ) • An L AH ( 1 ) hFLOW 
uU lot I=2.UtXl   MFLOU 

uUlnlbtll = t.¿5*<uOIM(l-l) ♦ uulrtn ♦ DOTMtll ♦ DOTMllnn* MFLOU 
*_AHLAHU » __ __ MFLOW 
lOuÎINUL MFLOU 
uOIMibtNGM s U.5* t OUT h (NGX1• ♦ OCtrt»GX»)*A«EAH(N6X1 MFLOU 

MFLOU 
ob 1U (201),5). II. MFLOW 

MFLOU 

120 _ 
121 
122 
123 
1£.*L 
125 
I2fc 
127 
128 
129 

_1-îiL 
131 
132 
133 
138 
135 -1 

FILL aKhAY UùTMtJU 

12U C(<U11MUE. 
UUIFiutoUj = U.t* (OblMt 1 I ♦ liOTM ( 2 ! I * Ai' LAFI2 
'0 1 AU U2,NbXl 

bblMobtl) = 0.25*(ublMt1-1) 4 uuTrtn ♦ DOTMtll 4 QOTMtl4l))* 
% AHLAF<2 

1 AU LbUUNOL 
Ul'IMUbtMGX) s u «b* ILOTMI NGX1 ) * DClr ti,GX) l*AHLAH2 

Wvtt Mi lükh 

Lf«U 

NLLOW_L3fe_ 
MFLOU 137 
MFLOW 138 
MFLOU 139 
MFLOU 180 
MFLOU 141 
MFLOW_182_ 
MFLOU 143 
MFLOW 144 
MFLOW 145 
MFLOU 14b 
MFLOW 147 
MFLOW .. . _148_ 
MFLOW 149 
MFLOW 150 
MFLOU 151 



oUohJU I i ..L it f 1 n 
uuK. ' xou^«bH.ii«HWi«lëC*Jt(WaKl»tP«»mTt 

J JX • Lh t \ A • vjo i 1 i*tl'Î « Hbt* 
UM-U' /ut- 1/ ILPtí ) .ULrt¿) *Ctt «1 ) tMwun.Pl ALS1 
cliíir uivPnhFLo/l i, i ^ t-i*. UHP^. yPHn, PRr , c OSHR ,CSHHKS .PRrtCOF 
(.•-'nriUH/CHAr / IX 11« « aI- , Ki •'iL*«l'L.H.Iiiil,tí,HtiDH«IHATht^C«5l»AHLA6(bJ« 

j AMtMCl'fAHtAC ttiOltlt3>4ltiOi Ll»,t)IA ¿th.lA^SiCISlt^iXSZtDISSfUlSH« 
, .Iht-Al.t ^ t .AHi. WAX «Ç ,iAhl tCH)>r2 > CxAi J t t OH»AP » AF L AfaP {60 ) tPAVb»_ _ 
1 rthLAh. ,L iam! I ,ft Lt „I , tLt'C 0 , IPS 1 , 4 K 2, R ADF S , faP 1®N 

LOCa/ IíFl 
cOArvlNi/t.<L*/utliLFi'*f,'Flt^t'2»l t-»»>AF'ftíüiW »KVSPiXPONP 

o1*/itot< 11/1-lif At • t t-C hU • l't< i T t f»&i; níi, I F‘PBG « 

i htblCIt)«XLlCXbl 
LtmMjN/F aILli / H<U Al ,t MUUP,PCH«Pttí I ur;, xt TuB«FAXL«HFAllt60)«_ 

ï inlLM t u > ,Pt r.Ll .Ht U 
CUrtAji*/ inPU loNtbiliiS tKHOf «PhlütTF « C A «HHOO < 

i rit ,f t i L u , vi 1 hf'ut fl'i» «Lfi» I Xyl.bPttiOCUi.i * TOTP 
ulifif Üt«/t- /1 PH 1M I rt'litH « MOUGR , PP I i , X WC-C t u ( 35 > 
tOrifUiii/t-Rif. u/MLt.i'<i«uP>'APtot,«5)«AGLMCr«bGtNEPtt.XPtJP 

(.(.'hruN/HAG/PJhlbi.ibli ii), fHOPGtfeO.S). rdC-(6Qt5)i liflG)feO|5)i _ 
1 VuV>(bU<bl> bPt>( til) <51 < Ptti(bÕ«5>t liCtbOtf)« 
2 pu I f lo ( t. J » . UtAú ( nu , 5 ) t xUPAG(Éu,t/, DOTf b 11.1) » 5 ) » UPbüTlSO|b)i 
i Priiotii ( bU • t> ) t PhúuTü I bO « A I • HtiG 1 o t c 0 • 5 ) • UBGTvj ( 60 « 5 I * 
•4 VPG IL (faOib) 1 lilGttOfb) .ÜUtPPG(60 I ,Lu rPP<6C *5) |PMJPP<60|5) i 
p PhiPK (buo) «T2P«bli) iTòPtfiOtb) 

_ pUuXuAl XGUII fGl.ttuChAril.CHArZfCMAf^mPl&M_ 
t-l u X L AL PKlUlbLoPG 

i.rii.Al Wu/.ü Ib CLLaHLL X,’l UPUftTt t ACi, liit IMLKVAL. 
tPiur. w 1lL ftNAXi, IHUL uriL» IF AT Eau»- SKID IHFKE IS NO BLACK 
PJPuLrt Of IHp BLACK PuPlLA IS ItiNJlLb. 

_ -LLiilL.ftL.J'LwfLL_ —. -- 
LlblLAL yU'jKI« 

bluUFP=t LLulg-TLpU) 
llitbt PaiTuuFt/liX ♦ l.b 
IMIllLGFp ,LT. 1) ItlGKP = l 
iM luPt IBLbFP.I) .Ll. IIuAimP) GO lb 

_tWibM.iitm.«_ _ . . 
It It'L IbliITf.H t AL IS PM.LTHATtU BY tiiPcK BURMNb 

, ppi.Ll Io 1KÜL ALL TM. F LLlUwKiG BLAS» 
jL aYPASSLL, 

COixlItYUL _ 
IFIIlPII) .CL. 0. .OH. LlP(I) .Fü. u.t GO TC 3U 
if Xt»tlÉ. l l bO 11/ Üí- - - 
KAPJ I -flUbK«lI. + ISlLuFF/K Tump I**,813) 
PKnXP=íubu.tb* (LXP»-tb35*STriOFF/F1iiBK / Í*T1HE 
IMliKL .t>L. .LüOA) PKr, P = 1.33t6*(L*Pt-.635«STLOFP/FTUBH-l200, 

I •lll'itt) . _ 
PHHXP*phHCOP*PHXP 
PLbhrt = Tt-PUMtLALST _ _ 

OR PRIMLK JET BLAS 
lVi,LLATICNS wat 

IL 

fiPFXR 
PUDU92t> 
r>unÕ925 
PuD0925 
PUD0925 
ChAHIX 
ChAHIX 
CHAH1X 
CnAHIX 
bHFlR 
F.UD0925 

MiD092b 
H000925 
WODOtOS 
*•000925 
INPUTS 
INPUTS 
P 
pKinv 
BAS_ 
BAG 
hag 
BAG 
BAG 
BAG 
CHAfiLOG.. 
PLOG 
hPFIR 
uPFIR 
BPFIR 
bPFIR 
MÜIlûbOH. 
*•000925 
»0110925 
*000925 
*000925 
*000925 
*000925 
»000925 
M0DQ925 
»000925 
»000925 
»001002 
»000605 
»000925 
»000925 
»000925 
»000925 
»000925 
M0D1611 

2 
53 
5H 
55 
56 

2 
3 

_b__ 
5 
5 

57 
56 
59 

» 
60 

2 
3 
2 
2 

. ?_ 
3 
t 
5 
6 
7 

_2_ 
2 

12 
13 

1*» 
15 

_9_ 
61 
62 
63 
6H 
65 

...66.. 

67 
6b 
69 
70 

3 
..7 
71 
72 
73 
79 
75 

_JL 
jTot.K = Ph»XP*b APuT /2. 
IPIBOBbi.) bO 1L 2u 

IFtOloMi .ol. PlSMK) Go 10 30 
,1 LONT1NOE 

«PI It(6.25) lint 
M1»*«'1/lAXibhT 1*1 = 1 IA.7,3X.27tieAgt IGNITER PAO PENETHATLD) 
PtNLI = .1 HOL. 

*000605 12 
»000925 7b 
*001611 ? 
»000925 77 
»OD0925 76 
»0PJ)925 79 
nub0605 16 

95 



atuuf-t-sbLlULb 
nblihw*« IKOL«__ _ ___ 
i.WUf'Vu.K (1 ) • ( f'UMtM /blH t 1 » )**2. 
rt'iuPl it't^ H, 1 ) = X• U 

lut.bF^ »iti» a 1, 
f-HioH« U i bti,i )=FilUFiltU wb,l »-UwOP/oFvENS**HE«AX*D)( 
FHlPlUllHtbFI 41.1 I a HMlue(lHtbFP*l,X» 
»»tXnmiptfrF> .liaPHXbPllttEtif P.l»__ 
t*i>iPlb( 1 nt t.f.llafHlhHt ItiLbtl,! ) 
CbnIIHut 
fLfcbX=0. 
uO li'U %iaX«i4bl< 
XM»> »Lb. ¿) FLhbJaU, 

_Ub 1UU XaXtubX _ _ ___ 
lHHhibPii.J)'.bt'. .9¾¾] ÖÜ TOlOO 

11-1 ItjM 1. J) ,bt. llbNbP) GO TC A0w 
HU On a .FalgF. 

l*«G iLf't't HATubL 
I I a a 1 ob 11, J ) 
jLA? a nx«S>.Pl I TTx ) . 

bAb VlACOSllT 
MhH a Cl*lLHP/tTTk ♦ C2» 

JHLKPIAU COUUUlUVm bP brtS 
I*A a CJ*TLAiP/tf 1A ♦"'CH» ” ' ~ 

hLtl.ULbb NOMbLK 

KtUtjH = btlbhbl 1 , J)*AUS(Ubb( I .b| |*bP8A0( 1. JI/TXPU 
XUKtlXt-P , LI . . UOUOl I btTXBPa.OOObi 

hODOfcOS 
nUDü9üi) 
no00925 
PUDU«!» 
P0011X& 
PODUW 
P000925 
nûDfiSü. 
M0011X5 
r'.OOObOA 
P00092b 
BPFIJ< 
P000923 
b£Elfi_ 

17 
-ftlL 
ex 
62 
3 
9 

06 
_ei_ 

POOX002 
bPFIR 
HPFIR 
bP*JR 
bPFlR 
bPFIR _ 

b 
23 
Ab 
17 
69 
_1A_ 

5 
20 
21 
22 
23 

_i!L 
BPFXR 
BtFlR 
RPFIR 
bPFIR 
HPFIR 
ttPFXR 
bPFIR 
HPFIR 
HPFIR 
bPFIR 
600X017 

2b 
26 
27 
20 
29 
-5JL 
31 
32 
33 
3H 
3 

i 

i.ÙSHtLl AiOPHth 

IXNUHP a 0 • 3*HL I Xbt'**0.62 ♦ 0 . S*6»«T ( PCH I . J)/1H4. » 

t.PHrtUU.J) SHbbLL Nul HL LESS THAN o.Uul. BECAUSE OTHERWISE 
HMluP(l.J) toObLu HA(/t tittb SET TO l.u iN PRiFtR, 

AUwliP a 3.b*( 1 • 0 “ PHlhP(l<J>>/uFHAUtIt>> 

• 'LAI t MjX lb bL/vCK PbbULK 
«LUNbP 3 T Ai'ibl'P*T Xa/uPhaIMI.j)» i I i X - TEPll.j) ) 

ibLbtaibLbH 

am .NOI. HbbAN .M»b. IHPtIBEbFP.l) ,ut. TICNBP) GO TO 30 
iFtt-LAbl .Lia, à . .«Mb. FLAbJ .EO. 1.) ¿C TO 30 
SPUJaU.U 
lMAJ¿au.b«(UlAM-LlAMb1 »-TOPbAP 
IF (J.Lb.2ISPbJa(l.B*( THA 024-01APUT ) 
ulbP« = St’UJ-ASU'OFF 
IMIlnt .bt. U.0ü(i9)Ub,>iKa32b0.*EXF t-iu.b*OlSPR-bO0.aTlPE| 

* ♦ waPKisS 

“nrriRt .tí. o.uou«*> wpf.k*r.2«rsàt4tirE)*¿xp(-so.5*'disfrt 
» ♦ USPtwvS 

^HflbaSbHT (PRHCOF )*UPPR 
IF tbPPh.bT.wl.ONt P) WCUlvbPaOPPK 
If 10 .Lb. 1) FLAblal. 
fLwbj=l ._ 

If ilLtbUbtilj') .AÑO. Phil) bP 1TE ( 6 . ) »Pf K .01SPH . 1 . J 

HPFIR_ 
bPFIR 36 
BPFIR 37 
HPFIR 36 
HPFIR 39 
HPFiR «to 
bPFIR 91 
HPFIR 92 
bPFIR 93 
bPFIR 99 
P000923 90 
PUÒ0925 91 
M000925_92 
bPFIR Hb' 
bPFIR 99 
HPFIR 30 
BPFIR 51 
61000925 9«t 
6000923 ?b_ 
6000925 96 
6000925 97 
.1000925 9b 
BPFIR 59 
POD0925 99 
PUD0923 100 
6000925 101 



I •» = tlH.b.iX.Hhl = iitiX« ! HíKfiA I I / « HÀ . /HuHf1 * = 
* «UM i 1*1_ ___ 

IM'LOl.uf >Ll • U.UUl» OC 1U 10l 
bb>lb(lij| - mCUIUMAi'V^P 

Itnt'sí.UíWüCON&íWLC'l.üt 
ItxPHH = IHnMl.J) " I)/If f*»1 

ül .bl. LlhD UFFtK * lifu - 
= TüPUtkM ♦ 

» ÎLflH* Ii>«KT 1 li.1 n.’** ♦ OLLT ) • ii,Kl (TEFFHP11 
»HtKAl. .LL. U.»i*l<lAf I>T I (.* ' ru l/U 

lôKUOttob.ElsTibi bK 
lueiIDLbFRii):’loi uf 

. u LV-ttlANUi.-- - 
iM ItjFl I «Jl .LI. 1U'*b»t (.0 TC iUv 
il-UULUÜbl^n «t- l Iclo.üUÜÜI TiPit.ii«J 

Xtu LbnliNul 
if iKLImlT) üU Tu IUu 
iM lol'l ibtül-F.U* -.LT, Tbu. ) GO K *bO 
ILLlP.fLlXtiLüHltXjUX ^ia^ 760*1 üC. iiL làa 
UGbHn.* , ( KUtl . 
UÜNliNUL 

huno^as ioa 
muûûsZS i ai 

i-it 

L 
_Xu üb 

rvLIUb:- 

f UNMLliU.LJ.lfX- = 'ALlii^e t • 
1 • ib IGhlTtOM 

lum 

bPFIR 
bKFIR 
mPFIR 
nu0092ä 
fiPFIR 
bREia 
hPFlH 
HPF1R 
NUD12Í9 
IÍÜD121S 
hUD12l5 
UUU215 
bHFIR 
bPFIR 
oHFIR 
huDü92b 
hOOiilb 
PUÜlllS- 
PUDilib 
KU00926 
riPFIR 
bPFIR 
bPFIR 
RPFIR 
bPFIR 
bpfir 

56 
56 
57 

10H 
59 
6U 
61 
62 

<t 
6 
6 

- X 
63 
69 
66 

lüb 
6 

_1. 

6 
116 

f»b 
67 
66 
69 
70 
71 

97 
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aCUKü011\L HKIfit'K 
cunnoM/LALLH/bKLt-1_ _ 
CÓrtHoÑ/TfiÑlLT^bh AO f bf'tVil» «bHNOl'ï «(llicnA , TñPRG, 

» ILO ItIM > X L IC ( j I 
Ll'nPiOW/i'RrFto/l L^cPr «O^Rri.wi «PíPHI**»- fr jShR.tSPKKS.PRRCOF 

Ll.rtflON/CLOtK/1 iH tOtLl 
LOftriON/L'f 1/ UPU » *oLPU> «tLl'IS ) «MluR «PLiALSl 

_ÇortfiuiVMlLtL / I HlCM,Pht>UP. PCOHP ,ej ec , KNTUBtP *11 «HF A ILlfcO > «_ 
i ÎMiLÂlbu> «plniYVhfu 
tliftr.uK/LhAh/l >. « IN « au « Ku «'»'»a K » lÜLuC « H NOB « 1 PAT H <60 «5 ) • ARb AG( b I » 

» Aht ACM. AHt AL tout «101.1 I «Ur t .1 «(’TAni «w 1AH2«C 1S1 «LIS? «OIS3«ÜISH • 
A MHLAK (feü » . aHLAAA «C.HAl'il.ChAHkf «CMAi j. I 0P6AP « AHL AbP ( 60 » «ÜAWG. _ 
» HKLAUÜ.OlArul ,L.l Lt uL «trLLHt 6 , IPSl. i H ¿2 . KAOF S «bPlbN 
ç OUhOK/LQNS/L1 La.T¿i.h.ItUA.TWOTDR«LI Ln»HHB» 1WObJ.ÜVAXIS«DVAXXT« 

i u1T«Uk «ii|X . Uw« I bïlU i «HbP 
LLfif'.Ow/lNPUfb/Cl «Cí-íCi.C1», Tü.TlGN.LtLi.S.KHOF «PHlü.TF .CA^RHOOi_ 

A MU.RU «uo .uTKhüP.ow.Oh. I IbFiBP«CBCüi.S , TOTH 
LOrtMOlM/PRlMy/bKLiLlvSibP« ALI <00,51 «Abti.t«- «BbENeP «tXPBP 
L0HnuN/eAb/phIbb|6u«5)« KHOr<6(60,:I, rBOlbOiS), OÜG<bO,5), 

1 VbOiou.b), UPb ( bü ,5 ) . PCH ( 00,51 , I «.C < bb •! 1 « 
uothlbïbù)• w<3AO<bU,5>, XüRAgTGl.S). DOTFB(60«51, UPÔDTléO.b), 

i PnioiülbJ.b). RHObTutoO.bl, HB6Iu(l.0«5)« UB6TD<60.5)« _ 
4 VüOlü(bO.b) « lbO(bO,b) «UOTHbbtbO ) ,L v, ThP < 6~C ,5 > «PHIBP160 • 5 > • 
b PhlPUMbO.b) «ÎZO <bü) .TbPlbO.b) 

LOO 1C AL 101.11 «OiLbtCHAttl «CHAHS.CHAF jtuPIGN 
LOblLAL BPLtPÎ_ ___ 
LOGICAL Pt Mil 
lLOICAL .««f^OOT .tlOthW 
LOGICAL PH 11 
JA 1 A 1-OPTPl/A.ltloVVb/ 

PK1HEH 
PjnetîL. 
HUD1002 
HVIJQLM2 
MOD092S 
PHIHt« 
H0ÒÕ92b 
hOfifiilb. 
M0DÜ92Ö 
chahIX 
ChAHI X 
ChAHIX 
CHÃHIX 
tBNS 
tWNS 
INPUTS 
INPUTS 
pkIHv_ 
bag 
baG 

2 
A. 
6 
7 

lia 
b 

119 
JL20_ 
121 

2 
5 
S 
5 

_L. 

BAG 
BAG_ 
BAG 
H AG_ 
CHAHLOG 
phiher 

CAICUlAU PKJhtH VCLOCllY AND HASS FlC* HATE 

ItNtitslbLGb 
Tt HPs.OOOLl 

bPLtM »1LL ütCUPt THut IP 
lliti« PhlHtH WILL bt CAI LtU 
uPLtFI s .FALSt. 

IhtPt IS 
AOAIN, 

bCr E BLACK POWDER LEFT AND 

MOD0605 
H0De92S 
HÛD0925 
PHIHEK 
phihek 
P!llH£K_ 
PHIHER 
PHIHtR 
PHIHEH 
HU0Q92S 
HCD0925 
PRIMER 
PHIHER 
PHIHER 
PHIHER 
PHIHER 
PHÍHEH 
KHIHER— 

A 
b. 
b 
7_ 
2 

IA 
29 

122 
123 

13 

19 
-IÄ- 
16 

17 
ia 

129 
125 

-2A 

* Bfc2 1 
-5 

GO TO 92 

UO 60 o s l«lvol. 
LO bu 1 = 1 «('0A 
iFlPLNtl • Akl • o .tu, 1 «AND« 1 «Ew. 

!► (PhldP(l.O) .bt. 0.999) GO lu 
1F(bPHAD 11,J) .LT. . uU 011 00 TO 3« 

_ BPLtM s .TRUE.__ _ 
IMTOP<I,J> .LI. TiGNBPi GO TC jS 

IMPChU.j) .LT . U.U) wNI!E<6«700u t PCH<I,J>,I,J 
7liOU FUKriAMIll «GPCli S •,Flu«U«2l2) 

h = AbtHbP*PC)Hi«OI*AEXPBP ♦ BbuAuP 
bOHNL s h*uCLT 

_ yum s kokt p 1 * b phao( i «J(*»3_ 
ÜPK A U 11 « J I = BPHAt' ( 1 « J i - BUHAl 

PHIHER 
P«IHtH. 
M0D1215 
phiher 
H00092S 
Hppflazs 
PHIHER 
PRIHtR 
kKIHER 
PRIHE« 
FRIHÊR 
PHIHER 

29 

25 
2b 
27 
2a 

-23- 
30 

ît. 
a 

32 
12b 
121. 
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H J 

IF U HHAl. ( 1 t J ) ,0L , U.Ulll) V-O TC 
"K4ltAi*tiVU I iUiü^rt*0U «v'I 
oKKAülliw» = Ü.ü 

? l.t 
uO I u ^lj 

CUlv I |l.ut 
VHH. - KLiWI^IthHMAu11..JI »»A _ 
utLIAV = VULU * VI.LW 

i U.U - ♦'hlül U.jn/VOLu 
lier z I L I aV 

uCirKUiOJ = Itfi» *t • . 
c* loCHJIi. U MCI lu. f’ulviin (Jl FLAr». jHKLAO 

OJfFAht ►! M C 1 C» 
IM 1 «Lu, llit-¿ • AI. U • O 

uy lu ‘»t 
UC'»1 i l>LL 
iMeKNUtTj jo ly it 
FI'Li,L = FChl|Ht'2,i')/iAU. 

f L I a M.J = 
«F UO l¡:»liüOUi**(F't<LÍit**¿,2l 
utLii»=u,iby*iAmiyi/Ilf u> i*rXLt 
PI ï«AU = uM. 1K ♦ HUHAU 
íMPüKau .II. .t)«ltPun l»0 TO Hb 
«M i I L I t . Hill I I 1 All 

DUrtI INb HA It. 
>LU. 1) GO 11 • 2 

•It 

».at Fi»ha»aI (/ , A» . Till iAt = tAH.7,i*,23Hji>.toij£.H PAC BÜRM.0 AWAY» 
Pl iur 4 iuti2,2 I - 1. u 
PF-XPIU(ltíb¿,*)=l.u 
i)Ki«OU I S • TNUt • 
« V lu Hb 

C Iht KOUfL lü b 11M 4Ö htST bf Urvth TO 

_j._ yidiiayit cordaiaiiwi. fvf fthiuüiJU« .._ 
U I FOF MIM Ap Ulv It MtKt COi'lCrHMS J:c 6tt!C> OF L Y 

•( 3 tOi< I it.ur. 

It PliiiP = Hll|uP( iOL t • 2 ) 
Hi iFlF-nlll' .01, PhliH=,9999 

jLWOL=b.2b3*PtJKAÜ*Ltl In 
_ iMULKWL «L1. u. )UuvuL = . JU1 _ _ 

üL«MialCU>tl )/TLÍ 11 )1 / 11. A«b» ( dtp U i »Ut-Pl 1 )-C lAHiBT**2. ) I 
ulnH=itP|l)*UtA'S»«üLVuL 
UUlr,MUH2.2) = UOT A P l iUü¿ . 2 I ♦ D I F.p 

FhibF » iubt )=Fi itPUi. 42«2)FOLVOL 
PF'iPILi( Ittb2.c I = AMibP|lbö2,2) 

_H C LUI» I jAiUt _ _  __ _ 

PHtPtui!»«*) = PHlDPliVJi rwf~ 
ou lu bt 

u 
b‘. FhlF’TUI I. J) = PF'IbPU.J) 

;»t IF lHa"bF|i,j) .01. .99991 PH IHP ( I « u » = i . 0 
ItIPiaPItM 1»yi ,Ol• .9999) IHIPTUIi,tI=1.0 

t>u LUiy I IHUl 
V 

ill IL'HfY 
L 
¿tut I I'KAa I » // • 

Ll.U 
.<.>L'iut» OF t'LAOH POwUER AI uKIli*« 13.13.• IS'.FlO.AI 

PKIMCK 
PRIMER_ 
PRIMER 
PRIMER 
PRIME« 
PRIMER 
PRIME« 
PRIMER_ 
PRIMER 
PRIMER 
PRIME*« 
PRIME« 
hOl)092b 
huDfl92tl 
FU00925 
hu0092b 
PU0092b 
MUD092Ö 
POD0925 
AVM92Í» 
F.U01002 
nuD092b 
MOD092b 
I 000925 
F.u0092b 
F0DJ1925 
A.uoogab 
M0DU925 
P0D092b 
RÜ00925 
POD092b 
1-.0110325. 
HO00925 
FO00925 
AUD0925 
FÜO0925 
F uD092b 
'•OD0925 
H 000925 
a uO092b 
A.UD0925 
AU0092b 
MODU92b 
A05lia2b 
PRIMER 
AiuOQ925 
PRIME« 
prime« 
1-1000925 
A'UD0925 
PRIMER 
PRIf.^R 
prime« 
PHIMER 
PRIME« 
PRIME« 

42 
JLÍ. 

4 0 
45 
46 
47 
46 
43- 
50 
51 
52 
53 

126 
X29 
ISO 

131 
132 
133 
134 
13b 

e 
137 
136 
139 
140 
141 
142 
143 
144 
14:, 
14b 
147 
146 
149 
150 
151 
152 
15 3 
154 
155 
156 
157 
156 
153 

54 
160 

56 
57 

161 
162 

56 
59 
60 
61 
62 
63 
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¿UoKOUllNt PhPUK 

i,utlKüUUNE. PKHH« CALCULA ftS PROPtu aa , HEAT TRANSFER ANU 
iLMKtKATOKt KiSL LtAÜi.l'Jb ÍU IGNiTICN. 

PRPFIR 
fBJEEIH 

UUI,U) - SURFACE TtRRLHATURE OF PKuPcLLANT NOT UNDER THE 
INFLUENCE UE L’LLj» TUüL HOLE§ A] (irIU_1IjUÎ_ 

1¿R(I ) - SURFACE TENFERaTURE OF PRCPtLi. ANT UNDER THE INFLUENCE 
__OF HELL TUbE HOLES AT GRID (Xt^i___ 

PRPFIR 
PRPFIR 
PRPFIR 
PÖPF1H. 
PRPFIR 
PKPF1R 

CunFiON/thAPi/lX « IR i Xb «Ru< Nbx • NOR « IttbB « lENDBt IPATFi(60 t5l • AREAG(&) t 
* ARL»Lh,ARLAUbÜ> .IfaiU I .0 t U » DI Ai«m „ 1 AM? ií ISJ . DISJ , DIS3 »UIS«| t _ 
» «RLAhjbÜ»,AREAA*,LMArtl.CHAM2iCHAh0flOPGAPiAREAGPcfcO)«DÄvfa, ' ~ 
» ARE AFi? « UI aFiU I , HELENO,bL LÜ EG, IPS1, iPj2,RA0FS,bPlGN_ 

LOMMON/LWNS/OTOX,Í¿0R,T2uX,TU0TnR,ulCR,HMB,TR0GJ,DVAXlS,0VAXIT, 
»■ OX , UR ^NX , Gu, TbijU (, nOF' 
LunnuN/CLUCK/TIhE.UELl 
uCRMUN/GRAI,,/ ALIbU.bE, UO(60,5), ullbü.Jii.« FNA_ 

1 ALluMfcOtbl, DOfOTliOtil« PITOT(6u,S), XLO,ODO, DIO, 
i: XLbtlGU), OUbUDO), olbgooi, UXLr.(AOO>, LDOBUOPl. UDIBUOO) 

PRPFIR 
PRPFIR 
CHAHIX 
CHAHIX 
CHAHIX 
CHAftlE 

10 
11 

CCRMUN/hOLE A/RALHOl ( biT) , <>>Ho'wH, NHOLLs ( o 5 > , XCL ( SO ) , ARE AH ( 60 
1 Ah (b y I .F RACT1h 0 ) _ 

CUnhUN/ 1ÑPU I S/C1, Lü , Ci , c A , To , T1GN,UcOnS, RHOF , PHIU , T> ,CA ,’RHOO , 
.». MU ,FU,gU,GIRHOH,h!)>,OF,. IIGNBP,eBCO„S,TOTM__ 
LOMMON/P/IPKINT,RCbCH,MOUGR,PRI1,luctíuG(35 » 
CUhflUM/tiAG/PHltH-1 fc U , 5 ) , RHUBG < bQ , 5 ) , ndG(feO,5t, 0BG(b0,5> , 

EttNS 
EUNS_ 
PRPFIR 
GRAiN 
GRAIN 

. QRAjN 

2 
_1_ 

6 
_5_ 

2 
8 

1H 
_ I 

3 
H 

WbOibo.S), up«lb0,5). HCH(60,5), UC<60,S>, 
UOIHlb(faO), oDAGlbO.b), xORAGjLfiy,Sj, DOTPB<60,5), UPBDTtfeO^&lt 
Hhib10(60,5), RhOblU(bO,b), HBGî0{0U.5i, UBGT0(60,5), 
VbGIU(6ü,bí ,TBG(bft,b),OOTMBG(60) tCv,TMP(6(L*5LiPHIBP(60,5), 

HMlhlOlèO.b),1¿R»60),TbP(60,5| 
CPHMUM/RRUllQ/ E 1!U_ 
UlHLNSIUN UHULL(bl) 
lOuILAL K0w2 

LOGÍLAl IGiMlI,UhEL,LhArtl,CMAH2,CHAf.0,L;PÍGÑ 
LUblCAC Phil, lotOOu 
(.ObiCAL FIRE 

_URL REMAINS TRO AF1L.< IHt F IRST RrCmELLANT GRIP IGNITES_ 

ARHAT ObAG IS CLEAFLu In UPuaTL AT LaCm T imçjnjjrv^e. 
ObAb iS OSLO IN CALCULATING UPOATEC CMhalpy IN the path routines. 
A TERM ray rtAVL «LRtAuY btEN ADUED Tu »SAG IN SUBROUTINE UPFIK, 

HOLEA 
MUIXA 
INPUTS 
IlÆWIS 
P 
SAi_ 

2 
1. 
2 
3 
2 

BAG 

bATL 
BAG 
BA6_ 
BAG 
PJREEIR_ 

IGNil bite R L R A11 « TRUE ONLY IF AT EalF GRIP THERE IS NO 
FrOFELLaHT OK The FrGPELLANT IS IGNltEu, 
IG i, IT - .TRUE. 
uU XOU u«l«NUR 

KU|»<Ë...= O •LO. 2 
OO GS X=l,NbX 

IF(FHibOT1,J) .GT. U.999) GO TO 95__ 

PRPFIR 
PRfElK_ 
CHAMEOG 
PVfit 
PRPFIR 
PXPF.IH . 
PRPFIR 
PKPFJR 
PRPFIR 
PRPFIR 
PRPFIR 
PRPFIR 

3 

b 
b 
7 

-UL 
21 
2Î 

2 

25 

PRPFIR 
PRPFIR 
PRPFIR 
PRPFIR 
PRPFIR 
MOD 19.17 

27 
20 
29 
30 
31 

_52_ 

LaLOUlATt Rist Ia TtL. 

IFTUCTl.O) .Gt. T ION ) GO Tu ib 
IbfvIT = .FALSL. 
Tl X = TbGU.JÍ 
TEMF = I TX*SuRT(ITX) 

PRPFIR 
PRPFIR 
PRPFIR 
PKPFIR 
PRPFIR 

-PHPE.Iñ 
PRPFIR 

33 

ST 
35 

3b 
37 

G 
39 
41) 
41 
42 
43 
44 
45 

— 
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oAb VibtdMTl 
_TXffU = I T X ♦ C2) 

FKPFIK 

-PJ1EPJH 
i ut i-íp* al (.ui'JiiUCUvirr of oas 

TXi\ = t3*TLhF/ t T I X ♦ C4 ) 

hLYmOLob fgUfidth 
__Itmn = HHObfi>ItO)*UW/TXf1L _ 

«tlx = UrHl*AUSIOUG<I«d) > 
1MKLIX ,LY, ,1.0001 ) l\LIX=,OOU01 

uubbt L I i«C?.dth 
Tí.MP¿ = o.b*bUHT O ¡ « J)/iha. ) 

_TXi'lOb s Q.a»KLl X**U,fcr>_♦ _ 

PUPFIK 
PhPflR 
PKPFIR 

PKPJJ.R 
PKPFIR 

PREEJÜL 

4fe 

JtZ_ 

PKPFIR 

RVOlttAT 
PKPFIR 
PKPfIK 
PKPFIR 

PHEf-i" 

46 

49 
5u 
51 
52 

-55.. 

bOHhAtt aRLA of PKOPtwLANI Um GKlo PtH VOLURI. IKC.RÇRLNT 
AOY = 4.0 *(1.0 - PHlBfe ( I « U I ) * ( (1)0(1.d> ♦ FfJ*Dl ( I. J ) )/ 

» (OO( 1.J)*0o( 1 .J) - FN*0iU.d)*DUI1d)l.>_0,5/XLiIto) , 

otAl FLUX 10 PKOPLLLADiT —dlU/F1**2 - SlC 
TLKPA = IXK/CIK ’ ~ 

QLONVA = YXF40b*Yt.MP3*(TTX - ÎAC(Iidl) 
IF (dCOl.VA .U. 0.001 ) 60 It 5u 
Itnp = uC(ova*mOY 
IF IROW2 ) Itr.P = U.RP*FKACl ( i > 

JitíâkilidX. = _kbAG.(I.dj_ ♦ TEKk_ 
Ttnp = bCOlMbvbCUrtVA 
U.FF = ((T¿C(l.dl - T0)/TE;Vr)**2 
IMIt'F .01. UKt) TEF' = lift 

htAi ykai-sfeh calculai ion using sefi-Ii,finite heat conduction 
-kükAUOI. xlTri M'J EFFECTIVE ] IKE_ 

UC(l.d) = UC(I.d) ♦ TEPF* 
» (SokKTlFF ♦ DELT) - SmnT j TEFF )) 
IF l 1 bF (ltd) .GE. TIOimBP) T2C ( 1 <d ) = 1 ibu 

IF (T/C( l.d) ,U. TIGN) GO To a0 
FKACT(l) = 1.0 

£1-K¿-? I T F.Otj- 

PKPFIK 
PRPFIK 
PKPFIR 
PKPEI« 
PKPFIR 
P-REiliL. 
PRPFIR 
PKPFIR 
PRPFiR 

PKPFIR _ 
PRPFIR 
PKPFIR 

54 

5 
55 
5b 
57 

_5fL 
59 
bO 
61 
62 
63 

ÍL- 
t 

JíU. 

IF(ICEbOG(10)) wK 1 IE (b•20 0 u t llME.Ï.d 

CALCULAIE RISE IN T2K 
__iÜiiliNUi 

IF ( • NO 1• KUb¿) GO 10 95 
IF(FKACT(1) ,Ge. 0.9999) Go 1y 95 
IF ( TXK(1 ) .GE. llbN) GO TC ,£ 
UMULCI1) = LoTnlGIl )/(0.7*RhCuG(I. J ) *AFi (1)) 

itESUL 1 Ai.T VELOC11 Y 
UOAb = ObG(1 « o) 
1F(1 ,EU. 1) 00Ab = UbG(I+l.d»/*. 
iKl .La. KGX .AND. IYX .EU. Il yb«s s UE6( 1-1 • d)/2. ♦ UBG(l.d) 

/*. • 
bUiUUri = Sohl (O0aS*0oAS ♦ VBG U ,j *VbG ( 1 «d) ) 

RElXFi = U KFKSURTOH 
TXNOSH - U.3*ReTXH**0.62 * (6^62 

PKPFIR 
PKPFIK 
PRPFIR 

PKPFIK 
PKPFIR 
PilP-FIK - 
PKPFIR 

PKPFIR 
MOD1205 
PRPFIR 
PKPFIR 
PKPFIR 

65 
66 
67 
j66 
69 

—7JL 
71 
72 
73 
74 
75 
76 

PRPFIR 
PKPFIR 
PKPFIR 
PKPFIR 
PKPFIK 
PKPFIK 
PRPFIR 
PKPFIK 
PRPFIR 
PKPFIK 
PRPFIR 
PRPFIR 
PRPFIR 
PKPFIK 
PKPFIK 
PKPFIR 
PKPFIR 
PKPFIR 

77 
.76 

3 
79 
SO 

_6X„ 
62 
S3 
64 
65 
66 
.61 
66 
69 
90 
91 
92 
93 

PKPFIR 

94 
95 
96 
97 
96 
_99 
100 

''f :1 
M i 

mi 



1 

UCUUVH r 1 Xl«ui>M* I El'iPS* ( TT* - I ZR ( I ) ) 
.U. U.UOH 60 Tu 

UBAOU.O» = ÜbAGd.J) ♦ 0COwWr*ADV*U.Ü - FRAGT (1)) 
ttftfî = GCOhfc>I.CO*iVN 
TthF = (n¿R(X) - IO I /lEMP ) *•« 
ItLttFf .11. UR.t) TLFF s JAfj, 
TZRUI = UK(I) ♦ TE«P*(SChl (IEFF ♦ ÜELT ) . SUHTrTÈFFÎ» 

-.UT. TlbN) GO TC ^_ 
1F(IbEuOG(XII) kKXTíI6.200X» ilPC.I.J 

>a cumxnuE 
1MT/C(1.J) .Lî. TZC(2«J) ) TZC»a.%.> » TlC<2,dï 

l0l> Lbi.XXMUl 
iMULIl,2».Gt.USMFRACIU)el.O 

PRPFÏH 
-PHPFIK 
PKPFIH 
PMEEIM 
PKPFIH 
PKPFIH 
PKPFIH 
PKPFIH 

101 
-U2 

klVukn 

PKPFIH 
PHPfJK 
PKPFIH 
PKPFIH 
PKPFIH 
PKPFIH 

103 
10H 
103 
106 
107 
-106 

PKPFIH 

¿oui^MJKhAM/,» Í X ht =',L1<*.6.* FKOPELLa.vT AT GHTO'TÎH .14, • IS^IBNffËÔ • PRPFIH 

2001 P0Kh«i (/,• riRt s'.eïa.ô.» propellm.,i onder~ïkfluënce ofIell Tube pkpfik 
_*. HULtG XN GhXb».lA.l4.» IG I6MTCC » i_ PHPFîK 

L,'“J PKPFIH 

109 
110 
111 
112 
113 
11» 
115 
114 
117 
116 
119 
120 
121 

-, 

_ 



¿ÕbKuUUM. KtOWS 
COI1rl^^/t^U^^l\l/ATPutC I ,PLXI’ 

LOfinoN/CHAH/IX, lK,XbtKb«nl>X.M»H, retub, ÍINDB.IPATH<60«5) iARiÄ'G|&) , 
» A«t«tM,AKLAL(6U) .IGNn,0Neü,niAfix,ulAH21£_ISljDlSj,0IS3,DlS4, 
* AKt AK ( fei) ) ,AHtAAX,ChAi':!,CHAHS,CHA r.j, I UPGAP, ARE.AGH ( 60 ) «ÕÃVG, 
» «KtAhi:,blAhBl ,btLLNt).iit.LbFG,IPSl,*P*2,KADfSjBPIGN 
tunKüN/tüKi/LiîuX.r^üK, l2üX,TWOti}R,b I Cn «Hhb, îtaOGJ,UVAXIS«î)VAXIT « 

» UX,UK,mX,G^,IKOÜI,HbP __ 
tOnMOK/GRAIw/ XL(òüo), l'Ú(b0,5) « ult 60,5 It PN, 

i xulbi (tg,5i, uGToru ,£)», t ITüT(6t,5j • Kyjj. gOQ, oiO» 
Air ( loû ) , GOb ( 10u ), ultMlr« I, uxtrj ( xOO ), IDÖBUOoV, UDXB (100 ) 

KtGRES 
jjkpw^s 
CHAHIX 
CHAHIX 
CHAHIX 
CHAHJX 
CG NS 
LÜM 

■-- * — - ■ — '-"WU » «MV V » WW «Ul, 
COHñuN/HOLt A^KfcuHCL t öt>) . ‘bOwt .r'bOLtA ( «5 > f XCkifiS ) , ARC^H(bÜ) , 

S Ah(b0)«PHMlTtb,) 
^n_mj.N/XNPU(S/lJ , ,_tJ lCH jJ 0 . Tl6N.tai.CK S, RHOP ; PHI U. TP ,C A. RHÜO . 
* Hü,Pl),U0,GTRHOP,Mta,bM,HGt P.OBCOkS.TOTH-- 
COnhUN/iptJKT/taHÜLtC ttabOLtb 
COHhüN/BAG/PHIbG(bÜ,b), HHÜBG(60,S), nBG(fcO,&), UBG(60,9), 

1 üP8(6Üj*,), PCH(60,5), liC(60t5l,__ 
2 GolnlG(bU). ütíAGibO.b), xDRAGjéo.íu. DOTPB<60,5), UPBÖTiGO, t> >, 
j- -J'HlblQ 1 GO »? ) i HHOfclylfaOj 5J. HBGlüUO.5). UBGTütfcO.S», 

GRAIN 

GHAlN 
GRAIN 
HOk^ 
HOLLA 
INPjjTS 

2 
_ 3 
A 

— 9- 
2 

_ä_ 
2 
3 
4 
2 
3 
2 

C 
c_ 
t 

L 

..!■ M n Mm» . W-».   ^ • 7**— IMXtatVT»»! ■ T_ 

4 Vdblu(feO.b) .Tbblbuo) «UOTHBb<60 ) .LuffiHlGC *5) ,PHIBP(60,5) , 
b KHlKTPibOiSLj ,T2b«6üi .TbPifcfitij_ _ 
LOGICAL IGNII,ÜNtO,CHAHi,CHAH2,CHAKa,uPIGN 

_ LOGICAL. NHOLLC i iihOLtB 
LOGICAL R0U2,HAK1 

—_ 

INPUTS 
RtßRtS 
BAG 

BA6 
-BAS_ 
BAG 
BAG_ 
chahlog 
KLSßCS 
RLGRES 
RLfifiLS_ 

3 
9 
2 
3 
H 
.5_ 

gobkoojiM-KLGRLS calcula ILS UPUATtu 6 K AIN QLHENSlPNS. _ANfi PjOAOSlir 
out To BURNING OF Mt PKoHLLLaNT. PntblO IS LSEO IN THE PATH 
KOUriNtj^ANy UPUXTLU 6KAlly) piMENSJCNi ^re USIO IN propel. 

Akkat OOTMB IG CLEARED IN UPDATE AI c*lH TIRE INTERVAL 
UV t)ü U=X,Nlih 
KOta2 * J .Eta. 2 
00 40 1-1,NGX 

REGNES 
KtGRES 
kegres 
RLGRES 
RLGRES 
HtGRES 

6 
7 
2 

12 
13 
_14_ 

-liilPitAk.b.1 lita) GO_mjtj_ 
PAKT = HOta2 «ANO. FKACT(I) .LE. ü.9999 

C 1F HKOFtLtANl IN Tht GKlO IS NOT IgivIICD, DC NUT DO THE BURN 
C CALCULATIONS .... 

IMULU.JI.GE.TlGN) Go iu 10 
-L1!!PAKT_^Al1k». LíKilI «LL» IIGM 6. To bg_ 

IK.NUT. PAKT • ANu, TZC(I.d) .Ll . TIGM GO TO 4» 
.10 LOnTINUL 

K = ATPBaPCHII,oj**PtXP ♦ CT 
üUKNL = K*IkoU1 

XLIUTII.d» = Xt11,JI - PÜRNL 
t _ 
L Gtt IF GRAIN HAG SPLIT INIO SPLlNTEKu 
L*»»**,NOTt Thai UtU UIMLNSIUNG ARt BEING ItSTLD, 

IM 00(1,J» .LL. 3.0*01(1,d) I üC TO 20 
.C_ 

KEGRES 
REGRES 
RLGRES 
RLGRES 
KEGRES 

.KtfiRES 
KEGRES 
RLGRES 
KEGRES 
KEGRES 
RLGRES 
KEGRES_ 
KEGRES 
KEGRES 
KtGRES 
RLGRES 
KEGRES 
RLGRES 

19 
16 
17 
18 
19 

-20- 
21 
22.. 
23 
24 
25 
26 
27 
28 
29 
30 
31 

_32_ 

KEGRES 
RLGRES 
KEGRES 
KEGRES 
KEGRES 
KEGRES 

33 
34 
35 
36 
37 
je. 
39 
40 
41 
42 
43 

.4.4 
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... ..mi fillip I I.n II J 'll.. 
. uw« w 

PPM 
' ' T T? ' ® “"'"I 

LHLAlt UlhLB bIMLNSIONS> 
uOtLT(l,v<) s 00( 1 <J) - tiURNL 
UllUTIliJ) = OllliJ) ♦ PUHNL 

KLGHES 
RUMl. 
HfcGRES 
HLGRES 

46 
JÚL 

LmLCULAU 0LÜ i>UU NLM VULUHLS OF A 
WOLU = HIÜF *XC ( IjjJ ) * l Ü0(l«J»«Gv«i»J) J?. FN*Diy»J)*uLLi«J|| > 
VME» = PiuF*XLTuT(i«'J>*( D0T01 Utvl*00TCl(ltd> - 

»_Fim»D nom. >L> *.0 ï ÎMJ Lit mJ- - i_ 

REGRES 
KESRIS 
REGRES 
KLSHL.¡t 

bU lu ¿U 
L 
C 
c 
c 
c 
c 
c 
\ 
l 

2u 

CALCOLA 1L OLD ANU Nth GRAIN VOLUFIES, _ _ _ 
AFIcK 'he okAIN MS SPLil.ltRF.O. VALOlS FOR TFE CROSS-StCUONAt 
area OF THE PaRUCLES go XNTO ARRAL^C and values for perimeter 

~gU~íMU ARRAY 01. IF THE GRAIN HAS oCaT SPLINTERED, ARE* AND 
FtRlNElEK have 10 BE IMTiACIZtU, IP I HE GRAIN HA« JUST_ 
SPLINÍtRt'D D0(I,j) 1S‘ APPROXINAtELT â.«QÍIl,w> AND IF NOT 
00(1.01 WILL BE LESS THaN DI(I.Jlf ___ 

CONTINUE 
IF ( UO(I.J) .LE. OI(l.J) > GO To ¿S_ 

REGRES 
RESMS 
kEGRES 
RLSRfS 
regres 
REÇRL8, 

46 
45 
50 
51 
52 

REGKES 
regres 
regres 
REG MS 
regres 
MSMS_ 

54 
59 
56 

. ST.- 
56 
55..,,. 
60 

61- 
62 
65. 
64 
65 

wHoLEC = .FuLSE. 
AREA = P1DF*(U0(I,J)*UU(I,J) - p A•ÜI ( I,y )w DI ( I,J)1 
Oi( 1,01 : 5.14*(0011.J) * FN*Cl|l.J>) 
oO(l.d) s AREA _ __ _ ... .. 

2b OEcK = BOKnE*(J • 5 
ÕÜTOT ( 1.0) = DO 11. J ) - iTTTT.JUgElR' 

regres 
regres 
REGRES 
REGRES 
REGRES 
R£SRES 

1F(lOTOT(I.O) .ge. 
UOK.T(I.J) B 0.0 
oiictu.oí = o.o 
XLT LT(I>o > = 0.0 

1•ÜL-71 GO Tu <7 

HEGRÉS 
HEGRÇS 
KEGRES 
KEGRES 
REGRES 
HLSBLS. 

66 

67 
66 

65 
70 
71 

PFiItTO 11 • J > = 1. 
oO TO 46 

27 CONTINUE __.__.. .. 
AGSOHE THE NATIO (JF PERlMtTER SUUaREu iO CRÓSS-SECTIONAL AREA IS 
CONSTANT _ 

~ õTTüfa.Jl * SwRT( ül(l.dl*OI(Í.wi/00(I.d)*DOTüT(I.J) 1 

REGRES 
M000525 
REGRES 
RIGRES 
regres 
RLSMS _ 

72 
75. 
74 
75 
76 
2I_ 

VOCOPIC IS LENGTH TIRES cKOSS-SECTICNmC AREA 
VOCC! s XL(l.J)*OU(l.o) 
VNLW = XLTüT ( I ,vj)*L)0U)T( 1. J) 

KEGRES 
HtGRES 
REGRES 
KEGRES 
REGRES 
HLGMS- 

5o IFivnEw .LE. 0.01 bO Tú 4b 

ULLTAV = VOLO - VNLW 

CALCOLAlt NciWbEK UF GWAINS PfR GRIC/^CçURE OF GRID 
FNCV = (1.u - PHlbofi.JH/VOLC 
1F(FAKT 1 PM. V = PNOV*(1.0 - FHAcI»I1> 
ILPiF = PNÜV*UELTaV 

REGRES 
REGRES 
regres 
REGRES 
REGRES 
RLGHES_ 

CALCULATE OaS RaSS bLNEKAILU BT BURNíNu PROPELLANT/GRID VOLUME 
UUTRBa.J» » TERPWRHOP_ 

KEGRES 
regres 
KEGRES 
KEGRES 
REGRES 
REGRES 
KEGRES 

104 

76 
163 

60 
61 
62 
65 
64 
65 
66 
67 
66 

.69 
90 
91 
92 
93 
94 

.95. 

— 

96 
97 
96 
99 

100 
101 
102 

i 



CKJrtIt eOKtSin htGRES 103 
_t* J-UliLiIuil_aJüiltV I * * >1 ) ♦. TLr^___ KL6RES 10»_ 

intAKTl oui ül 11 « J) = Ul'lUl ( 1 i u I * t 11 0 - FRACT(l)) ♦ UO( I « J)* HEGRES 105 
* FRAC1UJ _ _ _ KtGRES _ 106 _ 

IF ( HAKT ) Dili,1(1,0) = UI TOT ( 1 • <j « * 11 • 0 - F RAC T (1)) ♦ 01(1,J)* REGRES 107 
+ FRaCI U) . __ . _ _ K LIRES _ 108 _ _ 

IKCAHl) ALUDI,J) = Xl TOT ( I • o i * ( 1 • 0 - FRAGT (1)) ♦ XL(I,J)* KtGRES 109 
JL_ _FHACJlU_MF BRf 8 tin_ 

uu (0 Ht» REGRES ill 

. — __ - . RtaaES — na_ 
FnniUil^J) = Fhlbb ( 1,01 KtGRES US 

. _ KtGRES 119_ 
LUwTlWLt KtGRES 115 
i.VnU>mL--- -MF BRf K flfc_ 

REGRES 117 
RtURtfi    regres na_ 
t-KU KEGRES 119 



wUiJnuUI li.L HhHVLL 

C tMAr/u . 1 K , At,, KC , ..OX ,_NfaK , 161 ub , » M>8 . If'A Th ( bO . 5 I t ARí A(i ( t> I , 
i AhL«tii, AKLAC I^U) ilbMT.OlMrü.UIAfl ,Li A^2,OISi ,DÍl)27ÍjIsÍr»DiS'H ' 

'''O-AKit iU ,AKtMAA,U<Afi.i.hAP«2,l.HAP¿, l^OAP.AREAGMbin ,DAVG, 
ô ArttAh¿,uiAI^UT,iiELLr.U*blLHl G,IPSl» iKb* »KAOPÍ «bHIbh 
v.(jnnoi»/1 lOCk/T ii‘* .UtLÍ 
UJfiPUN/tbUb/i. ill) , 1 ¿L/H i l2UX,TWOlDH«oiCnihWbiTbO&J#ÜVAXlS«OVAXIT. 

t U X i U h « iX, i 11, 01)1 i hOH 
(.0nhUlM/K0hCk./hM.)hCL (bO . 51 .PF0H0T(6t .'sí 
LOrthUh/rViPrtiíO ,.'íuuCh,hC.'iJ(>l<,Phli,lL,t.tjt6(i5i 

Ll rthüh/ibNIt./POt Al fBI’tiii •tm'Jüuî ,86bbA * ThPBG * 
» htblC(‘j) .XLTClb) 

OUXIhON/F AlLLL V ItlCM tHhOOP,Pl.OhP,t 1 mC • XMUB «F AIU i PF AIL ( 60 ) • 
JL IXlCAtOb).Htnt1.TtF cl 

tÖflMOh/F« 1Hw/bPoÊhb.bFhÀu'(bt! .51 . AGl„br’.bGENEP.tXPbP 
oonhON/t rtO/LH«LFc,hH, hl-2 «HbJAP ,Bob lh *hVSP, XBGNP 
t Uhmoi»/! 'WMF LU/OU T Mhl' , OhKn , uPhh tF’HMxWfh DShR «CSPÑKS • PR MC OF 
COiiMUh/OPl / TLP ( ¿ ) «OtHic) «CEP (2) « F I uoW «PGALST 

oOnnutviNPori./LltC4:.LÒ.C>*,To.TIGh.ytC.,S.KHOF «PHÍb t TF .CA «HHOO • 
* riO.hÇ .OQ.alKhQP.hb.Oh. I X ONbP. OBCOi.S , TOTM 

C* 
c 
o 
L» 

0* 

JL_ 

L» 

CÕrtMOi./fóhE/IEhbTC 151,11 oBL, IbLGTC to). IhbP 
CGMM1UN/t)AG/PhlbO(tu.‘jt . WHOMGIbO.S», r cíG < 6£, 5 » , GBGtbO.b». 

VBGIoü.b). UPH(bU.b). WCm ( GO. 51 . i2i.(bU.S|. 
uOIMO(bO). ühAG(bO.b). XltKAb ( fcO , 3 I . QüTMB(60.5) . UPBDT(bÜ.b), 
WhlöluI6U.5)« HhObTtlbü.5). HßGTmfcu.b), LBGTD(bU.5I. 

1G « bO . 5 ). 1 bG I bbj b ). DOTMBG (60) .LoTMP(6C.St. Í*HIBP ( GO. 5 i ■ 
b PhiM o ( 60. b ). T2h t bO >, TbP ( bô. 5 )------- 
ulrtLi.iiuiv PPhOh ( bü . b i 

LOblOAL IGIVlT.0fjEÜ.LMAMl.ChAM2.ChA(>i0,cPIGN 
LOoiOAL PKlX.IOtbOb 
LOoXlAl RGjAF.OGSTF'.FtWEI 

- _u_f IA GhAV/32.1b/__ 
uaÍa Inuv/O/ 
UAIA AOKfo/O/ 

LALL U.LAH(PFUKCE(l.l).PFOK01(60,3)) 
LALL OLLAK(PPKoP(1,1),PPKOP(60,5)) 

_>ObH0Ul_lh{» HKFj/E L_ CALCUL A l tb UPUATEo FkOPELLAIïT velocity 
(aüSUMMo PkoFEUAM IS FKEL TÓ MOVE ) 

00 ¿I 1=1,NGX 
00 31 w=l.NbK 

-FJilBTL VAL.OLS_ShOuLO_ttE_POT INTO aRkkT PHIPG AMO OSEU HEHE_ 

.r?íA^L" ?’U'Pf,It f ‘1 *+ HlbG(l,JJ-PHI0G(l^l.d))/2,0 
IF(l.hL.l) PhlAvl=PHlAvt/2.0*(A,o-Pf,loP(l.J)-PFIlBP(I-l,J) 

*-Phlbb(1.O)-FHlbOt1-1,o))/6,0 
IMPhlAVE.NE.O.U ) AuHAo(1.J)=XUPAG(,,w)* 
J2« 0“FHlbG ( 1, J ) -FhlbP (1^,0 ) ) /PH 1A VL 
PhlBbd.dl = PhltíTü ( 1 «d > ~ - 
PhlBP(l,d)=P)iIF'TU(l,d) 
Phlbb(l,d)=P(.loo(I.d)+PH1BP(I.di-l.u 

1F(PhluGI1,d) ,0t. U.V9V) 00 TU 31 

MOD092b 
Mfa0092b 
M000923 
MU0Q925 
MUD092b 
MUDÜ923 
MU00923 
MUfifiâib_ 
MUD0925 
Mopgsjb 
MUD0925 
MUOOS2S 
MÜD0925 
MUP092S 
MUDO925 
M000925 
MUD0925 
MOD0925 
FiOUÓ92b 
M000925 
MU01115 
M00092b 
M00092S 
MÜD0925 
M00092b 
MUO0923 

9 
1B6 
185 
186 
167 
166 

HU0092S 
MU00925 
MUD0925 
MOD0925 
M0D0925 
«mm .. 
M001115 
MODlllb 
M000925 
M000925 
MU00925 
MU00923 
F000925 
F,001)925 
MU0092b 
M00Q925 
MU0ü92b 
HOPBtta 
MOD092b 
MU00925 
hU0092b 
MOD0925 
MUD0925 
H000925 

169 
190 
191 
192 
193 
llÍ- 

10 

- 11 
19b 
196 
197 
196 

V»_ 
L i.»lculatl Total pueesure ukauíení 

MOD0925 
MOOO925 
M000925 
MOD0925 
FOD0925 
MDÍ3Õ925_ 
M00092b 

199 
200 
201 
202 
203 
211!. 
205 
206 
207 
206 
209 
210 
211 
212 
213 
216 
215 
216. 

217 

1 Í1A 



FTw* 

L ♦ 
i±A_=_l£AlHauJl 
uO lu tlli.liJ,lü,10.15.1b«lö,l»<?0<<!u«<0<20)iIPA 

lu JHÜ* = - HCh<l4X*<J» í*ü.5/üX 
ut ro ¿b 

ib UHÜX = lHlhU-i,w) - PtHI l, J> )/0X 
ub IU ¿b 

_tW umx g (pCHUtxl - KhtI»Xivi) l/W_ 
¿í> bU.vliWUt 

»TKUI il,JJ = Al.KAMInn-MOPnx-XPMbtl, 
Hnllbll.U) = PhlÜGU.J» + ’ . II - PH„P(1,U) 

t _ _ 
L 1 nt CunKtL 1 vAtbEi) Püh aKkAT PH1BU PCbi cE PECCVEREU 
C utCAUGt CHAWfaLS ABE toUlM, TU »t WADE li> l-HlBP.fHIBPPPP THAT 
t 

Ji tUNIlNvjt 
luu UU Vüu usl,NüH 

1=1 
ACCLL^o, 

_ALttn s 
H. Ab s 0 

LT 1=0 
LI" ¿-0 
rtH = 0 
rtHjaü 

_sunnt 
bO.IAbb = 0. 
10 It-CtSQ, 

rblMAbsu, 
iCUUNI s_Q 

lCUM=u 
PükLl=u. 

«KllLlb.lÜóll T 1 Mt 

lui LUimUMUL 
aTUUM-stíEL^Eb-TEHU) 
IMUNUjI bü TO UO 
IM.Mbl, PtNtT ,ANb. J ,L0, lj GO Ib «MO 
iMU .bl. 1) GO TO HO 

_PW"XP_s2MbO.Efc»«LXPI •.GASaSTOOFP/FTubH j )»TlHt_ 
iMTint .GL. .ü00A)PRMiP=1.33E6*iExp|-.fc35*$TOOFF/FTUBR-l 

i •M"*-!) 
HKMXPSPHHCOF •PHMO’' 
Ubl-tt = PKMXt 

FOKCLSAK£AAX»(bGFCL-PCH(lBGNP,Jn 
«tum«». 
IMFOKtt .LT. ü.l FORCE = U. 
IMbbUAflj GU Tu 10A 
KbKM = ABRÑ ♦ 1 

__iMRclKb .bT • _1501 bü TO 103 
lui COMI IIMUE 

IMFQKCE »GT« TYFCL ) GO 10 103 
1 s !♦! 

_IF I 1 jEW, b) GO TO 600 
FOMCLSFORCL ♦ PPHOM(1,j)*OX*ARtAAX 

_ bü 10 102 
Iu3 btbHI a (1-PHlbP11 « 11)*6PU£NS*0X/2.*mREAAX 
_ ubUAHg.TRUE. 



iujl H’Mf AH/.Jx.tHl Kt 
Ll'HliKÜt 
III. 1U¿¿ [sl.NtX 

lUPhiH^i J ,d) ,LI. 
it <5c LUHlilMOt 
U.ÙÙ cU.^liUdt 
__ 
lu^l lh t^HUPU TlV .¿t 

= tm 7, X tïîHluul I ER BAC TIfS>AILEÜ) 

• VW) (iU TO 10J¿ 

— ,.lm. • « i_ • «WVI bO TO 10*44 

- H*l^ll.O)>*brutNS*CA«.*,tEAAA*hl.GHT 

M000923 
MQD0V25 
M00092S 
MOD0925 
MOD0925 
hODJDMS 
W000925 
nODQ925 

li/W *.0 
U7fc 
Gü Tc 1UHS 

lUVt) 

c 
L 

_C 
L 

) = 1 + 1 
oü lu 1041 
UOwTlWQt _ 
UrûubTP ) b j Tu 
1)-(.1401, BOdA«) 
inov=ihuv+i 
linOK=hUDlIflUV.lOU) 
IMlinuv .N£. oi GO TO 

_i+t iyu=ivti40»i_ 
lint. lONHNUC - 

lHGM-=lbGNP+l 
il/Vt) UUN11IVUL 

LLl=lbbNP+l 

1SIPP3ÍCNUÍCIITuuE)♦! 
_XHTwnP .LT. iGTPf) 1NbP=1stPP 

IMlivbP ,GT. Ithüb) lNbP = ltfJOB 
UlbbblP) NthOslubP 

VOLbG=tLüAT(htNb-IbbhP+l)*AREAAX*Cx 
PhlPP=i ,-iKtühT/ ( bPüLNG* VOLbG ) 
LL IObbsVOLBG/AhtAAI 

_ LbPsttICHtt/UX 
PbAI =ttTCMG/OA-FLuAT(LBP) 

Ibbi+P lütlvTlFItS THt FIRST bKIb W1TR 4-CaüE.K ÃFTCK 16N1TEK 
PAU FAlLUHt. LLl IDtNTIFItS THE FIHsï PACKED GrÏD 

IF (PHlbP .LI, o. UOl ) -,-- - F'hlHHcQ . OOl 
PHlbPlIbbNP.d) = 1.-F RAT*(i.-PHÍPPi 

_ 1F bü Tu 10V7 
1F(ÑLÑO ,LT. IhriP) bO 10 1047 
bbS I H=,I ROE• 
4K111 < b 1104b) ~ 

lU4b FOHHAHAX.lJHUbSTP ls TKuE ) 
bO 1ü 109 - 

1047 uühllNUt 
lub CÓmTINWE 

lo loab_|*ibbNP.t«tbb 
lobt) FUNLt=FORtt ♦ HFROb(l«d)*UX»ANtAAA 
_XDFQKQE ,bT. ¿50. ) FQKCt=¿t)0. 

1F(FuKCt .LI. lo.) FOhCE=10, ~ 

bHLK^LTC.mXLTCi+xt.Ca.+XLTC + . + XLTC.S ) 
tLf = S«LTC*(1.- .U314í)*( (FORCÈ-10. 1.,.645) ) 
VUoPsAKEAAX.tLl 
LtbPstof/UX 

_XF(LO) .Ll. ttTCHb) GO TU lp9 
lübhP=NtNO-LLbP 

POD0925 
HOD0923 
MOD0925 
F.QD0925 
4000925 

273 
-224.- 
275 
276 
277 
276 
279 
260 

4OD0925 
40DÍ925 
H0D1115 
"OQUIS 
H0D111S 

261 
262 
263 
264 
265 

J&b 

MOD0926 
4000925 
4000925 
4000525 
4001115 
40D1115 

267 
266 

23 
24 
25 

40D120S 
400111X 
4000925 
4000925 
4000925 
4000925 
4000925 
4001111 
4001111 
4001111 
4000925 
4001111 
4000925 
4000925 
4001111 
4000925 
4001111 
40D1111 
4000925 
4000925 
4000925 
4001111 
4000925 
-400-0325 _ 
4000925 
4U01111 
4001111 
4000325 
4000925 
4UD0925 

290 
291 
292 
293 

26 
27 

7 
13 

295 
296 
297 
296 

4001111 

299 
_20. 

21 
22 

303 
23 

305 
306 

24 
306 

25 
_ 2 b_ 
309 
310 
311 
27 

313 
_314_ 
315 

26 
29 

317 
316 

JX9.. 
30 

"I 

108 
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r
 

r
e
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t-KrtTii=LU/LU-FLOAl (LLLH) 
___ _kki=iiíkmi+x 

iüi» 

l'MiBHUtUJM',u) = i.-bl-6HI*FKATN/í VOÍH*tí»-üEÑS) 
BHi»*H=iíl.kXühT/(V©l.H!»bPlítNb) 
IMKrilfB .LU Ü. 001 ) HhIPBsO.OOI 
LÜNIINLt 
PMH1UUBONP. JlsHhlbfM IhbNK, J) 

L6ÜÜ_ _ __ 

-Ui>u 
U’uu 

—ULIL 

HhlHIUU , JlsHHlPP 

PMibP(ljj>sPhiHP. _ _ 
com inul 
i¿V6H=lb0.r4H-l 
UU 11^1 I = 1,NVJ>P 
HH1BPU.J>S1.U_ _ 
BhiMU ( 1 , J I ïl.u 
LUim*UL 
LP1=LL1 
LK^SNtN^ _ 

i»U ÎU HbO 
LUivl 1MUL___ 
1MLP«! 0 .AU. Hhlbb(l.ü) .LE. .t*PHÏ0) Gü TO 531* 

IMHhlbüUiJJ tLt. .**PH10) GO TO cuU 
PALPHSl.-PhlbGU.J) 
1PIM<-PM ,LT_. .OUI) PACP» = Ü. 
1M1 »LU, 1 ) bG Tu 111 
Ht-UKCtU-UJ) = (l.HbLà^ a.0-PHI0)»tFt IQ/PHlBGtl-l.Ji-l, 
BP UH L L ( U 1 « j ) ï ( J .‘♦bt3/U.O-PHIOl*,PrlO/PHlBG<I + l.J)-l. 

lHHFUKLtil-l.U) .LT . U.» PPOKCE(|.itM) „* 
IP (PPUKCEdtliu) .LT. U.) PFORCEtU.it«> = 0. 
FUKLK =_PPPyPtl,w) ♦ PFOKCE(I-JtJ» - pFORCEU+liW) 
1P ( Phibb 11 . J ) ,bT. Ptilu ) FORCH = PPkLb ( I. J ) 

MUD092Ö 321 
PI00U92S 322 
M000923 323 
MQQA925 32<P 
PiuOUU 31 
hODJ)925 326 
Pi000926 327 
HÜD092S_32fi_ 

0))/OX 

lu 
GP.Ai>G=hhOP*FACPH 
aÇll = 0. 
IPtbMAbS .tb. 0.) bU 10 120 

ULT HKUHtLLANT VELOCITY IN E.ACH GRlO 

ACLL = FUKLR/GHASS 
x¿\, uLLUK = ACCL»OLLT*bKAV .. 

uKuUIU.j) : UKolltU) + ULLUK 
1M1 .LG, 1 .AM). uP’büTtUJ) .LT, 0.) uPBOT(I»>J)= 0, 
1PI1 .LU. NGA) GO TO tiuü 

l'ju 1 = 1P1 
oO TU 110 

» iüLNTIPY THL Plhbl bltlG TpiaT 1S PACalL FULL VlTH PROPELLANT 

2UU LU = 1 

h00092S 329 
nUQ2925 330 
MU00926 331 
n00i)929 332 
hUD0923 333 

. K0D0925 334 
MOD0925 336 
K.Ü00925 336 
nOD0925 337 
MOOllU 32 
MÜD0923 339 
nuDfl923 ^ 3H0 
PI001215 13 
PIOOX213 1H 
«000926 393 
«001017 b 
PUD1215 16 
«001215-_ -14- 
«000301 25 
«uDI215 10 
«001215 19 
«001215 20 
«001215 21 
«oni?i5 
«001002 9 
«002225 396 
«000925 397 
«002925. 390 
«000925 399 

-«002925 -3-5ÍL 
«001215 23 
«002925 352 
«000925 353 
«0DQ.925 359 
«000925 355 
«000925 356 
«000925 357 
«002925 356 
«000925 359 
«002925 360 
«000925 361 
«000925 362. 

USU«sU. 

¿Oc LONIIMol 

fi 
C P1R6I bLl ACCLLLR AT ICI, 10 bKlU l.J 
_ PLPPtsl > «PPtlbb U,U>__ 

IFtPLPH .LT. .UQÍ) FCPti=0. 

«001017 
«001017 
«001017 
«001017 
«001017 
«001017 
«001017 

7 
e 
9 

10 
U 
12_ 
13 

109 



'WWW nnpmniH 

o*ASi>skhOH*FlPH 
_rtCCLSU, 

IHbnASS .(.g, u.) bO 1 b ¿11 
AU.L=khKÜk(X,J)/GHASî> 

¿il tJti-UH=ACCL*UtLT*bKAV 

. otdU!ll,j)=ukBU, 

nuomr 

nflaini7 

_fe_uow Itbl FQh i>tHMhflT10H üF PACKt-U ÇHIlS IMP TbO 6H0UPS 

noomr 

nooiaiz. 
M001017 
noDiau 
HÜD1017 
fltffllOlT 

1H 

-14. 

iMi bO TO (¢12 
1F (Ut-bül ( 1 « J) , GT . UPPO» bO TO 525 

¿12 ÇUnUNUt 
ÂÜnFLt = SUHFCt + PPkOPti*0| 

_bOWAbb s bUWAbb * HHQP»M.PH 
ÄLLLF s o. 

IKbOWASS ,£w. 0») til TU 231 
AtCLF s SUPFCfc/SuMASS 

»Oi aLCL = ACCLF 
UtLUP s ÂCCL*OtLT*bKAV 

_ObOfi ° UPBa«J> •> UbpFl 
OPPU = USOfl/N ♦ OELOP 
N s W ♦ J 

HOO1017 
MUDlfil? 
MOD1017 
nooioil 
h0010l7 
f1flDAQ>7 

16 
17 
16 
15 
20 

_21_ 

MOO1017 
noomi 
MOD1017 
HOD1017 
H0010Í7 
n0Dl0l7 

22 
-14 
24 
25 
26 

_2I_ 

IFJLH .E,b. 1 .AAO. OPPU .LT. 0.) bk, |0 46<f 
uü lu 520 _ 

H0 0 JU bu U IsLF1.LF 2 
bob oPbOTU.ol = Q, 

1F1LF2 .tu. NbX) bO TO 600 
b¿0 1=1+1 

IF»PMlbb(l.J) ,bl. ü.2*PM10) FLA6*0, 
it’11 »bT. FibX) bO TO 530 
ÍF(FHibb(1.0) .bl. 0.2*PM10) GO TC 33w 

N0D1017 
WPO1017 
11001017 

HQA1017 
M001017 
WP1QW 

26 
JÍS- 
SO 

-SI¬ 
SO 

■ SS 

c* 
c 

lUtwUFT TMt Lagt Gklo IN THE F1RSI «HoUP OF PaCKLO GRIDS 

MOD1017 
M0BJIS25 
11001215 

HQfifiSlS 
H001219 
MQDQ625 

34 
.35 
Sb 

ML 
36 

_35_ 

LF 2*1 
v>U lu 2^2 

b¿b FLAbsi. 
b30 JO 533 laLFl.LF¿ 
b33 UPöimi.J) =UPPü 

H00092S 
FiODjBJlÖ 
MOD0925 
MQ0Q925 
H000925 
wapfigis 

40 
917- 
24 

4U 
25 

.920 
421 
922- 

1F|1 .bT, NÚX) bO TO OUO 
IF(FLAb) 700 t 7ü0•b34 

b34 nFlsi 

« •' 1 
USUFl - 0. 

bJa lOIFCtslOTFCt ♦ FPKOP(l,J) 

11001115 

FIQD0925 
H00092S 
HODÇ925 
11001017 

nOD10>7 

423 
124 
425 

-124. 

L_ 
L* 
C 

UNU AVthAbt VELOCIIT InLKLASE FOR 6lH««ATED GROUP OF PaCKEü GRIDS 

F F PHsl.»PHiöb(1. o 1 
1FI FLPH .LT. .001) FLPH = Q. 
101Hrt6=10TPAS4KHUP*FFPh 
aCLLH =0. 
IF(TU I MAS .EU. 0.) bO 10 541 
ACLLH s TOTFLE/1UlnAb 

b41 UtLUP*ACCLH*ÜELl*GkAV 
HF 2 s 1 

H000925 

11004925 
M0D0925 
11000925 
11000925 

-hOfllgl? 

29 
-928 
929 
430 

41 
—92- 

uSUHsUFt) (1 .d) ♦ USUFi 

M001002 
FI000925 
FIUD0925 
11000925 
FI000925 

-rtOßlfilT. 

431 
932 
433 
434 
435 

43 
11 

436 
439 
440_ 
441 

44 
HOD1017 45 - 

f '• “»9 

110 



jFHli S l'SUM/e ♦ utLUh 

-¡L-g-S .,1,,.1___ 
buu CUWllNOL 

ut III bl)IJ 
UU bou 

tun mI'öijI • i » J )=y • 
UU lu DUO 

-unu i -*_JSt2_±_l_ 
U 11 .bî. ub*) Go 10 bfab 
11- (KiilUb ( 11U ) ,61, U.t*HHlu) GO TC (,6., 
uü lu ÜÎ5 

buil UU bbf l = nFl,«l-¿ 
bo7 uHdUllliJ) = UKI'U 

_o/U OÜHlllWOt_ 
IKthFü .Eu. KbX) GU TO ¿ÜU 

_ „/U U FLAG s p, 
7£U uU IU 110 

_ ouu comiiNuE 
lUHhll) hHlTt(b.73i)LH.LF2,J 

-6)^, HHLF X = 1 tlHWF¿=l5.ÍA.¿rJ=l3» 
IMPKll) bHllUb,7i3)MFl.f1Fa,J 

-J ¿i Fukdai I/,«JX»HMhFl = l5,3A«‘+hi>iF2=15 «3*121*0=151 
bou OOmllNUL 

_ KtlUKN 
ENU 

M001017 <46 
muau_ü 
M000925 *46<* 

_ MQQfl920 <460 
H000925 466 

_ MOOD925 <467 
n00l017 46 

-MÛfl09?S_itï 
MOD0925 470 

_ MQÛ1215 26 
n000923 472 
11000923 479 
^001115 30 

-11000923_475 
M000923 476 
n000923 _-477 
44000925 476 

_ «000923 479 
11000925 460 

_«000925_4SI 
«000925 462 
«000925 483 
«000925 464 

— - «000923 985 
«000925 466 



¿UuKUUUNt HMJHtL 
.!>uHN0UT1N[. hHC'üOCti» IHt AÇTUAt rC^ntNT OF PROPELLANT 

cunrUN/cHAM/jx,ih,ABtj<u.«bA,N6HtHtÂs,UN0BxU»j«lit4úiai têflLââli). 
t ««»-ACH.Artl ALtbü» .Ibnlll .0NtD.DIAhi,ulAH2,CISl,UlS2,0I5a,UlS%* 
i. AKLAh(bÜ>,AMlrtAX,ChAHl.CHAh2.ÇHAhii |UH6AP,ARt/»(iH(feQj ,UAV6« 
* «KLAH2,01 AM* t »ijELLMMtLUiFG, 1PS1, iFí>2,RA0FS,BPieN 

. i.onwuN/tLOCA/nlU.ptLT _ 

LOnnoW/l.gNS/0lLiX,T¿LiM.I2UX,Tl«0l0R.u|LKtHWB*1WüGJ,0VAXlS«0VAXIT, 
> UX , UK ,NX|GO«TkiUC)l i HbP 
LUnr.uN/l.HAIiM/ XL I b J « 5 ) • l>O<60.5)« u i t GO «S) • FÑt 

1 XLlultbO*5l* UOTDI(bO,S), PJ TOT(6u,ij« XLQ, OOQt OIOl 
¿ aLoUCU)* UObtlOU), Ulbl10U)• UXld«íOOÍ. LOOb(100)• UÜIB(100) 

PROPEL 
CHAftlí 
CHAMIX 

ChâfüX 
CHAMIX 
PHQPEL 

—^ NPU T b/Ç L» Ç 2_1¿3 .C^IQ^TIGNiülCuS» WHOF , PH 10, TF. C A » RHOO. 
» HU,P0,U0 ,GTKhuP,Uki«üi'i, í 1GNBPiOBCUnS , TOTH 
UOnrüN/SPLIwT/mHULLL,WuCLLB 

CWNS 
LiàNSL 
GRAIN 
GKâlN 
grain 

JJÆJUiL 

LunflUN/PKU/LUtLFatHU.Hbï.HUJAW.Bbbll-.NVSPtlBGNP 
LUnruN/K/IPrtlNl ti“OUCM,rtOUGR,PRH,luLBv,G(3$i 
v,u«hon/bAG/HHluu(bU.5), KHURG(bO•9)« ndb(GOiS)« UB6(60,5)t 

VbbtbO.5). uPb<bU,5), PCH(60,51• UC(60,*)« 
UUIhlGibU ». GbAG(bd,b I « XORA6(6o,5m OOTPB{bO,5), UPBOTiGO.bJ, 

INPUTS 
PKQPXC 
H000925 
MQM5Í9 
BAS 
MÂ_ 

PnlbTu(bO*5), HhOBlutbO.S). HBGluic0.5)i UbGTU<G0|5M_ 
H WbblO(bo.b).THG t bü.b)tUOTHBG(60|,Lo THP(6C,5)«PHIB#I¿Í«S). 
b PHlPltibü.b»,T/h»60).TbPlfeO.bJ 
LOGICAL IGNIT,orED,CHAril,CHAH2.CHAMj,LPIGN 
LOGICAL frHOLtC.wHOLtb 
logical bplefT “ . ' 
LOGICAL PKll « lUL'BUb 
LOGICAL BGJrtH.dGSTP 

BAG 
ais.^ 
BAG 

CHAMLOG 
_PRgPEL_ 

Ç 
C 
L 

‘c 
c 
L 
C* 

AKKmY OPbOT IS LLEAHLO IN HAIN AT Eal> TIME INTERVAL 
UPOA1LU VALUES OP POxoSlTT I FROM REGwEa > GERE PUT INTO ARRAY PHIBG 
li« PHPVtL, UPOATEU VALUES OF UPß ^^HC^ PRPVEL) WERE PUT INTO 
AKKAT OPB IN PRPVEL. UPUATtO GRAIN uI,-ENSIONS (FROM REGRES) WERE 
PUT IMS ARRAYS xl. 00. 01 IN REGRES. 

M000925 
MQP0S« 
M000925 
PROPEL 
PROPEL 
PRQPEL, 

O0 lu 0-1,NoR 
UP 10 Isl.NUX 

XL 

PH1BGU.J) s PhlBTO(l.J) 
XH1.0) = XLlOld.J) 
UOU.O) = OOTL'Td.Oi 
Uld.JI s ulTuTd.o) 
CON11NOE 

PROPEL 
propel 
PROPEL 
PROPEL 
PROPEL 
PROPEL 

UO Bu 0=1,NGR ~ 
00 7u ISI.NGX 
1NLRL = 1 ' - 
rtSI VELOCITY IN ITh GRlU TO OLTERPilNi. INTO WHICH ADJACENT 
GRIU I HE PRUPELLAMT wANlà TO FLOW. 
IF »LPBQTd.Jl.LT.U.ÜdNCRE = -1 

ITTUHbLÎ (l,J).tG.O.ÕTli\iC«È s O 
IT WO = I ♦ 2 * INCKE 
lONL = 1 ♦ INCKt 
UPI = UPBOTd.o) 
1P d .LU. 1 ) GO 10 1b 
IP ( U .EU. 2 > GO TO 12 
aHLAX = AREAL 

PROPEL 
PRÇPfcL 
PROPEL 
PROPEL 
PROPEL 
-PROPEL 
PROPEL 
PROPtL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 

11 ) 

PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 41 

1 

112 

INÉÉI 



MHUIMt i «KtrtL ( lUt.t ) 
- AMWU - fthLAL UI^O) 

AKt/t^l = ÃrtEOC ( 1 + 1) 
AttLAhi = Af<t/'.L (1-1) 

ll It 
le AKLAa = A«tAh (1 ) 

AhUIMt = AHLaK ( lu) t ) 

_«hj>¥._=_&!'UA*. ( 1 ThQ ) _ 
AILAH1 = ANEAR (Ul) “ 
Ahi.A-1 = AKEAh (1-1) 
UO lu 10 

lí) 11 (J .tu, ¿ ) oll 10 1c 
ARtAa = ARtAt ( 1 ) 

-JihML .=_ä.hL4k J luNL1 
«RIUU = ARLAt UTkU) - 
ANlAHI = ARtAC (1+1) 
00 lU 1b 

lb ARtAA = ARtAR (1) 
MRUNt= ARt AR ( lüivt ) 

— - AÜÜÍV_.= _ARLAh_ 11 LIíWJl_ _ 
ARtAR1 s ARLAR (1*1) ' ~ 

10 tOMlNOL 

LALLuLaTE Iht AUuACti+T 0R1U RASS BalAi.CL papareters 

U*u " Hhlu0(Auf'L,J,,*yE«-^i.HbME*AB51UPUUT{IüNLtJ}) 
U«HI - ( l.u • Phlbb (I•J) ) *UELT*ÄKlAatABS (UPBDT(I*J)) 

_ . -ur»K12 s .... 

uEILkRINE IF THL AUJACtM ORlü LlEblV A BOENDARY 
1 lu^t.tin.l) 00 Tb ¿0 

ORPlÄsd.O - PH1BG ( I TWO i u I ) 

¿U 

o u 

iH (RtUAT (XNCREltuRbLiI ( 1T«0.j),LE.O.u) 
1 *Aub ( UPbl/T ( 11 wC • u i )*bELl*ARIUU 

RERRURR RaSS HALARLE ClM i + l*lNCRE UrIw 

ÍuAtMoEÍ11ÚÍ!- - QPPI) s IAROMEuDX)_ 

Rhlli = PHlöUl IUrE . J) ♦ ¿.U«(ORPU . L<1h'l)/ (aRONE*D*I 
IR IHL rEMJL I Xhb AROUM cp RRURíLLarI IN THE I + INCKE GRlU 

LtLuNOt™^* 11 t''1' SET ''ttOtiliES. EOLAL IN THE TWO GRIDS 

-JPJL*BAÜtEl) .1.1,,. Q..giil)URl = OtCL^ _ 
URoüT U•J) 2 URI ' 

LalLULmTE PARARETERS PyR THE ITH GríL RASS BALANCE. 
UHRIRl =0.0 

bi^Rlrtl - J'f ” ,*I)ELT*AHt-AJ,**tlS • UPbDT ( I. JI I 

ALU = ^kUL+ugj 
ALU-lf J) 
UU(I+ltJ) 
UC(I-l.J) 
Ul(1+1.U) 
UI(I-l,J) 

all 
uou 
UOL 
UlU 
Ult 
UP M ■ Ubl 1 + l j Jj 
URL = URb(l-i.U)' 
UlU=UL ( I + l. J) 
l/UL=)tC(l-l,U) 
UEILRRIME IR THt ITH 
ÒRLUIAL TKtAlhtlnT. 
|p U.m.ll Ut 10 HO 
IR(ÜRbbl(1+1,J) .LI. 

U«lu LltS ON a bwUNUART FOR 

O.U) UHRIRl = il.u - PUBGUVl.dl) 

PROPEL 
PROPEL 
PROPEL 

PROFIL 
PROPEL 
PROFIL 
PROPEL 

PROFIL . 
PROPEL 

PROFIL 
propel 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 

PKQELJ. 
PROPEL 

PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
H000925 
H000985 
Rooms 
tíÜMSIS 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROFIL. 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 

_ 
44 

45 
46 
47 
4b 
H? 
50 
51 
52 
53 
54 

_ S5 
56 
57 
56 
59 
60 

_6X 
62 
63 
64 
65 
66 

-67_. 
66 
69 
70 
71 
72 
IA_ 
74 
75 

492 
493 

27 
495 

62 
63 
64 
65 
66 

—67 _ 
66 
69 
90 
91 
92 

— 93_ 
94 
95 
96 
97 
96 
99 

10U 



HW"» ' .. 1 ihTfrwn* • - «w'-"T1"' 

**u 2.0* 

1 »Litt I »AKtAt 1 • Abb ( OHfaüT ( 1 4 1 i J I ) 
_.ih (UPUlT ( I-l, j> .El. Ü.0» ÜfiFIHi i n.Q - Ph XBG ( X-l, J) > 
i *UtL|*AKtAPil*ÃBi>(UHBül(Í-l.J) J 

ob 1U t>0 
IMi .LW, l .«NU. UPbül <2.J) .LT. 0.0) DHFIP1 = 

1 (1.0 - HHIbfa( ? .J))*ULLl*AREAPj*Afa^(oPBOTXî•J)} 
urPl = i.u * OhPl 

_^Abb BALANCE OM TMt ITH l»KXD_ULD£ltH,-XNE NEK VALUE 
01 PÕHÓSITY 

bO oOn1inot 
1M1 .LU. Alb A .AUO. HX .LU. 1 .A^C. Lr BUT ( I « J ) .bl7 Õ. 

* unn s 0. 
1H1 .Lb. HbX .A (.(). I.X . LU. 1) r«PlHl = 0, 
HH1I = 1 Hlpbl 1 • J ) + (UrtPl-UHPIPl-ChHXf-n/t AREAXUQX) 
IP ll.NL.l) 
XLL = ALU 
UOL = UOU 
OIL = Liu 
UPL = 0.0 
I¿LL=I¿LU 

ou to e>¿ 

t XKPH1I .01. .B999B) 00 10 63 
uPBUIll.J) = ( UPbUTlI,J)*U.O - PhiBu ( 1 . J ) ) *AKEAX*0X 

1 ♦ UPLAUWPIPI + UKL*riHPlMi - (XPM>V(I«J|*OM*t )/ 
Í ((1.0 - PH1I)»AKLAX*0X) 
IP(UPbOT(1.1) .lT. U.) UPBOT(1.1)30. 
IHUPBCT(1,2) .LÎ. 0.) UPBOT(1.2)^0, 
XLlUrU.J) 

1 »UtiPIPl 
U (unULEC) 

1 ♦OMPIPI 
11(UhULtC) 

1 »uivipi 
IP (121.(1,0) 
ill 12L(1,J).LT.T1GM) 

a (XL(I.O)*(1.0 - P*HÍB0(l,w))*AREAX*0X ♦ XLU 
♦ XLL*bf(PlPl - XL( I.J)*LlPi ) / ((1.0. - PH1I)*AWE.AX»DX) 
UuTLTd.J) a ( 00 ( 1,0 ) a 11. o • PHÍBG (1*01) *ARCÃX*OX ♦OOU 
♦ UUL *Uf(P Ihl - 00(1,0) *LPP i ) / ((1.0 - PHI I ) »ARtAXaUX ) 
UlU'T(I.O) = (OI(l,O)a(i.ü-PhlB6U,‘O))*ÃRÊÃX*0X 4 OÏU* 

♦ LILaUPPIHl - oni.QiaPlitd) / ((1.0 - PHI I ) aAKEAXaQX ) 
.LT. O.OOli IZC(l.O) a |¿CL 

T2C(1,0) = (TZC(i,w)* (1.0-PHIBO(1,0)) 

L 
C 

6 A 

fU 

bU 

CONI¿NUL 
PHlBTU(l,0)aPHlI 
LONlXNut 
LUniANtULu 
UP tXlSUNG 
COnTINUL 

*AKEAXaOx ♦ (¿LUaÔHPÏFi 4 TZCLaÕWPItd 
-T2C( I,« )*OPPIi/( ( l,0-JPHII )*AREAXaLX ) 

OH A IN S12L UmSLU ON A PiAÜd AVERAOL 
PKUPE.LLAM U11H THAT AULEi. • * 

JLU MAVL 

_HL2U,<I'‘ 
LNU 

HLbULlLU IN BLlTtl UPT1M1ZATION 

PROPEL 
PhfiP£k 
PROPEL 
PHOPtL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
P0D121S 
RU01215 
R0_DIZ15 
R001215 
^kß.4g» 
PROPEL 
PROPEL 
PROPEL 
PROEEL 
PROPEL 
PROPEL 
*001205 
PROPEL 
PROPEL ' 
PROPEL. 
*000925 
MO00925 
proEel 
PROPEL 
PROPEL 
PROPEL 
PROPEL 
PROgEL_ 
PROPEL 
PROPEL 
PROPEL 
PROPEL _ 
*000620 
PROPEL 
*000925 
PROPfL 
PROPEL 
*000620 
PROPEL 
PROEEk. 
PROPEL 139 

114 
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oUbNOUIlNt AOlüKAbXill.iî ..0) Oh A 6 

i.UmUUIIlME ùlUb C aLCUL A1 L b C uHHENT m.C JPLATEO VALUES FOK QKAG 
l.M (ht AXIAL UIFLCTION >,00 0PUATE5 UiC) AOÜ VTpT, 
lut AU I UAL OHAG USE L 10 THE FIMlE uiFl- EKENCE CALCULATIONS IS 

AVLhAtt CF Tut CUKHfcNT AND UPUAHl vALUESt 

_ ktíññVüzeMHW,hi:iuwiii_j<Hof.(jooi.i ^v>10u). ughoo>^ 
1 Pblloo. TG(lüO)« Pf.üumot;, GultO). UCHAG(IOO). FKICTdOO). 
t OCUNv ( 1UÜ I i UUP 11UU ) i uPHI ( 100 ) i uhr OG ( IOC i i UhG(100)f UUGlll/O). 
5 AT aSG 11U O I i Af*,)'' ( j Ob ) • ALNER ( 11)0 ) » L APASS ( 100 ) » UAPON«100)* 
•t UAENthllOUi 

CUMhUN/aVGIjT/P»iOTu F »PhlhHO.Hhl ave «KiiCh VE *UBC AVL.UPBAVE • 
-A_ulAd-LVlibi» ikiVJUT_ _ _ _ __ 

tUnflUN/CLl'Lh/ T IhE « UELT 
DUrihON/t,«bt,jN/VTSGiEKUE 

LOnnON/bMAIN/ AUfcl/.S). UO ( GO • 5 ) i ^1,60.5)» FN. 
1 XL1uI (GO tbit UQU-TibU.S), DITUT(6b »t/1 XLO < UOOi DIO. 
«. XLu(luo). LUu ( 100 ) » UlbUOO). UXtodOO), IDOB(IOO), UUIBilOÜ» 

-^UBñUN/hihlñV/BhUEN»«.UhrVAU<bQj5L.Aiiu.tr .bGENEP.LXPBP_ 
LUrtMUN/bAG/Pr.lE'G(GO.b) . «HOhG < Go . S j , rdG«G0»5), UBG(G0.5), 

X Vt^ibu,;,), UFù(oUtb). PCHIG0.5Í. IxClbOif). 
UUlriG(GÜ). GBAG(bG.b). XPKAG(61,S I. DOTFB(G0.5), UPBOT(60. E> ). 
PMbTUibü.S). HhUUTutbO.5). HBG1 uioO.5).. UBGTUiGO iS) i 
VüGlU(GU.b).TbG(bO.b)«UOTMub(GO),LuTHPI6C.5)iPHIbP(60•5)« 
hiPimbu.ti) .TZMbipjiaPiGii^j__ 

LOteiLAL I Nb 
UAIA GKAV/á¿.l6/ 

uRag 

DRAG 
ÜKAG 
DRAG 
DRAG 
BAfifil 
bARRL 
BARRL 
bARRL 
bARRL 
DRAG 

DRAG_ 
URAG 

huoma 
grain 
grain 
GRAIN 
PRimr_ 
BAG 

BAG 
BAG 
BAG 
bAG 

8 
i 
H 
5 
6 
7 
S 

.a 
i 

. H 
5 
G 

10 
IL 

IHE LuGitAt VARlAbLL INg IS ,TRUE»_ 1e öJBROUTINE DRAG WAS CALLED 
EbUii u UNE-UIRLNS10NAL STSTER WHERE 1R1.RL IS NO RADIAL VELOCITY 
AÜÜ. jLAL&LtLL,UvLLLL_ljiir_f' A -SYSlEf-»iuJii JmERE IS RaDIaL velocity. 

A AND B ARE the same IN BUTH THE A*1áL ANO RAUIaL CALCULATIONS. 
IHl «UUTINE CALLING URAG SHOULU HAvt aLREADJ CRECRED THAT PHIaVE 

lb NOT l.o. 
1PUNB) 60 TU S.. . ___ 
uM=(l.b»UO<1.J)*DC(I,U)*AL(I•J) ) 
IF(Uui11JJ.LT.Dl( I ) ansu.evGwtLou-uIO)**£*XL1I»J) 
1KUM.LE.0.) Uh=l.E-b 
aR=Ufi**0,333 

VPKUP=0.705<**XL(I,J,*(UO(I,01*00(1,0J-7.0*01(1.J)*DI(I.U) » 
i E-iyp-RUP.c T.i.t -S.ÍV PüUhí 
VbP=H.lb9*ÔPKAD(I,J)*bPKAÜ(ItJ)*BFRAC,I,d) .* 
IE «VbP _ ,LT.l.E-&)Vbp=l,t-5 
■ERMP=«PHlbP< l.Ul-EHlbuU.d) ) /VPRCp 
1EKMbP=(1.0-PHlbP(1,d))/VBP 
IE ( ( TERRPtTERMUP) .LT.l.f -DÍ ILiifusl.t-^ 
Y T>GG=32.lG*>UM*TERHP*¿ .U*BPRAU(I,v,•|EKMBP1/< TERMPxTERMBP) 
GO TU 7 ' 
ur.=l,!>*00B( I )*UOb< 1 ) *XLb ( I ) 
IF (ÜOBi1 ) .LI.Ulb(1) ) DM=I0.8HH*(OCt-C.O.**2»XLB(I ) ) 
IMUM.Lt.O.) DM = l.L-b 
un=un*»ü,333 
ylSGGS32.1b*DM 

URAG 
DRAG 
URAG 
DRAG 
DRAG 
UKAG-- 
drag 
URAG 
DRAG 

DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
DRAG 

DRAG 
DRAG 

DRAG 
URAG 
URAG 
DRAG 
DRAG 
DRAG 
UKAG 
DRAG 
DRAG 
URAG 
URAG 
UKAG 

12 
33 

2 
3 
4 

2 
3 
4 
5 
6 

17 
lb 
19 
20 
21 

23 
24 
25 
26 
27 
¿b 
29 
30 
31 
32 
33 

JJL 
35 
36 
37 
36 
39 

_40 
41 
42 
43 
44 
45 

Jkk. 

H5 
4 



o
 r

> 
«-

'¡C
'. 

r-
 

■PlfWIWWW 

1F (VIJ>t5.6T.VTS&)WTSfcfa = V1SG 
XF(HhAAVE .LT. 0.1» PHlftVEsn.1 
í>MAF't*0 • 7 ♦ ' — . 
XMJ »tl-. 1 .OH. ÜOjU.j) .le, U, .Uh, KL(I,VJ .LE. qt) GO TO 9 
ULFF sU.S*00(I,d)*0ü(ItO)*XUI,J»)**g.33S 
óHAPL«ULFF*ULFF*(OÜ<-í,d)*(XL<I.d>*,s#boa.d))) 
1F (SmAHL .LT, Ü.D ShAHE S 0.1 
LOWTlWUt 
CONST 

ÜKA6 

2.0«FKtTF*(l.-HHXAVU/ : SH«PL«r HIÃVEÃ VTSCT 

A = CONST*KHLiTÜT 
b = 2.0*PHÍKHO/(l;LLI*Gr<AVi - 

lyt FOLLOWING CALCUL ATIONS I NC OKPÕHm) rWSIHULTANEOUS SÚLUTIÚNr 
TM oKaW LWUAT 1 Cn .ANU H'.llfc DIFFc.Ht.NCt. ECUáTIONS FOR UBG 
TO CALCULATE THE uFUaTEu wuaNTITy Fuh lBG EXFLICITLV... 
calculations are done in ihe follogiug sequeace < orxt and 
uKxiui Ahe the current anu updated ohaü in tfe axial oirectíoñT 
__lj_ CONFUTE DKXI 

21 CONFUTE UTU1 - UPlÃVT, T^RUJ, SHlCH 1S tHE- 
SOLUTION OF A OUADRATXl aND THEN GET UTOT 

â) CONFUTE OHXIUT - - 
<♦) CONFUIE DKAGX 

H00101A 

HODlOlá 
HQOiOie 
MOD101Ö 
MQDlOlt) 
MUQUIS 
DR AS 
UHAS 
DRJ® _ 
ORAS 
UHAS 

46 
Jtai. 

DRAG 
UR&6_ 
DRAG 
ORAS 
DRAG 
DRAG 

4 
_ 5 

G 
7 
a 
5 

34 
SU 
31 
»2 
33 

-5*t_ 

_OlFFU = UbbAVE - UPUaVE 
iFTÂbSTüIFFüTiGT..0001)60 to 10 
UKAbX s o.O 
OU Tu 40 

DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
PM» 

5b 
36 
57 
36. 
39 
-ÜL 

XL URAT = CONST*RhOAXL*DlFFU*ABS(DIFFO) 
.C = URXT - b»(UTUT-UPbAVt) 

UlSCKM = B*B - 4.0*A*L 
XF (UlSCKN.LT.0.OIGO TO I 
UNO = (-B ♦ SORT (L XSCHf. ) )/( A +A ) 
uO TU 30 

DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
.QMS 

61 
62 
63 
64. 
65 
66 

20 . OlSLHP = ♦ 4,0 * A * C 

__ £. 
UMO = (U - SORT ( (JlSCKP ) i / ( A>A I 

DRAG 
DRAG 
DRAG 
DRAG 
DRAG 
QMS. 

67 
6« 
69 
70 
71 
72_ 

3o 

Jl. 
c 
J 
L 
C 
c 

UTUT = UNU ♦ UPbAVE 
UKAIU I s A*UNU*AbS(UMU) 
UKAtoX = (UKXT ♦ URxTUT )*o.b 

DRAG 
DRAG 
DRAG 
DKAG 
DRAG 
DRAG 

73 
74_ 
73 
76. 
77 
JE». 

.40 XF(XNB) KETuRN 

UPDaIE WlUT, URaGR DOES NOT NEED To Bw calcilated since it is 

^HLlClTLY IN ,HL F*Nt't ClFFbRÊNCE EOUATIONS. IF( ABS(VBGAWE) .EE. 0,0001) RETURN _ 

URKT = CONST*KHOAVE*VbGAWE*ABS(VBGawEj 
L = URKT - b*VTUT 
UISLKM = B*B - 4.0*A*C 
IF(UlSCKN.LT.0.0)GO TO GO 

_j>_T.UT = (-b ♦ SMKT ( OISCWN ) »/ ( A*A ) 
KLIUKN -- 

DRAG 
DRAG 
DRAG 
OMS 
DRAG 
QM6_ 

79 
ÔCL. 
61 
»2 
83 
— 

DRAG 
U«AG 
DRAG 
DRAG 
DRAG 
-UMJL 

83 
06. 
87 
68 
89 

.?g_ 

DRAG 

91 
92 
93 
94 
95 
9Jl 
97 

1.16 

I 



..T. ‘i+ii'Aií_ 
W7UT = »B - SOkt(UISChH)I/(A+A) 
KtlUKN 

_ 

UHA6 
ÜKA6 
UKAG 
UKAG 
UKAG 
UKAt. 

9» 
—S2_ 
loti 
1D1 
102 
1Q3 



7 
m 

l 
Ç 
L 
c 
L 
t 
C 
c 

L_ 
L 

CiUUKoUl 1NL Qi>MKOP(K(JtHKO<KtCVO«CV^ttV«P«H«T • HHÕ • U t V « SAH<CP i IPKUP ) 
tonnoN/LwWS/Uj ux , UüKi 1 2U K , T WOT PR . L( 11M » HhB 11W06 J . OV AX IS10 V AX IT . 

» üX.UH.NX.GJtUÖUl .HUH ^-— 
jXIA XJUL/77U.U/ 

IHHüH = 1 - GIVtH T ANU H 
iHHOH = ¿ - biVLK H ANU mil) 
iHKOH X j - 61 VtN H AWL i’ 

H. -V.LH, ANO GAH awl lo bt CALLULAlfcL« AL$C. OF T, P. H, aNO KhO 
JtiL Iwu IhAT AHL WOT GlVtN ART. ÎO Bt CALCULATED. 

1L 

oU 1L ( 10.2U.3Ü).1HH0H 

Tht “LwÜÃtTÕws’TijirIHKÔÎ-TÏ ÃRTvAlTC^mroÏÏHlNG GAG WÊLOCITT IS 0. 
rt = u.5*RÜ ♦ Sul¡T(0.2b*hU*K0 ♦ RRC»(-/|> 
aTlHH s T*CVH 

LV = «CVO ♦ XTL7H*K/XJUL)/(1.0 - XîtRri 
LH = K/XJUL ♦ CV 
»AH = LH/CV_ 
H = f *CH 
rtHUsR/(K*1j 
rttlUKN - 

gsprop 
EON8 
EONS 
GSEfifiP. 
GSPROP 
6SPRQP _ 
GSPROP 
GSPROP 
GSPPOP 
GSPROP 
gsprop 
GSPROP 
gsprop 
GSPROP_ 
GSPROP 
G$RfiflP._ 
GSPROP 
GSRROP. 
GSPROP 
GSPROP 

3 
k 
S 
k 
7 
JL 
9 

10 
U 
12 
13 
-11_ 

2 U iMHnU .LE. 0.) RHO s ,0U001 
W=RQ ♦ KRUwKhO 
'iMH .LE. 0.) Hs, 1 
LV = LVU ♦ CVH*H 
LH = K/XJUL ♦ CV 
oAH = LH/CV 
I s h/LH 

-H = XOOL«(GAH - l.U»/GAh»HHQ»lH 
IHR .LE. o.ïl R = 0.1 
KE1UHN 

GSPROP 
ilPBfiP— 
GSPROP 
GSPROP 
H00092S 
HOfl®a«_ 

13 
IG 
17 
IB 
19 

—22 

M^±l*X±¿lMO&L 

SO IR «H .LE. 0«) H=,l 
LV=LVU ♦ CVH*H 

-xTcR'H = WRQ*R/(H - (L)»u♦V»Vl/TWQ6wj 
TTtHH = U.SxiRU ♦ XTEPR/XJUL) 
« = T ÜyíR_±.SORT ( YTEHRaY TEMP ♦ XTE|«H*lV) 
LH = LV ♦ K/XJUL 
oAH = CH/CV 
1 = h/LR 
KHU=H/1H*T »_ 

«000925 
GSPROP 
GSPROP 
GSPROP 
gsprop 
G5£ñQP__ 
«000923 
GSPRfiP 
GSPROP 
HQ0092S 
«000925 
GSPROP 

21 
22 
23 

.29. 
SOI 
_S02_ 
503 
_2G 
27 
20 
29 

HEIUKN 
LWU 

gsprop 
GSPROP 
gsprop 
GSPROP 
GSPROP 
GSPROP 

504 
-31 
32 

505 
306 
._ai_ 

gsprop 
GSPPOP 

35 
iá 
37 
36 
39 

J»JL 
41 
42 

11'8 
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bUuhüUllNL AXIS, 
i» li> 1 liEKE t IH IS V 

LUnnijN/AV&üT/HhÕfüT «HhlKnó.CHI Av'f 'fthCtf VL tUBEAV£«ÚPBÂVE« “ 
X UlJl«VBbAVLiVTüT 

LUnnoN/FAlLEü/ThiCM,HHOUH,PCUHP,eIbt,XNTUB«FAIL,MFAIL(60)» 
X InlLK(bU) «PLNLT. Itl-Ci. 
LUnnuN/CHAP/I ,j i*b,Hb« nua »M’h.IßtüB. ItNDBiIPATHI60«SI•AKCA6Ib I• 

-1-AHLACh.AHtAUbOl .IbiU I ,UNEO,PIAhj. t wIAH2,C ISl «ÜlS2.0188.DIS4 , 

> AKLAK( bu I «AREAAX«ChAnl«CHAM2«CHAhi«IÒPbAP«AREAGPI60)«CAVG« 
i AHt Ah«? «UI AFb 1 (bLLEAiO «1‘tLUEb. IPSl « ¿Pú 2 « H AOF S. hPIGN 
CUflñUN/tLOCK/Tlht«üLLt 

tUMhUM/taNS/üTliX.T«¡uK, f2UX, TbOÎPH.b iLn.HMB.lbObJ.OVAXlS.DVAXlT, 
» uX.üH.NX.bOtlbCUT «hbP 

- l-UnhUAi/OA8C0h/KQ, H HQ « L V t. C V H 

LUflhUN/1NPU TS/C1, C¿ ,c3. C4,11). T1 GA,,b Je.»S.RHÖF .PhX0 • TF .CA • RhOO « 
* hÜ.Hb.UO.blRHOP.Hw Uh« I IGHbP « QBCOitS , TOTH 

L0nhuN/uAb/phltiGlfeQ.5>. HHOBb(60.S). rBb(fcO,5). OtíGIGO.9), 

AXIS 
AXIS_ 
axit^ 
AXIS 
*000925 
*000*25 
CHAñI 
CHJHI_ 
CHAHI 

tM>HI _ 
AXIS 
EONS 
EONS 
AXIS 

X ybblbU.5). UPH(bO,5). PCHIG0,5), )^C(bO«ï)t 
2 UUIMb(bo)« UHXb(bU»51» XDRAb(6ottí, OOTAB(GO,5», UPBDT(G0,5>. 
_<>il51_»_ RHOfelli « »»O »5_)f HBGlbl c 0.5>, OBGTOIGO.SI« 

VbbTLi(bO»5)<Tbb|b0»5l<OOT*Bb(GO),Lbf*P(6C«5)»PHIBP(60151• 
HhXhMjIbûtS)«T^RlbOI«TbP|60.5) 

LOGICAL I UNIT .0Mll,CHAhl.CHAP2.CHAl>a,cPIGN 
LUbICAL PLUE I 
UA I A bHAV/32.lb/ 

Hb S U.O 
AbSXU*ÜX 

CALL bSPKuP(HO»KKOiH«CVO<CVH»GV.pChiifJ)jHBE(1 »J) « TDU*» 
» HhObbll.d) ,UBb( 1,J) »VBGd.JI ,oAp.CP,2) 

■lOOOtiN « (OA* - l.OI/T.Obd_ 
XPL = !♦! “ 
X*i = 1 -1 

If-L total porosity. NOT dUST lu IHIS SUBROUTINE PHIbb REPRESENTS 
J UHUS HT OF IhE PHOHEÇLAU l_,_ 
F5 = PhlBb11»d) 
A5 = AKEACd) 
o2 = RMUBfa ( IM »dl 
bH = HhUbb( IPI « d) 
b6 = Hhl'bbll.dl 
J.iC5H*iUM6d*l.dl -... 
LH s 0*4 *Ubb d P1 • o ) 
Lb = bi*UDbd.d) 
M2 = PhlriG 11*1«d I * ARLAC 11*11 • 
MH = Phlbb( IPX»dI * AHEACdPH • 
C2 c b2 * HbCdMid) 
CH 8 OH » HBbliPl.d)_ 
Cb 8 b& * Hbbl1 Id) 
t>2 = BObGEK* Ut!b<I*l,d) * Eg 
UH s bubGt R * UBb( IP 1 « d) * EH 
db s bUbbER * uc«b(I«d) • Eb 

P5 ±f,PtiaGjlfJ.«ylH»o.¿5, 
KhUAVt s (b2 ♦ G5 ♦ Gb ♦ GH)«0»?5 

Eh 

N00092S 
*000925 
bag 
BAG 
HAG 
BAG_ 
BAG 

bAfi _ .... 
CMAHLOG 
*000925 
*000925 
AXIS_ 
AXIS 

AXIS 
AXIS 
AXIS 
AXIS 
AXIS _ 
AXIS 
AXIS 
AXIS 

AXIS 
AXIS 

AXIS _ 
AXIS 

AXIS 
AXIS 
AXIS 
AXIS 

AXIS- ... 
AXIS 
AXIS 
AXIS 
AXIS 
AXIS 
AXIS 

9 
5 

507 
508 

2 
_i. 

H 
5 
7 
2 
3 
9 

AXIS 

AXIS 
AXIS 
AXIS 
AXIS 

AML. 
AXIS 

509 
510 

2 
3 
H 

_5 
6 
? 
2 

511 
5X2 
—IL¬ 

IA 
15 
16 
17 
18 
1Î 
20 
21 
22 
28 
24 
2S_ 
28 
27 
28 
29 
30 
31. 
32 
33 
34 
35 
36 

.Si¬ 
se 
39 
40 
41 
42 

-4A_ 
44 

ny 



_ c 

utibAvt = (LlUbtlMtu) ♦ OUG(IiJ) 4 uub i 1 • J) UbG ( IPl, J ) I *0.2S 
W.itaA Vt_r Q . u__ 
oHtiAVt = (UPbUM.JI ♦ üPtííl.jj ♦ Xt-ViTt Ji 4 UPB(ÍPltJ) )*0.25 

pH i I u i = HhXbTbi I « j) + HHXHTDU.J) . *.0 
hhulut = ( p5*KHU/>vL - 1 <¿UX* ( H4 - h<l/A5 ♦ CCtl*UVTMlG(I )/LlVAXlS 

* ♦ OOIMblItd) ♦ bbinpd.j) )/Pi,ITDT 
Hhlhhb = HhXÍÜT»HHUTD1 
(LHh=u,U “ ' 
XF«ÜOIMXi,<X),LT.Ü.0»ItKMsl,0 

JluT = ( Fb*tt<. ♦ tí> ♦ l b ♦ 
1 - 12LX*(h4*L'DG( IHl.j) - H2*otu(IMl,».) 
-íL__♦ bWAV»AKt «CU) »FChJ Itl, w ¡ 
¿ - GKAV*rthLAClI)*KCH(IF1,wJ)/A5 “ 
* ♦ULl.l»ülilMlbíI)*Ubb(1.0)/'JV ,*IS* luHf 
4 ♦ bO^bt 1.J)*bPb( 1.j| )/PFi„Ho 
XF ( ABSlUTUn.Ll. 0• i IDTDT = 0,u 

AXIS 
A AIS 
AXIS 
AA1S 
AXIS 
AXIS 
AXIS 
AA1S_ 
AXIS 
AXIS. 
AXIS 
AXIS 
AXIS 
AXIS_ 

45 
JtA_ 

V1UI = (J.Ü 

AXIS 
AXIS 
AXIS 
AXIS- 
AXIS 

-AXIS 

47 
40 
4» 
50 
51 

..32-.- 
53 
54 
55 
96 
57 
-36_ 

XF (HH1AVÇ »L T • 0 ICAt-L LiKAG ( XÜRaG ( 4 , „ ), ,F AL SE . , I, J > 

MitoP = HBG(1 « 1) 
XF « UOTMlb(l) .GI. 0.UÜU01 I HIGA = r-BG(I(T) 

HHtoTüíTTT) = GmF»( F5* I C¿*8?♦CS*CÏ♦mí♦95+^4404)/(4,0*GaH) 
1 - T2UX*«H4*hbb(iHI.J) - H2*ntíu(iniivl)/A5 
¿ ♦ OELT*(UG1hlb( X )/UVAXXs*FluN - aBAÍd.dí) 
i + üoi«b(x,d)*HMb ♦ oornpxi.^i.HbP 
* -AüHAbdid>»UPPdid)*ut.LT/778> 
J*_- aUbGLR»PHIRHO»U TÜ T•UTOT / (^f )/PHIFHO_ 

KHUblUd , j) = khGUiT 
Ubbludij) = UIüT 
t/bbTblXid) s VtüT 
RtlUNN - - 
LNU 

AXIS 
AXIS 
AXIS 
AXIS _ 
AXIS 
AXIS_ 
AXIS 
AXIS 
AXIS 
AXIS 
AXIS 
AM»_ 

59 
6D 
61 
62 
63 
J6Ü_ 
65 
66 
67 
6« 
69 
IÍL 

AXIS 
AXIS. 
AXIS 
AXIS 
AXIS 
AXIS, 

71 
7? 
73 
74 
75 
76 
77 
76 
79 
60 
61 
62 



ùUUhUUlIlgl A A 1 I 
lA ib 1 hILHtt XK IS J 

(.UnmgN/AVOlll/KH(jU>I.RhlKhü,»'HIAvr.txnC«WL.UBCAVL.ÜPBAtfE. 
» Olul ,Vl;OAVt,VTUl 
t^r-uiM/CHAM/l ,0 a XB «Ku«igbx iNbKt Itt v»b « 1CNDB • IPATHI60 iM • AREA6(b ) « 

» AAtA(.HtARLAC(bO) tlbigll .üf.'LD.DIAhi.uIAñatf 15l,yIS2,DIS3jPl*^t 
A AKlAKtbO).AKtAAX.CHAfU.CHAMZ.CHAKj,|0R«AP.ARtA&P<60>.DÂVb. 
—Aak*t!¿ I itLUiUlkjiitLbvj» il PS 1. xPaZtPADF S.bPIBM_ 
LOnñüN/tLOCA/UPL.UELT 

COrthüiVtgNS/UlUXtTüüKf T.JuX,TUOTciR.LtU«*HMB»lWO(»d*PVAXIS«OVAXITi 
% UA »UK « NX i bJ•1taUOI»HBP 

tOfinON/OAi>CüN/lH .KHÜ,CVI «LVH 

tOnhUN/bAb/PMlbb(t»Uib) , KHüliGIbO.Sl , nüb(60«5)t OHG(60,3), 
-L-VMjiiM»5)i UHjLbjU^11 Hi,ülfePi&J. I^CtBO.S)._ 

¿ UOlhiGlbOti buAbibU.bl, XPRAb(6uib)• OOTPB(60«51, UPB0T(60«3). 

AXIT 

MIL 
AXIT 

MU 
CHAH! 

ChâHI 
chahi 
CHAW1 
AXIT 
LWN* 
E.6NS 
AXIT 
BAG 

BAS_ 

H 
5 
2 
3 
«* 
i- 

3 PHltjTLM6Qi5» i HqG 1 ü<c0,5)i. UbQTû(6013ix 
VBblLMbO,!») ,Tbb(6U,bl ,OOTMBb(bO ) ,LgTRP(6C ,5> «PHIBP(60,3), 

b PHiPTO tfeUiT¿6(00)tTòP(60,3) 
LObiCAL IbHll ,OI,LL',ChAHl,CMAM2,CHAhà«üPlGN 

BAG 
BAS..- 
BAG 

BAG 
CHAHIOG 
AXIT 

7 
2 
3 
3 
2 

JL 
4 
3 
6 

J 
2 

-12_ 

mt. ». na.., ». n§ . 

CALL bbPROP(K0,HHO,K,CvUtLVH,CV,PCH(X,J),HBG(I,d),T0UR, 
» KhObbiljW) aObbd.d) ,VB6(l,Jt ,bAr tCP,2) 

üübbLR s (bAH - l.U)/1«0bd 

-iei..y iti_ 
mi s i -i 
üPl = d+l 
H * Phiob(I,JPlI 
62 = PKiBb(ini.d) 
m s PhibG(lPX,d) 

-tiJS KhlbbdiJl- 
b 1 S 

b2 = 
bH s 

bb S 
L1 S 

L4 = 

tb ». 

Ul a 
tl a 
L2 a 

- -Vjt-= 
Lb = 
41 = 
B2 = 
b<t = 
Ub = 

-ML- 

► laRHObb(I,oPl) 
►¿•KhOaOUMitd) _ 
P44KhUBb(lPI,UI 
Pb*hHOUb(l,d) 
bl*UbbU,dPl) 
biOübc i 1R1 .>J )._ _ 
64*UbG(IPl,J) 
bb*OUG(Iid) 
bl*VHG( 1 , JH ) 
bl*HBG(I,dPl) 
b¿*hbb(XRl,J) 

bHfHÜfidPX.JL___ 
(*b*Hbbd,j) 

ô0bbER*(0bbd.JPl)**2 ♦ VBG(I,-P1)**2)»G1 
bObGtR*( Unb(IHl,J)**2 4 VBG(ir1,J)**2 >*G2 
bbbbtR*(Ubb(1P1,J)»*2 ♦ VBG(Ipi,w)**2 )*G4 
bobGLR*(0ob(l,J)**2 4 VBG(I,wl**&)*bb 

AXIT 
AXIT 
AXIT 
AXU 
AXIT 
AX1I_ 
AXIT 
AXU 
AXIT 
AXIT 
AXIT 
AXU 
AXU 
AXIT 
AXU 
AXIT 
AXU 

AXIT 
AXIT 
AXU 
AXU 
AXIT 

OLNOr, a Fl 4 F2 4 M 4 Fb 
blbb s bl 4 b¿ + G4 4 65 
SIttt = tl 4 L2 4 Í4 4 tb 
PHlAvt s UENOP*0.2b 
RHUAVt s blbb/UthOf, 
ObbAVt a bIGt/SIbb _ 
VhbAVt = b.U 

AXU 
AXIT 
AXU 
AXU 
AXIT 

MIL 
AXIT 
AXIT 
AXIT 
AXIT 
AXIT 

AMI 
AXIT 

13 
14 
13 
lfc__ 
17 

_lâ_- 
13 
20 
21 
22 
23 
-24 
25 
26 
27 
26 
29 

-Xd- 
Sl 
32 
33 
34 
33 
-36 
37 
36 
39 
40 
41 
42_ 
43 
44 
45 
46 
47 

4fi- 
49 

1?1 



oUl/v t - (UHMl.vJ) ♦ (1.JH1) ♦ OPbilMlfJ) ♦ UPS I tWiwi )M«il 

HM1 ! J I B HH ííilLí ( I, of ~ 
It.KHsU.U 

!► U>0lhl6(I|<b1.U<U)TtKMs«X«U 
Khülul s t K5*KHUAVt - U0X*(EH-E2j - ÜTOR^Cl 

» - UELUOOlM&d i/UVAXIT ♦ CoifolI.Jl l/PHIIDT 
HHiHMU r PHilDUKHUHn l/KMITOT 

ulUl = CFÎ,*siGt/lJENO« - I2UX*( E**•OnSiIPlTjT -T2*UB6( 1^1,0) 

. .utLuooTMGi!;:üli6;^;;jK;iis;T^^ ^chu^.o, .,. 

\m ,/mhihhp 

vTUl = o,o 

lMHhlAtfE.LT.0.99G»CALL UHAG tXDRaG ( a iw, t .FÃLSE,’tïi j, " 

Hlbf« = HbGd.l) 

iMOUihlGUJ .OT. Ü.00U01, HlGfi ¿~hcVi Ï7F)-—- 

«BbTüU.JJ b GAf*• i Fb*|Cl4tíl+C2*H2 + >.9«b4*C54B5l/(0EN0«*6AH, 
* -T2DX*( C4*UBGUPi,J) - C2*UuGiIfU,j) ) 
* - U]Uh*Cl*Vt>G,liJKl) 

» - UEL1*( LOThlGtl)/UVAXlT*Hl0A i fiBAE( I «J) I 
•_ -xuwAbii.j)»upmitj>»utLT/7ae. 
1 ♦ UOTfit) ( 11J ) *HMö - bùggEWíluiVjtot*fhTrho/gam ~T/PHÏRHO 

rthubfLMitj) B KhGTLiT -- ... 
JHbUMltj) s UTliT 
VMGTlMltJ, s V1UI 
Kt IUM« 

AX IT 
AXIT 
AXIT 
AXIT 
ASH. 
AXIT 



àUtiHOUllNt ii\TL« 
_ CUgnUN/A» bj¿í / K.Hj.IlIJjfH 1 h MOjJPH 1 AVtlhbVi. W t _ 
% ulol«VübAVLiVTUT 
UirnoM/CHA^/l ív i Ab iho *,',bX «NO^i IbLuC i ItNDBt iPATti Í60 i5 ) « ARLA&I& ) * 

3 AKt ACH i AKL AL ( i 0 ) « Iblul I .ÜNtO.DIAhi.uIAMZ.C ISl.üIS2.DXi>3,ÜISA. 
» AKl,AK(bü> ,«Kt ^.CHAMl.CHAfr'.CH^jt |OPOAPi/»R£A&PU.Ü> «O/WG, 
% AKt*H2 * U X Af B1 i IíLLLnLj « PLLUrt . 1 PS 1 « ¿F a2 i RADFS « BPl&N 

XMtR 
laTlfi- 

COrthuiVtbNSA.TiiA,T2LH,I2iJX.TW( Tnp,MCh.HHB.lbObJ,OVAXlS.OVAXIT. 
3 UX,Otv,UA,bJ» UbÜ! ihbP .. 
LUnrüN/bASCON/Hu.hNG.tVOtCVl» 
(.Oiii‘uix/t)Ab/PBIt)b(b0.í)), BMOBGlfcO.S j, rö6«60i5)i OBGífcOiSli 

INTER 
CKAflI. 
CHAUX 
CHAP1 
CHAHI 
miLa 

H 
_ 2 

i 
* 
5 

_áu_ 

Wbb ( 60 « i) ) • UH' ( bt « C ) i PCH(6C,SI, l¿C(60,í)t 
-kV-iñlj? lt>ü) i xy RAG.l6üa¿ Ji. QgTf..S tfeH » & 1. ÜPBDT t60«t>Li_ 
PHiB TI) ( bu • 5 ) i RHUbX ü ( bO » 5 ) • HB6Tu<b0«5>. UBGTU (60 1511 
VUbXUCbü.&).TbGl6ü.S).ÜOT M3G(60í,CuTPP(6XL,aíjPHIBPl60.Sj._ 

HHinuibO.t)» .T2H(bü» .TtíP«60t&) 
LUbiCAC lGNn,0NL0iÇHAPl.CHAH2tCH*n3.cPIGW_ __ 
JAIA l>KAV/32.1b/ 

LWNS 
ChNS 
INTER 
BAG _ 
BAG 
BAG _ 
BAG 
BAG. 
BAG 
CHAW.O& 
INTER 
1MT£R_ 

2 
3 
e 
2 
3 

- 6- 
5 
6 
7 
2 

11 
12 

rtH = Kb ♦ OK 
CALL <>!>rKyPlK0.KKO,K,tV0.CVH.ty,pCHll.J) tHöG(L|J)»TDUH» 

S KHOBb(1•J) « Bbb(1«01«VRG(liJ)(bAr .CP,2 I 
JÜbbtK = l(,Ah . l.Ui/TbObJ __ 
1P1 = 1+1 
1H1 « 1 -1_ 
JPI = J+l 
JH1 = s»-l . . _,_ 
H = PhlBbI 1,JPl) 
+ 2 = Khlfab»ir-l,sl) 
P3 = PMlbb(l.dA.l) 

Fb s PnlBbl1 id) 
ol = F 1«KHOBb( I(dPl) 
1(2 = F2*HH0bb( IKl.d) 
b3 s F3*KH0Bb(l,oHl) 
uH S FA*KHÜdb(lPl.d) 

. _çl.= Bl*UBbt 1 tdH )___ 
L2 s b2*uBG(lHl.d> 
L3 = bd*ubb(l(dhl) 
m : bA*uUbUPl,0) 
dl = bl*ybb(1,dPl) 
U? = b¿*Vbb(IHlid ) 
U3 g ba»vBb(l.dHl>__ 
U<4 = b<f • Vbb ( 1P11 d ) 
Cl = bl*HbG(l.dPl) _ 
L2 = b¿*MbC ( IKIl id ) 
c3 = b3*Hbb(l.dKl) 
LA = b4*Hbb<lPl,0) 
bl = BUbbEK♦( 0bb(l.dPl»«»2 

INTER 
INTER 
INTER 
inlTER. 
INTER 
INTER 

13 
!*♦ 
15 
16 
17 
16- 

INTER 
INTER 
INTER 
INTER 
INTER 
INTER 

19 
20 
21 
22 
23 
2« 

r)2 = bObGLb * ( Ol-b Uhl ,d » **2 
b3 = BubGER*( Obb(1,dhj)**2 
BA = BobbLH * ( ObC(1P11JI«*2 
üKP = (Kb ♦ LR)/HB 
UKh = (Kb - ÜK*/KH 

VB6( l.wr-l »»»2 >»bl 
VBG( Ir 1,d)**2 )*62 
VPG(1•wK1)**2 1*63 
VbG(ln,d)**2 ) *GA 

C« 
utNOh FI ♦ F2 + bi + Fa 

INTER 
INTER 
INTER 
INTER 
INTER 
INTER. 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER- 
INTER 

25 
26 
27 
28 
29 
AQ_ 
31 
32 
33 
34 
35 

-JE¬ 
ST 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

1.23 



c* 

c* 
c 
l 

i*- 
c* 

c* 

Jioo = 1>1 ♦ l>2 + b¿ 4 b4 
albU = U1 ♦ U2 ♦ Ho ■» U4 _ 
blbt = ti ♦ L2 +‘ la + 14 
h'MiAVL = ULnOM»lj,2b 
KhOAvt = ilSb/OtNOM 
UbbAwt = Slbc/blGb 
WUbAVL = blbU/blGb 
UPbAWL ■ «UPãa.UPll 4 Ü*»Bl IWlt J> 4_ 
AVKHÍ = FS/OtNUh 

INTER 
INIM 

^iUi^m ♦ upnnpi»vi))»o,25 

HHIbTU( I•J) 
( Fb*KtOA«L 

) 

I'Mi 1 L) I = 
KHUlUl = 

* 

_± 
HHiKllU s 
UtUl = ( 

» 4 
i - T2UK* ( OhH*tl*Vbb(l.JPl) - Chr*t.a*VB6iItJRl) ) 
* 4 ÜOTM(I,J)*uPcU.JI )/PHlWhC 
_lf.‘ ABbtUTDT) .LT. Q.l ) UTPT * OtO 

T2Ii*4(E4 - tfc) 
- 12UI* ( DHP*L1 - URN4Ü3 

kyífiMLUiíi _)/H«XTpl 
PHmiT*KhOTut ' " ' 
AvPhl*SlbL - T2DX*(E4«*,uG(IP11UJ - Ej{*uBG( 

bhAV *PCHHP1,J) - uHh¥ *FCH( Ihl« J) > 

INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER 
IMER¬ 

SO 
-SI- 

INTER 
INTER 
INTER 
INTER 
INTER 
inter 

52 
53 
54 
55 
5b 
41 
58 
59 
60 
61 
62 
-M- 
64 

65 
6b 
67 
be 
69 

VTUI = ( AVPhl*SIGu 
% - T20X»< L4*VhGIIH11j) - E2*vBb«INl.w) F 
» - T2ÜK*( LHP»(Li»vbb(IiJPl) ♦ uRAV «PCH( I,JP1) ) 
» - UhM*» Ua*VBb(1,dPl) 4 GRAV *PCH(ItJHl) ) 
* 4 t)EH»GKAVPCH(Itd>/RB )/PnlhH0 

Abb(VTOn .LT. 0.1 r VTOT s o.U IF { 

INTER 
INTER 
INTER 
INTER 
INTER 
INTER 

70 
71 
72 
73 
74 
75 

AKKaT AUHaG 
IkTLKVAL so 
IF I HhlAVt 

lb CLEAKEU IN MAIN AT The. uEGINNING OF EACH TIME 
IF bUuKOUl INE DRAG IS Aoi v.mLLCO« XORaGU.J) IS 0.0. 
• LT. 0.999) CALL DRAG<XunAb11•J)• .FALSE.) 

MbbTIM 11J) = bAP*(AVPHl*(Cl4Bl4C24Brf4w34B34C44B4)/GAM 
» - T2UX*r C4*0bGUPl.J) - C2*ObG IIM1 « J) ) 
A - T2UK*( C/KH*Cl*vBb(I,dpl) • uHF *C3*WEG ( 1 * jHl ) ) 
» - OELT*bbAb(I>J) * OOTMB( I,d)*hNB 
*_- bOGbEK» )LiTLiT»UTüT 4 VTQT» V IL I) »PHIEHO/GAM ) / PMIRHO 

HHObTbllid) = KhUTuT 
ubbluU.J) s UTüT 
VbbTbll.d) s V1LT 
KL IUHN 
LNU 

INTER 
inter 
INTER 
INTER 
INTER 
INTER- _ 
INTER 
INTER 
INTER 
INTER 
INTER 
INJEN - 
INTER 
INTER 
INTER 
INTER 
INTER 
INTER_ 

76 
77 
78 
79 
80 
-61- 

INTER 

02 
83 
64 
85 
6b 
67_ 
88 
89 
90 
91 
92 
-21- 
94 



¿iLiBHUUllNL ot»í)Tí 
CtinruN/AVüüí/KHuTDI tPhlune,f^hlAyt vi- i^^AVij-— 

i UtUl«VtttAVLtVTÚT 
LUrtMoN/LHAñ/l «O , AÜif<t}t,'l‘>XiNljH,ietbtíiItNCBtIPATh(60»5)«ARí.A6(t| « 

* AKtALmAhtAt(bU)•IbKiItONLD»DIAhítüIAMa1015110182101831018^% 

i AKlAk t bu ItAKUti* «ChAnl«CHAhZiÇHAf j,iOPGAPiARtAGH(60)*0AV6» 

A AKLAht.ulAMi I .i't LthU.BtLbEb.IPSl ,ihíi2%HA0FS,BPH»N 

- ----- 
(.OflMuM/k uNS/bî UX « 120K i I f’iJX » tWOT(1R «(j J Ck «klWB»! W0(>J«DVAXIS*DVaX1T « 

» ÜX,UKtUX«BbilW00i«MOR 
COhMLiX/OAStOb/Kb «KK0«L>/0 »tVH 

wünr.uH/bAb/Ptilbt CfcU»8) * *<hu <0 ( fcO * 5 ), iiob ( t>0 « 5 ) i UB6(60»5)» 

1 Vbb ( 60 • t> ) • UMMbü.b). PtiMbütS)« UC<bO«!)< 
. ouihlbibü». bt>AOCb.o,5) t &BRAfililL«.Sii-JB0W.&l4i)-L5Jj_jy£SfillMj-&U 

¿ " PHÍblÜIbUtb)i hHOulü<bU«5)• HBölüloO.Si* UBbTU(b0.5)» 
A Wb0i0(bü»b » » Ibbcby «*J ) «OOThBbebO ),LcThPlbC *5) »pPXBPÍbOtSí « 

b hHlhTU(bü.b).12H160).1uP(60«5» 

cOoltAt iONn,ortO.CHAhl.CHAh2.CHAhaioPleN 

üAIA bhAV/3¿.lt./ 

Kb=Kfc+OK 

LALL bSPHüPlKû «RHOtR•tVü ttWh«tW,PChl1•J)*hBfi(I*J>•TDUht 
i RHgBQUjd) lüBbllid) « VRGUid) tiiAMCPiZ) 
uUbbLK = ( G Ah • X.üi/lntObd 
1P1 = *♦!_ 
mi = i-i 
mi = o-i 
t-¿ = PhlBO>< ihl, j) 
h3 • PHlubtlidhi» _._ 
m = KHlBb(Ih11J > 

K b s PhlBbtl.d)_ ______——- 
i>2 = t-2*KHÜBbUM.d) 
Ui = ►3*KMyBb<1,dhl> 
uA = k A*HhOBb(IPl« d) 
C.2 = b2«UBb|lhl, J) 
L i = b3*uBGU.dhl) 
LA = bHAUBt» < 1P1 « d )_ 

C* 

o3 = t>3*vBb 11 • dhl ) 
02 = b2*HbG(lhlid) 
t3 = 03*Mbb(1tdhlI 

CA = bA»Hbb(1P1•d) 
oí = BUGGE.K*ttíb( mitd)«*<i*G? 
di .= BObtttK* C UBbU%dhlJ »»it ♦ 
ÚA = BubGE.H«UBb(IPltd)**2*G4 

uLwon = F2»P3AFá + P4 

albG =02+03+ G3 ♦ bA 
alut = L2 + L3 ♦ ti ♦ LA 
PHlAy/L = Utn0h*0.25 

WB6<1«wp1>*»2)*G8 

t* 

rtHUAWt = Glub/LthCh 
UbuAVt - SIut/8IbG 
vbuAVt s u.o 
OFUAVt = (UHbllhl.O) 

HHUbl = PH ÍJ^T L ( 1 » dj 
KhUlbl = < hb*KHÜAVt 

♦ 2.0*UPH( I««.hi ) ♦ OPB(lPl*d) )*0«25 

- 12UX*(tA-E2| ♦ JTUR*C3 

BNOY 
bNOY_ 
bNDY 
tHAHI 
C.HAM 
CHAH1 
LhA«l 
BJyQI_ 
LGNS 
LWN& 
hNOY 
baG 
BAG 

ü&6_._ 
bag 
BAG 
BAG 
cha^log 
UNDY 
ÜNQJL_ 
BNDY 
BND Y 
BNDY 
bNDY 
BNDY 
BNDY_ 
BNDY 
UNDY 
BNDY 
BNDY 
BNDY 
bNDY_ 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
B-NDI- 
bNDY 
bNDY 
bNDY 
BNDY 
BNDY 
atXDJL - 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
BNDY 
6NDY_ 
BNDY 

2 

A 
2 
3 
A 
b 
b . 
2 
1 
U 
2 
3 

_JL- 
b 
b 
7 
2 

11 
Ai 
13 
1½ 
Xb 
16 
17 
_16. 
19 
20 
21 
22 
23 

-29- 
25 
2b 
27 
26 
29 

-3ft_ 
31 
32 
33 
3A 
35 
3é. 
37 
36 
39 
AO 
Al 
42 
A3 
AA 
45 
Ab 
47 
48 
49 



* ♦ ÜOTrttU.J) )/RMlTliT 
RhlKHU r J,nni)7*hHüTUf 

L» 
utui = (f b*Slbl./ljl.r>iUh - l2UX*(tb*l,0o(iRl«J> - t.2*UBG( IMX* J) 

» ♦ bHAV •RCHUPX.J) • •FCHJIMl.J) ) 
» ♦t'7UK*t.a*wbb«Jl. jMU 
* ♦ UüThH(I,J)*UFtíU.Jl )/PHlKhC 
IM MBiXulüT) ,LT, U.l ) UTOT * O.b 
viui-UtU 

BNDV 
tíWÍI 
BNDV 
UNOY 
HNOY 
bNM 
BNOY 
BNPT 

C* 

c» 
{.• 

XM RHiAVt .t-T. Ü.999) CALL DPAG ( X^kAu < I. J) , .FALSE.» 

. '»UbluUtJ» = b aF ♦ ) Fb» J C ¿ ♦bg*C3'»C3»oj-»d3»CiMB4)/<DENOH»6AH) 

C* 
C 

-T2DX*(m*Ubb(lRl.J) - C2*Lbk>Uí11»J) ) 
♦ DTDh*L3*Vbbjl»J(11) 
- OLlT*HBAG(1,J) ♦ UOTPB<l,ol*rMB 
- bUGbE.K*UTÜT*üTLÍ «PH1RHO/G Ar j/PHIRFO 

KhubTUlI,j) = RhOTOY 
übblu(11J) = UTüT 
tfbbTU(1•J) = VTDT 
KLIONN 
lnu 

BNOY 
BNDY 
BNOY 
BNBJT 
BNOY 

BNOY 
BNQ1 
BNDY 
BNQY 
BNOY 
tiWJl 
BNOY 
üNQY 
BNOY 
BNOY 
BNOY 

1*26 



LS 

L* 

■jUbhouilwt uisUK^rt 
. 14 *0 A WLHt« 1H IS J _ 

tünruN/Ãwbül/KhOTlU «HHlMnü.MHÍ AVf .t>nCi.¥C»UM»Vi»Ü#»â¥É« 
» Ulul»WhbAVl,VTUT 

Lb.-iruH/LMAM/i ,J , Ab.HbtitOXtNbK, IBtoki, U N(jB 11P ATH ( 60 . S I • AHl AG ( S | * 
» «KtAth.Artt rtubü) .Ifai.I f .0Nt0,DIArAti.lAP2,CISl,ljIS2,ÜIS3,ÜISH, 

j. AHLAhtoO) .AHtAAX.CHAi'il.CHAMafCIIAi-ii, |ÜPGAP,ARE.AGP(6Ü) .ÜAVb, 
>- -A-«l-AM<.,Ultt^Ul1i!LLLNü,ljtLüf:G.lPSillPJ,¿,HAQFS,tíPlGN 
tOWHAN/U«CN/Tll(C«Ok.i1 —-“nwfMT.. 

LrMi-UK/LbNS/uUjXtlicUK^^uX.TwOTDHfblLb »HMB, 1 WOG J, DVAX IS iDVAXIT . 
»< U A « UK « i\JA « bw i 1 ImÜU I « hLh 
wUnr.Uiv/t»/> :CÜK/ho«NHütL V«' tlVH 

LOnr^iN/l At/HliluG(bO,t,l . KHOPGibO.S), r3G(fe0.5), UBG ( 60 • 5 ) • 
Jl_HCHiêfl.ai. ¡¿cita«bíé 
^ Gu 11 iIG ( bü ) < (JbAGlbUtSI. xÕRAGiéb.Sit OOTPB(60.5), UPBOT ( ¿Fib f* 
A Pm1d1úIoO,S) , hHOulU(bO,5) , HtíG | u I b 0 * i> ) i OBGTQ(60i5]« 
*. Vbbl U(bO. S) ,TbG (bu. t>) tUOTMBbifcO j .CbTHPlbC ,5) .PMIbP(60,5), 
S PhlMMbO.i) .ICMbO) .TtíPlbO.b) 

LUGlCAL IGNI1 .OI<LU.(.HAI"il.CHAM?«CHA\jtuPIGN 

Rb=U.U 
Ab = Xb + OX 

CALL 
W 
ftUbbt 
1 P 1 = 
UPI = 
U 
M 
Pb 

b4 
Lb 
Ul 
CI 
C<« 

GSPHOP(K0,KKO,KlLV0aWH,CV,pCh4l,J),hB«lI,Jl,TDUP. 
KMUBGU. J) f übb( 11J ) ,VBG( 1 • J) «uAi* .CP,2) 

« =—lgapi - i.m/Twobj__ 

U4 = 

!♦! 
Utl 
PblBGUtJHi) 
Phlbb(lbl,u)*AKt.AC(IPl) 
PHlbbU,U)*AbLACU) 
FlJUltlJiitlJjJElJ___ 
M**Rhut)GaPl,J) 
04*ubbUPl,U) 
i»i*vbGa,upi) 
bl*HbGU, JPl) 
bH*HbG(IPliu) 
gy>£yv*lUUb OiUPI )»*2 » VBG<I,upX )»>2)*61 
UUGGCKvuBO(1P1,U)**2«G4 

utuUh = Fl ♦ Fh 
PH1ADL = UtWCPi/( aKCaC« 1 ) 

= ( Gl^G1. )/OLIjuM 
_ 

rtHUAVL 
UbsAjtt 
VbbAXL 
uPdAVt 

♦ ARCAC(IPi) ) 

= Ü.U 
= <uPb(l,jPi) ♦ GPB(IP1,JM*u.. 

PHI1uI = PbIbTG(I »uI 
KMUluI s (fS*RHOAVL - UlUX*E4 - 

A_* ÜELlwUOÎP1G(1)/UVAXIS_ 
» «PHIIOTWARLÃCÜ) ) 
PHAKhU = PhJTUl »PHUlCJT * AbL AC ( I ) 

UlUI = u10 
Vlul = u.O 

TWUI Ln *01 
♦ Cu I Pu(1,U)«AREAC(I) )/ 

-i*. 
L**.**1F(PH1AVE .LI. U.99G) CALL 0RAG(X0KAG,l,J),.FALSl7r 

öiURFA 
bSyPLA 
USURPA 
bSUBFA 
CHAHI 
CHAHI 
CHAHI 
CH1ÎU 
BSURFA 
tWHS 
tWNS 
BSURpA 
ÜAG 
tíêS_ 
BAG 
BAG 
BAG 

BAG 
CHAMLOG 
BSUßfiL 
HSURFA 
bSURFA 
BSURFA 
dSURFA 
bSURFA 
BSUfiEA 
dSURFA 
BSUKFA 
BSURFA 
bSURFA 
bSURFA 
BSURFA 
bSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
bSURFA 
BSURFA 
bSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
BSURFA 
bSURFA 
BSURFA 
bSURFA 
BSURFA 
bSURFA 
HSURFA 
BSURFA 
USUREA, 
HSURFA 

2 
-JÜL 
15 
14 
15 
16 
17 
.16- 
19 
20 
21 
22 
23 
¿4.- 
25 
26 
27 
26 
29 
Jfi_ 
31 
32 
33 
34 
3b 
36 
37 
36 
39 
40 
41 

_42 
43 
44 
45 
46 
47 
_46_. 
49 
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rllbiM g HbO(Iil) _ _ 
¡>Íü<iTñIsTlÍ .bl. U.ÜOUOl) ItlGN ■ hcbil.2) 

itliblUUiJ) = b»^^*l Fa* )/ 
• üTOX*CH*bbb(U'X«0) - TWOTUK*üi*HBGlltJFl) 
* ULLI• < 001FUb(l>/0VAXlS*»-lüN - UBAMI.J) ) 

_♦ UüThtiU.U)»hF'b»AKLAC(l) _ 

KHUb1U(X.J) = KhUlOl 
UUblU(l.J) a Ul LT 
vbblU(1.J ) = VlüT 
xtruhw_ 
tfcU 

BSUKFA 50 
B&UhF.A -. 51- 
HSUHFA 52 
USUBFA 59 
bSURFA 5A 
bSURFA 59 
BSUKFA 56 
RSURFA .51 
ttSURFA 50 
bSURFA ¿9 
BSUKFA 60 

bSURFA 61 
BSURFA 62 

BSURFA_4L 
BSURFA 6A 
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iU0hU>Jt Xl\!t tjt>OKH 
1a_ 1S>_ MtKt i J« _l!s _ __ _ 
COf«HM»/«VM)V/t(Hi»101 *fHÍMHOÜH«íAVCVkñC..VI,UBC AVt,ÜPBÂVE t 

i Ulul «Vi OMVttVIbl 
,o .Ab.Ku.Hbx.NbK.IBLot ,UNDH.IPATH(fc0.5) *AKLA6Cbl. 

» akluLh.ak» At ((.(>) ilb<4l I «ui.Ui.DlAhuclAWB.t lSi,ulS2,liISí,üI5H, 
*■ hKLMImmj ) .»Kt AAX.UtAni tthAhrf.CHArj, I UPbAPiAHEAbPlbO) tUAVbt 
» _AKt Ati¿,i.j[At<hI ,lit.l.LhL;,l'tLBr bllP5iliPIJ2lHA(llf SLittP|6N 
tUMMON/UlOCK/TIK,UtLl 
tUnm/K/LUUS/L' lux» l¿bh.l2Ü*,TbOlDH.L|Li. «HMB.lb06J»ü V AXIS. ÜV Ann t 

I U A . LfH . (.X . bu . I UO(J T « Hbf* 
t.UnhOH/oAi>C0l\l/hg.PHU,LVt .tV 
t UnfuiM/i'Au/Hfi J ob ( bO . b ) i rtflb.» (bP.á ) , rdb(60.5>. UUG(bO.S). 

-i_yfe'îibJi^Jaf tipftbp.b). PCff(bü.5)t Tzcibp.;)._ 
UbtMblbü). ubAbfbt «b» . XljRAGléo.S/. DOTf B < 60.5 ) , UPbÜT ( 60 . b ) . 
KftlblO(6V«b)• hHüululbG.b), HBGi^i^g.Sj, UB6TO<60.5»1 

*. VublU(bU.b) .IBGtbpo) .UUTHBb(bO ) ,bwTPP(60.5) .PHIRP « 60,5 > , 
t pmnKbOtS) tUM6o> « ibPteo.b) 

U'blCAL IGNXl ,OXíLÜ,tHAhl,ChAM?,CHAbá,oPI&N 

KfisKt•■»LH 

CALL '»SHKbP(HU.HHo,h,tVU.tVH,LV,PCb,X,Jl.HBOXI.Jf.TDUM, 
í HhVbbU.J) <Uub(I,JI.VBG(l,J) ,WAr «CP.2) 
WUbbtK = ( GAP. - X.Uf/lbGbJ 
*Hi'm_____ 
JHI = u+1 

H S HhiBbU.JPx) 
m = HHXBbUHltu) 
Pb = HhXpbX X.J) 
bl = ♦l*RMOöb(1,Jbl) 

■mH «-fJLf'.tHQrifaUPX.uXJ_ ___ 
LA = bA.UbbdPl.J) 
ul = bi*VubU.OHi) 
ti = bl»Hbb(1.UH1) 
t*f = bH*MBGllPl, J) 
ril = bübGLK*(boGIJ«UPI 1**2 

_ _b!L*. „ bObÈt K_*iUb6 il P * *2 
utHOH = Fl ♦ FH 
PMlAVt = UtffbH*ü.t 
KMÜAWL = ( b x + b*. ) /LiENÜP 
ObbAvt = 0 • U 
vbbAVL = ü.J 

upuavl =_LUPblX.vHL+ uPBUPlfjUiJi^j 

VUG(l,wF¿>**2>*bl 
Vbtxlr i^XM I »»2 1»6H 

t* 
Hhid) = HHIt’Tb 11 .u ) 
HHüIl.1 = f F b*h ht A VE - b!UX*£«f - C1uH*ül 

f - UX.Ll*L'uTMb(l )/uVAXlT ♦ CtlPplI.J) 
HhiHtib = Hhl lüT»HHOTljI 
olü) = U.o 

»/PHITDT 

VlUl = O.U 
t» 
C»* 

C* 
♦ »•XKPf.lAVE .LI. (i.9bb) CALL DKAb ( XCHMb « 1 «J I . .FALSE . J 

iiXuM = HbbU.lf 
XULU IMG( X f çbl . U.ubOUI) HlGJV * hgfaxl,2 )_ 

bSUKF T 
bkUMT 
HSURFT 
bSURFT 
ChAWI 
CHARI 
CHARI 
LHAR1 
bsuhft 
EMNS 
LbNS 
bSURFT 
HAG 

HAS_ 
ÜAG 
BAG 
BAG 

BAG 
CHARLOb 
hSURFT 
BSURFT 

BSURFT 
HSURFT 
BSURFT 
HSURFT 
HSURFT 
HSURFT 
HSURFT 
HSURFT 
BSURFT 
HSURFT 
USURE T __ 
HSURFT 
hSURFT 
HSURFT 
HSURFT 
BSURFT 
BSURFT . 
BSURFT 
BSURFT 
BSURFT 
BSURFT 
HSURFT 
BSURFT 
HSURFT 
HSURFT 
HSURFT 
BSURFT 
HSURFT 
BSURFT 
HSURFT 
BSURFT 
BSURFT 
BSURFT 
HSURFT 
HSURFT 
hSURFT 

2 

-1. 
4 

t> 
3 
1 
4 

& 
7 
£ 
3 

£ 
ï 
4 
5 
6 

7 
2 

Il- 
IS 
14 
15 
lb 
17 
1Ô 
19 

20 
21 
22 
23 

_24_ 
25 
26 
27 
26 
29 

JU_ 
31 
32 
33 
34 
35 
3F 
37 
3« 
35 
40 
41 
4£ 
43 
44 
45 
46 
47 

J»§ 
49 
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MbblLidtJ) = fb*(Cl>bl'fCM+ü,4J/l<.EN0M*ÊAM) 
r. ümx»c<t»uBbUHi.j» - ütdh»li»vb6(itjpd 
- ULLI*( DÕlHjb(Í)/UVÃXiT*Hl«A ♦ OBAC(I<J) 
♦ ÜÜThB(I,J»*M^B i/phikho 

KhUbIU(1,J) s RbOTUT 
uBtfltitifJ) s U10T _ 
vliuíimVÕ) = VTof 
KL lUKiv 
LNu 

«SURFT 50 
-üStífiE!_il 

«SURFT 52 
BSÜRFT 55 
bSURFT 5¼ 
BIWRFI. 95 
BSURFT SS 

_aiuflH „ai 
BSURFT 56 

_ BiURFT _ 5> 
BSURFT 60 



bUbhuÜI lut (vuut-1 

COnrmW/fcWbbT/HhO IJ ; I ¿Hl, 1 liho, PH lAVt. Kn t *- Wt j UBC AVt « UPBA VE , 
* UTUItVHbAtfitVTüT 
t.Prir.oU/LHAM/1 ,o .Xb,Kp,i»ox.NbH,Hjttoe.UNDb,IPATH(60,5»tARtA6<í>í. 

i AKtAtH.AKlAC (bO ) «Ibnll t, ÜNEO i DI Ah^ , u 1 Ah2 ,C ISl, 0IS2,0153 «UlSH » 
» AKtAKlbU»,mKUa*.tHAMl.CHAMZtCHAha,|ÜP6AP,AREAbP(60»«OAVb, 
». MPLAhir .LIAMO ,t tLtl,L,t>LLBE6,IPSl,lP42,RA0PS,bP16N 
J^UntíoN/tbUÇU/J Iht,ütLl____ 

tunrujiví gui/^íLA, l*UK, l«!UX,TWOTrR,ull,,,HMB,T*ObJ,ÜVAXIStOVAXIÍ, 
1 uX, Uh « |,X, bu, 1 «OC 11 Ht P 
lOnroU/bABLOU/KO,KKO,LVO,CVH 
LOPtruN/cAb/t'Hlbb'bÜ.t)) , HHOfit ( 60 , S ) , rdb(60,íi>, UBti(60,b), 

1 Wub(bü,5l, UHH(bÜ,b), PtH(6U,5), UC|60,!), 
- -kü-iei61.bJtLi_i(bA(Life^b 1 i.j&g.A6iih,Si, .QQTPBt^o,b>j,.ijEBPy 
A PhibTu ( bü, b ), hhUblu(bO.fi), HHfiluuO.b), UBCTOlbOtS), 
a WötolUlbbibl «IbOlfeüO) »UOT^BttlfcO j ,tbTMP(60»5) »PHIaP<bO,5|, 
t» PHlHU-ibu.b) , T¿Mbü) ,TbP(fcO,b) 

LUbUAL lGf<iIT.UlJtO,CHAhl,tHAH2,CHAh4,uPI6N 
UAIM bKAU/,1b/ 

HB=htj>LiN 
t* 

(.ALL bSPRUPlhü.Hhü.K.CVÜttWH.EW.PCHU, J),HBÍ(I,J»,TDUB. 
> Kh0bblI,^l,Ubbll,P»,VB0(I,Jl,uAr,CP,2) 

obbbtK s (bAr - l.Ul/TwObJ 

-1P1 » 1*1__ 
OH = o*l 
bf'A = *1-1 
Kl = HHlbO(1,JP1) 
KA = Phlbbt 1, Jr.1 ) 
K4 = PMlB&dH.Jl 
tb = milÜIlllll_ 
bl = M^HHOübU.OPl) 
b3 = K3*KH0tíb(l,0M1) 
b<* = m*HHOdb ( XPl, J ) 
tH = '><t»UBbUPl,J) 
Jl = bl*vub(1 «JP1> 

t* 

Ub = bb*VBb(lPl,J) 
U = bl*nUblii*»H) _ 
CA s bA*HBG(1«OKI) 
Cb = bb*Hbb(iPl,d) 
bl = BUGGER*IObb(1,OPlI«*2 4 VbG(1,wp¿I**2>«Gl 

I Gbêl]l^UL»«¿ f VBG11 .mK 11**2 1*63 
oA = BUGGER*( UbG(1P1,j)**2 ♦ VBG(lei,J)»*2 )*G4 
URP = ( RB ♦ (JR )/Kb 
UHH = ( RB - UK )/Kb 

uEuUM = F1 ♦ FA ♦ F4 ♦ Fb 
Glbb s bl ♦ G3 * Gb 4 Jjb 
blbu = ui 4 u3 4 Ob 4 ub 
PHIAVt 
HHUAVt 

UbbAVL 
VbbAVL 
UPBAVt 

C* 

0EUGH*ü.2t) 
SIGb/UtKOKi 
0,0 
Slbb/Slbb 
lUPbU.uPll UPBLI.JWl) 4—¿j0*OPilIPl,J2}«0,.^b_ 

bSURFl 
BSUHF1 
hGURFI 
CHAW 
CHAH! 
CHAPI 
lhahi 
bSURFl 
EGNS 

E8N5 
bSURFl 
BA6_ 
BAG 
Bâfi_ 
BAG 
BAC 
BAG 
CMAPtOG 
bSURFl 
BSURFI 
bSURFl 
hSUfiFX 
BSURFI 
BSUftFl 
bSURFl 
BSURFl _ 
bSURFl 
BSURFl 
bSURFl 
bSURFl 
BSURFl 
bSURFl __ 
bSURFl 
bSURFl 
bSURFl 
bSURFl 
bSURFl 
BSURF1_ 
bSURFl 
bSURFl 
BSURFl 
BSURFl 
bSURFl 
bSURFl- 
bSURFl 
bSURFl 
bSURFl 
BSURFl 
bSURFl 

bStíBEL 

2 

b 
2 
3 
H 
» 

-Jk 
2 
3 
6 
2 
3 

_JE_ 
5 
G 
7 
2 

11 
-UL 
13 
14 
15 
16 
17 
Ifi 
19 
20 
21 
22 
23 
24- 
25 
26 
27 
26 
29 

bSURFl 
bSURFl 
bSURFl 
BSURFl 
BSURFl 
BSURFl 
bSURFl 

31 
32 
33 
34 
35 
36_ 
37 
36 
39 
40 
41 

43 
44 
45 
46 
47 
t6_. 
49 
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P PU'“*!.il Hi ni il mili ... 

^hilül = l-'HlbTLM 1 • J) 
_KKUU.I = « Ft>»HhOAVi - l»IÜX»E.4 - 1¿L)H» <tlKP»Cl - UKW03I_ 

» + Jufhbl 11 J) Í/PMUOT ' 
PH1HHÜ r HH1101»HHüTDT 

«-• 
ulul = u,b 
»lui = (Fb*SlGLi/ljENtr, - uTUX*t4*vBki|irl«w) 

_»_- TÜÜH»! QlxP«( Ul«VbG ( IaJPH t vRAW _»PCHUtJPD »_ 
* • bhn*( üô*WB6<I.JPl) « bRÀV •PCH(ItJPX) ) ) 
» ♦ ULLI»bKAV*PCHU«0|/PB > / Hhii'HU 
IM AbMwlUU .Lî. C.X ) VU'T s üib 

b» 
(. AHHAt XUKaO Ib LLEAKU» iN PAIN AT The cE&INNING OF each Time 
b_lnUHWAL &Ü IF bUbhüOTlNE ÜHAG 1S M/l CALLED• XURA6(l,d) ÏS 0.0. 
C*.»»*iF«phlAVL .LT. 0.999) CALL DKAG(XCkmI* \i« J)•.^ALSE.) 
b* ___ 

hbblüUtJ) = GAH* ( Pt* (Cl+bl+CS+HX + eMtm+BiHdH )/(0EN0H*6An) 
» - UTLlX*m*Lifc!C.(IPl.JI 
l - Tüú«*(URP*Cl»VdbtI,JPl) . u«r«C3*VBG(I.JHX) V' 
» - UEL1*fabAb(I.J) * U0TMb(I.oi*h1b 
» - BLIfibER*VTLT*vrÔT*PHlRHC/bAr )/Ph1RH0 

bSURF1 
ai 
hSURFI 

a&URFI 
HSURFI 
HSURFI 
HSURFI 
hSURF I 
HSURFI 
bSURfi 
HSURFI 
B8URFI 
BSURFI 
BSURF I 
bsürfT 
bSURFI 
bsurfi 
BSURFI 
BSURFI 
BSURFI 
bsüRfT 

50 
-51- 
52 
59 
54 
55 
Sfc 
47. 
50 
55 
00 
SX 
S2 

_fc3_ 
64 
65 _ 
66 

47_ 
60 
69 
70 

C* 
C 

KHUbTUU.J) = KHOTLT 
ObtoUMItJ) s UTCT 
t/bblOU.J) a VTUT 
HtîUKN 
Ï.NU 

BSURFI 
BSURFI 
BSURFI 
bSÜRFI 
BSURFI, 
BSURFI 
BSURFI 

71 
72 
73 
74 
75. 
76 
77 



SliotvoCUiít. ufcUM t> 

-Akñnyi'./'iUíi'UL^Ü' _ç LUjílHÍ''1^ Í PH IA V* •hn'.c'/l tUB6AVt»0PHAVt. 
» OlültVbbAVLtVIll 

LOnrof./CMAH/* .»O.ho.^bx.Nbh, iei.tob,UN0B.IPATh(6fl,5)fARfcAbl6|j 
» Aht-MH.AHl AUbU) .IbUl I .ONU<.nIA^,i,i,IAW^,t ISl.UlS2tUISS.0ISl»* 

» AHLAMoU» ,AKtAAX,ÇnAnl»CHAM2.CHAf:j, iüPGAPjAKfcAbP(6Q> |D»Vbi 
* AKtAtu ,L 1aM)T .hkUlgU.HLLbtG.lPSl ,i»-ú2,KaÕFS,BPIGN 
.LUinuN/LLUUv/TlKL.ULLl 
bOnr.ow/U.O.b/L lUX, l2l'K.l«UX,T*ÒUk.u(Lr.*HMB.lb0GJ,0VAXlSfDVAXIT. 

1 ux.uk * r.x i uo * I mGO 1 .Hb»j 
CUnrolVbAS>(.OI./hU.KKl',LVU »Lvh 
tunhüN/UAb/FblpblfcüiU). «MUt (bC.Si. iBb(6Qi3)i 006(60.5), 

Viib(bl).b). 0(-1)(1.0,0) . plM(60,5)t ItC(GO.S). 
JiiglílliübuLi uUAbUOití) t ^011^6(60,,^., OQTAB (60.5 ). UpBDTiGO.&i. 
PhlolUibo.S). HHt't) T u ( oo, b ) , HBülL(to,a», UBGTD(60.S)» 
VbbH (00.3). 1 tib ( bi « a ) .UUTnBG (60). Ll TAP ( 6C . 5 ) ,PH1BP(60 tS)j 

HmPTU(bO.b) .T¿P(60). IBP(60.5) 
bütoKAt lbMT,OOLU.thAi'il*CHAFi2.CHAhJILPIGN 

rt.0=i?O+wK 
c* 

OALL bbpkOP(bu.HHO.H.LVO’OVH.LV.pChkl.J).HB6(1,0)t TQUP. 
» KhObG(l.O),Ubb(I.J),VBb(l,J),uAk,CP,2I 
UObbtb = tbAA - l.u)/TbbbJ 
API = 1*1 

- ./ni = tirl____ 
FS 
F H = 
► 5 = 
OS = 
U4 = 

-I.5.. r. 
OS s 
03 = 
04 = 
OS = 
04 = 

PhlBG(1.Jhi» 
PhlübiiKl.J) 
PMAUbU.d) 
FS»KHOBb(l,dM) 
F4»HH0bb(lPl,d) 
GAJUbfidPlxUl_ . 
bS*VbO(i,JM) 
^•hbbU.oPl) 
b4*HB6(IPI,o) 
bUbGtKAWtíb(i,JFl)**¿*b3 
OObbtK* ( Ubb ( .\Pl,d)**2 ♦ )*G4 

OtNOn = FS ♦ F4 
PMiAOt = CUïOM*ü.b 
KHuAWt s (G3 + GH)/(ltiJOP 
OhOAvL = 0,0 
OPOAUt S (UPbd.dPA) ■» UPBdPl.J) )*u< 
yooMvt a o.u 

o* 
Philo) = PHlUtUd.d) 
KHUIOl = ( FSAKHUAUL - U10X*L4 ♦ C Il.N«D3 

J ♦ UÛÎPUd.d) )/PmITdT 
PhikhU s PhI1UT»KHOTu1 
olül - 0.0_ 
V IUT = 0.0 

0* 
0** 

0« 
**»iP(PhlAVE .01. 0.9V9) CAOO OKAG(XCh«bd.d),.FALSt.) 

MObTOd.d) = GAM*( Fb*(bS+C3+B4 + C4) / (biNOMaG AP ) 
—*_- üTÜX»C4«UbbdPl«V» _♦ 0TDH*0a»nB6(I,hHl) 

* - U£01*GbAb(l,d) * UOtHB(ï,di*n4G )/PHIRH0 

hSURFB 
USURFB 
HSURFB 
CHAIU 
CHANX 
ChAfli_ 
CHAH! 
B&URFB 
lgns 
Lima 
bsurfb 
BA6 
BAG 
BAB_ 
BAG 
BAfi. 
BAG 
CHAHLQG 
BSURFB 
BSÜftFfl_ 

2 
_a.. 

4 
2 
5 
4 
5 

— JL. 
2 
S 
e 

_ 2 
3 

_S_ 

bsurfb 
B&UPFfi 
BSURFB 
BSUBFB 
bSURFB 
BSUfiFfi 
BSURFB 
BSURFB 
bsurfb 
B&URFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
B&URFB 
BSURFB 
BSURFB- 
BSURFB 
B&URFB 
BSURFB 
BSURFB 
BSURFB 
B&URFB. 
BSURFB 
BSURFB 
bsurfb 
bsurfb 
bsurfb 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 
BSURFB 

5 
6 
7 
2 
11 
ai¬ 
ls 
14 
15 
16 
17 
-UL¬ 
IS 
20 
21 
22 
23 

JUL 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36- 
37 
36 
39 
40 
41 

—Ri_ 
43 
44 
45 
46 
47 
46 
49 
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t*
. 

C» 

c* 

cownul^/oyoy l/RHOTM ¿PHIHMO.PHIAVt .f-hC,, 
* Ùiul«VHUAWL,VtCT 
UnM<N/CHA^/l ,J ,Al>,Ku.HOA,NtiK,ietliti, 

» AKtALHiAKtAUfaO) tlbml I t ONtD « (I I Ah i « i. 

» MKtAH(bü) ,AKl AAA»LHAhl*tHAM2.CMAr.jt I 
» AKLAH^tUlA^HI iUILLNLi i hLLhTb ilTSliiPo 

Vl>nhVN/tl.yC*^Il^.Ufcll 
tOhWUW/tuNl>/l.TtA , I ¿l'H . I ¿UX , THOIl'H ,Ll ILn 

1 UA t UK i ImX « Uw 11 WOl'I y HbH 
U.»hPUN/l,A!>COIJ/K0.KKU,tWC«l.VM 
LUrihuW/bAb/HHltM' (KO • b ) < NHuHCM bo , 5 ) , h 

i Voto ( bU « t> ) • OPblbOt'jJi 'CHIbOiM, U 
UUlhlto(bU). toUAfa(bU.£>>> XUHAGtfeu.aj 
KhibTU«bU.5) , KHOblU I bO «5 ) « MBGuit 

K VbtoTb(bU|ti>, fbbibbo» .DürnBb(bO) ,tv, 
b hHlKlb(bU.b).T2K(6ü)«TbPIbOtSl 

LOtolCAL ItoNI I tCNLD»CHAhl«CHAh2*CHArj,ij 

KB«U.U 
Ab=Xu+UX 

vf typeAvt..yPMYtj.... 

It NOB t IPATh(bUt^) i ARLA6| t) ) « 
1AN2.CIS1.0IS2.DIS3,OIS«« 
UPGAP|AKtAtoP(60),OAvb, 
¿.KAOfS.bPIGN 

.HNB.fwOGJ.OVAXlS.OVAXn, 

üG(bO.â), UBG(bO,5), 
ClbO.S). 
. OOTPB(bO15>. UPBOT(bO.t)). 
0.5), ÜBGTO(60,5)« 
TNPI6C.5),PHIBP )60,5), 

PI6N 

LALL tobPKbPíKO.KKü.K.LVO.LVH.tV.PCrul.J).HBG(I.d).TDUN. 
i Kt übGU.d) ,bbG(l,d) .VPGII.J) ,uAr ,CP,2) 

oUtototK r (toAK - 1 , U ) /TwUtod 

IM. .= l.-J ^ , . . ____ 
jPl = J+l 
rl 
K2 
Kb 
ol 
to#. 
c2 
ul 
l! 
L2 
bl 

PhlbbU.dK'D 

KniBtoUKl,J)»AKL«L( INI I 
PHlyb(l.J)*AKLAL(I) 
KIvKHObb(1,JPl) 

►¿•iMaiiAliltbi.. 
to¿*UbG(1h1.J) 
tol*Vbb«A,dH) 
bi*Hbto(1,dPl) 
to<!«HbG( 1*1,0) 
bUOGLH*(UbG(I.0Pl)**2 ♦ 

b2 « bbb6EK»bBl(Ihl.j)**¿*G2 
VBG(I,wPi)**2)*&l 

UtNOh = H ♦ F¿ 
PKlAvL = uElvbh/ ( AKLAC < i ) ♦ AKtAC(lM)i 
ithUAwt = (GlKb¿)/LtNbh 
UbtoAVL = 0.0 
VBGAVt = Qjji _ 
uPbÃwt = tbPb(x.oPl) ♦ bPB<INÏ.j))•o.n 

- l*Llo«*01 
♦ CblPod.dlAAKLACII) 

PHI 1 U I = f'hltluU.d) 
KbUlul = ( KbtoKHUAVt ♦ CI0X*L2 

* * OLU*bblMG(l)/UVAXlS 
_» __iPhiJOl *AKLALU) ) 

PHÏkhU = PmÍ 11)1 «KHÛ1OT*Ar<t AC ( I ) ~ 
OIU) = 0.0 
VTUl = 0.0 

C* 

L*»«**1HPm1AVE .Li. Ü.9W) LALL DKAG ( XOK«b 11 , d ) , ,F ALSE. ) 
t* _ 

)✓ 

FbURFA 

EüUMí. . 
FSURFA 
CNANI 
chani 
cmami 
CHARI 
F SUREA 
EONS 
LRNS 
F&URFA 
BAG 
BAG 
BAS_ 
BAG 
BAG 
BAG 
CHA*LOG 
FSURFA 
FSUfif A-._. 

2 
A 
S 
2 
3 
1 
5 
b 
2 
3 
e 
2 
3 
H 

HlbN = HbGU.l) 

FSURF A 
F&URFA 
FSURFA 
FSURER 
FSURFA 
FSURFA 
ESUREA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 
FSURFA 

5 
I 
7 
2. 

11 
12 
13 
19 
15 
16 
17 
1A 
19 

20 
21 
22 
23 
21.. 

25 
2b 
27 

26 
29 
JÍL 
31 
a* 
33 
39 
35 
3b 
37 
36 
39 
90 
91 

4#_ 
93 
94 
95 
96 
97 
46 . 
99 

135 



IMUUlhlGtl) .OT. U.ÜÜUU1» HIGN s Hh6(Í«2) 

m.oiuu.j) = S«üi| !>'§• ittt^Ct^S4>Ca}/(«.CNèJWéAftl 
♦ iJTUA*Li;*Otítii Jlil « JJ . TWQIunA^lAHfiGlI.jPi ) 

J ♦ GU.I*( DOTMIGi 1 ) /UVAXlS«H ' ijN . ÜBAG(I»J) ) 
* ♦ DGIrblitJ) *HA.b*AHtAC ( I ) Í^HirtHO 

nhUb(UU,j) = KHÜTüT 
Ubt» I Ij ( 1 < J ) s UTOT 
VüGluli.J) r VlUT 
i<t I UhlM 
CNU 

FSURFA 
ESÜflFA 
FSURFA 
FSU8FA 
FSURFA 
fsumfa 
FSURFA 
-E-SUBFA 
FSURFA 
FSUBFA 
FSURFA 
FSUBFA 
FSURFA 

50 
-51 
52 
-99 
5« 
95 
56 

-52. 
56 
59. 
60 
61 
62 



¿ÜUKoUll^t h 5)UKF I 
<-oril>'^1'1 /AWbUl/K h (j 1H liiHU.HmAVEirtnt^VttUBOAVt.UHBAVt, 

» Ulul«VhbAVt.VTUÎ “ 

C( I.A.V1 ,0 t au |Kb •■Mbx <NbK » IBtvt, XLNDB ^IPAThl^O |5) • Aht AG( t ) « 
* ii.tt a( f « AKL al ( bi1 ) < 1 bN 1 » «UfjtljiPIAhi ,i_XAM2 «C 1S1 • blS2 • DIS3• UlSA« 
* '**'t-AK(bln .AHtAfX.L-AMl.CHAf-a.CHAr^, lOPGAPiAREAbRtbOitOAVG, 
J AHLAI.,;,ülArB1 .oEU-.Hi.tiLLbFb.IPSl,iFJ2.RAbFS,bP16N 

LOW*OIVlLUCK/TIf.£ ,ut^T 

FSURFI 
FSURFT 

t* 

cfMPüw/t BWS/UTIjX « T 2Lh « 1 ¿U a , TbÕ i DR tu I Ca «HRB < T MOb<J tOVAXIS «OVaXIT • 
3^ UA • UH « NA « ou « I M U U I « ntjH 

uUâriun/C'AbCüN/Kü rHhO«cvo «tvn 
uUnftoU/LAb/HfiltiblbL^b) t '»HuVtblbOiSj, riBG(60fb)t UBG ( 60 I 5 > • 

1 Vi>b(bU«b) » OHU ( b(j • b I < PCH|6U,S), UCi60.ï)t 
- MiñibJfctilLibAblfeüíSi». XpRASjéUj.Sji DOTFBifeO.Si. UPBDT tfeQ, S >, 
- PMiblU(büfb) , BHbbTU ( t>ü • b ) • HHÖ ) u ( oO • 5 ) • UUGTO ( 60 >5 > « 
4 VbblC(büib) ,H«mbb»t>) • ÜbTF'Bb ( 60 I ,CcThP(6C .S > ,PHIflP (60,5J , 
t, PhiPlUbO.b) .T¿H(6t ) ,TbP(60.5) 
LUuiLAL IbNll ,UNtU.ChAfn,CHA«2»CHAr‘á,uPlGN 

Ah=Ab+üH 

FSURFT 
CHAHJ 
chahi 
CHARI 
CHARI 
FSURFT 

u 

CALL 
i 
oUbbL 
IHi = 

n = 
t-¿ = 
Kb = 
«1 = 
bi» = 
UÁ = 
ul : 
bl = 

s 
ai = 
b2 = 

bbPKOP(K0,KRC,h,CVU.tWH.tW,PChil,J)iHBÇ(ItJ)»TOUR, 
RHObG ( i to ) iljaG( 1«J) • VnG ( 11 J) «bAr tCP<2) 

« = (bAr - i.U»/Tbbbj 
i -1 
Mil__ 
HhibG(i•JK1) 
PnitlbUriXjb) 
HhlBG(1•J) 
*-i*HHUBb(It0Pl) 
F2*RHoab(ihx,b) 
*»¿»Ufltt(XPXxJX... . _ 
bXAVBGUtJPl) 
bi*HBb(11JF X) 
b¿*Hrib(JRlio) 
UUbbLH*(Ubb11 «JPX)**2 ♦ VbG|X«Mp^)**2)*Gx 
bObbtK* ( bltb ( IRi « J ) **2 ♦ VhG ( Ir 11 J) **2 ) *b2 

ütubn : 
PHlAVL 
KhbAVt 
JtbAvt 
WbuAVL 
UPüAVt. 

Fl ♦ F2 
• uL'(bR*u.b 
: (Gl4bk)/UtNUr. 
: Ü.O 

: 0.0 
L_LUHiiiJ.WeiJ .♦ UPBlIRljJIXtiixa- 

Philui = PHIbTU(I.J) 
KKUluI = ( Fb*MH0AVt ♦ UIUX*E2 - CTüH*01 

» - OEEl»bOTnib(I (/UVAXIÎ 4 CblFudtJj l/PHXTDT 
PHIKHU s PHI1UT*KH01ùT 

_ _ ulbl = 0.0 
vTüT = ü.O ’ ‘ “ " 

b 
C*»»*4i(- (Ktti«VE .El. 0.9¾¾) CALE PRAG ( XCK«6 t I «J> . .FALSE . ) 
E» 

rllblM = MBG(l.l) 
_-lLiyjO!R16Ui._JbTA_O.JiOU01) HJGN a_ 

EONS 
EOfíS_ 
FSURF T 
BAG 
BAG 
MG_ 
BAG 
fiRlL _ 
BAG 
CHAREOG 
FSURFT 

FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT_ 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSUREI _ 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSUBEI_ 
FSURFT 
FSURFT __ 
FSURFT 
FSURFT 
FSURFT 
F-SURET._ 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT 
FSURFT _ 
FSURFT 

<♦ 
2 
3 
4 
b 
G_ 
2 

_ 3 
6 
2 
3 

_ 4_ 
5 
b 
7 
2 

11 
_X2_ 

13 
XH 
15 
16 
17 

19 
20 
21 
22 
23 
ZIL 
25 
2b 
27 
20 
29 
-JD_ 

31 
32 
33 
39 
35 
1b 
37 
16 
39 
90 
91 

_*L2_ 
93 
99 
95 
96 
47 

-40.— 
99 

I - - 

137 



MHululltJ) = CAM*( ft>*tbl + Cl+H2 + C2|/(uEfjOW*£AH) 

— _ ♦-UJJL ■- MPHtu.f>gClUjíPL)_ 
- bLL I • ( uolhlbi I )/0VAXlT*HoA ♦ UBACIItJ) I 

♦ POTftBa«*M*Mlib )/PHlKHO 

KhOMUtl.J) = HhuTUl 

UbblUllL!jJ_s_ UJBT 
tfbtolUlltU) = viuT 
KtIbrtN 
cr<u 

FSURFT 
rsuBO. 

50 
JLL 

FSURFT 
FSUREL 
FSURFT 
FSUfiEI 
FSURFT 

FSURFT 
FSUSFI 
FSURFT 

52 
55 
54 
Sb 
5fc 

5® ~ 
99 
60 



jUtiKU*JI iNL FJUhM 

l-0'1f'ltJ'''/tVVpt/KHuTin si'tilhMO.PHlAV/CxiUti'i'Vl *U!fi6AVi..UPBAVt « 
1 uIL I .VyOAVL ,V Iul 
Ll'M-OU/LhAiM/l ,J .XI,HU »'«OA.NbK.ietuetlLNOHfl^ATHi 60 t5)f*RLA6«b) . 

• fcr,tHCU,A«LAL(t.ül .Ibl.i I .ONLD,PlAnAlcXAM2,CISl,UÍS?,OISi,UISH, 
i MKt«* tbU) .AHLAAX.CHAMX.CHAMj.CHAhjHOPbAPtAHtAbPttoNUAVb, 
* XHtA .UlAHHl .l.tLLNL.bLLHCG.lPSX.iPii.HAOFS.BPlGN 
LMPgiUWZUJXCA/ T lf*L. LltLT __ 

LUrt^OW/LuNS/LIUX.T^UH.TiuX.TWOTPR.urCu.HMBilhÕGJ.OVAXlS.OVAXn, 
•* UA * Uh « » f «Du ^ • hfch' 
CüiinuW/OASCOU/KütHHOtCVO«CVH 
>.ürtHUI*/LAG/HhIUG<HU,‘j> , '(60,S», rBb(60,S), UBG(60,i>>, 

wub ( bO « b ) , UHMfeU.i,). HCh i 60 « 5 ), UCI60,!), 
. kb 1 MfeifelU l—W.Ab_i tU , i> ) . XURAGlGu.^i. ÜOTRB IfeU. 51. 
Prilhl U ( fe J . 5 ) . HhOoTuioO.i) , HBölu ( t, Ü .5 ) , UBGTUIbO.S). 

MPBpTl»Otbl 
— - _ . ~ . . . . r * • >c) w i u « (j u ^ « vnwiu«ou«^ff 

VublU(bü,t)),IUC(tOo) .l»b|Mbb(bO» »CwTMP(60i5).PHIBP(60,5), 
PMiFIutbOib) ,T2Mbo> .TBPlbO.b) 

logical Jbrai ,ubiUiCtiAFil «CHAhZ.CHAhaiuPIGN 
bA I A UKAV/Ó¿.lb/ 

-tJL 
HLl=Ku»l<H 

LALL t>S>PKUP(HO.HHO.H,LWU*LVH.tW,PCh, 1 . J> ,HB6(1.J» ,TüUR, 
* HhOBb(iiiJ) lUbbll, J) iVBGI 1. J) , wAi* iCP i2) 
jUbbLH = (bAPi - l.Ol/TwtbJ 

Jt 1 = o+l 
jni = o-i 
K 1 
H* 
(-3 

- hi 
ol 
ok 
g3 
wk 
ol 

. 02- 
o3 
Cl 
C2 
C3 
til 
112- 
ti3 
OHP = 
oKn = 

PHlbblI ,JPl) 
PMlBbUM.o) 
PblbG(1,Jhl( 

F 1•HHÜBb( i ,JPl) 
Fk*RHOUHlM, o) 
F3*HH0bb(1.0Pl) 
‘»¿•UBbtlPl.O) 
bl«VBb|1,JPlI 
kk-*Vilb-lIfila 0.1_ .., 
b3*Vbb(l.UM 1 

ci«hUGll«JPi) 
ok*HBb(lRl,o> 

11 iOF'1 ) 
oubGLH* (UbL( 1 .oPl ) *»2 *■ 
Hk£fi£R»lUBGtlhl.J>»*2 .+ 
UUbbtH * ( Ubb(l.JM)«*2 i 

«Kb ♦ l/RJ/HB 
IHb - LR)/Rto 

VBG(I,UP1)**2)*G1 
tfb6llfu.MJ»A2l!L62- _ 
VPG(1,wf1)**2 )*G3 

C* 
otwUH = Fl i F2 4 P2 4 P3 

g bl ♦ b2 ♦ b¿ ♦ b3 . 
GibU = 
PHiAVL 
HHUAVL 
obbAVL 
VUbAVL 
UPUAVL 

♦ U3 

L • 

U1 ♦ L2 ♦ 02 
= Ui.N0n*U,2b 
= Slbb/ULNOW 
= U.U 
— SlGu/blGb 
=-JLÜPB.U .JPU^F 2.Q*yPBJ LMlrol,* UPB ( I a JPl > > >0.26 

FSURF1 
F-SUBLL 
FSURFl 
CHARI 
CHARI 
CHABi 
CHARI 

EGNS 
EBIlS 
FSURFI 
bA6. 
HAG 
-HAS_ 
BAG 
BAG 
BAG 
CHAflLOb 
FSURFI 
FAU&E1 
FSURFI 
FSUfiFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFî 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI . 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI _ 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
.FJ5UBEI_ 

2 
JL 

*♦ 
ji 
3 
A. 
5 
_b_ 
2 

_ 3. 
6 
2 
3 

._Ju 
5 
b 
7 
k 
u 

_12_ 

13 
It 
15 
lb 
17 
j.a 
19 
20 
21 
22 
23 
-2A- 

FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 

25 
2b 
27 
26 
29 
-30 
31 
32 
33 
3H 
35 
3b. 
37 
36 
39 
AO 
91 
JÜL. 
43 
44 
45 
4b 
47 
M- 
49 



... 

Hhilti = 
Khulol = 

HHIuTLMliJt 
I Kli*hHUAVt ___f U>OX*t?_ 
l2Utr«(ÛKP*Ul URM*D3> 

I'niKhO 
UOIMB(1 «JI )/PMIT0T 
HhlTD 1 *KH01 l)T 

t» 
ulül = u.u 
V IuI = t Fb*bIOy/ütNüf „1 UTDX«i:2»Vbto(*Wl«J> 

FSURFI 
FSURF I 
FSURFI 
FSURFX 
FSURF I 
FSURFI 
FSURF X 
FSURFI 

11- ( 

- T ¿UN* ( uRP*l ♦ uRAV *PCH(I,JHX» » 
. Uá*VBblAtjFií ♦ GRaV »PCHCItJHH ) 

♦ UEtl*GI'AV*PCH« I »Jl/RB )/PhiRi-.O 
rtüSivTUT) .LT. U,1 ) VTOT s 0.0 

:Si 

L* 
L** LI. O.S9^| LALL DHAG|XCwmG|X»U) ».FALSL.^^^^_^__ • •• iF iPIUAVE __, 

' rtÏÏbluU'iJ) = GaH*(F t>* CL>l+Ci+U2*C2*b¿*L2^B3*C3)/ (U 
* ♦ UIUX*L2*Ubfcl Ir,l. Jl __ 
» - I2üh*( ÜRH*Cl*VÖ6(I.JPl) - CiiR*C3*\lBGt I « JR1 ) » 

FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 

TFI FSURFI 
fsürfT 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 

- ULLl*OHAO(1•J I ♦ UOTRBII »Ji*hRB _ _ 
- i)UGbtR*VTUT*VIUT*PHlRHC/bAP )/PHlRHU 

L* 

56 
59 
60 
61 
62 
63 

KHUMUtl,J) = HHüTUT 
JBOlUUiJ) = UTOT 
rfboIU11 « J) = VTUT 
Kt IUKW 
LNU 

FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 
FSURFI 

64 
65 
66 
67 
66 
-bi¬ 

¬ 

no 

J 

T
T

“ 



c* 

jOijhUl'l lIMt l-bUHfi, 
corifiuN/MkPl/Hhg.liJ tt±-iHno, i-'Hl AVfc, uh^, Vti.lBUVt t^PÉAVE-x_ 

UlUi*VB»AWfc.*V!Ul 
HAn/i ivi , i IBluC , U ND0. IPATHi 60 * t) ) t AHt A6 ( S) I « 

1 AKtM H « Ai<L AL ( hO > t XOImX I i Uf.tO *f' I ir i «l, I AMS iC lSl«UlS2(UIS3tOIS4« 
* AhtAlMbU) ,(,hl.AAAiCHArti.CHAM2iCHAr ji |OP6APiARtAbP(bO) .DAVO. 
I <«Kt All,. ,U1/»r hi «i I LtNL •IlLLurbi XPS11 iPo2«HA0FS.UP16N 
LUWUUW/LLOCÜ/t lut. .ÜU-1 . . 
ti.iMi,oiVLulfb/glUA.l2gK, l¿UA,TWt’l( H « g i Un t XiMB «iMObJtOVAXXStUVAXIÎ • 

a uA i L/K ï iJA « uw t I UUl> 1 t hUP 
cOliNuN/bASCOr./KOtKKUiLOOttWh 
A.L>i'iruN/hAt>/PtilMOltüiti> » Khü' blbc.Sl, hÖbXbQtS) I UbetbO.b), 

X VL/bibOib) « OPIMbU.b). HLH(bU,S), l<.C(60«!)t 

C yg 1^X61 bai» UtlAbliiO.Sl , HÜHAG 16 L . £ i i OOîrBlbO.SX. UPHÜT(60tt)l . 
¿ KhltTtHbO»5) . HMObl u ( bO t ct ) f Hp6lb(<.0i5) < UBIïTü ( 60 « 5} « 
*. Vbb|i (bUíti) íThblbOtb) «UOTr-iHC»<60) .LcîPPiéC *5) .PHlBPXfeOtS), 
U PhXh iL(bU.b) .T2K (bu ) .TbP(bü.î)) 

LbblLAU Xbhil «bXtCittliAM^CHAf'ZtChAraiiAPIÇA1 

.<b=Ho*i>K_ ___ 
t» 

_kl. 

U* 

LALU bbhHU'p(KO.HHg.K,CVO.tVh,tV,pChil.ul «HBO < I « J) < TDU^i 
> KhObbli•J).Ubü(l,J)«VBG(1,J),uAr «CP.2) 
Ubbbt.*' = ( b AI” - 1.0i/UlÜbJ 
aM = X -1 
jr.i = v-J.___ __ 
I-Í = PhJhb(XM.J) 
hi = PHiuG(X.Jhii) 
hb = PhXub(X•J) 
b2 = h 2*NhUdb(Xrli J) 
oi = ►i*Hhyüb(X,JPI) 

tk JL ‘»klUUkUñl J u )_ . _ 
JS = bi*vbb(l«JM) 
L2 = b¿*HBGlihl,o) 
US = bi*HBb(X«JM) 
UÜ = bbbGtH«UBb( IM,J|**2*02 
JS = CboGtK•I Urb (X »jAi)**2 ♦ VBG(X «wr X)**2 )*GS 

uthUri : 
PhtlAVU 
KtiUAVU 
U h b A VL 
1/bbAVL 
UPBAKt 

Philut 
rthU1 J I 

k 
PtilKhU 
Ulül = 

F2 ♦ Fi 
= U£Nl/M*0.b 
i ( G2+G3 ) /l.LNOf 
: O.U 
- O.u 
» tWfa>^Wl«JX ♦ UH8( I . JP) I *♦ u. j, 

= PHXL-lutl.JI 
s ( Fb*KhUAVt * UIUA*t2 4 CTuH*J3 
♦ UOIhB(l.J) t/PhlTOT 
= HH 11U1*KhUluT 
U ,0 

U 
L*» 

Vlul = t.t 

.♦•IMHhlrtVe .Ul. 0.9991 LALL C)RAb( XCh«G i I, J) , .FALSt. > 
fibbru(i.J) = GaM< F5*(B2+C2'AB3AC3t/(uEN0«*€AP) 

i * UlUX»L2*hBb(lM<J) ♦ UTDR»ui*HpG(I,JPl) 
* • ütLlj*UbAG(l,J) ♦ DQTWB(11u)«rAB »/PHXRhO 

F SURF B 
FSURUi 
F SURFb 
Ch API 
ChAPI 
ChAPI 
chapi 
FitUHFU 
l UNS 
(UNS 
FbUKFB 
BAG 
BAG 
hAG_ 
HAG 
BAG 
BAG 
ChAWLOG 
F SURFB 
FÜUBFJî 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
F-âll&EiL 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB _ 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB_ 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB_ 
FSURFB' 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 
FSURFB 

2 
...i_ 

H 
2 
3 

A 
h 
b 
2 
3 
b 
2 
3 
H_ 
b 
b 
7 
2 

U 
.12_ 
13 
19 
15 
16 
17 

_lñ_ 
19 

20 
21 
22 
23 

-2A_ 
2b 
26 
27 
2b 
29 

30 _ 
31 
32 
S3 
39 
35 
36 _ 
37 

30 
39 
90 
91 
92 
93 
99 
95 
96 
97 
Hb 
H9 

I 
4 

? 

141 



lU-Uh IU IJ , J) C H^OÎLlî 
utiuiüii'J) s U1 Ll 
«titolüUtJ) s VIL T 
KLlUKh 
LNU 

FiURFB 50 
fSUKFB_AL- 
FSURFB 52 
F&üE£B___ _95. 
FSURFB 5<t 
FSURFB 55 



oU'uHOUIl, t iJlMllv 

A_ 
L 
c 
L 

cOt'IXOO I If.L 
MIL LMAMlK, wt 

I¿ ntL bAHKtL HI. 1.1 iKl LOUIVALLKT TO HEKKESS IN 
ubiL'ML ONLY IbNITtU HbUPELLAM IS IN THL BaRRE-L. 

(■OliñC'N/i.uKl\l/aTHi .CtfPLAP 

Ldnr.oiVLl.NS/LlLX, lüDR, 12UX , TWOTDR * u I ti» « HHB ♦ ThOb J, DV AX IS« UVAXl T . 
» uX,UA»NX « by« I UÜtil « HbP 

LOrthOW/OhAItJ/ XL I bO « S ) « l)U (60 «S I « u l 
; XulL Mbü «St « tuTol U)0«‘j) • LlllOT(6t,t 
. Al.l»«lL0i. OObUOUIt Lilli (ICO)« UXLt!( 

Lüi'iriui«/)nHjILi/n tf .¿,CÖ,L*«,T0,Tl '.N,ytC 
* il0«HU«O0«l> I RhOP «Hl» * Lh « I IbfbH • ÜBCUi.S 
LDnr.uK/SRLl'Ml /«»hUttC tWMÜLEB 
CÕnVuU/HAKKL/ Êhi(iüO). KHOG(IÜO)« hb 

I HtoUuO)« Ib(luU)« ) uOTUOO), Stil 
<. UCUNKIUO). OUH(lUU)« UHhl ( 100 I • lR 
¿ Af-Absi luo) , Ar-UMlyu, AENER(IOO), 
A UAcIilH ( 10 U ) 

LOblLAL «¡HULLC « wHOLLb 
jAIa H K if / , 7o5AVti / 

SubrtL'U I LUE UIMN CALCOLaUS UPHl FOh L jE IN PHOOH AND IN PROPMO. 
II u)-LiAltS OKaIN tllhtNSlONS FOR USE in PROPMC, 

_t_arhat PhtgT is cleared in wain at eai.p tike inteh»al._ 

I SO•5 ) « F N• 
I« XLO « UO0« CIO. 

.*00). LOOb(lOU)« UOIB(IOO) 
:i»S,RHOF .Phlu.TF .CA.RHOO, 

.IOTP. 

1100 I , ’UG (iÜTt UP ( 100 )7 
uO). OCRAO (100) » FKIÇT <100 ) • 
hüb( IOC )• UhG(1 no ) « DUG (10 0) 
bAMASS (100 > « UAMOM(100) « 

uO Su 1=¿|NX 
IF (HMl ( i ) .(,e.0.9S9yS) bti TO 45 

•» = ATPb*PO( 1 )**PtxP ♦ CT 
-POHI.L S K*ThOL‘1 _ 

uXLb(I) = XLh(I) - bUKNL 

IF ( UOBU) .LL. ä • u*U lB ( I ) ) Gu Tb 20 

LOLUNt FOR CYLINI <ICaL PROPELLANT GRm1uS 
_OUOb(l) = LiOblJ 1_- feORNL_ 

00 U-(I) = OIL (1 ) ♦ BOHNL 

VOLL = PlOF *XLb(1 ) * ( OOB(I»»OCbili - FN«OIB(I)*DIB(I) ) 
WLX = P10F*0XLB(H*( UCOB<I)*OuCü(l» - 

» F N*UU1B( I )*OOIB(1) ) 
00 10 30 

2b 
LUOif.O FOH SPLINTEKEU PkOPELLANT GHmíNa 

LONUNuE 
IF I (JOBI i ) .CE. OluUI ) GO TC ¿S 
««HOLEB = .FALSE. 

_P1UF » (00b(1)»UOB(1) - PN*Ci3(I)*ClB(I)) 
01b ( I ) = 3.14*(0ob(I) ♦ FN*[)IB (i)/ 
ooo(l) = ARLA 

¿ b LEEK = dOFil.L *0 • S 
OOOb(l) = 00b ( 1 ) - Ulbin*UELH 
IF(OUUBll) .LL. l.uL-7) GO TO ¿[ 
oUob(1 ) = o.O 

U1M1N 

.ülñliL 
UlMIN 
OlñíN 
tJlMIN 
UIMJN 
( UNS 

EWH& 
GRAIN 

GRAIN 
GRAIN 
INPUTS 
INPUTS 

OIWIN 
BARRL 
BARRI 
FiARRL 
HARRt 

BARRL 
Ulñlü) . 
OIMIN 

oiniN 
UIH1N 
DIRIN 
OIRIN 
OIRIN 
UlMIN 
DlRlN 
OlRIN 
OIRJN 
OIRIN 
niRlN 
OIRIN 
oiniN 
OIRIN 
DIR1N 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 

2 
JL 
4 

5 
6 
7 
2 

_ 3 
2 
3 
4 
2 
3 

_11 
2 
3 
4 
5 

32 
33 
34 
35 
3b 
37 
38 

39 
40 
41 
42 
43 

OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 
OIRIN 

44 
45 
4b 
47 
48 

_49 
50 

•« 

ï 
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c
-
\c

-
r
r
c
 

ir
 

r
 r

- 

UUlt(i) = Ü.U 
__ U»Lb(l) = u.o_ 

oeni(n = i.ü 
1>U 10 bU 

t 
it ! CbMiMjt 

uoit (i» t i>wKT( üiHU)*niB(n/üuuin*uocb(i) i 
Vykí¿_* KLJJJLU»ÜUBU > 
V'vLw s uXLÜ(n*OliObll) 

L 
c 
c 

¿u il-ivntw ,LL# O.U) bO TO 45 
_ bt-LMV 3 VOUl - VNt-K_ 

HwOV = (1.0 - PHia))/WOLO 
*thp_ s PNyv*ot;cTftv 
PnUOTin = TtMP*HMUP 
UPhl (I) = PHI ( X ) ♦ Ttfip 
bU 10 50 

t_ 
t 

45 oPhim = PHia> 

0 tONUNUt 

Kt IÓKÑ- - 
LWO 

01PIN 51 
-01H1-N 52 

U1P1N 53 
- Dl«lÜ.5t_ 

01HIN 55 
QllUIII 56 
UlHIN 57 

-.-. — UlUN — 36 
U1N1N 54 

- Ü 11)111 _ 60_ 
OiniN 61 

-- . UlfllH 62 
OIMIM 63 

-mniN__ 
OiniN 65 

-Dlfilü _ 66._j 
OIHIN 67 

-OiaiN_ 66....- 
OIHIN 69 

-aifllii_70 
OIMIN n 

.. _ _ PlHli 72 
DIMM 73 

_ UlfllHI_7A_ 
OIHIN 75 

-D^UM 76 
IININ 77 
tllPlN 
OIHIN 
0IÜIÍI 
omiN 
ulfflN 
UIHIN 

. 76. _ 

79 
60 
61 

_32. 

63 



¿UutH/U I 1 i«L lU'UUh 

_k 
oOhHUU I II.t 
I tiL UAMM L 

HMObh 
l>i< iüb, 

HLhFu(-. t. THt Flr.llL LiFFEHEKCf CALCULATIONS At 

Ll i1iul»//«VOJl/OKIUl ,t'hlKhU,HHl AVI , Hh,. A » C , UG A V E , UP A VE , OUT t 
» Kl oAVLi V Tu I 

(.unruiVbAAKUyil,HLAtAP|VP.riOHrU,l>C^t..Ht^OHEÛ£jOI2liUxQTUS«,JlkPAK 
V.I nr.ou/LLUCA/TlM «ULL1 
cO. J'VLwxS/Llu* i r¿UN» IfcuA ,TUUll K.u |CmHNB*lWOGJ,UVAXlS»UVAXITi 

» uA«UK•NX «ow• IbUUI•HUP 
cOni*<oN/GAScur./nu «Hho « L vo it VH 
t. u .1 r, UI» ✓ l. H iU N A / L./. PK1 f. 
LOnPoiV/l.ahKL/.J-U u AOk) . KHOGiiOp ) . hu 11001 . UGU00). UPllOUI._ 

PGUU(p). FGUüOít PriUUT 11 00 ) • CliAoU)« UCRAGUOO). FRICT ( lOu ) • 
wLoi.VUOOl» i-U(luo)« oPH 1(100)« cHfOGt 100 ) i (JH6U00)« UUG(IOO)» 
APihSb) 100 ) . AKOMdOO). AElJtR(lOO), o AFÍASS ( 100 ) i UAPOh 1100 ) • 
JAtlPtLRdOUI 

uP ! A>«Ay/í¿,i.o/ 

.<!■ 1 = NX-1 
NPI = NXtl 
PPA(hPI) = Phl(r.Ml) 
KHUG (NPH z KhUG INM I 
OtolNPl) = 2.0»VF - OG(nPI) 
HP Abb INH) = Ar.ASS ( NM ) 
HPUPllUPl) = APlUfflhPi) 
hLnCMNPH = AtNLR(NMl» 
ni-1 NPI) s HGINPil ) 
VP l NP1 L i ¿>VK.- UH l Ni.U 
l'b(NPl)=PG(NM) 

0***«NlltUl1 

L 
JstiuULU t.OT ut taLLEU IF NX 1S i • 

iJU 100 1=21 NX 

1P1=X+1 

LALl GSPKOP (rti) f«KU.K«LV0tCVH,LV,Pu< I ) .HC ( I ) < TOUR. RHOG ( I ) i 
yOd ) . O.u ,GaI*i«CP,2 ) 

OUgGLR = (OAh - 1•u I/TwoGJ 

bhlL I ♦ 1 SHOUL u bt THE SARL UlSTANCt A mA T 
NX U ILL PHOBABLT ot FARTHER AWaT), SO USL 

Tu GET THE PKoetAriES AT 1 ♦ 1. LET PHI 

«hLN 1 = Nx - It 
uRlU na - ¿ (Gau, 
lInLAR înTErpulatiun 
Ktr.AIN TnE bAP.L, 
1F 11 .NE, Na - 1) GU Tu ¿0 
""U)* - __ 
uob = UG(Na i 
Hua = nu(NX) 
PGb = Pu(NX) 
uPa = up(NXi 
XAI1U = üX/uAPh JP 
L'I'ggI 1P.1_L_= P Huui Í )_± RA I lu*J RHOGI Ihlj - RHC6 ( I ) ) 
u! UPl) = Uud) ♦ RAT 10*1 UG (IPI ) - oGiin 

AS 

KhOUH 
KngujH 
RHOUH 

RH0MH 
RHOUH 
RHOUH 
RHOUH 
RhQUti 
RHOUH 
EONS 
l UNS 
rhooh 
R0009U1 
BARRE _ 
BARRL 

BAREL 
BARRL 
BAREL 
KHOUH 
RHOUH _ 
KHOUH 
RHOUH 
RHOUH 
KHOUH 
RHOUH 

_ KHOUH 
RHOUH 
RHOUH 
KHOUH 
KHOUH 
RHOUH 

- nüüLZflb 
KHOUH 
KHOUH 
RHOUH 
KHOUH 
RHOUH 

_- KHOUH _ 
KHOUH 
KhOUH 
KHOUH 
KHQUH 
KHOUH 

nuMaoi 
nODOSOl 
HU00301 
MGD0301 
POD0301 
MOD0301 
MUD03Ü1 
HU003G1 
P.OD03U1 
HÚD03U1 
MUD03Ü1 
MUD0301 
PiuDOJül 
MUO03Ü1 

2 
_a. 

t 
b 
b 
7 
B 
9 

1U 
2 
3 

d* 
2b 

_.Ü_ 

3 
4 
5 
b 

!*♦ 

1b 
17 
18 
1S 
20 
21 
22 
23 
24 
25 
2b 
_ 9_ 
28 
2¾ 
30 
31 
32 
-31- 
34 
35 
3b 
37 
38 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3b 
37 
3c 
39 
40 
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I10UH1) = Hüllt * 

• UHU) ♦ 

hATiÜ*(MG(IH1) - nüii)) 
KAT10*(HbtlHl) - h(itl)> 
'kAT1o*(UK<1PD - ( D > 

MOD03UX 
rtooóaoi 

io 

Al oh Au NX UXHHJh SHGÜLU HL USLO HaIHlA THAL OX* SO T20X fHJST bE 
LHANOLÜ. _ ... 
cOi» I lliUL 
lh U .NL. NX) OQ TO HO ___ 
l^cXi = T2UX 
UJA = btLI/lÍ.OAtlXPhlMl __ 

Hl LOnI1Not 

► 1 
►¿r 
(-Í) 
ol 
ob 
ob 
LI 

HHltlNXI 
Hhi«IHl) 
hHllil 
HHOfal IM 1 
KhOb1IH1) 
HHOb( I I 
bl«U6UM ) 

MÕ00301 
NODiiai 
nooosox 
nooosox 
nooosox 
HWOBOt_ 
hOOOBOX 
HÖQM.0X _ 
M0003U1 
«ÖDfi3Pi_ . 
RHOUH 

■KhQUM 

Hl 
_Ä2_ 
H3 
HH. 
H5 
H*. 
H7 
H®. 

¿¿ s b2«ÜO(lHl) 
tb : G2«Ob(Il 
LI = bX*tib(IM) 

s b2*hbI IPX) 
Lb = bi.*hbtl| 
bl = HUtibLK»0611M11 *L1 
02 = bübbEK*ÜC(TPÎ)*L2 
ob s bobbLh*ooU )*Lb 

RHOUH 
RHÖUH 
RHOUH 
HHfiUM 
RHOUH 
RHOUH 

H9 
30 
bl 
52 
39 
M- 
41 
42 
43 
44 
4b 
46 

RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 

47 
43 
49 
50 
51 
52 

HMIAVL 
hftOAvL = 

1 f 1 
(bl 

Fb 
bb 

► b 
bb 

F2)*0.<5 
G2(»0.¿S 

_UbAve = 1 UbdMI ♦ Ob( I > _♦ UGl±l_ ♦ UG( IFX) 1*0. 
' XF CuHd » .LG.O.U.ANÜ.PHÍAWL.NL.0. ICH 11 tstiGAVC 

OHA Wt = ( UH ( IM ) ♦OH d)+liP(il ♦UP ( IPll ) «U • 2b 

OHhlT = OHM dl 

QKhüT = ( F b*AHAtfc(11»WHOAVE 
1 " ‘ .. ' 

£ 

!5_ 

RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 

T2bX*(F2*AMAS!>d>n*L? - h 1*AFÍASS(IH1 )*EH 
* PMOOT 11 ) »AhASS( 1 ) )/<UPM («oAMASSj n ) 

HhlHHO S UHMT*ORHOT 

bRAWA s bHAV»AHOHU) 
001 s ( |-S*AM0M1)*(L1 ♦ ES 4 ta * L2)*C.25 

- T2LX* ( F2*aM0m (lF>l)*E2*U6(iP*) - Fi*AMOM(_IMX )«EX*UG( IMj ) 
♦ bKAWA*Hb(IHI) - bRAWA*Fu(IM1)) 

- OELTaFRICT (11 ♦ AMOMm*PnCoTd l*lPd ) !_/ 
C HmIkmoaOapioH ( 11 I 

RHOUH 
RHOUH 
khouh 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHQUH 

53 
54 
55 
56 
57 
-3®_ 

IMAHS(UUÎ1 •LT• O.X) UUT = O.L 
IF(PH1A0E.LT.0.9991 CALL ORaG(UDRAb111•.TRUE.d•01 

L*ibd) = faAh»t F b»ALNLRd l*(Cl'fol»C5AB5«C5ABbAC2AB2)/ 
L <4.u*bAM - T2(JX*iP2*AENEKtlRX)*E2*HGdPl) - 
: _ JJ.*ALNLRJ.lM>*Ll*HGdMlJ__ _ 
i -'¿ItLNVlir V*HfiLUT(I) AAENÍh dl *HMB 

RHOUH 
RHOUH 
RHÕUH 
RHOUH 
RHÖUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 
RHOUH 

59 
>0 
61 
62 
63 
_G4 
65 
66 
67 
66 
69 

_?e_ 
71 
72 
73 
74 
75 
?6_ 
77 
76 
79 
60 
61 
82_ 
A3 

_ 

14b 



♦ -UuKAl'U ) «oH I 1 MULLI *Atr»tR 1 I . 
Í?_- l^m>ÜLH*ULlULUMHhlHHO»LlAr„L«lI>/S*W >/ 
3 (HHXhHU*lALNLK(I») 

U*'HUo(il = LKHUl 

UOU(I) = UUT 
HKtPLKULS fel toKlr. NX St-(Aitw BE PLT BACK INTO 

At-HHuPKiArt akkays BEPuHt i is set te ÑxT ~ 
JI-U ,NE, Nx - 1) UU 10 100 

liHUbd»*) = rihOS 
Ub(NA) = UbS 
nblikAl s hbS 
Pb(NA> • P6S 
UMI.A) = UHÖ 

LOkIiNOL 

KLPLaLl T¿Ua BÎ ITS SAVlu VALUL. 
Í2ux = I2UXS 

Kt Ib«N 

____ 

m 

KHOUH 04 
— RHOUH OS 

RHOUH Ob 
RHOUH 67 
RHOUH oe 
RHOUH 89 _ 
RHOUH 90 

-flOQMfll ¿4_ 
MOO0301 54 
H0QMQ1. SB 
HU00301 5b 
HODQ301 67 
HOO0301 58 

_ H00D301 59 _ 
MÜ00301 60 
«000301 61 
HOD0301 62 
RHOUH 91 
RHOUH 92 

..-«0110301- - 6i _ 
MOD0301 64 
«UQ0301 63 
RHOUH 93 
RhOUH 94 
RHOUH 95 

-RhQUB _ 96_ 



äUahuUI livL HHJt'hO 

oJtíKtuUPt Hi<C>hO CALCULA I LS PRÜPELLhM MUTICN XN THE BARREL. 

PROPHO 

PROPflO 

t.OI'l^O^/CHA^/lX« IH, AH.RBtNbXtNGR, ieLi>e , ILNDB • IPATH (60 «S ) » ARE. AG ( £> ) • 
i xhtMLh«ArtLAt(b<>)'lbi<Il< UfjCU « DI Ar ^ t ^ ^ AP2 «£ IS1 * UIS? «01S3 « ßl S<( « 
4> «KL Ah ( bU ) .MKLAAx.r.HArl .CHARZ.CHAitj, | UPGAP . ARCAGP 160 ) « QAV& • 
» AKLAHjj,Ul ARB1 »ULLLNll «BLLüCbi 1PS1 « iP j2 «RAQPS »BPXGM 

PROPMO 

PHQPHO 
CHAN1X 

CHAÜI* 
CHAHIX 

JCM5JJL 
„('nhu'VLbNS/Llux, Tüun, l¿uX,TWOTrR<lilLn«HRB.1ROGJ(OVAXIS«OVAXIT, CttNS 

4 uA «LK • NX • ow * 1 toOL'1 « hb^‘ ... .. .E-GNS  
CU<M(UAi/6MÄIi«/ ALMUtb). lHj(bO*b>« uilGOtSI« FR« GRAIN 

1 ALljl(bU«bl« UUll'T(bO«b•« PI TUT(6u < S(« XLO« DOU• 010« GRAIN 
i XLudOUl« LUflU'U), ulBllOO)« UXLodUO), LOOB(IOO)« UOIB(IOO) GRAIN 
tunr QW/lNPolb/u ,C fc.C¿, C *♦, T u. TlGNtbcLu G«RHQF «PHIQ. TF «CA «RHUO «_INPUTS 

♦ )ib «PO «UO «GiRHoP «Hb«LK•TÍGNBP«CBCUkS « TOTN 
blirtl“ UN/bPL 1 NT/mkLLLL »bhULtb 
CUtlM^N/LHb/phibG ( t>U • b I < KHOflG ( 60 « 5 | . rBGIGOiSI« UBG(60»5)« 

i VbO(bu«bl« UPtilbüttij« PCmGO «5 I « I aC (60 «S ) « 
<r UblPIGIbO) « bUAGlhO.S»« XüRAG(6l,£i« UOTF B ( 60.5 J, UPBDT < 60 « t> ). 
i PiablU(6u«b)« RHCb1u(60«&>« HBGiuibO.S). UB6TU(60tS>«_ 
« Vüblu(6U «b > « THL(60 « b)«UOTRBG(60I•Cv,TRP(6C«5)»PHIhP(60•6)• 
b PhlPIHbO.b». TXR(GU) .TöP(60.S» 
LOtiroN/t AKKL/ PHI I lüu ) « «HUG(lOO). nbtlOO)« UGllOO». UPdOul« 

1 PbdLO). (6(100)« Pr.UUT ( 100 ) « GtiluOl« UCHAGUOO)« FRIC T ( 100 ) « 
& wLlNv 1100 ) • UUHIOOI« uPHlllOC)« bHpOGdOO« UHG ( 100 ) • UUG(IUO), 
i «f «büjjyju ) • «MiP(lUO). ALNLH ( 100 ) t ARASS ( 100 ) « UAHOHdOO)«_ 

*4 ÜÃLNtKdOÕ) 
LCbICAL IbNiT ,6itjLU.ChAhl.CMAH2«CHAr á|1JPI6N 
lUuIcmL mHULlC « WliGLLb 

t OAü uRlü 1 <«UH PUKUGllY AND GRAIN 1.1.-ENSIONS UPOAlEU BT RLGRC6 
A NU PrtUHLLLANl VLLOLITY 6PUATEU PY HnF.EL. 

4 
5 
2 
5 
H 

INPUTS 
PROPMO 
BAG 
BAG 
BAG 

m_ 

2 
3 
2 
3 
4 

JL 

lHb.jLU) GO 16 10 
nmd) = u.o 
ALMd) - 0.0 
JUC(1) = 0.0 
ulodl = u.u 
uPll) =0.0 _ 

UU b 0=1,NbR 
P H1 i 1 ) = PI.Kl) ♦ PHiüG(NGX,J)»MR|.AG( J) 
ILP.P = (l.u - PhlboMGX.J) >*AHL«UI J> 
ALbd) 3 XLull) ♦ aLINGX.JUHhP 
uU6d) « OUblll ♦ uO(N6X . J) *TEhp 
6îb 11 j = Ulilii * üllNGX.JUUhh 
oPd) = uPd) ♦ UPblNGX,j)*TEPp 

6(‘HUN6L 

PP Id) = PHId)/AKLA6h 
IMPlild) ,6t. 0.9b94fr) 6U TO ö 
HW =’d.u - Phi ( i ) ) *arl ACH 
xLu ( i ) = XLtJdJ/iEnP 
üUb( 1 ) = UU*) ( 1 ) /TEhP 
Jltld) = UIi5d)/tLHP 
UPd) = UP ( 1 ) /TERF 
u6 lu 1‘j _ 

BAG 
BAG 
BARRL 

BAPfil. 
BARRL 

eMñk_. 
BARRL 
CHAHLOG 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
M000620 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PROPMO 
PHOPMU_ 
PROPMO 

3 
10 

2 
3 
4 

_ b_ 
6 
7 
2 
3 
4 
5 
6 

2 
14 
15 
16 

16 
19 
20 
21 
22 

24 

25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
_3 
36 
37 
36 
39 
40 

JU_ 
42 



Cl CUN I ¿Mil 
_XLUm s U. u 

uuon( • o.u 
uJ U 11 ) = b,o 
uu11) = u.u 
UO lu 

c 

»»KOPMO H 3 
PÜQPfiO_lût 
PKOPHO i*b 
PROPPO 46 
PROPPO 47 

PKOPPO 4» 
HHOPPO 49 

_ï* pwifi» ■ PMiaftni.Bi.ti     pnoenfi au 
*umi s ALd.bXd) PHOPPO 51 
JUüUI s UU(I,UX,1) PKOPPO 52 
ultílil S unr.UA.i) PROPPO 53 
uRU) = uPptiiOX,!» PttOPflO 54 

C PROPPO 55 
_Jjs_kiJïlAiîVi._     PROPWQ_56 

iK.uui. »HULLC • AKL• UOttll) .LE. Liäai) taHOLEH = .FALSE. PKOPPO 57 

C PKQPKO 56 
L i.kHaT UUH li CLLakîU lu r.MlN a T FACH liflE INI ER VAL • PROPPO 59 

L PROPflO 5(i 
L l'UT UHUAlEU PuKUb 1T Y Al»u uHaIN UIPENöIlNS CALCULATED IN UIHIN IN70 PKOPNO ¢,1 
S._ílKNAIi tilLl_«yUj. _Ul3x.JM.fcj . 

ut ¿o iSltHX 
PMUIJ = UPhlU) 
uUud) r UüutiUI 

Uiüll) S UUlbU) 
ALbdl s UXLbdl 

_PAOEAfi_ 62_ 
PROPNO 53 
PROPWO 64 
PhOPHO 65 
PROPWO 66 
PROPWU 67 

_¿c_iküUNiít___ 
L 

ut 5U 1-2iiIA 
L 
L urtAlL l-hliPtUAi.T VLLUClTT. PUT UPUaTlU VALLES IN ARRAY UP. 
L UbL AI« MVERAUL PtHUSl 11 lu UPDATING wP. 
L_UlHriUP 15 liRAV»LLLT/RnUP____ 

PMlAVE = IPHIU-I» + PRIdl ♦ Phi»I) ♦ FHI(l4ln*0.25 
1M1 «Lu. NX) PhXAVL = (PHIU-d ♦ PHKl ï )*0»5 
iMPHlAVL .UE. U,999991 GU TO ju 
ut-LUp = UTKHUPaUDKaG ( 1 ) / ( 1 • (I - hp* AVE) 
UPUI s UPUI ♦ DELUP 

L ÂÂÜÛRÏ m PRUPtLLAÑl MÜÜÃ) Tf'OfT I TP 0H io Tntc I ♦ist gkîd. 

3l luminuE 
uripii : u.u - PHi 11 ) )*UT0X*UPI U 

L 
L hriOUM Ul PaUPE LL AN I P.tvEU PPOñ I-lbl uHID IMU ITH GRID. 

_ ^•»•»Inlb alAltpLul h)LL Ul) PRUPELLAM li.lv THE BARREL ORIGINALLY, 
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YUL = AHEAKd)*UX*0.b UPDATE 
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V îix ¿ *TbG•Vi3a «•PtH* .13X.•ÙPB *./.¿cX«’XL1»14X.’DO•«14X.•DI•I 
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T^ttlill = TICK ♦ l.U 

HHubGU.n = KMObO (III) • AKL AG ( 1 | 
Ha0JX.ll = HBGU.l)»AHtA6U) _ 
OHG(I.I) s ubGtl,l)*AKEAG(l) 
HtHlIil) = HtH(I,l)*AREAG(l>_ 
JtHH = (l.o - PHIüGU.ll )*AREAGi1» 
UHb(l.l) r oPb11.11•1EHP 
AOll.l) = XL(l.l>*TtHP 
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ONEOIN 
QNEPL" 

•♦9 
50 
51 
S2.. 

53 
54 

w _ f • » — »■' A » * * A A I V. ■ " 
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uO ¿50 J=2.NGR 
KHObG(I.l) 
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= PHlbG(1.1) ♦ PHlBGll.0)»AREA6(J) 

¿bu 

PHlbGd.l) -...... 
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¿H I XoI 1 •1 ) .LE. 0. a UH. UO(|.l) ,Ll. w. .OR. 01(1.1) 
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.LE. 
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» HkH,(l.¿)*PIE.MK¿*HH0Hb<1.2) ) / (f TEMP JíRHOSAV ) 
uBbtl.l) = lubt)U>l>«PTCWHl»RPUa(itl.n ♦ __ 

ï ' Ubb U.2 > *PTEMP2»KMUPb(1.2))/CP TEMP3*HHOSAV ) 
HHbhMltl) = RH(Í¿AV __ 

c 
i. L..LL oBPKUH U> UPUA1E PLH 

CALI. (.SPpOP (KO ihKU.P.tVO.bVh.Cv ,PcH( I .1) . HbG (1.1). TOuP. 
* KHOtlb 11.1). Ubb lX»l).0.U>GAh.CP.2)__ 

•♦•j» CUWtiWUL 
uü 10 bill) 

C 
c _ 
c 
C CALCULATIONS POH LHAW3 TRUE_ 
bu U CON)1NUL 

oO t>bu 1 = 1,..ex 
Ucl I.X) = T ION ♦ l.U 

C SAVL TOTAL PUKüSITY UPiEb AREA 
_PILPP1 = (Phlb6Cl.lL ♦_ PHlJbPjl, lL - 11 Qj.yAREAAX_ 

PILPP2 = (ThIÏÏ6TT.2) ♦ PHIBP(1.¿I - 1.0)«ARCAR(1 ) 
PILPP3 = AKtAOP(I) 

L 
L I.UTL (HAT (l.C - PHiBP(l.i) )*AREAGPu) IS _ 

rlPHAO(I.i) = BPKAO ( 1.11 * ( 1 • 0 - pP iBP ( 1.1 )) aAREAAX ♦ 
* BPHAO ( 1. c ) * ( 1 » 0 - PHIBP(I»2) )»AP.EAR(I) 

PHibP(1.1 ) = (PHIbP(l,Í>*WAAx ♦ PhlB^i 1.2)*ARCAR( I ) ♦ 
. PhlbP(l,3)*ARLAOP(I))/AREALi1) 

IthP = (l.u - PHlbP(l.l) )*AREAliÍ) 
IPIlLnp ,LT. .UU00U1) Oü TO 510 

UPHAO(I.I) = BPKAIM 1.1(/TEHp 
_ _ OU TO 52U_ _ 
t 
$4« CONTINUE _ _ 

UPKAU(l.l) = O'.O 
c_ _ _ _ _ __ 
5c U COMINUl 
__ iepiPi = (l.u - PHlbbd.p xareamx__ 

lthP2 = (1.0 - PHlBbí1.2))*ARÉAH(1) 
c __ 
C 1.0TL THAT (l.u - PH1BG(1.3))*ARLAGP|1) IS 0.0 

HMlbO(I.l) = (PHIbO(1•1)*AREAAx ♦ PHIBG(I.2)*AREAR(I) ♦ 
» PHlbO(l,á)*AREAGP(I))/AREAc i 1) 
_TEhm = (1.0 - PHloGCl.l) )»AREAc(i)_ 

iKTtnPA ,LI. .000001) bO T05ÎÔ 
oPb.1,1) = ( UPB ( I. i ) »TEMPI ♦ (.P0|i.2i*TCRP2L/tLHP4 
XL(l.l) = lXL(l.l)*TEHPl ♦ XL ( 1.2 I «TEMPS )/TERPi* 
UO(I.I) = (CO(I.l)*TEHPi ♦ D0(1,2)*TERP24/TERPH 
Ulll.l) = ( DI ( 1.1 ) »TEMPI ♦ OÍCl.í )*TEHPî')/TËHP4 

__GO T0 SbO_ __ 
530 Ü^bd.l) s 0.0 

XL(l.l) = 0.0 
yud.D = o.o 
01(111> : 0.0 

c 
5H 0 CON TI NUL__ 

PlCr-Pb = (PHltíG(I.l) ♦ PHIBP(i.i) - 1.0 >*AREACC í) 
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OÑEDIH 191 
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_ ONEOIH 19» 
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ONEOIH 198 
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MOD1205 19 

_ ONEBlñ . 2(12 
ONEOIH 203 
ONEOIH _ 204 
ONEOIH 205 

ONÇDJH 
ONEOIH 
ONEOIH 
ONEOIH 
.ONEOIH 

208 
209 
210 
2ÏÎ 
212 

ONEOIH 213 

166 



_t* tt*MthPH »HQÜLJ AUI -JîLJIiU — - 
KHOSAV = IKiiOBb11 < 1 )•HTEf'*'! ♦ Ki,CuG(I.2)*PTEHH2 ♦ 

j Khyji-U,3)*PTtpiKa|/PUMHH .. _ _ 
nbOil.ll = lhHb(Iilt*PTEMHX*RPOo»Ml«U •* 

1 l.Ut>(I.2)*t’JtPP<*KHÜbGa.2) + ^•uGa^3)*PIE^P5*HHOl^G^I»3J)/ 
t (P » 

__OBI. U. il s «Lu6titl»«HTtJ?PX»Rhbafca..lI-t- 
i ubGU.2)*PUhPi*;'H0RG<I,?) ♦ c6G ( I, ï ) •PTE.nP3*RHOBG ( 1.3 H / 

* lPI£hH4.KHl)SAV ) _ . 
Khut ti< 1,1 t = RMCbMy/ 

C 
L ChLL oiiPKOP 1C OPCA 11 PhtbSui'l 
_CALL OSPRQPlKu .RH A. R.CWQ.CWyj Cj, Pv H II H 111-lT-OUP J- 

» R HOdC lltllfCbC(I.l)«U.0.GAP'.Cr.2) 
SSu CUM II.Ol - 

C 
I«.»******»*•*«**«.**.****»**•*••*•*••*•******•*»»*«*•*•**•••••••••••«•* 
C CLLAR armai VüC mod CTHLR ChAMBtH ArrAiS AT GRIDS NOT ON THE AXIS 
_««» » ♦ •• *__**_** ♦»♦♦♦♦♦♦ » ***.*« * »♦♦♦»* ♦»♦♦♦♦♦♦♦♦**********-^* 

L 
Puu coraliraot _ — . 

CALL LLLARIVbOll.l)iVbblbO.S)> 
CALL LLtAR iRMOOb11.21»RMOBfe(60 >S11 
CALL CLLAR(PhIbb(1.2).PMlBb(bO.S)) 

_CALL LLtAK ( HbG ( 1.2 ) . HbO < GQ,SU_ 
CALL LLtAKlUbGl1.2)(UbulbO.S)) 
call LLLARIUHKl.2) »CPolbO.SM 
call LLEAH(PLHIi«2).PCM(bO.S)) 
CALL CLEAR(Tt'G(1.2).lbblb0.5»l 
CALL LLtAR(XL|l«2>.XL(bU.S)) 

_LALL CLEAR IDO I 1 « > 1 .OQ Inll »511- 
CALL CLtARtOKl.Z) .OllbO.Sn 
CALL CLEAR(PMlbPa.21,PM1BP(60»5)) 
CALL CLEARIMPKaM1*2).bPKADlbO*511 

C 
c 

i*OR s X 

c 

C 

Mt I OKI» 

lNu 

ONEOIP 211 
QÜtfilñ_215-- 
ONEOIR 2lfc 
ülïEDIR 217 
ONEDIR 216 
ONECIR 219 
ONEDIR 220 
ONEDIR 221 
ONEDIR 222 
ONEDIR _. 223 
ONEDIR 224 
UMEDIR 225 
ONEDIR 226 
ONEDIR_227- 
ONEDJR 226 
ONEDIR 229 
ONEDIR 230 
ONEDIR 231 
ONEDIR 232 
ONEDIR 23_3 
ONEDIR 234 
ONEDIR 235 
ONEDIR 236 
ONEDIR 237 
ONEDIR 236 
ONEDIR 219 
ONEDIR 240 
ONEDIR 241 
ONEDIR 242 
ONEDIR 243 
ONEDIR 244 
ONEDIR_245- 
ONEDIR 24b 
ONEDIR 247 
ONEDIR 246 
ONEDIR 249 
ONEDIR 250 
ONEDIR 251 
ONEDIR 252 
ONEDIR 253 
ONEDIR 254 
ONEDIR 255 
ONEDIR 256 



iiinihuu I ii*l utwiiX NtUDX 

iUbHUOUNt NCtollX ïü CaCULU WHEN ThE oAwREL GETS A 21ST GKID. 
Mit bulb bi¿E La IS LuLdLLU« THE eAhhfc.. IS ÇLT DOWN TO U CHIPS» 
AND tht liuMbEb Uh CHAhbLK GKIUS IS HmLxED. 
l> KLU I Ii'L. IN I El' VoL IS ALSO CALCULAltC. . _ 

cOiiriUN/UAHHL^/büHl AtXH.VH.bOKEU.BOKLH.dOREDt >OT2dU»OTOSfl>XlBAft . 
LOHhuN/CAKEAS/AKMl«ií»AHHOW2«AHKOW3iAHlÕT 
LOnnuN/oKlUhiX/UXt-KIM _ _ 
tunriOH/LHAM/lX« ll< • Xb,HU «NbXiNbK, lULütí i IENDB t IPATH(60«5) • AREAS(61 « 

» »MtACHtAKLAL(bO) «IblMil .bNL0'DlAm'i,IAn2.CISl'bIS2'DIb3'UlSH« 
i AKLAK(bU).ARLAAX.UiAhl.CHAha.CHAKj,|OPGAP,AREAGP(60».OAVG, 
* AWtAH2tUlAI»01«BCtLKL.bLEUEbjIPSI.iPs2tHAQPS.BPIbN_ 

LbrtrluÑ/LLUCK / TifEtüÊLÍ 
cbrtfiuN/LüNS/ülbx.TübK,I2UX,TWOTüR tbILa»HRB«TWOGJ.OVAXIS«DVaXIT « 

í- üAfUKtuXibutlkUf'l «HbH 
LbiAMUN/bHAlN/ XL(bO.S). 00(600)1 uli60i5)t FNi 

l XLIuMbOtbli bOTDT (bO täl i (U TUT ( 6b 111 i XLOi UOOi OIOi 
aLi ( 1 JO > i LOMIGUIi uIBdüOli UXLu ( xOO ) t lOOb(IOO). UOIB(IOO) 

bOIWUN/HOLlA/KADHOt(«61 oKOWHiNHOLt-Slcb» iXCL 160) .AREAH(éO) 
tbnnoN/lNPUTS/CltC2iC3iCHiT0iTIGNiUcCiiSiRHOFiPHIO•TFiCAiRHUOt 

* HUibUtUOibTHhbPiMNibrliIIbNBPiOBCOuSiTOTN 
conMiiM/ NOLOi^/Cbui i C0n2 i CUNA i C0N41 Cbi«3 i ARLARE iZOibOBiXUBiHOTKi 

* hbi*iAXiCUN6iXlKTtXLUiPlNTi PLO 
tUnnuN/P/lHRlM iK'COLhirtOübH iPR IX • IbbBbbl 3b ) __ 
bOnhbÑ/HAb/Phlbb(60iS ) i KHOrtG(60 13)ï~r 66<6Õi5) i U8G(60«9)t 

1 Viib ( t. o i b ) i OPu ( bü 13 ) i PLH(6U,S)i UC(60.:)i 
e boinlb(bu). bBAb(60 iS)i XDRAG(6ui3)t UOTPU(60•5)i UPBUT(60i3)i 
o PHlbTU(bUiS), HHObTbloOiMI HpGTuluUtSti UB6TD(60>3)« 
A Wbblb(bOib)iTbblbOibliDOTMBblbO)itwTHP(6C.5)iPHIpP(60i5). 
S_PHIP|U(bOiS)iUH(bb)ilbP(60ib) __ __ 
cluihbN/bÃHKb/ PtiíllÕbli KHOP( 100)1 hSiIÜT* UG( lOO ) i UPIlOUli 

1 PbdOOli TCUOOli PiibuT (100), GbtluU), UCRAG (100 ) « FHICTIIOO), 
¿ ULUNVdOO), UUPdOU), UPhl ( 100 ) « bHt-OGdOOi UHGdOOlt ÜUG(IOO). 
* aPiaSS i 1 bu ) i aFuRí ( 100 ) i AENLR(IOO), c ARIASS(IOO) t (100 Ij 
A OALNLK(lUO) 
LUulbAl IbNIT ibl.EbiCHA(111CHAH2iCHAF»¿,cPIbW_ 
LÜblLAL PKI1,IbLbUG 
Ü A I A bHAV / 32 1 Iti/ 

i, X e d 

KLl 1 Ht BARKEL aKRAT VALUES AT THE UbC-NUMBERED GRIDS INTO bRIDS 
1 IhRJbbh 11, 

J=1 _ _ . 
bO lu U?,ll 

ü=J+2 
UPhl(1) s UPhI(J) 
uAHUbd) = UKHOb(J) __ 
ÏÏUb(l) = UOb(J) 
UHb(I) = UHG(J) 
UbHd) = bUP(J) 

UbHAbd ) sOURAb ( J ) 
UXLhl I ) s bXt.BI J) 
ObUB(1 ) s UbUb(J) __ 

NEWOX 
NEWPX 
NEWOX 
NtWßX 
NEWOX 
NEWOX 
N000801 
nooflaoi 
chahix 
chahix 
chãfíix 
CHAHIX 
NEWOX 
ESN S _ 
EÖNS 
GRAIN 
GRAIN 
GRAIN 
NEWOX 
INPUTS 
INPUTS 
NEWOX 
H0D1111 
P__ 
BÂG 
BAG 
BAG 
BAG 
BAG 

MS_ 
barre 
BARRE 
BARRE 
BARRE 
BARRE 
chahlog 
PLOG 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 

A 
3 
6 

7 
fl 

JL 
120 
121 

2 
3 
4 

_ JL 
il 

2 
3 
2 
3 
4 

Ublb(I) = U IM J) 

NEWOX 

NLWQX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEWOX 
NEwOX 

.ÜLÏftX 
NEWOX 

14 
2 
3 

IV 
51 

2_ 
"2 

3 
4 
5 
b 
7 
2 
3 
4 
5 
6 
2_ 
2 

23 
24 
25 
26 
il 
26 
29 
30 
31 
32 
33 
34 
35 
3b 
37 
3Ò 

-33.. 
40 

168 



c 
t 
L 

yMhUH 11 ) _= 
( i J : 

vH»1 *MjL 

i (tr ASS ( o ) 
ttWUHlü» 
ljAL(4tH ( J > 

NLWUX 41 
Jtü- 

l-tüULt lut hui btl' VíHU/i XfJ tnt Ch«ru&K 
I UI iHt IüTaL MOLt aKLa livlu Tut Nt» linlüi». 

iEllt!É¿ jLV. 1» fifi 14L&Ü ... 
.irtLAHll) = AKtAhtl» ♦ AU t AH ( 2 ) 

áKlAmí¿ = AhtAHü ♦ AKtAh¿ 
OA = Il'ibX ♦ 1)/2 
^bHl = I.G A ♦ 1 

tul iMt LHJMiîtH VALUtS AT TjHÇ 
..L» LfA.'btW bHJbS. 
Il H,U* .Lb. l) üO TU bu 
J=1 
ul< 4u i=2thUA 

U=u + 2 
4i-=. HhiAhiUl * A«t-AH(J+1) 

L/U SU K = ltltuH 
PHldlUUiM 
KHÜblU(1«K) 
uboruii.ii) 
VUOlUU.K) 

MOÎU A.*) 
UPbUl(1 « K) 

JtLTul U.KJ 
UUTül(1 « K) 
UlTulU ,K ) 

CUNflNUt 
AhtAKLlij 

4 ü 

44 

= b)tlBTL(d.K) 
s KHUbiniJ.K) 

= Ut)OIU(J.K) 
s Vüt ru i J « K ) 
=_huoi.PrU)K> 
= UHbUT(J t K ) 
= XLTUT(J,K) 
= UuTuT(J.K) 
= UIÎUT(J.K) 

êKLAKÍUJ __ _ __ 
AKLAC(I) = aKEAC(U) 

IHU.AKi) AhtAOPU) = APEA(,r»u> 
uOr.UNUt 
t'UI U/L VÜLUKL UOSI IN THE BAKKf L lu lu THE C.HAHBEH, 
VLUSI = 0 • b»U**hOKtA 
lHÜMtUl 00 10 Ht,___ 
U ítüw'l. CHAr.2 ) GU TU 44 
aun = AhEAH(lvGX) * AhEAAX 
aKMüm¿ s AKKUW2 ♦ ( APEAK(NGX)/SDH)* «Lu ST 
«HHUfcl = AHKUW1 ♦ IAKEAAX/SUH)*VLCSI 
i.KlOf = ARHOhI ♦ AKHUW2 
l»U 1y bu _ _ __ 

uOuUNU). 
Ifl.uUT. UHAXi) GU Tu BU 
sur = AiEAH(UGX) ♦ AKE AOH ( M'X ) + AK(.AhX 

«KnUfcl = AHHUG1 l AKtAAA/StlM)*VLCal 
«KKO«¿ = AMRbb* ♦ (AKLAHIN0X)/5>UH)*yUuST 
AKHUnÂ 5 AHKUwô ♦ I AKEhOH ( H|GX ) / SUR ) * VlOST 
aMUI s AKHugI . AKHOW¿ ♦ AHH0W3 
gU lu bG 

NEWOX 
MEUUX 
tlLWUX 
NLWQX 
NLWOX 
liLMDÀ 
NLUÜX 
NtUQX 
NEUOX 
Ntwux 
NEWOX 
IhLHQx 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
NEUOX 
»000301 
NEUOX 
»000301 
»000301 
nOOOAOl 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 
»000301 

43 
44 
45 
4fc 
47 

Jlft 
49 
50 
51 
52 
53 
_AH_ 
5b 
56 
57 
5C 
59 

41, UONl1NUE 
A» tOI = Ah T u I ♦ VLOS1 

»000301 
»000301 
»000301 
»000301 
»UD0301 
»000301 
»000301 

61 
62 
63 
64 
6b 
60 
b7 
6b 
69 
70 
71 

-72 
73 

122 
74 

123 
124 
125 
126 
127 
12b 
129 
130 

_13.L. 
132 
133 
134 
135 
136 

_137 
Í3b 
139 
140 
141 
142 
143 
Í44 

169 



r-
 !<

- 
r-

 *
r- 

<“
 

L 

liiA./oL UX, SECT» ANU CONkfANTÍ UFPEi.üinû ON fhEK. 
Uu cl'r« I ¿UüL 

uXHhin = UXHKlh ♦ UX 
JX = ¿,t*L’X 
UtLl = Í.0*ULL1 

_IJ»OUJ = ¿ » U«l'ELT____ 
ülUk = t'EL I /Ck 
JIUN = UCLI/üH 
l¿üK = U•b*Ú1 UK 
\ ¿L>* = U ,t>*U 1 ÜX 
fl* O l'j H = :i< 

Ltiiib = U , b*ut Ul *LitLT 
b'IUi>u = UtL [*bGHLr'*tuKt-L 
u1¿bL/ = -U>b*OLLl /b(JKl ü 
ulKML'b = bK AV *LtL T/HHCH 

nooosoi 145 
__IÍL__ 

NLWDX 7b 
NEMßX 77 _ 
HUO0301 14b 
NtWOX 79 _ 
ivLWÜX 79 
NLMPy_61L_ 
NtWOX Al 
N-tWDX t __ _ 
NtWOX M3 
NtWOX A4 
NtWOX Ab 
NtWOX Ab 
NtWOX A7 
NLWDX Ab 
NtWOX A9 
NtWOX 90 
NtWOX 91 

lu-, 
t 
L 

A i J 

L 
L 

- ______H0D0301 
LALLbLwlt IhL CHAMKM vOLUhf. IF ii rAS CHANGED ADJUST THt ANLaS. MOD0301 
IFtUivtut GO 10 Ibu _ _ 11000301 
AhKi = I FLOAl ( inbX ) - C.bl*UX*AKEAAA HOD0301 

nooosoi 
AHKÍ! = AHtAMl)*UX*U.Î) HÛDU301 
IMNbX .fcW. 1> ÔG TÜ Au 
UO 70 I • 2.lux 
Ahrt¿ = ARK2 ♦ «KL AH 11)»UX 
LUN! iMjL 

LOI. I iNUL 
il (OHAN2J OU Tu lyv . 

ahhî = AHtAOMl)*Ox*u»b 
1MM.X .Et. i) GO 10 luü 
uU 90 i s 2|i.GX 
AHKi = AHK3 ♦ AKtAUF(1)*UX 
L O H IiNUt 

_nODP3Pl_. 
MUD0301 
nODPSOi 
nODOSOl 
N000301 
HOD0301 

_ HflttmA 
nooosoi 
nuoosoi 
nooosoi 
nooosoi 
nooosoi 

_ HÔOPSOi 
cbNlIHOL 

MÜüUal A K L « A A MI.I. A H K A T AHLAl 
ALJUbl = AHHLKI/AHHI 
MHL A AA = AKtAA A * À U dU b 1 
Ji lob i = l»M»X 
AK LAL i iÍ = AHLAL(I)*ALdUbT 
LC’NI INUL 

«IjdUbl AKKAT AhtAH 
AbdUbl = AHHUW2/aKK2 
SS "ilu ï • 1»NÛX 
«HLAKtil S AKtAK(1)««UdUbT 
UUNUNUt 
iK (LhAMjc ) uü tU 200 

nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 

_ wOOPSoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 
nooosoi 

«UdUbl ARHAT AHlaOP__ _ _H000301 
AUdUb l = AHKL» 3/«Khi HOD03Õ1 

M7... 
146 
149 
150 
151 
152 

.153_ 
154 
155 
15b 
157 
156 

-15*_ 
160 

_161 
162 
163 
164 
165 _ 
1 bb 
167 
166 
169 
170 

17S 
174 

175 
17b 
177 
176 
179 
160 
161 
162 
IgS 
Ï64 

1 70 



- ... 

ul' 1« u 1 s 1'Nua 
AKLAto»*! 1 > « «HUMj»’( 1 )»aL<vJÜST _ 
cONitNUL 
uC IO c o 0 

L 
0 
U LOlilL ItMtli Out Ü IS 1(\Ol 

¿•,u IUmIIMjL __ 
AM i = AML AC ( 1 ) *ox»U • 'j 
it (NOA ,LW, 1) CO 10 Uu 
00 It.U 1 = ¿ < NbX 
<»t I i Ak) ♦ Ant AC l i ) »La 

it u Comíimot 

^ 1/U tOuilWOL 
AL0U6I = ARIOI/Á^I 
JO 1LU 1 = ItNCX 
AKtACU) = AKLAC ( I )*xCJOST 

It 0 comlimct 

C 
ecu comlimet 

c 
c i ia malas Amo vecohts 

it < • mol. Cham I CO lo ¿iu 
UKAALA A i.ltiih<a»UI<»0W»U)1 __ 
UVaAH = Í.¿t*uVAAiS 
»(i It.' £’¿b 

C 
<*ic cOmI imot 

aKcauI^) = AKtAtlKoX) 
__ íMCWAAAI AMCAClÃi = AHtACH(mCX)___ 

AKCACM r AKlaCU) ♦ Ati_Ao(¿) 
it (CHAM) aKLACH = AktACH » ARiAGli, 
JV AX 1S = AKtAAAtOX 

C 
Leu COmllNOL 

__ ¡MCWUH ARLaCICoPI) « b.OML/k .. _ _ 
HkLAnImePI) = bUkPA - mHLAAX 
itlCHAhi) ArUAKItCfl) = AHL Ak ( NGP1 / - Akt AGF ( MCPJ ) 
It IluLUOC11¿)• »rtllt(t,¿UÜO) IPRlM.AeX 
mAtitciSl /t»t nChk/OX « CELT « 1WOPT , LTD* , u 1 . T2DF « TüDX * TkOToH , 

» COI»SfOT0SutUl¿h0<blkh0HiUVAXXS«CVu*AT«AREACH 
,_ AMLUtbU4lAAIt I»kI Hifc.bCMCMKl _ _ __ 

itl.mol. luLcUC(lC)) ktlokm 

rikilLlb«2UUb) 
*H1 I L(b .¿CGO) I AktAOp(i)•1 = 1«NCPX) 
«kilt Ib t¿.bl¿2 I 
«kilLIb.SUUâl I AktAki i ) «Isl.NCPl) 

__ *k i I L I b « 2U O A ) _ _ ___ 
wkin it.éuo¿> iaMachí«x=itNCPi i 
AkilLlbiSUOS) C AkCAC(Xlti = X.NCK) 

euüt tCki-Al|*l mtbí'X CALLLO. XPHINT s'iia«/«* NGX =*.I5) 
¿u(j£ t Okf'A I l /// » • AkkAY AktAR't//) 
¿coi t OkkiA I iVX.lUt 11.7./) 

_éCUA ^UkHAII///j * AkkAY AkCAC'.//) _ 
2uUt) tUkHA Ti///, • AkkAY AkLAC,i//.2UX«ítil.7) 

IÍÜD0301 xas 
_ JiüMMi-_ifiÍL 

MODOSO! 167 
MODOSO! le« 
MODOSO! xas 
MODOSO1 190 
MODOSO! 191 
MOHOSO! 192 
MODOSO! 193 
MODOSO! 199 
MODOSO! 195 
MODOSO! 196 
MODOSO! 197 
MOHOSO! ISO. 
MODOSO! 199 
MODOSO! 200 
MODOSO! ?01 
MODOSO! ?Q? 
MODOSO! 203 

_ mxQüsoi .209 
MODOSO! 206 
MODOSO! 20b 
NEWOX 92 
MWDX 93 
MODOSO! 207 
NtMfiX_9i_ 
NLWDX 9b 
MODOSO! 206 
NLWDX 9b 
MODOSO! 209 
NLWDX 100 

. NLMQX _ 101. 
NLWOX 102 
NLWDX IOS 
NLWDX 109 
NLWDX 10b 
MODOSOl 210 
NLWDX_ 101. 
NLWDX 106 
NLWDX 109 
NLWDX 110 
NLWDX 111 
NLWDX 112 
NLWDX 113 
NLWDX HA 
NLWDX 11b 
NLWDX 11b 
NLWDX 117 
NLWDX 116 
NLWDX 119 
ÑLWDX Ï20 
NLWDX 121 
NLWDX 122 
NLWDX 123 
NLWDX 129 
NtWOX_125 
NLWDX 12b 

171 
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¿oUi- F ÜHMA I (///»• AhlAbe*,//) 
KL lUMV 

tF u 

NE.UOX 127 
NLMDX_126 
NEWDX 129 



oOuHUUIlNt 
JL t»ubHOoUi l lb calllu i ok onlCb h\ Ihf ¿hO kaUial kOw uhen 
C IMi Ll'AM tk HA« i SlHaKaIL Uf.'t ÜÍHCÑkíwMÁi HCbS, 

LUnr oii/AVoor/Km.li t .khihHOtPHJ AVt ihntHWl .OBC AVt »UPBaVL . 
i UIUI•VBOAVliviut 

LOnMlW/LHAM/i ,J .AH,ht),1<bX,Nl.H,Us|.wt,It NUB,lPATH(6g,S) .AktA&Jt) , 
, AM-Ain.AKtAL ,b0) • IbiMl I «UNLli.r IAf ttblAPStCISliUlSZiDlüdiüISll« 

-1 A^uAhife(ÿ) ,CmA,-i1 ,CHAh2,( | OPbAP i AH^AbP <h() 1 jUAybj 
l MkLAhttOlAr'Bl ,liLLt i«l/ « htLnr O . If'Sl , iE ó ¿ , R ADF S . HP 1ÜN 
tUnhuH/uE.oCA/ TIME ,bEi.I 
CKiirui»/* gmb/l Tija 11¿üK . I -uX , T«OH>K.u i Ln «HPB. IkOtJ.DVAXiSlUVAXIT, 

i u> « *Jh • i,X « iju » I i*(JL» I ihbK 

cOiiru^/bAÒCUU/Ku «KKOtL VU «tvn 
L Ui""'UiJ/b_Al) / Hl. Ibi_ (CU *5 ) . nMOMG (60,5 ) t UBb(60t5) , 

J Vub(b0i5l, uHlloü.b). PfN(6U,5), UC«»«*«)« 
^ l-ulMy(oü), u b A G ( b l), 5 ) , XUHAG(6t,tn UOTfH(bO,5) , UPBDT(60,5|, 
J PHlM1U(6d,b) , KHÜb1u(6ü,!)) , HHG | L ( v 0 , b ) , OBGTU(60,5)» 
h VuGlbi60,5) ,Tb6<buo) ,DUTP.BG(60 , , t b f PP ( 6C , 5 ) , PHI0P < 60 , b ) , 
t PbiMt ibO.b», r¿M60) ,TÜP((,0,5) 

- L(-UiL«L IGGjJjJJI.Eb.xCHAM 1. CHA *2 . CHA Iv-, , P1ÇM 
J/.IA GbttV/J¿.lt,/ 

G 
G 

G/.GG t»SpKÜHlhü,KhOiH,tW0ttVH,GW,Ptml, J) , Hat ( I, J) , TüUP, 
* M'OBGii,J)iubG(1,J),VH6(1,J)«uAr,CP,2) 

-iiGGGL” iGAi' lAl'J/ltlGGj _ 
iPX = !♦! 

1*1 = 1 - X 

G i . iMib SUUHOGTXimE PPlbu kEPRESEPTS IH,. TOTAL POROSITY, NOT JOST 
-U_ _ J-JiWàlJ liit- PhGPtttAhl . 

(5 = PHtBSl1*4) 
-ib = «htAk l X ) 
b2 = kHOBGUhl.ji 
^<4 = khGùGdPliJ) 
ob = HHOBG(ItJ) 

-- AB » .. .. 
LH = GH*ubGlIPX,o) 
g5 = Gb»obGU,0) 
112 = Phlab(lrl,j)*AKLAKUPl)*LÜ 
"H = PhlÖb(X(i,g)»bhtAKlIPX)*EH 
G¿ = Oí * HBG ( XP'X , G ) 
GH - bH * Ht'GUH.O) 
G‘J = Gb * HBG ( X , O ) 
u? = bGbGLK* Glib ( IMi ,o ) * E2 
JH = l'UGGtk ♦ Utib ( IPX < JI * EH 

.15 = buoGtk * UjMX.j) * Eb 
»GG = ARE AH ( X ) *LX 

PHXAVt = IPhXHgi XM.j) +(5 + (5 + (P i dG ( IPI , J ) ) *0.2b 
«Hoavl = (G¿ ♦ ot + Ob ♦ GH)*0.2b 
ohuArfL = ( UBG ( iP. 1, J ) ♦ GtíG ( I , J ) ♦ ouGiItJ) + UbG ( IPX , J ) ) *0.2b 
VhGAvL = 0,ü 

jPdAvt = (uPb(Ihl,J) ♦ UPB(1,JI ♦ UPC i X,J) 4 UPb(IPX « J>)*0«2b 

PlilLil = PHlbÎL'd.J) ♦ PMlPTD ( 1 , JI . *.0 

AAIT2 
AAIT2 
AXIT2 
AAXT2 
AXIT2 
CHAMI 
CbAPl 

thàW 
CHAPI 
AX1T2 
E UNS 
EONS 
AXIT2 
BAG _ 
BAG 

BAG 
BAG 
BAG 
BAS 
Gtimoo 
AXIT2 

AXIT2 
AXIT2 
AXIT2 
Ax IT2 
AA1I2 
AXIÎ2 
AXIT2 
AXIT2 
AXIT2 
AXIÎ2 
AAllA _ 
AXIT2 
AXIÎ2 
AXIT2 

AXXT2 
AXIT2 
A Al J 2 
AXIT2 
AXIT2 
AXIÎ2 
AXIT2 
AXIT2 
AAI 12 
AXIT2 
AXIT2 
AXIT2 
AXIT 2 
AXIÎ2 

AXIÎ2 
AXIT2 
AXIT2 
AXIT2 
AXIT2 
AXIT2 

AXJ12 _ 
AXIT? 

¿ 
_ S_ 

H 
b 
6 
2 
3 
4 _ 
5 

0 
2 
3 

10 
2 _ 
3 
H 
5 
6 
7 

. .2_ 

13 
1H 
lb 
16 
17 
18 _ 
19 
20 
21 
22 
23 
2H-. _ 

2b 
26 
27 
28 
29 
30 _ 
31 
32 
33 
3H 
3b 
36 _ 
37 
38 __ 
39 
40 
41 

-42_ 
43 
44 
Hb 
H6 
47 
-4Í_ 
H9 



'Uolul = I Ft>*HiOAtL • l¿l)X*(HH • h^i/Ab AAIÎ2 
i - ^t»tootm«m - yui^biiuit/vot _ _ __ axitz 
t ♦ OÛlfÜMlVÛl ♦ LUTHIMI.JI »/Kr.ITUT AXIT? 

HhiKHO = KHlIUltHHUTUÎ AXIT2 
l»KM = u.O AXXT2 
It- tüulMóUi.(,r.U.U)Ttl^^<Xsl(0 AXIT2 
iLKr«:=u.o AXITP 
it-tLotri^GjIijLl fü,U)lL«r.¿=l,U _ ___AXIÎ2 

r AXIT2 
Ulul = ( Fb*tt¿ ♦ Lb + Lb ♦ t*t)*0.2a AXIT2 

1 - T¿LX*(HH*LuOtl^l.J) - H2»oCu(1^1tw ) AXII2 
¿ ♦ OKAV*AKLAKtI)*HCH(lPi,w» __ . _ _ AXIÎ2 
b - üKAVAÂKtAMlMPCHiIPl,*» >/Ab AXitp 
* -OLLI« ttulrlbd i ^BfiafUbGt I. J>»TtHW2H/V0L aXXT2 
H ♦ UOTnb t iVo ) *tJfb t X * j) » /PbiMt-t AXXT2 

XF » At-SlUlLl ) .LÎ. 0.1 )UT0T = O.y _ AXIT2 
L AXÍT2 

Xlul = 0.0 _ _ AXIÎ2 
L AXITP 

1F(PnlAvt.L1.0.999ILALL URAMXURaGtj.w)..FALSL..1tJ) _ AXIT2 
L AXIT2 

Mlbl» = hbb(I.l) AXIÎ2 
IF I UbTnlb(l) .bT. 0.0ÜU01 ) HIGA s r.dO(I.i) AXIÎ2 
HbbM = Hfc)G(l,2> A&II2 
iF(übinbbU) .bl. U.GOuOl) HBGN s hu0il.3t AXIÎ2 

i_ . _ ____^_______MI12_ 
MluTull.j) = GAM»t FbAlCZ+BZ + Cb + CS + ob + db+CmBA)/ (4,0*GAW ) AXXT2 

1 - T2bX*(HH*Hbb( IRltJ) - HPtnbutlMliwn/Ab A*JTî 
t. 1 DLL T * ( ( bül hbb ( 11 *HBGN - uw Ir IG(11 «HX6N )/yol AXXT2 
i - UUAGd.jn ♦ L)UThB( X » J)*hriB ♦ ÜOTPPd.d)*HHH AXïTp 
• -AüHAbd«0)*GP6U«d)*tiLLT/7ee. AXIT2 
h - bbbbLt<«F,hIhHb«uTbT»UTDT/bHF )/PHXPH0_ AXXÎ2 

C AXXÎ2 
KtlUblUd.d) = HhOTOI A*X_T2 
uHblüd.JJ : DILI AXIT2 
ytitolUdtJ) = WTO! _ AXXÎ2 
«LI um« AXXT2 

_UW__AXXÏ2 _ 

50 
SL_ 
52 
55 
5b 
55 _ _ 
56 

-XL_ 
se 
59 
60 
6J . _ 
62 

_65 
6b 
65 
66 
67 
66 

_6? 
70 
71 
72 
73 
7b 

77 
76 
79 
60 
Si¬ 
ez 
63 
6b 
65 
66 

37- 

174 
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jOtíKoUliít AAIIJ 

. tJhKüLli«^ il, UvLUU f- OH biac^ i„ T Ht ¿(H) RaUJAL KOrt »MEN 
li'L krmnutH 11MÍ. .5 SLEaKmIE Ol.t UlRENiiv^AL RChS, 

U nruiV/^oi.l/KMtlL l ,» hihhü.PHIAVE .Kr.knVl .OÖC AVE .u^BAVE . 
3 ^lbl«VrlÜAVt«WlhT 

LOne.UIVLHAh/i ,J <Al',Ko,.,OXtN(,H,XtíLue,UNBB.IPATH(b0.5) iARtAt(M 
4. AI,LAU.,AKLAC(1,U) . Ui\il I .0MEli,niA|-A,oJAMí;,CISl,DlS2,l)ISi>,uISA, 
i «Hl«K10v j i ARtt/v A> iUiA'-a.CtvAfi’trMA^1.iüHbAP.AREAbPlAül tU^V<,, 
4 '' LAit. lülHhHI .t-lUivi .t'LUM O,iMSi,1PJ2,KA0ES,BPHiN 
v.ur,nuiVLLOEK/TiM. ,UtLI 
tUrtr,oM/L»!*!>/1, lux . 1 2Lh » I ¿LiX , T»OTOIt,^ I Ln iHMB* l NOOJ.üV AX IS«UVA*IT • 

¿ UX t Utt » nA i Ou • I fcOU 1 thbH 
LOnriUN/UAbCOh/Ru |AKC<LV0«EVM 

LUMhVN/t'AP/HhJUOUUo» . «HUI blbOjii I ríJtíbQtSj, gBßlbO,^), 
1 Vt'O lou .¾ I . Emu ( bli i B ) ( Hf*'(nü,S), lxC(6ü«E)t 

i uuIhiOíbJi, iibAt»tbli,i)|, > üHAG ( 61 • £ ( « BOTRB(bOiB) • UPbUT(6ú»bi 
í P'iiblL'loU.b) , t-nUbTu(0U,‘S) . HbGJi,U0tb>, UhGTU ( 60,5 ). 
A vublu (bU tb ) I UítMbü t a) <1)01 MB6 (fcO )lE^,T^P(6C*5)^PHIbP|60,5), 
a PMiMI, (bO.b) . T2Ktbo) .TuPlt-u.b) 

vüulbAi. Ibl.Jl .gl.EÜjthAl-ll íCMAI“2,C±iAr^14;PI&N 
jAIA GKMV/i^.lb/ - _ 

UALL Obr ROHtl-Û ihKbihiEvU «EVhtEV tPChii . J) «HBC < I ■ J) «TDU*. 
» HPObut 1 .a) .böt I i . Jt .VRG( 11 Jl «uAi* .CP.2) 

yObbUR = Ib^C; - 

U i<. iMib bUbRvOTiiit RUitü REPRESENTS IPl TOTAL PEROSITí, NOT JUST 
E PaRubiiy of I hf PROPE EL Alv I , 

iPi = i+1 
iPl = i - 1 
t ‘j = Phiaa.i.jt 
Mb = Ahí AGP(i) 

b* = HHÜUbUPi.J» 
OA = HHOuGlIPl,a) 
«b = HHbjg(it a ) 
L¿ = G^^ubGUPl.a» 
la = ‘»•♦^BGdPi.ai 
bb = bs»ubG(i,a) 

"* = PRiUOUFl.wl)*AREAGP (Ihtl)*E2 
"A = PliiBGl XP1 ,a ) • AhLAbP ( IPI) *EA 
L2 = Lt»MbGUKX.a) 
LR = GH»Hbb|iPl.JI 
Lb = G*j*tibGli .a) 
tt? = OUUGEKxohb ( IP i t a) *L2 
)A = UUuGLKíUMbI i) i , j)«LA 
ab = UL( bER»l t b( I ,a)*La 

«oí. = mpe AGP ( I i *uX 

piliui = PHit. luí i,a) ♦ PMlPTOll.j) ■ *,0 
Rralul = (Fb*(G2 ♦ Gb ♦ ob ♦ GA )*o,2. 

X - I < Ox * ( 11*. . »121/ Ab 

- atLl*UUIhbGiI)/ vOL)/ PhiJuT 
Ptiihnu = PMI IUT.mhOTvT 

AAIT3 2 
AXITJ _¿ 
AXIT3 4 
Ax IT3 b 
mXITs b 
CHAHI 2 
ChAMI 3 
EhAfii_<4 
CnAWI b 
AXITJ O 
LhNb 2 
L UNS 3 
AXITs 1U 
BA6__£ 
bAG 3 
bAG A 
UaG b 
BaG b 
BAG 7 
CNAttEPG _g 
AXITS 13 
AX1T3 14 
AXIT3 Ib 
AAIT3 Ib 
AXIT3 17 
AAIL3_lú 
AXIT3 19 
AXIÎ3 20 
AXIT3 21 
AXIÎ3 22 
AXITS £3 
AXII3 24 
AXITS ?5 
AXITS 26 
AXITS 27 
AXITS 26 
AXITS 29 
AAUJ SU 
AXITS 31 
AXIT3 32 
AXIT3 33 
AXIT3 34 
AXITS 3b 
AA1IS 3b 
AXITs 37 
AXITS 3« 
AXITs 39 
AXITS 40 
AXITS 41 
XX. US 42 
AXIT3 43 
AXITS 44 
AXIT3 4b 
AXITS 4b 
AXITS 47 
AXITJ 4P 
AXITs 49 



J 
ulul = O-'9*U. i* ♦ 1‘j ♦ t9 ♦ l 4 ) *0.2‘j AXIT3 50 

- TguMiiü**jyttftii£lult_r.  a.sjií_ ..5JL 
+ - bHAW*«S.PCH(If>l,UH/A5 l/HHIKHO AXIT3 52 

1M ABbtulul) .IT. 0.1 ) UTDT S 0.0 _ _ _ AXJT1_53 
AX1T3 54 

iibbt« = tiHbu.2 1 AXIÎ3 55 
if’(Uulhbbl 1 I . b I . U.ÛUUU1) HBGN s hub(lt3) AXIT3 56 
rlbOlull.J) s GAI** 1 f 5»(L¿’»hg»C4’fP4»L5til5tC5*B9>/( 4.0»6AH)_AXIT3_5T 

* -1ÜUX*( H4*fiütoI IPX«J) V M¿*hob»l*ltJ» )/A5 AXIT3 56 
i - UtLlíboTf-bOilMBbGfj/ VOL AXnS 59 
1 - bUobLK*üTUl*UlU I *HHlHMO/6«r (/PHlRf-O AXXT3 60 

AXITS 61 _ 
AXITS 62 

_AX1T3_63 

AX1T3 64 

KfUblbU.U) = KhUlUl 
ubb I u * 1. o_) _= HTCI 
kL I UK(i 
t.(VU AXIÎ3 _ 65 



¿Unho'-'I i lit- i.ttUKA¿ 

Mtti FmITÖMS »Kt W(JÎ hlLltU ! t» lmb *l.u«OÙ?iftÊ bfCAUSl THtt WOULD 

I.I.L L»i<LLL> 

LUrthoN/H<nFLU/l 1 1 'KP , UM 
tUPihUl'l/AVtoU l/t\HC itt «FtiiKHUil III »Vf «Im LwVtfUHÇAVLtUHBAVl • 

t L > L 1 • Vüt’A ttL i V 11- ! — - — — — 
i_liiiPUI'</lií«¡' / i i J i Ab thu • 'tOX »NOK , ItiLub » ICNOH «IPATti 160*^) * ARLAG11 ) • 

1 AltL AC M i AKl AL ( bU ) • ILnI I • UI.LD • DIA ï*.x • b 1 AA'Î t C JSl < UlS£ « UI ^3 i U I SH « 
l AKLAhl bO ) « AKL AA « tCHAPil «CM.ipi? »( I ûc j , | UPGA P « ARL A GP ( GU I »UAVl>« 
i AKLAh2,L'IttPH ,et Lt uL,l.-LLi)l o.lPSt , iPo2,RAD^S.bPiGN 

tUnMjiM/CLGC K/Tiht iLitll 
Çür P un/ iNHUTG/il jC¿ «Lí I L4 « TO t I XGfi • x^Ci. b • RHO.f.»Ph 1¾ «Jf • ÇA*RHO.O •_ 

t n U « t'U t UU « J TRt’l 1’i H» Gr, t I lüt'bPtQBCUwfc» TOfH 
Lu«hUiv/FAlLLU/tHlCM , F nOoP, l’CUPP, tí Uc ï *NTUB ï P A XL » RFAIU bO) » 

i imciMbO» .hliili »tyfll 
yl«b/ülLX|îcLKt 1¿UX,TWüTDRigIL» tlWOG>JtDVAAlStDWAXIT « 

i UXI U»<NA I GO i ImOUI «HbH 
cCyir.uli/GAbÇOij/.Mu •KKUjCVU »Lvi< . _ _ _ _ . - 
CÍÍMKUN/l* AG/Pti I bG ( b U • b ) • MHüi'G ( bc « S ) « iJGtGOiB)« UBG(t0.5)> 

1 VbUtfcO«B>* UHjlbO,b)* Hlp(6U,B)i ULfGO.î)» 
c L'olhlb(bu) • otAGtfcUiS)* xOKAG ( G11 b I • 00TPB(bU«5|t UpBDTtGOtb)« 
i Phlb 1U (GU ï b ) i RHUbl u ( oO 15 ) » F'OG 1 u ( u U * b ) « UBGTD(60«b)« 
A VuGILIbO•b)« 1hG 160•b>«ÜOTMhGIbO)«CoThP(GC *5» «PHlfcP<60.5)• 
G PH1PÍC (GOtbl » l¿w(Gal « ÎBRifcPrfrl ... 
LtolLAL 1GUX1 ,Gr.tG,LHAhl .CHAha.CHAiCjicPIGN 

LC'GicAL PthLl 

CALL GGPKUP(HO *HKO.K,LVU «LVH.LV,PChiA,J)fHBG(I«U I»TOU«, 
$ HnObG t l .0) «UliGI I «ü • «Vl'GI 1«J) «gAi' « CP « 2 t 

cyuGc» * (G»l - l«U)/TnUü^ . ___ - - - - - — ■ 
(Pi = i+1 

lu IHlb 6UÜK001 1NL HHltG mLPwEüLMí IHu 10TAL PURUSITY« NOT JUST 

huhusíH of fhfc fruplll«m. 
F 4 = PhlHGUH.JI 
p b = PtilßG LX jW) .----- 
g4 = F HvKHObU I xt'l. J ) 
Gb = Fb»HHUoU(1.J) 
LU = b4*Utlb( 1P1 «o I 
Lb = U.U 
C4 = 04*MUG(lPl.J) 
Cb s Gb*HLiG_l 1,JJ_ _ --- 
J4 = G4*UUbüLK«UüG(1P1.J)**2 
ub = u,u 
UtuUr. - F 4 ♦ F b 
HHiAvL = ULULAI i> U « b 
KhUAVt r (04 ♦ Gbl/LLLüF' 
OUG A V L = U . Ü ... ___ - 
JPbA VL i (GHI.(XPl.J) + UPH» J,J) )*0.n 

PHilUI = PHXlTu(X•J) ♦ PHXPTD(l.J) - 1.0 
i<HUlUl = IFb*KHUAVL-cTU>»(4 ♦ Ut LT • (LoTHlGlX) ♦ UOTPPM)/ 

1 UVAAiS*2.L * UuTMBd.J) ♦ uci IP p < I « J >•/FHITDT 
HHitu.U = Pm(IUT*hHUluT _ 

HSURA2 

H^UFJU 
HSURA2 
«SURA2 
HSURA2 
UbUKA* 
hSURAÏ 
USUKA2 
CHARI 
LHAP1 
CHAM1 
chahi 
bSURAZ 
MUJDJBJib 
RUOOHSb 
P>UDQ92b 
PÜD092b 

LWNS 
euNS 
bSURA2 
BAG 

BAG 
HAG 
BAG 

2 
_5. 

4 
b 
b 
7 
b 

_31 
2 
3 
4 

b 
11 

51? 
•to 
321 
b22 

2 
3 

_ .13 . 
2 
3 
4 
b 

BaG t 
BAS_  I_ 
ChAHLOG 2 
MOD092S 523 
hUD092b 524 
BSURA2 17 _ 
0SURa2 lu 
HSUKA2 _13 - 
bSURA2 20 
bbURA2 21 
HSURA2 22 

bSURA2 23 
BSURA2 2** 
B&UfiA2_2b. __ 
hSUHAZ 2G 
bSyPA2 ?7 
BSURA2 20 
HSURA2 29 
BSURA2 30 
bStUM2 31. 
bSURAS 32 
BSMRA2 33 
PSURA2 34 
bSURAZ 35 
HSURA2 3b 
BSURA2 __ 37 _ 
HSÛRA2 36 
BSURA2 39 
bSUKA2 40 
HSURA2 41 
bSURAZ 42 
HSURA2_43_ 
USÛRA2 44 

177 



JIUI = 1,.U 
V 1 U I = ü ,_Ü_ _ _ . __ ____ 

• ■Joli = t.b0( 111) 

X) (LUI Müll) .01. U.Ù0U01) H1 ON s h00tli2) 
rltlb 10111J ) a oai'*( f b* (CH + b4-fCb + B5 ) / íuENOM^GAM) 

1 _- t)TUX»C»«Ua6<lPl»J>__ 
r ♦ LtLT * (OJulhlu(I) • Ml6h •* DOTMPC * HbP ) * 2*0/ 
o UVAX1S - Ut-AOUiJI) * ÜOTftniiJ» * MB 
H ♦ UOÎHH(1 ij) » HbP)/PhIRHC 

U1U I -2 , b* OtLl * I UTI.Prt * UPHP/PhC lu 1/JVAXIS 
HHUUIUUiJ) 3 PHOU/1 
ubôîüli«ji ■ ÜTOl 
«bolulliJ) 3 VIUT 
Ht I ÜI'.W 
lnu 

HSUHA2 45 
_ ,aiUBág_it 

BSURA2 47 
b&MlAÍ_ i® 
bSURA2 49 
bOURA? 5Q 
BSURA2 51 

— UMtf_5¿ 
BSURA2 S3 

. aiuüi _ 1« 
BSURA2 55 
BSURA2 56 
HSURA2 57 

_bWiSAi__at 
B6URA2 59 
Ü&UR12 61) 
B6URA2 61 
b5URA2 62 



¿üotvou I .«Mil» I«' 

uu/r. y i , / Hht TlJjHhl KMü. HhlAVI «K^ChVL «UBC AVt^OPBA VC t 

J ,AelKbj«O*,NbK,|etuetUK0B,IPATH«60,5),AKtA6l!,,, 
í Ä«r«K^ft?KL2L ,lb,‘11,0NE0'PIA'' isi.üisü.oisa.BisA, 

AKtAKicO) tAKLAA*,UlAiM,CHAM2,CHAr j, |0*JbAP,ARLAbP(6u» ,ÜAVO, 
* AHLAdcUiAMbl .btLtl.L.bLLBtO.iPSl.iPoZ.hAüFS.BPiGN 
- ib'yuJVllÜCrt/Tlfrt.otL ! 

CunnuN/Liüil/iJiui, i¿u«, i ¿ux, morph ,, ,Ln,HhB,féõgj.WâxTitõVâxif« 
4- • ImX * Oo « I WUl I • hi)H 
COnñUN/bASCÜIi/hUfNHUtCVO «tVH 

U<’1ni.N/t.AG/phluG(tu.&), «HU'( ( b( « S ) , rdG(b0.5l. UBGíbO.b), 
I VüOitl'tbl. GpblbLtb) • PLtMbü.bl, UClbOf*), 

. bLAü(bü.b), XÜHAr-iév.ij, DOTÍlMbO^l, UPBÜT ( 60 « b ) « 
¿ PhiolU(ou.b), WHüblu(óO.b), HpGTuíuü.SI, UBGTü«60.5». L 

!* ''ü^u'<btl,‘-'1 'UOT^BGjfeO) ,LwrKP)6C .5) iPHlhP(60.51 , 
b KHiH|t(bU«bI «T¿H(6l » ,lbP|60ií>) 
LOultAL IGMl I •i.'l'JLO.CMArlfCHAHZfCHAp J1UP1GN 

LALl 
b^«bPlbÜ,PHO,bJt«ü.(.V((,LWlPC,,ii,Jl,HBÇjIîUl,TDUM1 
Abobo(l•J),Utu>(1.J>,vnG(I,J),uAp «CP«2I 

oOoGla - (oAn - 
iPi = !♦! 

I.J Iblb bUoKUOl li,i. l-t'iio HtPBLGLNTb 
tjfobil l OP IbL PkOHLLLAU I . 

Phi|jG( It 1 , j)*akLÁk ( XPl ) 
PbioOl1 iJ)»rthLA«(i) 
PH^hHOoc(iti.Ot 
P b*nHUi)0 ( i ,o » 
'»H » UbO I i P11 o ) 
U.-O 
G<**HBGUPl,0) 
‘>t»»MbG( X • J) 

<»H»bU00LH*l,|i(. i XP l t <-)»••? 

»Pa TOTAL POROSITY. NOT JOST 

P*. 
Ab 
OA 
ob 
LA 

Aí’ 
LA 
ob 
(IA 
ob = u. b 

ob ut A, = F H ♦ Pb 

Ht^iAwt = fiCMVÜ/lAftLAN I XPl ) ♦ Aile Ad U) î 
KbOAVt = (Oh ♦ Ob '/Ll>ol* 
ObOAVb S U,j 

uPbttVb ï. «OHbCXPX.JI ♦ OHbd.dl (*0,o 

P »1X 1 o » = (HHibljbl »OJ ♦ PrilPTO 11. V j - X.0)*J_HtARllj. 

i.holo» = ( Pi)*hP,0AWb - bll¡X*tA - C1 o* * ( b'GTPI G ( 1 ) - üOTMBGIII ) 
♦ (JbTnb(lid) ♦ O0|MP(I,j)(*a„EAH(I> )/PhlTÜI 

HHiht.o = PHl IU I «RhOl oT 

olO I = u « 0 
Viol = t,0 

tiXoo = MhG( 1 < 1X 

XP <00 (Mol X I ,G1. Ü.OOUOll HlGN r Hob«1.2) 
iÜXG»1».. s. HBG< Í .21 
XKoôlPbom .(.T. O.ÜÜUOX) HMfi = r.,.<.il,3) 

bi.UK T 2 
BSÜRT2 
bSURT2 
CHAUX 
CHAMI 
CHAHI 
CHAMI 

BlUSIt 
LUNS 
bwNS 
BSURT2 
BAG 
BAG 
BAG 
BAG 
BAG 
BAG 
CHARLOb 
BSURT2 
BSJJKT2 
USURT2 
BSURT2 
HSURT2 
OSUKT2 
bSURT2 
ÖSUKT2 
BSURT2 
ÜSURT2 
fSURT2 
I-SURT2 
liSUKT2 
r.SURU 
BSURT2 

PSUHT2 
bSURT¿ 

I.SURT2 
BSURT2 
oSURIJ 
BSURT2 
0SURT2 
bSURT2 
bSURT2 
HSURT2 
bSyRT2 
itSURT2 
USURT2 
BSUKT2 
bSURT2 
BSURT2 
bSUKT2 
I-SURT2 
BSURT2 
BSURT2 
bSURT 2 
BSURT2 
ÜSWRT2 
BSURT2 

_6 
2 
3 
« 
2 
3 
A 
b 
b 

7 
2 

11 
12 
13 
IA 
15 
1b 
17 

16 
1b 
20 
21 
22 
23 
2S 
25 
26 
27 
26 
29 

30 
31 
32 
33 
SA 
35 
36 
37 
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c LoiMiiiAlUt bbAbtfeOib». XUHA6n pgtfBIttiaii upBUTUftjbjj bAfi_ 
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X AhLAH2«UXaHBI.HLLLr.L.btLUEG.lPSX,.Pj2.HA0FS,uPlbN CHAHIX 
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1*■ ib„suiiKLUJlNL,ULLULA-lLa F aIjlupl PF_l>x ÜLNIL!1-Lflhk-IUNLlLP TUBt TUfitAt 
DLL TU LUr.PRtSSXVL UH f t f.o 1L t < HOUP | pHtoSLKt LOAUlNb. TUBFAL 
xi.bubutu XS STKLNUTH uLCPaLaTION UUE Tu lObL CCHBUSTION TUBFAL 

hFAxLU) • TbbE STAlUb II.ÜEX% TUBFAL 

TUBFAL 
U TUbt Has not FAILEu TUBFAL 

-TUBFAL - 
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L 
u 
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L_ 
L 
L 
C 
C 
L 

1 TLbL HAS FAILLU 16 |£aS10N TUBFaL 
ANU a PSLUOO hole m«S been added TUBFAL 
TG SIHuLaTE FOKPAUuA OF A CRACK TUBFAL 

TUBFAL 
2 TUbt HaS FAILED IN lUi" PRESSION. TUBFAL 

k PSLUuO hOLL NAS. utia. aUDEC ._ _ IUBFaL 
ANU PHUPLLLANT HAS rC«EL INTO THE CENTER CURE. TUBFaL 

TUBFAL 
PLUhh - CUHPFtSSiwt SIRENGTH OF xbulTEH TUBE TUBFaL 
PhUtP - TtRSlLE UK hbuP STKENGTh Lr- IGNITER TubC TUBFaL 
tmxlkt - initial ibNiiER tube Tmickness tubfal 

tuuXLAE HLNt! . _ __ _ ftÚDO&Qb 
LUbXLAL FAIL TUBFAL 
FAIL = .TRUt. TUBFAL 
UU 1U0 IslE'CbH. 1ENUH TUBFAL 
xFirFAiLdi.ttt.c) bt Tu 100 TUBFAL 
IF(PhUuF .Lu.u.U.aMj.PLuRh.LG.O.O) uu (0 20 TUBFAL 

.... F*iL = .FALSE, . . _ _ _ TUBFAL 
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ukLPsPUMl.II-PLHIl.*) TUBFAL 
LLLP IS POSITIVE FUN HOOP SIHLSS. TUBFAL 
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KFAlUdl 1 I 
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•AHtAlt 
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PHlHbd.9) s FlHGftP 
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UPbddl = UFN1 
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1)0(1.1 I 
01(T »1 ) 

d ) 

APHl1)/APHINl 

hHIL>/lPt'li(l_ 
PHI11/iPHlNl 
t- Hi 1 ) /APH1 t'I 

TUBFAL 
TUBFAL 
I werah 
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HA 
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TURFAL 
TUBFAL 
TURFAL 

70 
Tl 
79 
75 
7» 

JL5- 
TA 
77 
TR 

75 
AO 

Fl. 
R9 
R5 
R4 
RR 
RA 

-JU¬ 
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FUNK 
BAG _ 
baK 
BAG 
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S 
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BAG_ 
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bPTNTT 
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TEPiPI- 
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CtPIPI- 
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81GTr(Si» 
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BPTNIT 
BPTNTT 
BPTNTT 
bPTNTT 
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* CMTC(b).FHACTIP.AOI 
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* IBEGir .ILNOTC.TWOCh. UOORB 

II,1TIaL12l PAU lHlr>FWtSS AhrtAT 
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BPTNTT 
BO0ÛS25 
Muniits 
BPIUII 
bPTNTT 

BP mi 
bPINTT 
bPINIT 
bPINTT 
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bPINTT 

HPIM.1I.- 

pp 
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XP 

PS 
PG 

.P.7_ 
PA 

P9 
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»ï 
s? 
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XA 
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It tnutiF ,Fk. n> ul TO ÜU1 
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^1 LCr-TiNuf 
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RPTMTT 44 
RPTNtT so 
rpimt si 
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HPINIT AO 
RPINIT »1 

_RPTNTT_ _A2. 
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APPENDIX C 

REQUIRED INPUT AND OUTPUT 

A. REQUIRED INPUT 

The input quantities for tne computer code are read in with 

five separate statements. The first quantity, IDEBUG, is read in with 

an L format where card spaces 1 through 35 are marked with either a T 

or an F to denote various output displays. The other four quantities 

are read in with a NAMELIST format. The first of these, called M0DS, 

contains two items that are used to regulate the time and space inter¬ 

vals of the primary program output. The second group, called CHINP 

(for chamber input), contains those inputs required to perform all 

calculations in the gun chamber and is called from subroutine CHSET. 

The third group, called BPINP (for black powder input), reads in all 

input required to load black powder into the center core ignition sys¬ 

tem and is called from subroutine BP1NIT. The last group, called 

BARINP (for barrel input), contains those additional inputs required 

to perform the barrel calculations and is read in from subroutine 

BARSET. This appendix gives a description of all the required input 

quantities and a value used to represent the XM185 gun with the XM123E2 
propelling charge and projectile. 

OUTPUT SELECTION - IDEBUG 

IDEBUG A logical variable array with a dimension 

of 35 that is used to specify which out¬ 

put is to be displayed for a given com¬ 

puter run. If IDEBUG(K) is TRUE, the Kth 

block of output will be displayed (see 

b. ourpirr). 

OUTPUT CONTROL - NAMELIST M0DS 

M0DCH The number of time step intervals between 

normal data printouts. A value of 100 

has proved satisfactory for most computer 

runs where a fairly detailed history of 

all flow parameters is desired. 

M0DGR The number of I intervals between print 

locations. A value of 4 will result in 

data printout for I * 1, 4, 8, 12, 16, 

and 20, for all values of J. 
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CHAMBER 

AGEN 

AGENBP 

ALPHA 

ALPHBP 

BETA 

BGEN 

BGENBP 

Birred 

BPDENS 

INPUTS - NAMELIST CHINP 

The "A" term in the propellant burning rate equation 

r = (AT. +CT. 

In this expression, p is in psi.T in °r, and r 
is in in/sec. Temperature dependence was not 

used for M6 propellant, and this term was set 
equal to zero. 

Similar to AGEN but for black powder. This term 
was set equal to .248. 

The thermal diffusivity of the propellant. This 

quantity is assumed not to differ significantly 

between the various propellants. A value of 

1.0 X 10 ft /sec was assumed for the checkout 
calculations. 

The thermal diffusivity for black powder. 

This quantity is assumed to be 1.0 x 10"6 

ft*-sec, the same as for the propellant. 

A parameter that is required to maintain a stable 

finite difference solution to the differential 

equations of fluid motion. A value cf 0.5 is 

known to work satisfactorily, but values up to 

1.0 may work under certain conditions. BETA is 

directly proportional to the time interval 

between calculations and therefore inversely 

proportional to the machine time required for 
the calculation. 

The "B" term in the propellant burning rate 

equation (see AGEN). A value of .0057 was 

used for M30 propellant in the checkout runs. 

Similar to BGEN but for black powder. This 
term was set equal to 0. 

Average barrel diameter, taking lands and 

grooves of the rifling into account, * 6.962 in. 

Black powder granule density, = 116 lbm/ft3. 



BPRADO Initial effective radius of black powder 

granules assuming a spherical configuration, 
= 0.067 in. 

bTUB The coefficient in the equation, = which 

calculates center core tube wall recession due to 

combustion, assumed equal to 0.001 for recession 

measured in inches and pressure in psi. 

CA Flow coefficient for igniter tube and "pseudo" 
holes, * 0.8. 

CGEN The "C" term in the burning rate equation (see 
AGEN), set equal*to 0.12^6 x 10~3t f0j. 
propellant. 

CHAM1 Logical variable set .TRUE, when the chamber 

grid matrix is two dimensional. This feature 

is not operational on the program described in 

this report, and it should always be set .FALSE. 

CI1AM2 Logical variable set .TRUE, when the chamber 

grid matrix consists of two parallel one¬ 

dimensional networks. Otherwise, it is set 
.FALSE. 

CHAM3 Logical variable set .TRUE, when the chamber 

grid matrix consists of three parallel one¬ 

dimensional networks. Otherwise it is set 
.FALSE. 

CHWT Propellant charge weight, set equal to 25.5 lb. 

for the 155mm gun aM123E2 charge. 

CVHBP Slope of the specific heat versus enthalpy curve 

for black powder, assumed equal to 0.555 x 10"V°R* 

CVHM6 Slope of the specific heat versus enthalpy 

curve, equal to 0.358 x 10“V°R. 

CV0BP Intercept term in the equation for specific heat 

of black powder, assumed equal to 0.177. 

CV0M6 Intercept term in the specific heat equation, 

Ci/ = evo ■* Cm H , equal to 0.198 Btu/lbm °R. 
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C1,C2 Constants in Sutherland's equation for viscosity 

in lbm/ft-sec. Cl - 0.7535 x IO"6; C2 « 262.5. 

C3,C4 Constants in Sutherland's equation for thermal 

conductivity in Btu/ft-sec - °R. C3 » 0.291 x 
10'6; C4 « 170.1. 

DIAMBT Inside diameter of the igniter tube, equal to 

1.17 in. 

DIAM1 Chamber dimensions as defined by the following 
DIAM2 sketch: 

DIS1 

DIS2 

DIS3 

DIS4 

DIO Propellant grain minor or perforation diameter, 

equal to 0.03 in. for M6 propellant. 

D0O Propellant grain major or exterior diameter, 

equal to 0.420 in. for M6 propellant. 

DR Radial grid dimension for the two-dimensional 

chamber grid matrix. This is not used in the 

version of the computer program described in 
this report. 

DRAM Distance from the projectile base to the breech, 

equal to .32.5 in. for the 155mm gun base run 

configuration. 

EXPBP Black powder burn rate pressure exponent, * 0.24. 

FRCTF The flow friction factor of the propellant 

bed which was determined by experiment to be 

nearly equal to 1.0. 

GAP Distance from the projectile base to the nearest 

end of the ball igniter tube. 

HBP Heat of combustion of black powder, equal to 

1223 Btu/lbm. 

UMAX An approximate estimate of the maximum enthalpy 

to be encountered. This is used with BETA to 

determine a stable time interval for calculation. 

A value of 2200 Btu/lbm is good for the expected 

range of calculations. 
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11MB 

INBP 

NGR 

NGX 

NH0LES 

NPERF 

NR0WH 

PC0MP 

PEXP 

P1100P 

PO 

PRMCOF 

QSPRKS 

RADI 10 L 

The internal energy added by burning propellant. 

This is not the same as heat of reaction. For 

M30, this is approximately 1540 Btu/lbm. 

The index that defines the grid number where 

the igniter becomes jammed in the event of failure 

of the bag ties. 

Number of radial grids in the chamber matrix. 

This number must coincide with the matrix selected 

by CHAM1, C1IAM2, or CHAM3. Currently, the most 

this number can be is 5, as dictated by common 

storage allocated to the variables. 

Number of axial grids in the chamber matrix. 

This number cannot exceed 60, which is the number 

currently allocated the variables in common 

storage. 

Array giving the number of holes in a circum¬ 

ferential row on the igniter tube, a row being 

defined as all the holes with the same axial 

position on the tube. The 155mm gun igniter 

tube has holes at each axial position and NHOLE5. 

is filled with 4 * 1, 81 * 0, to fill up the 

entire array of 85 potential rows. 

Number of perforations in the grains of the 

main charge. The M3Ü propellant used in the 155mm 

gun has 7 perforations. 

Number of rows of holes in the igniter tube, 

equal to 4 for the ISbmm gun. 

Pressure load required for the center core tube 

to fail in compression, equal to 150 psi. 

Pressure exponent to the propellant bum rate 

equation (see AGEN), equal to 0.65 for the 

base run. 

Pressure load required for the center core tube 

to fail in tension, equal to 150 psi. 

Initial pressure, = 14.7 psi. 

Primer strength (energy) ratio compared to the M82 

primer. 

The heating by the primer jet due to sparxs. A 

lvalue of 10 has been used (Btu/ft^-sec) for present 

results. 

Igniter tube hole radius array,equal to 0.125 in. 

for the Ib^mm gun igniter tube. The entire array 

is filled by 4 * 0.125, 81 * 0.0. 
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RR0BP Slope of the curve of gas state parameter versus 

density for black powder, assumed to be the same 

as a similar constant for the propellant 
1.9 (ft4-lbf)/(lbm2-°R), for the base run. 

RR0M6 Slope of the curve of gas state parameter versus 

density for the propellant, equal to 1.9 (ft4-lbf)/ 
(Ibm2-°R) for the base run (see Figure 23). 

ROBP The ordinate intercept of the curve of gas state 

parameter versus density for black powder, 

assumed to be the same as a similarly defined 

parameter for the propellant, b6 ft-lbf/lbm-°R, 
for the base run. 

R0M6 The ordinate intercept of the curve of gas state 

parameter versus density for the propellant, equal 

to 63 ft-lbf/lbm °R for the base run (see Figure 23). 

RH0P Grain density of M30 propellant, equal to 103.7 lbm/ft3. 

TF Time extent of the calculation. This provides 

an alternate method to terminate a computer run. 

THICK! Initial thickness of the center core tube, 
equal to 0.117 in. 

TIGN Propellant grain surface temperature at which 

ignition occurs, = 900°R for M6 propellant. 

TIGNBP Ignition temperature for black powder, 

assumed equal to 1300°R. 

T0PGAP Average distance between the main propellant 

charge and the gun chamber. This assumes that 

the charge is symmetrically located in the chamber. 

A value of 0.25 in. was used for base run calcu¬ 
lations. 

TW Initial temperature of gun surface, equal to 

535°R. 

TO Initial temperature of the gas and propellant 

grains, 535°R. 

U0 Initial gas velocity in the axial direction, 

equal to 0.0 ft/sec. 



Strength of igniter center core loading bag ties, 

equal to 24 lbs. 

Initial gas velocity in the radial direction, 

equal to 0.0 ft/sec. 

Array that specifies the axial position of 

igniter tube holes with respect to the breech. 

It is specified as the location of the first 

hole and the distance between adjacent holes. 
The program inputs are XCL = 1*5, 1.75, 3.5, 
15, 81 *0.0 for the 155mm gun, with all distances 

given in inches. 

Thermal conductivity of a grain of propellant, 

assumed equal to 0.2 x 10“^ Btu/ft-sec-°R. 

Thermal conductivity of black powder, assumed 

equal to 0.2 x 10"4 btu/ft-sec-°R. 

Location of the igniter tube end nearest the 

projectile, equal to 25 in. for the base run. 

Average initial propellant grain length, equal 

to 0.90 in. for M30 propellant. 

Pressure exponent for igniter tube burn rate 

equation, Ath * dp" , and assumed equal to 0.86. 

BLACK POWDER INPUTS - NAMELIST BPINP 

BLGTCQ Axial position of the beginning of the tube 

charge, the bag of black nowder positioned 

inside the igniter tube, equal to (TEP ♦ 
0.5 ♦ standoff, 4 x 0.). for the 155mm 
gun. 

CEPC) black powder charge for the end pads, equal to 

1.0, 0.0 oz. for the 155mm gun. 

CHTCQ black powder charge for the bags located in 

the igniter tubes, equal to 4.0, 4 x 0. 

DEP() Diameter of the end pads, equal to 6.10 in. 

FTUBR Flash tube diameter, equal to 0.0104 ft. 

ITUBE Number of tube charges in gun configuration of 

interest, equal to 1 for the 155mm gun. 

PUALST End pad allowable dynamic shear stress, equal 

to 10,000 psi. 

TYFCE 

V0 

XCL 

XK 

XKBP 

XLBEL 

XL0 

XNTUb 
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TtPO 

XLTCQ 

BARREL 

CF 

DEPTH 

NX 

P UMAX 

FINER 

PMASS 

PL 

PLO 

P20 

PINT 

Ry\DPB 

R0TK 

THETA 

W0B 

End pad thickness, assumed equal to 0.5, 0.0 
for the 155mmgun. 

Length of the black powder tube charges, equal 
to 22., 4x0. for the 155mm gun. 

INPUTS - NAMELIST BARINP 

Coefficient of friction between projectile 
rotating band and the ba'rel, assumed equal to 
0.0 in order to obtain reasonable agreement 
of interior ballistics calculations. 

The distance a land extends above the barrel 
surface, equal to in. for the l^mmeun. 

Number of barrel grids set initially, normally 
equal to 1. 

Maximum pressure encountered during engraving •'f 
rotating band, corresponding to the shot-start 
force, assumed equal to 6,400 psi for the 
base run. 

Projectile moment of inertia about its axis, 
approximately equal to .107 lbf/sec2-ft. 

Projectile mass, equal to 95.6 lb. 

Portion of the rotating band circumference 
to be engraved, 1.164 rt. 

Barrel pressure at point XLO equal to 800 psi. 

Barrel pressure at point 0, equal to 2700 psi. 

Barrel pressure at point XINT, equal to 2000 psi. 

Effective radius of the projectile cross- 
section upon which the pressure acts, equal 
to 3.08 in. 

Proportionality constant relating projectile 
rotational and axial velocities. This constant 
is related to the twist of the rifling and is 
equal to 0. 619 circumferential radius per foot 
of barrel. 

Pitch of rifling, equal to 0.157 rad. ft.*or 
9 degrees. The input number is in radians. 

Width of the obturator, or rotating band, 
equal to 1.0 in. 
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XLBAR Total length of the barrel, equal to 238 in. 

for the 175m;« gun. 

XINT Intermediate point of barrel pressure plot, equal 
to 10 inches. 

XLO End point of barrel pressure plot, equal to 17.0 
inches. 

XPMAX Point on barrel pressure plot corresponding to 

PDMAX, equal to 1.5 inches. (Same as WOB). 

b. OUTPUT 

The complete program output consists of several initial 

NAMELIST and array printouts and the primary output from the grid 

matrix during the run. The amount of output is regulated through the 

logical input array, IDEBUG. This variable provides optional display 

of the following groups of output: 

IDEBUG (1) Printout of those quantities input to the program 

through NAMELIST M0DS. 

(2) Printout of those quantities input to the program 

through NAMELIST CHINP. 

(3) Printout of initial porosity arrays, PHIBG and 

PHIBP. 

(4) Printout of NAMELIST CHKIN which lists many 

converted quantities and computed parameters in 

the units that are used in the program from sub¬ 

routine CHSET. 

(5) Printout of the IPATH array, that governs the 

logical flow through the sequence of finite 

difference subroutines. 

(b) Printout of chamber grid cross-sectional area 

arrays. 
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(7) 

(ö) 

(9) 

(10) 

dl) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Printout of those quantities input to the 
through NAMELIST BARINP. 

program 

Printout of NAMLLIST BARQiK which lists many con¬ 

verted quantities and computed parameters in the 

ü?DcÜTthat are USed in the Pr0«1-»® for subroutine 

Printout from subroutine BPFIR that states the time 

and indices of a grid when the black powder in that 
grid becomes ignited. r 

Printout from subroutine PRPFIR that states time 

an^grid indices upon propellant ignition in that 

Printout from subroutine PRPFIR that states time 

and grid indices upon ignition of propellant under 
the influence of the holes in the igniter tube. 

Printout of the time interval number, IPRINT, and 

the revised number of grids in the chamber. NGX 
when subroutine NEWDX is called. ' 

rmtout of NAMELIST NEWCliK from subroutine NEWDX 

that displays computational parameters that were 

changed as a result of changing the grid site. 

Printout of the revised chamber grid are.-* arravs 

AFwmrP'*ARLAR’ ARtAi:' Jn‘i AREAG. from subroutine* 
^EhUX after the grid matrix size is reduced. 

Printout of all variables for the chamber grid 

matrix at time intervals specified by M0UCH and 
space intervals specified by M0DGR. A sample 

printout is shown at the end of Appendix C. 

Printout of NAMELIST DOT from subroutine UPDATE 

that includes the arrays DOTMIG, DOTMBG, and T2R 
shown at the end of Appendix C. 

Printout from UPDATE of the time and time interval 

number at which the multiple one-dimensional grid 

network was reduced to a single one-dimensional 
network. 
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(18) Printout from UPDATE of variables from the chamber 

grid matrix after it has been reduced to a one¬ 
dimensional network. 

(19) Printout of all variables from the barrel grid 

matrix at time intervals specified by M0DQÍ. A 

sample printout is shown at the end of Appendix C. 

(20) Printout of statements regarding the masses of 

propellant and gas that actually exist or were 

loaded into the system and those that are computed 

by summing over all the grids in the system and 

multiplier applied to the computed mass of gas to 

make the computed mass equal the actual mass, 

printed from subroutine UPDATE. A sample printout 
is shown at the end of Appendix C. 

(21) Printout from UPDATE of cumulative amount of pro¬ 

pellant and black powder burned in chamber and 

barrel and the revised gas constants based on an 

average of black powder and propellant properties 

according to the amount of each in the system at 

time intervals regulated by MfíDCH. A sample 

printout is shown at the end of Appendix C. 

(22) Printout from UPDATE of pressure KHd.ónt intervals 
regulated by M0DCH. 

(23) Printout from subroutine MOTION of projectile 

motion variables at intervals regulated by M0DCH 

and the time the projectile passes from the 
barrel. 

(24) Printout from UPDATE of certain pressures in 

addition to projectile displacement and velocity 

and the time and time interval of the printout. 

This occurs every ten intervals and is not regu¬ 

lated by MUDO!. The items printed out do not have 
a heading but occur as follows: 

TIME, IPRINT, PCH(l.l), PCH(1,2), PCH(NGX,1). 
PCH(NGX,2), PG(NX), XP, VP. 

(25) Not used at present. 
to 

(29) 
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(30) Printout fron subroutine bPINIT of certain paran- 

eters pertaining to initial black powder distri¬ 

bution calculations performed in that subroutine. 

(31) Not used at present, 
to 

(33) and 35 

(34) Printout of primer jet characteristics from subroutine UPDATE. 

Tne title blocks and sample printouts for several of the out¬ 

put options are given below. The terms are defined in Appendices C 

and 0. The units of these terms follow the following rule: 

Velocity 

Density 

Enthalpy 

Pressure 

Propellant grain dimensions 

Propellant burning 

Gas resistance 

Areas 

Heat flux 

Temperatures 

ft/sec 

lbm/ft3 

Btu/Ibm 

lbf/in2 

ft. 

Ibm/ft** 

psf/ft 

ft2 
2 

Btu/ft -sec 
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APPENDIX D 

GLOSSARY 

(1) Most of the FORTRAN words used in the computer program 

are defined here. A cross-reference list linking the terms used in this 

report to their respective FORTRAN names follows the glossary. Many 

definitions are given in Appendix C, and those are not repeated here. 

All items listed here contain units of Ibm, ft, sec, and Btu, as used 

in the code. 

ACC Projectile acceleration. 

ACCL, ACCLF Propellant acceleration. 

ADJUST 

ADV 

ADV BP 

AENER(I) 

AFN1, 

AFN2 

AGLN 

AGLNbP 

AH 

ALPHA 

AMASS(I) 

AM^M(I) 

Factor applied to porosity and gas density 

in order to maintain the proper gas and 

propellant mass in the system. 

Propellant grain surface area in one grid. 

Black powder granule surface area in 

one grid. 

Barrel cross-sectional area less that 

included in the energy thickness of the 

boundary layer. 

Parameters representing the product of 

area and porosity in grids j * 1 and 2 

in subroutine TUBFAL. 

See Appendix C. 

See Appendix C. 

Igniter tube or pseudo hole area. 

See Appendix D. 

Barrel cross-sectional area less that 

included in the boundary layer displace¬ 
ment thickness. 

Barrel cross-sectional area less that 

included in the boundary layer momentum 
thickness. 
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ARDOT Rate of increase of surface area due to 

advancing flame spread along radius of base 
pad. 

AREA Surface area of a grain of propellant or 

black powder at the beginning of a time 

interval. 

AREAAX Cross-sectional area of the igniter tube. 

AREAC(I) Area of the chamber grid matrix .7 ■ 1. 
This includes the igniter tube when NCR >1 

and the entire chamber when NCR = 1. 

AREACH Chamber cross-sectional area obtained by 

summing AREAG(J) from .7 = 1 to NCR. 

AREAG(J) Generalized chamber grid area at grid .7, 

assumed to be constant over the chamber 

length. 

AREAGP(I) Area of the gap between the propellant 

charge and the main bed. 

AREAH(I) Area of hole contained in an axial 

grid, connecting radial grids J * 1 

and J » 2. 

AREA112(I) Area of pseudo holes connecting radial 

rows 2 and 3 when CHAM3 is TRUE. 

AREAPB Area of the projectile base. 

AREAR(I) Area of the chamber less the igniter 

tube and the gap between the propellant 

charge and the chamber wall. 

AREAS Area of a sector of a circle involved 

in hole area calculations of Subroutine 

HOLES. 

AREAT Area of the triangle portion of the 

sector involved in hole area calculations 

of Subroutine HOLES. 

AREAXP That portion of the area of a row of 

holes exposed to grid I. 

ATPB Propellant burning parameter, = AGEN * 

TO ♦ BGEN. 
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BtGTC(K) 

BbLBLG 

BHLEN1) 

BETA 

BGBRN 

BGEN 

BGENBP 

BGFCE 

BGJAM 

BGSTP 

B0REA 

BjÔRLI) 

B0KE1>8 

B0RER 

BPCHG 

BPUENS 

BP1GN 

BPRAU(I, 

BPRADO 

BRNOIT 

See Appendix C. 

Location of the breech end of the igniter 
tube with respect to the primer flash hole. 

Location of the end of the igniter tube 
nearest the projectile with respect to 
the breech. 

See Appendix C. 

Logical variable set to TRUE when base pad 
burns through as a result of primer jet heating. 

See Appendix G. 

See Appendix C. 

Pressure exerted on center core loading by 
primer jet. 

Logical variable that indicates bag tie failure 
when set to TRUE. 

Logical variable that indicates the end of travel 
of center core loading after it is pushed by 
the primer jet to grid INBP. 

Barrel cross-scctional area. 

See Appendix C. 

diameter of the barrel divided by 8. 

Radius of the barrel. 

The total weight of all black powder in the charge. 

See Appendix C. 

Logical variable set .TRUE, when all black 

powder is ignited and is used to eliminate 

the call to subroutine BPFIR when it is 
no longer required. 

F) Radius of black powder grains. 

See Aooendix C. 

Logical variable indicating base pad burnout 
by flame spread when TRUE. 
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BTUB 

BURNL 

CA 

CEP(K) 

CF 

CFK 

CGliN 

CHAM1 

CI1AM2 

CUAM3 

CHTG(K) 

CHWT 

C0N1 
C0N2 
C0N3 
C0N4 

C0N5 

CP 

CT 

CV 

CVH 

CVO 

C1,C2 

C3,C4 

DAVG 

See Appendix C. 

The overall recession of a grain of pro¬ 

pellant or black powder in one time 

interval, based on diameter and length 
change. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Ratio of compressible to incompressible 

skin friction coefficient used in boundary 
layer calculations. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Constants calculation in BARSET for use 
in subroutine MOTION. 

Specific heat at constant pressure 

Bum rate parameter CGEN * TO. 

Specific heat at constant volume. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Average chamber diameter. 
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DELDST 

UELSTR 

DELT 

DELTA 

DELTR 

UELTK1, 

DELTR2 

DEP(K) 

DEPTH 

DKI.J) 

DIN1 

DIAMBT 

DIAM1 

DIAM2 

DIB(I) 

DISCRP 

DISCRM 

DIS1 

DIS2 

UIS3 

DIS4 

DISPR 

Boundary layer energy displacement 
thickness. 

Boundary layer displacement thickness. 

Time interval for a calculation. 

Boundary layer thickness. 

Change in hole radius in base pad due to 
flame spread from center. 

Thickness of igniter tube wall burned in 
one tine interval at the boundary of grids 
J * 1 and J » 2, respectively. 

See Appendix C. 

See Appendix C. 

Propellant grain perforation diameter 
in the chamber matrix. 

New propellant grain perforation diameter 
at J ■ 1 after the igniter tube has failed 
in conpression and propellant has shifted 
to the axis. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Propellant grain perforation diameter 
in the barrel matrix. 

Discriminant of the quadratic equation 

solved in Subroutine DRAG, P is positive 
and M is negative. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Net distance from the flash hole to the 
central point of the pad in the Jth grid. 



DITDTd 

DIO 

DM 

UMPI 

DMP H 

DMP 12 

DMPIM1 

DMPIP1 

D0tí(I) 

D0N1 

ü0TDT(I,j; 

D0TM(I,J) 

D0TMBG(I) 

,J) Chamber matrix propellant grain per¬ 

foration diameter at the end of a time 
interval. 

See Appendix c.* 

tquivalentpröpe!lant grain diameter, 
• (l.S D0O2 X L0)> 

Mass of propellant shifted from grid I 
during a time interval. 

Mass of propellant shifted from grid II 

during a time interval, where II is the 

grid adjacent to I into which the pro¬ 
pellant from I is moving. 

. ^ ••■uvxiig rrom grid 
12 into grid II where grid 12 and I are 
the grids adjacent to II. 

The mass of propellant moving from grid 
1-1 into grid I. * 

The mass of propellant moving from grid 
!♦! into grid I. 6 

Outside diameter of propellant located 
in the chamber at the beginning of a 
time interval. 

Outside diameter of propellant located 
in the barrel at the beginning of a 
time interval. 

New propellant grain exterior diameter at 
J 3 1 after igniter tube has failed in 
compression and propallant has shifted to 
the axis. 

Outside diameter of propellant located 

in the chamber at the end of a time interval. 

Dummy mass flow array used in Subroutine 

f,a*S(”^8as flowing between grids (1,2) 
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D0TMBS Cumulative amount of propellant burned 
up to time t. Subroutine UPDATE. 

D0TMIG(I,J) Mass of gas flowing between grids 
(1,1) and 1,2). 

D0TMP(I,J) Mass of black powder burned in one grid 
volume. 

D0TMPM Mass flow produced by primer. 

D0U See Appendix C. 

DR See Appendix C. 

DRAM See Appendix C. 

DTDR Finite difference parameter, DELT/DR 

DTDSQ Parameter used in boundary layer 
calculations, DELT * BORED * BORED. 

DTDX Finite difference parameter, DELT/DX. 

DT2BD Parameter used in boundary layer 
calculations, -0.5 * DOLT/BORED. 

ÜVAXIS Volume of the grids (1,1). 

DVAXIT Volume of the grids (1,2). 

DX Axial grid length for both chamber 
and barrel matrices. 

ELI Minimum compressed length of center core 
loading as a result of gas pressure 
forces (FORCE). 

ELTCHG Length of center core loading during the 
time compression is occurring. 

ENin'C(K) Axial location of the end of the kth black 
powder igniter tube charge. 

EXF Equivalent flat plate length used in 
boundary layer calculations. 

EXPBP See Appendix C. 

FAIL A logical variable set equal to .TRUE. 
when the center core igniter tube has failed 
air compression along its entire length. 
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FDMAX 

FDPRIM 

FIBGN1, 
FIBGN2 

FIRE 

FM 

FN 

FORCE 

FPDBEG 

FRACT(I) 

FRAGT (J, I) 

FRACT1, 
FRACT2 

FRCTF 

FRICT 

FTUBR 

GAM 

GAMBP 

See Appendix C. 

Rotating band engraving force and 
sliding resistance. 

New porosity in grids i,J - 1, i,j - 2 
after conpressive igniter tube failure. 

Logical variable set to TRUE after 
propellant ignition occurs in at 
least one grid. 

Mach number of flow through igniter 
tube and pseudo holes. 

Number of propellant grain perforations. 

Force exerted on center core loading by 
primer jet and pressure gradients 

Axial leading edge position of the base 
pad nearest the breech. 

Fraction of propellant not associated with 
the accelerated heating that occurs adja¬ 
cent to an igniter tube hole (subroutine 
PRPFIR). 

Fraction of the I,J grid occupied by 
any given black powder charge (subroutine 
BPINIT). 

Fractional portion of a grid at each 
end of the main propellant charge 
initially occupied by propellant, 
subroutine C11SET. 

See Appendix C. 

Skin friction in boundary layer calculation. 

See Appenlix C. 

Ratio of specific heats, cp/cv, for 
propellant gas. 

Ratio of specific heats for black 
powder gas. 
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RAP 

RAS MAS 

GJ 

RRAV 

GTRHÇIP 

HBR 

HBRN 

HBRTD(I, 

HBP 

HGfn 

HIRN 

HMAX 

HMB 

HSTAR 

HSTAT 

HW 

HO 

I 

See Appendix C. 

Total amount of propellant gas in the 
system. 

Product of the gravitational constant 
and the mechanical equivalent of heat, 
- 2S006. 

Rravitational constant, * 32.1416. 

Parameter used in computing propellant 
movement in the barrel, RRAV*DELT/RH0P. 

Total enthalpy at grid I,J in the chanter 
matrix. 

Enthalpy of the gas flowing through the 
"pseudo" holes connecting the second 
and third parallel grid matrices. Also, 
new gas enthalpy calculated in subroutine 
TUBFAL after compressive tube failure. 

I Updated total enthalpy at chamber 
matrix grid I ,.1. 

See Appendix c. 

Total enthalpy at barrel grid I. 

Enthalpy of gas flowing between the first 
and second parallel one dimensional grid 
matrices. 

See Appendix C. 

See Apnendix C. 

Reference enthalpy used in boundary layer 
heat transfer calculations. 

Static enthalpy used in mass flow and 
boundary layer calculations. 

Enthalpy of the gas at the wall or 
gun surface temperature. 

Gas enthalpy at the initial temperature. 

Axial index. 



IBEGB Grid at which the initial portion of the 
and charge, including the base pad, is located. 
IBEGC 

IBEGBP Axial grid at which end pad of black 
powder nearest the projectile begins. 

IBEGFP Axial grid at which end pad of black 
powder nearest the breech begins. 

IBEGTC(K) Axial grid in which the kth igniter tube 
black powder charge Begins. 

IDEBUG(N) See Appendix C. 

1ENDB Grid at which the bell igniter tube ends, 
(nearest the projectile). 

IENDBP Axial grid at which end pad of black 
powder nearest the projectile ends. 

IENDFP Axial grid at which end pad of black 
powder nearest the breech ends. 

1EN0TC(K) Axial grid in which the kth igniter tube 
black powder charge ends. 

IGNIT Logical variable set time when all pro¬ 
pellant in the chamber is ignited. 

INBP Fee Appendix C. 

INCRF. Indicator to determine which direction 
propellant in chamber grid I will move. 

IPAD(k) Logical variable set .TRUE, if the kth 
end pad of black powder exists. 

IPATH Indicator to denote which finite 
difference subroutines are to be called 
and the sequence in which they are to 
be called. 

IPRINT Counter used in conjunction with M^DCH 
to print data periodically. 

IPS1, Equal to IBEGB and IENDB, respectively, used 
1PS2 in subroutine HOLSET. 

IR Radial index. 
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IX 

ITUBt 

J 

JTSHR 

LAMBDA 

LF1 

LF2 

LIM1 

LIM2 

MACHSQ 

MFAIL(I) 

MM1 

MM2 

M0DCH 

MdDGR 

NGR 

NHT 

NGT3 

NGX 

WI0LFS 

Axial index 

See Appendix C. 

Radial index. 

Computed shear force in end pad caused 
be primer jet impingement. 

Friction coefficient parameter used 
in boundary layer calculations. 

First grid containing packed pro¬ 
pellant in first slug of propellant. 

Last grid containing packed pro¬ 
pellant in first slug of propellant. 

F.nd of the first igniter tube segment. 

End of the second igniter tube segment. 

Mach number squared, used ir. boundary 
layer calculations. 

Index denoting igniter tube status: 
0 means not in state of failure, 1 means 
failure in tension, 2 means failure in 
compression. 

First grid containing packed pro¬ 
pellant in second slug of propellant. 

Last grid containing packed propellant 
in second slug of propellant. 

See Appendix C. 

See Appendix C. 

See Appendix C. 

Number of grids in the igniter tube. 

Number of grids in one-third of the 
igniter tube. 

See Appendix C. 

See Appendix C. 
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NPFRF 

NW? WH 

NX 

0NED 

Pü 

PCH(I ,.J) 

PC^MP 

PÜÛMPL 

PDALST 

PDRAD 

PDSHR 

PENET 

PEXP 

PFORCE(I, 

PG(I) 

PHI (I) 

PHI1 

See Appendix C. 

See Appendix C. 

Number of barrel grids currently in the 
system. Also see Appendix c* 

Projectile rotational velocity in RPM. 

Logical variable to convert the chamber 
matrix into a sinple one dimensional 
matrix when all propellant is ignited 
and the black powder is consumed. 

See Appendix C. 

Pressure at chamber grid 

See Appendix C. 

Igniter tube coppressive failure pressure, 
reduced froa PC0MP by tube coabustion. 

See Appendix C. 

Radius of hole in base pad during flame 
spread from central grid. 

Shear strength of base pad. 

Logical variable indicating base pad 
penetration when TRUE. 

Pressure exponent in propellant burn rate 
expression, see AGEN. 

J)Reaction force transmitted through a 
compacted bed of propellant as a result 
of elasticity. 

Pressure at barrel grid I. 

Porosity at barrel grid I. 

Estimated updated porosity in the grid, 
adjacent to the ith grid, to determine 
whether there is room for propellant to 
flow from the ith grid. 
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PHIAVE Average porosity calculated by the sa*!» 

averaging technique used in the finite 
difference subroutines (see Chapt. 6 of Ref.l) 

PHIBG(I.J) Propellant porosity at chaaber grid I,J. 
Also, combined propellant and black powder 
porosity in chamber finite difference 
subroutines. 

PlilBTD(l,J) Updated chamber grid propellant porosity. 

PHIBP(I.J) Black powder porosity at chamber grid I,J. 

PHI! Updated porosity in the ith grid after 

propellant movement. 

PHIPP Porosity in grids containing the compressed 

center core loading. 

PHIPTD(I,J) Updated black powder porosity. 

PHÏRH0 Product of updated density and porosity 

used in chamber finite difference routines. 

PHIO Initial porosity of the main charge. 

PH00P See Appendix C. 

PH00PL Igniter tube tensile failure pressure, 
reduced from PH00P by tube combustion. 

PINER See Appendix C. 

PINT See Appendix C. 

PLO See Appendix C. 

PL See Appendix C. 

PMASS See Appendix C. 

PMD0T(I) Local mass of gas generated due to burning 

propellant in the barrel. 

PPRÇ!P(I,J) Local pressure loading force on a bed of 

packed propellant. 

PRESX Mach number weighting function used in 

boundary layer calculations. 

PRIl Logical variable set TRUE during those 

time intervals when printouts are desired. 
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PRMCOF See Appendix C. 

PRMXP Maximum stagnation pressure of primer jet. 

PR0MAS Total mass of propellant in the system, 
subroutine UPDATE. 

PSTAT Static pressure used in calculation of 
flow through igniter tube and pseudo holes. 

PZO See Appendix C. 

QBAG(I,J) Heat lost from the gas due to heat transfer 
to the grains of propellant prior to pro¬ 
pellant ignition. 

QBC0NS Parameter used in the calculation of black 
powder temperature rise. 

QCfMSP Heat lost from gas as result of heating 
black powder. 

QC0NS Parameter required for propellant surface 
temperature rise calculations, * 2 * SQRT 
(ALPHA/3.1416)/XK. 

QG0NV Heat transfer per ft - used in PRPFIR 
and BNDLYR. 

QD0T Heat flux per unit area to the barrel, 
subroutine 1ÎNMLYU. 

QPMR Heat transfer rate to a solid surface 
impinged upon by the primer jet. 

QL(I) Total convective heat transfer to the 
barrel, computed in subroutine BNDLYR. 

R Propellant bum rate. 

RAPM0L See Appendix C. 

RADPB See Appendix C. 

RADPS Calculated pseudo hole radius - Subroutines 
CHSF.T and H0I.SET 

RAPjT Radius of primer jet at base pad. 
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RAFl, 
RAF 2 

RB 

RDRAG 

RF. 

RESTRX 

RFTX 

RFTXBP 

RETXH 

RGAS 

RH0AVF 

RH0B 

RH0BG(T,J 

RH0BGN 

RH0BTD(I, 

Parue t ers used in subroutine TU BF AL that 
represent the products of density, area, 
and porosity for J - 1 ud 2, respectively. 

Radial position of Chanfcer grid I,J - when 
CHAM1 is true. 

Drag due to radial gas flow through the 
propellant. This parameter does not 
actually exist in the current code. 

Reynolds number based on equivalent 
flat plate length, used in boundary 
layer calculations. 

Reynolds number evaluated with the 
reference enthalpy in boundary layer 
calculations. 

Reynolds number based on effective 
propellant grain diameter, used in 
propellant heat transfer calculations. 

Reynolds nuaber based on diaaeter, used 
in black powder heat transfer calculations. 

• 

Reynolds number based on effective pro- 
peliant grain diueter, used in calcula- 
tionsof heat transfer to propellant opposite 
an igniter tube hole. 

Gas state parameter. 

Average of gas density used in certain 
calculations, formed with the same 
averaging technique used in the finite 
difference subroutines discussed in 
Chapt. 6 of Ref. 1. 

Propellant bed density. 

Gas density in chamber grid I,J. 

New value of gas density in the grid 
i,J > 1 after compressive tube failure. 

J) Updated gas density in chamber grid, 
I.J. 
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RH0G(I) 

RH0P 

RH0STR 

RH0O 

R0TK 

RR0 

RR0BP 

RR0M6 

RO 

ROBP 

ROM6 

SMLTC 

SPDJ 

STDOFF 

TO 

TA(I) 

TBG(I,J) 

TBP(I,J) 

TEFF 

TEP(K) 

Gas density in barrel grid I. 

See Appendix C. 

Gas density based on static pressure and 
reference enthalpy for boundary layer 
calculations. 

Initial gas density. 

See Appendix ¢. 

Dummy variable used for RR0BP and 
RR0M6. 

See Appendix C. 

See Appendix C. 

Dummy variable for RDM6 and ROBP. 

See Appendix C. 

See Appendix C. 

Sum of lengths of center core loadings. 

Distance from the axis of the base pad to 
the center of the pad in the Jth grid. 

Distance from flash hole exit to the black 
powder igniter base pad. 

See Appendix C. 

Total area of a row of igniter tube holes 
exposed up to and including the i-1 grid. 

Gas tenperature at chamber grid 1,.1. 

Black powder surface température in 
grid I,J. 

Effective tine used propellant surface 
temperature calculations. 

See Appendix C. i 
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TbRMfiP 

TtRMP 

TF 

Tr,(I) 

THFTA 

THlCk(I) 

THICkT 

riGN 

TIGNBP 

TIMF 

I^PGAP 

TUTM 

TSTAR 

TW 

TW0PT 

TWflaj 

TW0TPR 

TXK 

TXMU 

TXNUS 

A parameter used in subroutine DRAG 

that reflects the number of black 
powder granules in a grid. 

A paramtrer used in DRAG that reflects 

the number of propellant grains in a 
grid. 

See Appendix C. 

Gas temperature at barrel j*rid T. 

See Appendix C. 

Local thickness of the igniter tube at 

grid 1 as it is reduced by combustion. 

Initial igniter tube wall thickness. 

See Appendix C. 

See Appendix C. 

Flapsed time from the instant the black 
powder begins to bum. 

See Appendix C. 

Total mass of Mark powder and propellant 
initially in the system. 

Gas temperature based on reference enthalpy 
for boundary layer calculations. 

See Appendix C. 

Calculation parameter, 2 * PFLT. 

Calculation parameter, 2 * G.T. 

Calculation parameter, 2 * fTTPR. 

Gas thermal conductivity. 

Gas viscosity. 

Nusselt number expressing the heat transfer 
coefficient to a grain of propellant. 
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TXNUBP 

TXNUSH 

TZC(I,J) 

TZR(I,J) 

T2DR 

T2DX 

UO 

UAENERfI) 

UAMASS(I) 

tlAMjíM(I) 

UBR(I,J) 

UBGAVE 

UBGN 

UBGTD(I ,.1 

UDIB(I) 

Un0B(I) 

linRAG(I) 

Nusselt nunber expressing the heat transfer 
coefficient to a granule of black powder. 

Nusselt number expressing the heat transfer 
coefficient to a grain of propellant 
opposite an igniter tube hole. 

Propellant grain surface temperature. 

Surface temperature of a propellant grain 
adjacent to an igniter tube hole. 

Calculation parameter, 0.5 * DELT/DR. 

Calculation parameter, 0.5 * DELT/PX. 

See Appendix C. 

Updated barrel area less the boundary 
layer energy thickness. 

Updated barrel area less the boundary 
layer energy thickness. 

Updated barrel area less the boundary 
layer momentum thickness. 

Gas axial velocity at chamber grid I,J. 

Average gas velocity formed with the same 
averaging techniques used in the finite 
difference routines described in Chapter 6 
of Ref. 1. 

New velocity for tne ciiaober after tube 
failure has occurred. 

Updated gas velocity in chamber grid I,J. 

Updated propellant perforation diameter 
in barrel grid I. 

Updated propellant grain exterior diameter 
in barrel grid I. 

Prag at barrel grid I due to gas flow 
through a porous bed. 
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UG(I) 

UGAS 

UHG(I) 

UH0LE 

UP(I) 

tiPB(r,j) 

UPBAVE 

UPBDTCI,, 

•/PHI (I) 

UPN1 

UPRM 

URH0G(T) 

UTDT 

UUG(I) 

UUP(I) 

UXLB(I) 

Updated gas axial velocity at barrel 
grid 1. 

Resultant gas velocity used in propellant 

heating calculation adjacent to an igniter 
tube hoi. 

Updated gas total enthalpy at barrel 
grid I. 

Velocity of gas flowing through an igniter 
tube hole. 

Propellant grain velocity in barrel 
grid I. 

Propellant grain velocity in chamber grid 
1 • 

Average propellant grain velocity, calcu¬ 

lated with the same averaging techniques 

used in the finite difference subroutines 
discussed in Chapter 6 0f Ref. 1. 

) Updated propellant grain velocity in 

chamber grid I,J, in Chapt. 6 of Ref. 1. 

Updated porosity in barrel grid I. 

New propellant velocity on the axis (J • 1) 
after tube failure. 

Velocity of priaer gas as it flows fron 
the flash hole. 

Updated gas density in barrel grid I. 

Scalar version of updated axial gas 

velocity in the chanber, used to load 
the UBGTD array. 

Updated gas velocity in barrel grid I. 

Updated propellant grain velocity in barrel 
grid I. 

Updated propellant grain length in barrel 
grid I. 
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VO See Appendix C. 

VBG(I,J) Gas radial velocity in chamber prid I,J. 

VBGAVE Average pas velocity, calculated with the 
same averaging techniques used in the 
finite difference subroutines discussed 
in Chapt. 6 of Ref. 1. 

VBGTP(I,J) Updated radial gas velocity in chamber 
grid I,J. 

VBF Volume of a Mack powder granule. 

VISTR Gas viscosity based on the reference 
enthalpy, as used in boundary layer 
cal dilations. 

VNEW Updated propellant or black powder grain 
size as a result of combustion. 

V0LCHG Total volume of the main propellant 
charge, subroutine GHSET. 

V0LD Prone 11 ant or black powder grain size at 
the beginning of a time interval. 

VP Projectile velocity. 

VPR0P Volume of a propellant grain. 

VTDT Scalar version of updated radial gas 
velocity in the chamber, used to load 
the VBGTD array. 

VTSG Parameter used in subroutine Drag, equal 
to (l.S * D0O ** 2 * XLO)** 0.333 * GRAV. 

VTSGG Parameter calculated in subroutine DRAG, 
similar to VTSG, but based on current 
rather than initial propellant dimensions. 

WEGUT Weight of black powder in motion after bag 
tie failure. 
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WH0LHB 

WHfÍLFC 

W0B 

XB 

XCL 

XDRAGCI, 

XIUL 

XK 

XL(I,J) 

XLB(I) 

XLBAR 

XLBF.L 

XLN1 

XLTC(K) 

XLT0T(I,.l 

XLO 

XNTUB 

XÇÍB 

XP 

XPMAX 

Logical variable set FALSF in subroutine 
RFGRES when the propellant in at least 
one barrel grid forms splinters. 

Logical variable set FaLSE in subroutine 
RFGRFS when the propellant in at least 
one chamber grid forms splinters. 

See Appendix C- 

Axial location of grid I,J. 

See Appendix C. 

J) Drag due to axial gas flow through a 
porous bed at chamber grid I,J. 

Mechanical equivalent of heat, 778 ft - 
Ibf/Btu. 

See Appendix C- 

Propellant grain length in chamber 
grid, I,J. 

Propellant grain length in barrel grid T. 

See Appendix C. 

See Appendix C. 

New propellant grain length for J » 1 
after compressive igniter tube failure. 

See Appendix C. 

f) ifpdated propellant grain length in 
chamber grid 1,.1. 

See Appendix C. 

See Appendix C. 

Initial position of the projectile with 
respect to the barrel matrix. 

Axial location of the projectile as a 
function of time. 

See Appendix C. 
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(2) This list is a cross-reference between the terms used in 

this report and Reference 1 and their corresponding FORTRAN names. The 

definition of these terms is given in the glossary preceding this list. 

A 

A 

A 

a 

V 

Aci 

Adj 
Aener 

Aener 
t*4t 

Aex. 

Aex, 
B 

Afi 

Afl 

Af2 

i,n 

8P1 

Ahi 

Amass 

Amass 
t*dt 

t>dt 

Amom 

Amora 

Ap 

Ari 

A 
sector 

Atriangle 

• 
B 

Be« 

Bend 

BP. 
chg 

AGLN 

AGLNBP 

ARLAii 

ACC 

AUVBP 

ARRAC 

ADJUST 

ALNLR 

UALNLK 

ARC AX P 

TA 

ARE AH 

AFN1 

AFN2 

ARcAGP 

AH 

AMASS 

U/VMASS 

AM<JM 

UAM^M 

ADV 

ARLAR 

ARLAS 

ARLAT 

BÜLN 

BGLNBP 

BLLüLG 

BLLLND 

UPCHG 

beg 

Ccn 

C 
cp 

Cf 

Cf/Cfi 

SiWt 
CL 

cp 

cv 

c 
vH 

c 
VO 

BTUB 

CGLN 

BLGTC 

CHIC 

CLP 

CF 

CFR 

CJiWT 

XLTC 

CP 

CV 

CVH 

CVU 

U'U0 

d, Hi 

dep 

U 
P 

U 
t^flt 

t^/lt 
Ulnl 

dis 

U0nl 

dpr 

Ur 

d 
ram 

U 
X 

md 

ui 

U1AMBT 

UIAM1 

ULP 

ULFF 

DiiTDT 

U1TU1 

U1N1 

UISCRM,UISCRP 

U0N1 

UM 

RURAG 

URAM 

XURAG 
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IP ..PI" 

t PtXP 

e bXPttP 

dux 

fbi 
Fractl 

Fract2 

Frict 

FRAGT 

FDPKIM 

F UMAX 

FRAGT 

FRACri 

F KALT 2 

FRICT 

FRCTF 

g G RAV 

RP GAI» 

Rt T0PGAÍ» 

H 

IL 

II" 

H 
o 

libgn 

"bp 

H 
f 

U 
gP 

i. 
ign 

H 
max 

mu 
il 

II 
stat 

IIBG 

MbGTL) 

11ST AK 

IKi 

1IBG.N 

ÜBP 

MG 

MdGN 

HIGN 

UMAX 

MMU 

HSTAT 

11STAT 

I 

^begb 

^begc 

^endb 
I . 
epb 

PINLR 

IBLGB 

IBtGC 

ILNUB 

IBtCFP 

I 1L.MUFP 
epd 

Incre 1NCRL 

J XJUL 

R0TK 

T XK 

XK 

L XL 

Lf4t XLTÜI' 
Liai LIM1 

Lim2 

lmin 

LIM2 

ELT 

M 

m 

m 

m.. 

M 
m 

m 
RP 

h. 
ign 

m. 

m 

m 

m 
P* 

FM 

MACiiSQ 

PMASS 

U0TM 

Ü0TMBS 

Ü0TMB 

PR0MAS 

Ü0TMBG 

Ü0TMIG 

GASMAS 

PMU0T 

D0TMPM 

bp 
Mgr 

TERMBP 

NGR 

NGT 

NGT3 

NGX 
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n 
n 

Npr 

t 
Nu 

Nu. bp 

Nuh 

NK0WH 

ItRMP 

XNTUB 

TXNUS 

TXNUbP 

TXNUSH 

P 

Po 

Pc 

1 CO 

Pforce 

PS 

Pho 

Pprop 

Ps 

Ppx,t,M82 

PCM 

Po 

PC0MPL 

PC0MP 

PFORCk 

PG 

l’li|d0P 

P1I00PL 

PL 

PK0P 

P ST AT 

PRLSX 

PRMXP 

q 

^b 

%P 
q 

conv 

giMJ 

g BAG 

gtiAG 

gc0.\bP 

(ÍG0NV 

K 

R 

afl 

*af2 

RAUPB 

RGAS 

R 

RAF l 

RAF 2 

bp 
Ro 

Re 
« * Re 

Re 
op 

k h eh 

ex 

rpb 

rps 

kr 

BP RAD 

no 

RLTX 

Ri.STRX 

RLTXMP 

RLTXh 

Rt 

RAUH0L 

ffubr 

R 

KAUPS 

RR0 

do 

% 

"*dtOt 

STD0FF 

SPUJ 

DISPR 

ARLA 

T 

T 

t 

T 
o 
* 

bp 

teff 

ep 

"epl 

lhi 

no 

Tbf. 

TG 

riML 

TO 

TSTAR 

TBP 

TLFF 

TLP 

TLP(l) 

lllICK 

TUICkT 

TZC 

u 

Ub(*n 

DBG 

UÖGN 

UMlm 
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V 

U 

U 

U 

t*At 

ave 

X 
u 
P 

upt*at 
u 
pave 

u , 
pnl 

Upr 

U 
R 

UH0Lt 

UBGTD 

UBGAVE 

liG 

UPB 

UPBOT 

UPBAVE 

UPN1 

UPRM 

UGAS 

V 

V 
t+ût 

V(t) 

V0 

V a VJ 

V , 
clic 

V n'*w 

Vol,l 
V 

1» 
V 
pr 

VBG 

VBGTD 

VNEW 

V0LD 

UBGAVli 

VBP 

V0LCÜG 

VNEW 

V0LÜ 

VP 

VPR0P 

W0B 

X 

x epb 

xfb 

xLnl 

xob 

EXF 

XB 

XCL 

FPDBEG 

XLBLL 

XLN1 

X0B 

XP 

¿o ZO 

Z, ZD 
u 

Z ZU 
u 

ex 

P 

bp 

a 
** 

i 

bp 

pil 

P» 

âropi2 
¿)mpi*l 

A mpi 1 

A r 

Arl 
ÚT¿ 

^r| 
/Ot 

û\l 

bp 

axis 

axit 
AX 

ALPHA 

BETA 

GAM 

GAMBP 

DELTA 

DEPTH . 

DELSTR 

DLLDST 

P0TMP 

DMP 11 

DMPI 

DMP12 

DMPIPI 

DMPIM1 

DR 

DELTRl 

DELTR2 

BMRNL 

DE LT 

DVAXIS 

DVAXIT 

DX 

A LAMBDA 

i* TXMU 

» {t) BURNL 

X* VISTR y 

STDOFF 
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mmrnm .. T 

¿n 

¿12 

¿i t*dt 

¿il t 

¿t+-u 
4> O 

' bp 

¿R 
.t* 
Vs 

PUIBG 

FIBGN1 

FIBGN2 

PU1I 

Pllll 

pi mm) 

PHIÜ 

PHI BP 

PHI 

SHAPE 

õ 
I o 

/-0 ave 

ú b>»n 

bp 
O r « 
O 

I P 

kH0sri{ 
KH0U 

KH0AVL 

Iblldi) 

KH0BGN 

ÜPDLNS 

IUI0G 

Ri 101' 

THETA 

0 fr WI0BG u? mGA 

RH0BTD 
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