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Preface

In this work 1 have made zn effort to modei the complex

power-durning, chambered-gun internsl ballistics process with

an artificial sequence of fundamental processes. Although I

was unable to obtain acceptable results from the modei in the
time allorted for this work, I feel that the partial results
attained te date indicate that the model shows good promise.
At the very least I have learned & great deal about the gun
business, the application of engineering principles to
physical problens, the value and results of simplifying

assunptions, and the frustrations inveolved in creating and

perfecting a lengthy and involved computer program.

I now take this opportunity to express my gratitude to
ny thesis advisor, Dr. James Hitchcock, both for posing this
most challenging problem as well as for his knowledgable
advice on analyzing the gun problem. I am 3lso grateful for
the timely suggestions made by the other gentlemen on my
thesis committee, Or. Andrew Shine and Cant (Dr.) Stephen
Koob. And I thank my lovely wife Judy, whose patient under-

standing duriag this difficult time has been truly remarkable.

James F. Setchell
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Abstract

é An attempt is wmade to model the internal ballistics
: process of a powder-burning gun by replacing the ictua!
internal baliistics process with an iacremental seguence of

phases. These phases are a constant-volume energy transfer

phase, a shell motion and finite-amplitude wave propagation

phase, & propellant motior phase, and a gas expansion and

nass transfer phase, The model permits consideration of a

chambered, powder-bursing gun probiem with unspecified

pressure, density, velocity, tempsrature, and propeliant

distributions. The method of solution shows promise, but

usaful resuits havs not been attained to date.
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AN ATTEMPT TO MODEL THE GUN

INTERNAL BALLISTICS PROBLEM

I. Introduction

Backgroggg

Gun internal ballistics is the study of the conversion
of latent chemical energy of a propellant to kinetic energy
of a projectile. It is only concerned with the period of
time that begins with propellant ignition and ends with the
projectile leaving the barrel. The primary purpose of a
gun internal ballistics study is to predict the gas property
and shell moticn'history of a gun,

The formal-study of gun internal ballistics began during
the eighteenth century with the work of Benjamin Robins in
1742 and Count Joseph-Louis Lagrange in 1793, C., XK. Thornhill
includes a summary of early gun internal ballistics work in,
"A New Special Solution to the Complete Problem of the
Internal Ballistics of Guns'", and suggests that, since the
time of Robins and Lagrange, analyses of the gun preblenm
have generally followed one of three methods., The first
method involves a solution to the complete fluid dynamic
equations of f'ow using the theory of finite-amplitude waves
in gases. The second method involves a reduction of the
problem to the solution of ordinary differential equations.
Solutions employing this second method are known as "mixed
solutions', and do not involve the complete fluid dynamic

equations of flow, Solutions involving the third method are

] —
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known as "special solutions’. Such solutions do involve
the complete fluid dynamic equations of flow, are self-
similar in nature, and require that the initial conditions
be precisely those whkich insure se*“-similarity (Ref 7:1).

The conversion of chemical energy of the propellant to
kinetic energy cf the shell is a complex process, and an
exact analytical description of this process does not exist.
Every gun internal! ballistics analysis employs a number of
simplifying assumptions which reduce the problem .o a model
which can be more readily analyzed. In ordex to provide a
basis of comparison between the present work and other
studies the most commonly-used assumptions found in other
gun ballistics studies wil! now be discussed.

One of the first simplificatioas applied to the gun
problem was that the propellant ~as completely burned before
the shell motion was permitted to begin., This assumption
was used by Robins ancd Lagreange in the eighteenth century,
then by Love and Pidduck duriag the early part of the

twentieth century (Ref 3:347), and finally in a more modern

work by Seigel (Ref 7). A second assuaption includes the
presence of burning propellant in the analysis, but requires
that the propellant velocity be ths same as the gas velocity.
The works c¢f Baer and Hitchcock are examples of studies

which employ this assumption (Refs 1, 2, and 5). A third
assvnption is that the chamber may bs represented by an
"effective chamber'" which has the same voluae as the actual

chamber but a diameter equal to that of the bore. Seigel

e el T e AN
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states that the "effective chamber" assumption is invalid,
however, in that an analysis incorporating this assumption
neglects cer*ain significant compression effects which occur
as & result of the area change in the chamber (Ref 7:28).

A final assumption is that the gas density is only a function
of time. The works of Heiney (Ref 4:5) and Hitchcock

(Ref 5:4) illustrate that this assumption is a sufficient
condition fer a linear gas velocity distribution.

Such assumptions as the ones discussed above do serve
to reduce the gun problem to z more ammenable form, but in
doing so they tend to fornm models which deviate somewhat
from physical reality. OUne might well question the validity
of a2 model which represents a chambered, propellant-burning
gun with & non-chambered, non-propellant burning tube, yet
the results of many such simvlified analyses agree quite
satisfactorily with experimental results (Refs 1, 2, 4, 5,

6 and 7). Recently, however, evidence has appeared which
indicates that conventional theory is not always providing
asceptable results, particularly for power-burming guns with
muzzle velocities in exress of 5000 feet per second (fps).
Baer points cut that as muzzle velocities ‘.acrease beyond
5000 fps conventional internal ballistic tueory is unable to
predict detailed gun performance (Ref 1:535). Further,
Hitchcock noted an increased devistion between theory and

experiment for muzzle velecities in the 5500 - 6500 fps

range (Ref 5:25-26),
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The Present Work

The present work has two objsctives. The “irst is to

model the gun internal ballistics process in such a manaer

as to be independent of the four commonly-used assumptions

described above. The second objective is to use the results

of this model to explain the deviations between theory and
experiment for high-speed guns noted by Baer and Hitchcock.

Section II is a two-part section devoted to a discussion

of the analytical modsl used in this work. The first part

contains a discussion of the fundamental assumptions used as
a basis for the model, whiles the second par: contains a woxrd

description of the operation of the model. Section III

contains the working equations, the derivation of these

equations, and a detailed list of the assumptions used in
deriving them. Section IY contains a discussion of the

results. The conclusion reached as a result of this work

and some recommendations for future work are contained in

Section V.

A Fortran Extended computer program was created to

perform the numerous storing, searching, and computational

routines involved in the sclution. Pertinent information

about the type of corputer used, storage requirements,
prograa run time, as well as a siaplified logic diagram, a

program listing, and a sample output are contained in the

appendices. A brief glossary of terms peculiar to tae gun

internal ballistics field is provicded in Appendix E.
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I1I. The Analytical Model

Fundamentai Assumptions

The aualyticai model is based upon two fundamental
assumptions. The first is that for small but finite incre-
ments of time the actual internal ballistics process may be
represented by an artificial sequence of four separate
"phases". This sequence consists of a8 constant volume
energy transfer phase, a shell motion and wave propagation
phase, a propellant motion phase, and a gas expansion and
mass transfer phase. The implication of the assumption is
that for smail but finite increments of time the net result
of this artificial sequence of phases is approximately the
same as if all the phases had occurred simultaneously. This
sequence bears a general resemblance to a thermodynamic
cycle i that a system is changed from an initial set of
conditions to a final set of conditions by an orderly
progression of events; for this reason an individual seauence
will hereafter be referxed to as a “cycle™.

The second fundamental assumption is that the column of
g;s and propellant between the btreech and the shell may be
represented by a fixed number of individual gas “subveolumes".
At any instant of time the gas properties within an individual
subvolume are considered to bs constant. These property
vajues may, however, vary from one subvoiume tc another.

Gas and propellant mass transfer may occur betwean subvolumes,

but ohly at separate and specified times during the cycle.
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The purpose of these two assumptions is to simplify the
internal ballistics process into one that is more readily
analyzed. The first assuamption separates the complex
internal ballistics precess into more fundamental processes:
constant *olume combustion, one-dimensional motion and mass
transfer, and finite-amplitude wave propagation. The second
assumption simplifisz the analysis of the gas and propellant
column by separating it into a number of smail constant-
vproperty-value subvolumes. These subvolumes are then ana’yzed
using the theory of finite-amplitude waves in gases, a basic
energy equation, and simple equations of mass motion and mass

transfer.

Word Descripcion of the Model

Overall Physical Description. The diameter change from

the chamber to the bere normally occurs over & finite length
of the gun barrel. For this analysis this are: change is
considered to occur at a single location. No other changes
in the physical description of the gun barrel are made. In
this work the region tetween the brecch and the area-change
location will be referred to as the "chamber", while the
remainder of the gun barrel will be referred to as the "bore,

The preojectile is initially positioned at the location
of the area change and the chamber is divided into a fixed
nunrber of cyliandrical segments. The axis of rotation of
each segmsnt is the same 35 the axis of rotation of the

chamber. All segments initially contain the same quantity

W

i A oD B Laapell LSS o

il

wul eyt




LA Py

VR g i O,

3
¥

oot LAY

v

o T S IS TR MR R FE R RN R s

CAM/ME/72-2

of gas mass, the samc number of propellant grains, and have
the same volume. Further, all segments initially have
ideatical ges property values.

The Gas Subvolumes. The gas which occupies the avail-
able space between the boundaries of a single segment forms
the gas subvolume. Gas subvolume properties change as a
result of expansion (wave propagation) and mass change.

Gas mass change occurs as a result of mass transfer across
the gas boundaries and as a result of a propeliant burn.

The Propellant Segmeants. The amount of mass reieased

by a ygiven mass of burning propeilant during a finite
increment of time 1s dependent upon the surface area of the
propellant, the relative flow of gas past the propellant,
and the pressure of the gas surrounding the propellant. In
order to account for the surface area of the propellant as
it burns, the number of propellant grains in <ach propellant
segment is fixed at the initial value. Alsoc, all grains
within a single propellant segment are considered to burn at
the same rate. Hence all the grains within a singie prspela
lant segment are kept identical with one ancther, and the
mass reieased by a single propellant segment during a siagle
burn time inerement is simply the mass released by a singie
grain times the number of grains in the segment. Since the
number of grains in a single segment is fixed, it can be seen
that the mass of propellan? in a single segment can only

decrease. Locaticon of the various propellant segments is

-
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accomplished by fixing the length of each segment at the
original value,

There is no requirement that a propellant segment be
located entirsly within a gas subvolume; therefore if a
single propellant segment happers to be lccated such that
its length is divided by a gas boundary the burning rate of
that segment should actually be infiluenced by the two differ-
ent velocities and pressures of the two subvolumes. When
this situation occurs the burning rate of the entire propel-
lant segment is determined by the average pressure and
relative velocity of the two subvolumes.

The Gas Boundaries. The gas boundaries have three

functions. The first is to serve as solid, fixed boundaries
during the constant-volume energy transfer phase of the
cycle. The second function is to act as planes of mass
transfer during the gas expansion and propellant-motion
phases of the cycle. The third function is to serve as
locations for the finite-amplitude waves which are used to
change the gas property values following an incremental shell
motion. If a wave travelling toward the bresch is designatad

an "upstrean” (against the as flow) wave and a wave trav-

elling toward the shell is designated a "downstrean® wave,
then it can be seen thet there will be four possible types

0f waves: arn upstream expansion wsve, an upstream compression
wave, a downstream erxpansion wave, and a downstream compres-
sion wave. Gas properties are changed wvhenever one of these

waves travels across a gas subvolume. Since the gas

S e e e T S L i - = = oy o e e e e P e s EE et Do I e e aelp = o T~ o=
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properties within each subvolume are required to be constant
at any instant of time, R wave is not permitted to be
located between two gas boundaries. A wave is propagated to
the next boundary only if it is determined that there is
sufficient time remaining in the time incrament for this
motion tc occcur. If the wave cannot cross at least half-way
across the subvolume it is fixed at its current location.

Gas Subvolume Containing the Area Change. The gas sub-

volume which contains the arez change frcm the chanber to
the bore is an exception to the normal constant-diameter gas
subvolumes, and is therefore treated somewhat differently.

A "property discontinuity” is considered to exist at the
location of the area chznge, and the gas property values on

the chamber side of the subvolume are not necessarily; the

same as the gas property values on the bore side. Further,
unlike other subvoiumes, internal gas mass transfer does
occur from the chamber side to the bore side. This process
is describsd in the Word Description of the Model Operation
section below.

Word Description of the Mcdel Operation. In order to

illustrate the operation of the model as well as clarify the
functions of the previously-described features a brief
description of a typical cycle will now be giver.

The first phase of the cycle is the constant-volune
energy transfer phase. All motion is frozen, then each
propellant s=agment is burned for a single time increment.

Al .

This barning process changes the pressure, dersity,
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temperature, and gas volume in each subvolume. The mass of
each propellant segment is, of course, reduced. After tais
iacrement of burning is completed and the appropriate adjust-
ments have been made in the subvolume property values the
cycle proceeds to the second pnase.

The second phase is the projectile motion and wave
propagation phase. The average of the pressure before the
burn and the pressure aftsr the burn in the subvolume adjacent
to the projectile is considered to act upon the shell rfor one
time increment. This force changes the projectile accelera-
tion and velocity and moves the shell to 2 new location.

The change in projectile velocity is considered to be impul-
sive and to generate & finite expsnsion wave which, later

in the cycle, will propagate toward the breech. The model
first propagates expansion waves from earlier projectile
motion, then procedes .o other types of waves which may be
present, including the recently-generated expansion wave

from the current projectile motion. If a compression wave
“catches up" with another wave of like kind and direction

the wave strengths are combined prior to further propagation.
Different types of waves or like waves travelling in opposite
directions are not combined. Waves which encounter the
projectile or breech are reflected in like kind, and s wave
which crosses the gas subvolume containing the area change is
refiected as iwo waves of appropriste strungth and direction

(Ref 7:28). VWhen all present waves have been propagated as

10
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far a2s possible during a single time increment the cycié

|

proceeds to the third phase.

The third phase of tho cycle is the propellant motion

MK GIILE SR

phase. The pressure drop across the length of the segment

is determined, then an estimated drag coefficient and an

LU R

estimated effective area are used in & simplified equation of

motion to determine the new velocity and position of the

R T T T R e Ty

propellant segment. When all the segments have been moved

St Ere i

the cycle proceeds to the fourth and final phase.

The last phase of the cyclz is the gas expansion and
mass transfer phase. The net effect of each wave that has
crossed a .ingle gas boundary is used to determine the new
velocity of that boundary. Once the new velocity is deter-
mined the boundary is moved at that velocity for a single
time increment. The boundary velocity, barrel cross-
sectional area, and thz gas density of the next downstream

subvolume are used to determine the gas uzss transfer across

the boundary during this motion. After a’l boundaries have
been relocated the total propellant mass within each sub-
volume is redetermined. ¥Kith the su'.volume pressure heid at
the value determined during the wave propagation phase, the

remainder of the gas property vilues arec then determined frowm

an equation of state. This final property determination

marks the end of the cycle.
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The cycle just dascribed is repeated until it is deter-

T
gl S AN

mined that the preojectile pos. ion exceeds the length of the

berrel, at which time the anaslysis ends. Provisions are made
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in the model to check for vropellant burn-out prior to
projectile exit in order that the preapellant-burning and
motion parts of the cycle may be deleted. ~Figure 1 illus-
trates the physical appearance of the model prior to

projectile motion and at some later tims,

-~
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IT1I. Analysis

Analytical Assumptions

The two fundamental assumptions which form the basis for

the analytical model have been previcusly discussed in the

first part of Sectien 11, The following analytical ass:ap-

tions have also been used:

(a)
{b)

(c)

(d)

(e}

(f)

(g)
(h)

(i)

All motion is one-dimensional.

Propellant burning takes placs undexr constant-
voli.ne conditions.

The propellant burning rate is a function of gas
pressure and relative gas-to-propeliant velocity.
The propellant grains burn uniformly over their
entire surface.

The gas obeys the Nobel-Abel equation of stats with
a constant covoluns.

The gas has a constant ratio of specific heats.

The gas subvolure boundaries are adiabatic.

The drag coefficient for the propellant segnents is
constant.

The drag on the projectile coasists of a variable
aerodynamic drag a2nd 2 constant friction drag.

The diameter change from the chamber tc the bore
occurs at a single locatien.

A normal shock forms shead of the projectile as

soon as the projectile motior begins.

14
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(1)

The presence of the propelilant exerts no influence

on the wave propagation process.

The following are considered to be negligible:

(a)

{d)
(e)

(£)

; (g)
(h)

Heat transfer to the gun walls end to the projectile.
Friction losses between the gas and the gun walls.
Friction lesses between the propellant and the gun
walls.

Drag due to projectile rotstion (.sfling drag).
Losses due to propellant gas leaking past the
projectile.

The pressure gradient between the front of the
projectile and the downstream sise of the normal
shock.

Effects due to gun recoil.

Effects due to variations in the initial temperature

of the propellant.

The Working Equations

The Energy Equation. The first law cf thermodynamics

for a constant volume subvolume with 70 mass flow is

Q = AU {1

where, for the constant volume adiahsatic combustion used in

this werk

and

(kef 3:178) (2}

i5
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PR eV SN, O 0

bu = CVAT (3)

where Yg * propeliant gas ratio of specific heats

For the gum problenm

€, = & [(Ref 8:126) (4)

Since F, the "force constant” is defined as

F = RgTiso (s)
Eq (1) becomes
RT R_(AT)
?ﬁ_lig :_;3___T (6)
g £

For a finite quantity of Eqs {2} and (3) may be expressed

R T

Q= 8Aso Ly
Yg = 1 g
R
AU = ;;—émr (MeTe - M.T,) (8)

where Nf = final mass of Ras

M. = iaitial mass of gas

-7
L]

final gas temperature

T. ~ initial gas tempeorature

Equating (7) and {8}

R T, R
180
?f“f"f (Mg - ¥;) = ?;"é“f MeTe - MT
16
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M. M.
¢ = - ...._1- .__1_
Te = T, o0 (1 mf) + T, N (19)

Equation of State. The cquation of state used i3 the

e L

"Nobel-Abel" equation of state with a constant covolunme

P(V - Mb) = MRgT (11)
where b = covelune

Mass Change Due to Propellant Burn. The change in mass

fur a single pronellant segment during a single time increment

is

MM = -8M_ = -(AV N 12
. » (Y. 3 (8 ) (X)) (12)

where AV change in a siaglie grain volume

]

©
4
3

ropellar

4]

t density
N_ = number of graiis per segmeat
Mp = propellant mass

1{ = gas mass
g g
The propullant burn rate is taken to be

R = 3(P/10c0)" + KV (Ref 5:9) (i3)

where R

propellant burn rate (length/time)

W
"

burn rate at 1000 psia and V. =© 0

]
{

gas pressure

iy burn rate expeonent

]

N ¢erosive burn constans

L4
]

relative gas-to-propellant velecisy

R A ik S, Lo arsart s




4
p: <

r-c,

GAM/ME/72-2

The volume change of a single grain is
A_R - (AR ) 14
A\’g'l(pp) (pp)l (14)

where Ap = grain surface area
Rp = grain radius

( )' = value after propsliznt burn

The absolute value in Eq (14) is necessary because sone
grains are designed such that the surface area increases
during the initial burn process. The surface area vs. grain
racius for the particular problem studied was obtzined from
t;bular data (Ref 5:38-41). Equations (32), (13), and (14)
are used to determine Hi Vs, Mf in Eq (10).

Wave Propagation. The pressure change induced by a

finite-amplitude wave of strength AV i3 given by

AP = -pa(bv) (Ref 7:10-12) (15)

where AP = finite pressure chaage

D gas density ahead of wave

a = sonric velocity ahead of wave

Av = finite velocity change
Wave velocity is given by
Vw - a 2 vg (Ref 7:11) {16)

where v, ® wave velocity
vg = gas velocity

& = gas sonic velocity

18
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As mentioned previously in Section II, a wave which encounters
the gas subvolune containing the chamber-bore area change is
split into two waves. For exampls, a bore-side upstreanm-
travelling expansion wave is split into a compression wave
vhich travels back teward the shell and an exparsion wave
which continues on toward the breech. The strengths and
directions of the split waves are determined in the fcllowing
3 aanner.

Consider an upstream-travelling rarefraction (expansion)

nave Avl vhich has just reached the bore side of the gas

subvoiume containing the charber-bore area change (Fig. 2a).

The change in pressure on the bore side of the sudbvelume is

3 detecmined with Eq (iS5)
a

where Py = bore-side density

a, - bore-side sonic velocity

3 The wave is advanced to thke point of area change and the new
. bore-side pressure and velocity values are determined

{Fig. 2b)

P = P &+ AP (17)
+ Av1 (18)

The decreased pressurs on the bore side induces as increased

mESS flow from the chamber side., The amount of mass

13
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transferred from the chamber side to the bore side is
Aul - pchAbvbl(At) (13)

where Pen ® chamber side density
Ab = dore side area

At = time increment

The amount of gas mass on the bore side is therefore

incressed by an amount AM, while the gas mass on the chamber

1
side is dscreassd by the same amount (Fig. 2c). If tempera-
ture is assumed to be constant during this process the new

bore-side pressure becomes

(Mb + AMl)R Tb

P, = - (207
b2 rvb b(Mb + A“i
while the new chamber-side pressure is
JL s LT 1)
1 c c 1’
where Tb = bore-side temperature
Tc = chanber-side temperature
it can be sezn from Eqs (20) and (21) that Pb will be
2
greater than Pb {(but still less than Pb) while Pc will be
1 1

less than Pc. Hence the net effect is to produce a downsircan-
travelling compression wave of strength AP2 = Pb - Pb

2 1
(positive) at Aa (Fig. 2a) and an upstream-travelling expan-

sion wave of strength APs - Pc - Pc (negative)} ot B in
1

21
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in Fig. 1d. A similar snalysis holds for the other types
of waves.

Procpellant Segment Motion. Propellant segment motion

is determined from a simplified equation of metion. It is
ascsumed that the sum of the forces Xfp acting on a single

propellant segment for a single tims increment is
Lf = (AP)A D 22
p (AP)A, + P (22)

where AP = pressure difference across the segment length
Ae = estimated “cffective zrea"

Dp » e3timated aerodynamic drag

The estimatad effective area of tho segment is taken to be

T
Aa - Lp (23)

where Vp = volume of the propellant segment

Lp = fixed length of the propellant segment

The estimated aerodynzmic drag on the propellant segment is

taken to be
D % 1/2 p v2AC. (24)
P gred

where pg = gas density
v_ = relative velocity of gas past the propellart

Cd = estimated drag coefficient {constant)

If the acceleration of the seguont ap is approximated by

22




Y Y R T G T T A,

iy

LR e T kv

GAM/ME/72-2

Av
a_ = K?E (253

Av
2, —b.
-(AP)A_ ¢ 1/2 pgvrtecd ol I (26}

where ap * propellant segment mass
v_ = propellant segment velocity
v_ = relative veiocity of gas past nropellant

(assumed to be positive at all times)

1£ Avp is taken to he

Av_ = LR 27
P vp p (27)

vhere vp' ~ the velocity at the end of At

vp = the veloecity at the beginning of At

then Eq {(26) may be solved for vp'

' - At 2
v 2 v+ [(AP)Ao + 1/2 pgvrAeCd] (28)

P P '?

Acrodynamic Drag. The aerodynamic drag pressure Pd

exerted on the projectile on the muzzls side of the projectile

is given by

4 vy Y. + 1 v
- "2 pr (_a PT .
Pd Paz 1+ 28 2 ) 2

A

7/Y * 1\ VWV y 2
//[{\;2_3__) .%E} . tK (Ref 5:44) (29)

23
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where Pd aerodyaamic drag pressure
P = ambient (upsiream of shock) pressure
Y. = ambient ratio of specific hasats
v = projectile velocity

a = ambient sonic velocity

Projectile Equation of Motion. The equation of motion

for the projectile is taken to be

(Ppr - Pe - P_giA, = (Mpr)(apr) (30)

where Ppr = pressure on the breech side of the projectile

Pf estimated constant friction pressure

Pad aerodynaxic drag pressure

]

“pr projectile mass

tpr

projsctile acceleration

24
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iV, Discussion gg Results

0f the two nbjectives stated in the introduction to
this work only the first has been met, and that with extremely
limited results. The model has performed acceptably for only
one compiete cycle following the initial motion of the shell.
Results obtained {rom the sccond cycle indicate that the model
is failing to combine gas and prepellant motion in such a
manner as to obtain a reslistic pressure distribution.
Specifically, an unrealistically low pressure in the gas
subvolume adjscent tc the shell is established early during
the second cycle. This low pressure in turn sets up wave
reflections from the chamber subvolume with urrealistically
high velocity strength values. These erroneous waves are
then propagated for the remainder of the time increnent,
and the resulting model bears little resemblance to the
actual physical situvation. The excessively low pressure is
2 direct result of the soparatioa of gas mdoticn from propel-
lant motion. The sudden expansion of the subvolume adjacent
to the shell caused by the shell motion increases the volmnme
available to the gas in that subvolume. Because there is no
motion of propellant into taai subvolume at thac point in
the cycle, the space thzt should be occupied by some portion
of propellant mass is not; hencs the gas expands to fill an

unreslistically large volume and the pressure drops.

25
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V. Conclusion and Recommendations

Conclusion

The conclusion reached 2s & result of the work to date

is:
The basic model concept shovws promise, but at
present the model is failing tc realistically represent the

combined flow of gas and propellant,

Recommendations

The following recommendations sxe made concerning this
analysis:

1. The basic model concept should be revised to
realistically represent the combined flow of gas and propel-
lant in order to preserve a realistic pressure gradient.

2. The propellant segment drag coefficient should be
computed from Reynold's number considerations instead of

the present constant value,

3. A more accurate representation of the shell slidiag
friction should be attempted.

4. An allovance for energy loss due to heat transfer
should be introduced.

5. Propellant burning rate values shculd be obtained
from tabular data rather than th2 conventionz! pressure and

erosive burn scheae used in this work.

20
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Computer Program Featnures

Debug Mode of Operation. A self-debugging feature is
built into the program to enable automatic debugging during
future program modifications. The self-debugging feature
i's activated by replacing the "FTN." control card at the
beginning of the deck with an "FTN(D)" control card, and
increasing the menory requirement by 12K, The debug feature
causss the following to occur asutaomatically:

a. Automatic bounds check on all arrays.
b. Printcut of certain key program variables

values whenever these value. change, along
with the program location of the change.

Logic tracing is available by adding a

C$ TRACE
col: 12 7
card immediately after the "C$ DEBUG" card in the deck.

Further information on the debug mode of operation is con-
tained ia Chapter 11 of the Control Datz 6400,6500/6600
Computer Systems Fortran Extended Reference Manual.

Solution of the Preburned Propeilant Problem. The pre-

burned propellant problem may be considered with this

program by:

a. Entering all propellant data as if the
propellant were going to be burned.

b. Setting the value of the 'variable "NOCH" to
"2" on the appropriate data card.

29
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Computer Program Requirements.

Language:
Computer:
Storage

Run time:

Fertran Extended.

Control Data 6600 (Digital).
36K (Binary)

45K (Compile/no debug)

60K {Debug)

Undetermined.

18 2 iRt S B
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Computer Program Symbols

NOTE: The term "bore-side" refors to the bore side of the
subvolume containing tha chamber-bore area change.
"Chamber-side” refers to the cnamber side of the sane

subvolume.
Symbol Definition
A Area
ADP Aerodynamic drag pressure
AGRO Average gas density
AGY Average gas velncity
Al Multipurpose variehle
BA Bore area
BD Bore diameter {input)
BETA Pressure burn coefficient (input)
BéMAS Bore-side gas mass
BP Bore-side pressure
BRO Bore-side gas density
BT Bore-side temperature
BURNA Propellant burn area {tabulsar input)
BV Bore-side gas veloci»
BXP Pressure burn exponeat (inputj
CA Charber area
cob Propellant drag coeffic;ent {(input)
CGMAS Chamber-side gas mass
CHD Charber dizmetey (input)
CHL Chamber length (input)
CHRO .

Chamber-side gas density

32
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Symbol
CHV

CL
CMAS
CMASS
CMIG
CovoL
cp
CRO
CT

cv

DCM
RIST
DM

DMC

DML
DMR
1}3
T
DV
dvB
hile

DVSUHM

EBK

T e N I | a e R R T O

=
4

» .wm.wm»;wﬂ%.m v

Definition

Chamber-side gas velocity

Fixed length of propeilant segments
Propelliant segment mass

Total propellant mass in subvolume (output only)
Igniter charge mass (input)

Covolume (input)

Chamber-side pressure

Propellant density (input)
Chamber-side temperatura

Propellant segment velocity

Propellant segmeat position

Mass Change due to burn

Distance {various uses)

Incremental mass change {various uses)

Center section of DCM for XTYP = 10 and
KTY?P = 11 (Ref to Fig. 3).

Left side of DCM (Refer to Fig. 3).
Right side of DCM (Rofer to Fig. 3).

Pressure change

Time increment

Velocity change

Bore-side velocity change
Chamber-side velocity change

Surm of velocity changes st an individual gas
boundary

Erosive burn constant (input)

Cun constant (aleo known as "force constant")
(input)

33
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Symbol Definition

FP Friction pressure (input)

GAMA Ambient ratio of specific heats (input}

GAMG Propellant gas ratio of specific heats (input)
GMAS Subvolume gas mass

GNMAS Initial prorellant grain mass (input)

GNS Number of grains per propellant segment

GRAD Grain burn radius (tabular input)

GUNL Gun barrel length (input)

1 Counter (various uses)

1B Bore gas boundary reference

Ib Program sec:ion identifier

IS Stored gas bocundary value

IWA . "Is wave available for propagation” indicator

IKA = 0 Wave present and ready for
propagation

INA = 1 No wave present

IWA = 2 NWave present but already
propagated during this time

increment

IX Index (used during wave propagation)
Wave type: J =1 Upstream expansion

J » 2 Downstream expansion

J = 3 Upstream compression

J = 4 Downstresm compression
JB Bore-side wave type
JC Chamber-side wave type
JS Stored wave type value
F'4 Counter (variocus uses)

34
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Symbol
KCHW

KTYP

LTYP

NB
NOCH

OBP
ocp

op

ORAD
OSHV
OSURFA
P

PA

S e e L e s
s T AT TSI A FOT R T IR AT ST B IR e

Definition
Index: KCHW = 0 Wave is not chamber
reflection
KCHN = 1} Wave is chamber
reflection from area
change subvelume
KCHW = 2 Wave is bore reflection

from area change
subvolunme

Type of propellant segment (Refer to Fig. 3)

Counter (various uses)

Index: LTYP = 0 Propellant segment
within subvolune
LTYP = 1 Propellant segment

divided &y upstreanm
ges boundary

Counter (va.ious uses)
Propellant segment counter

Number of ges boundaries (input)

Index: NOCH » O Propellant segment
present (input) in
subvglume

NOCH = 1 Propellant segment not
present in subvolume
NOCH = 2 No propellant in gur

Number of tabular entries in the grain surf:zce
area (input) vs burn distance table

Bore-side pressure before incremental burn
Chamnber-side pressure before incremental burn

Normal subvolume pressure before incremenitai
burn

Grain nurn radius before incremental burn
Shell velocity at beginning of time¢ increment
Grain surface area before iancremental burn

Subvoluxe gas pressure

Ambient pressure (inpu<)
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Symbol
PDIF

POS
PRES

PSHOT

PSTOR
R
RDOT
RG

RO
ROA
ROW
SHA
SHM
SHV

SHX

TA

TAC

TAV

TCMAS.,

Definition

Pressure difference across 2 single propellant
segment length

Position (used in output)
Pressure (various uses)

Shell start pressure (also known as shot start
pressure) (irput)

Stored pressure value
Current grain burn radius
Grain burn rate

Propellant gas constant
Subvolume gas density
Ambient gas aensity (input)
Density (used in output)
Shell acceleration

Shell mass (input)

Shell velocity

Shell position

Grain surface ares atcer incremental burn
Gas subvolume sonic velocity
Ambient sonic velocity
Computational coastant
Subvolume gas tamperature
Ambient temperature (input)

Time available to chamber-bore area change
reflections

Time available {various uses)

Total propellant mass in subvolume
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Symbel
TCMASB
TCMASC
TEMP
TIME
T1SO
TOTCM

TTC

TYPGUN
TYPROP
v

VEL
VoL

W
WDIST
LA}

X

XMR

XNB

XRAD

I e e B

e ) s atis Pl bR G g A AT SR < £ RE o S FAR GRS e St SRR Rl 2l 21

Definition

Total bore-side propellant mass
Total chambeér-side propellant mass
Temperature (used in output)

Time expired

Isochoric flame temperature (input)
Total propellant mass (input)

Time to cross subvolume (used in wave
vropagation)

Type of gun being analyzed (input)
Type of propellant (input)
Subvolume gas velocity

Velocity (used in output)

Voiume (various uses)

Stored value of wave strength
Distance (various uses)

Wave velocity

Gas boundary position

Propellant mass ratio (before burn vs after
buran)

Same as NB

Grain burn radius

37
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Simplified Computer ?rogram
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Logic Disgram
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Simplified Computer Program Logic Diagram

INITIALIZATION SECTION

READ INPUT |
FRINT INPUT

)

INITIALIZE
CHAMBER
SECTION
VARIABLES

GO TO “aA"
SHELL
MOTION
SECTIOii

IS NOCH = 27 >

]

A/‘\

IS p Psnorf};>-__~____

INITIALIZE |
ALL :
SEGMENTS
TO PSHOT
CONDITIONS }

GO TO "aA®
SHELL
MOTION
SECTION
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PROPELLANT BURN SECTION
A
<{_ iS5 NOCH = 2% >
60 TG A" GG TO "A”
SHELL PROPELLANT
MOT ION LOCATOR
SECTION SECTION
_________ 7
i it
RETURN
FROM
PROPELLANT
LOCATGR
SECTION
-
BURN PROPELLANT % | ADVANCE
PROPELLANT SEGMENT « JTo NEXT
SEGMENT PRESENT IN SUBVOLUME
SUBVOLUME? _/
!
COMPUTE NEW
TEMP , GMAS
CMAS RO, P
VALUES
1
i
GO 70 "AM HAVE ALL ADVANCE
SHELL PRGPELLANT TO NEXT
MOT ION SEGMENTS PROPELLANT
SECTION BEEN SEGMENT
i &

/ 1S SUBVOLUME

J  ANJACENT
\\ksnELL

Y7

nrwcd

PROPAGATE

PRESSURE
PULSE FOR
L L
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SHELL MOTION SECTION

DETERMINE
AVERAGE
PRESSURE
ACTING ON
SHELL

DETERMINE
NEW SHX,
SHV, SHA
VALUES

>__.

DETERMINE IS SHELL
EXPANSION | POSITION
WAVE GUNL?
STRENGTH

sToP

GO TO vi*
WAVE

PRCPAGATION
SECTION
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WAVE PROPAGATION SECTION

o, omd

LR A P e TR R T el P N i e S A A S 2R S e

BEGIN WITH
J=) § X{(I)=?

l

Y B WA AL L R T T

/ HAVE ALL X(I)
2 BEEN CHECKED
FOR CURRENT J

Y
ADVANCE TO
NEXT X (1)

4

[ Sl RN

REFLECT WAVE

+—<§kAva PRESENT? IS THERE
y ¥ TIME 70
? [J=d+1 ) CROSS J
 — SUBVOLUME?
X ..
2 — IS J=472 J TS THERE t
TIME TO
GO TO "A" CROSS y
PROPELLANT HALF-WAY?
MOT ION o
SECTION
//Dosq NEXT
SUBVOLUME
CONTAIN
C.AMBER-BORE
AREA
CHANGE?
CROSS TO GO TO "A"
NEXT CHAMBER WAVE
ROUNDARY REFLECTION l
1 SECTION
CHANGE
PRESSURE
AND
VELOCITY
, |
IS WAVE AT
y BLREECH OR
SHELL?

T -~
S —

i
i

L

4

- Aoy, Ymime Zn, G,
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CAM/ME/72-2

CHAMBER WAVE REFLECTION SECT(ON

A

DETERMINE
STRENGTHS
OF EACH
WAVE

PROPAGATE
C {AMBEK-SIDE
WAVE

b

PKOPAGATE
BGRE-SIDE
WAVE

RETURN TO "B"
WAVE
PROPAGATION
SECTION

43

kY s :
R [ = -
s - FRERNEY T 2




R B A N e T o T s TN i s e

GAM/ME/72-2

PROPELLANT MOTION SECTION

GO TO 1w
PROPELLANT .
LOCATOR g
SECTION !

HRT LA Rt 3 IF oo WBRE

————— J
F it

RETURN FROM
PROPELLANT
LOCATOR
SECTION

Vil ekl Y

3

DETERMINE
NEW Cv,
CX VALUES

ADVANCE T0
NEXT
PROPELLANT
SEGMENT

HAVE ALL

GO TaQ vAw
GAS MOTION
AND MASS
TRANSFER
SECTION

BEEN
R
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GAM/ME/72-2
GAS MOTION AND MASS TRANSFER SECTION
A |
_ ]
DETERMINE IS GAS y WILL BOUNDARY
NEW 3 BOUNDARY TRAYEL
BOUNDARY IMMEDIATELY BEYOND
LOCATION \ UPSTREAM CHAMBER-BORE
\ FROM CHAMB=R REA CHANGE?
! BORE AREA
COMPUTE ‘ CHANGE? |
MASS
TRANSFER
4
RECOMPUTE IS GAS { ADVANCE TO
TOTAL BOUNDARY NEXT
PROPELLANT | Yy IMMEDIATELY Y| BOUNDARY
MASS IN UPSTREAM
EACH FROM SHELL?
SUBVOLUME _ | :
COMPUTE . ESTABLISH
FINAL RO, NEW
T VALUES CHAMBER-BORE
AREA CHANGE
! S,BVOLUME
GO TO
OUTPUT ; ~—J
GO TO
"B" e
THIS PAGE

45
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PROPELLANT SEGMENT LOCATOR SECT1ON

DETERMINE
KTYP
REFER TO
E1G.

RETURN TO
SENDING
SECTION

A

Y

>

IS PROPELLAN
SEGMENT

¥ DIVIDED
BY THE
REFERENCE
EOUNDARY?

SET VALUE
OF VARIABLE

f\\
"NOCH" TO 1

Wl (ProPELLANT |

l NOT PRESENT)

I

IS PROPELLAN
SEGMENT
WITHIN
REFERENCE
SUBVOLUME?

"\
/
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GAM/ME/72-2
Appendix D
Computer Program Listing
and
Sample Cutput
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X

A T N T T R R IR SR T RS AR

PRIOGRAM GUNCINPUT,,OUTPUT,,CERUG=0UTPUT)

c NERUG

ce AP=AYSR

= STOPFS(RGVCLyEF4B8T,RY,CGVOLyCHVLCFyCTyCVyDIST )OFyCV,Y,TIB,10,7 .1
c=e STORPFS(INA 9 IX)J9JByJCsJS)KyKCHN gL 9yMg Ny NOCHy Py FOIF 3SFA9gSHV 4SHEX)

Ce STORFS(CHMAK,AMAY,CVC, NVB LMK, ARATO,ARATT)

¢~ STORES(THyTAV,TCHAS,TCMASEyTCMASCyTTC,)VyVOL gHyXoCX)

e STORES(LTYPyKTYP,WDIST,,ODVSUM,GMASyRCMAS,CGMASyRCyCHRFO+BRPC,0F,CMC)

ce STGRES(OMR ,CMAS)
Ly Yy N Y Y Y Y Yy e Yy YT Y TSR YT PRTETY TR TR Y Py Y9

%‘M“ S irTati . dTiiTisiGiETateiRineeiitYTeLEeitEtiies a0t iiiise Y
;§ GAM/ME/72-2
3 GUN COC 6600 FTN V32,(=279C OFT=% 232/37/72 1

Oy R D

¥ *
. GUN TINTERNAL RALLISTICS PROQLEM .
¥ *

I Yy T Y I N Py Ny Y Y P PSR Y Y YR YR YT RY Y ¥y

ITHENSICN F(RO),V(S0),RO(50),T(50),CMAS(50),TCMAS (50) 4DVSLM(5C)
DYMFNSTION CVI(52) ,CMAS(50) ,R(53),CX(C0)
DTMENSION X(S51),IhA(51,4)4H(54,4),BURNAC20),GRAD(CE)

I R R S R R Y T Ry YR Y Y Y I N Py Y PP T U TR TP E Yy Py,

G D S E S L Ty

) »
* PFAU INPUT VALUFRS .
. »

AR AL XL RS AR AR R E SR R R AT S Y R ISR S22 SRR YR YR R RTINS RER SR R Y 2

oFrAY (3 Jy TYPGUN,TYEROP

: OTAR 2611, 5UNL,CHLyCHD5oD

3 2TAD ?D"l,QPW,’QTCM CMIG

) QEAD 2011,BPSHCT,FF

OFEAN 2J71,FyTISO0,GAMGCOVCL
READ P2_N1yCRO,GNMAS,CN

REAC ?U”iyEETﬂ,BXP,EQK

OEAD 2221, RA,TA,R0A,GIMA

TTAD 21"”NTAP,NF

R¥L3 2u535 (GRAD(T) 4 BURNA(I) 2 I=1,NTAP}
SEAQ 25329 NOOH

OSHNT=LC ),

DT=.:CC}§
SVA=SQ0RT(1.,4%32,1764%53,352TR)

G 0 @ S LT

Gl R L G

3 Te e oo

3 NT=450J31

é LR A E R E R R X S X R R A A R RS R L R L R R R P R T P Y P Y IR PR PR NI SRR TN F'¥Y

= L 3 »
. PPINT INFUT vALUES g
L2 »

LR A R AR A I R R R R R R R L E I R S R R Y E F Y XY P S IR R IR R FFT RS YY)
OEINT 3T 0¢
SETRT 2L10,TYFGUN
PHINY 3,27 yGUNL
COINT 7535 ,CML
STINT Svan,C0MN
PPINT 2.53,PD
e INT Is&0
BRTMT Z277,PSHOT
Pi INT \)JQJ’FD
POIYT 3.89% oSHHM
BFINTY 3i:¢4
PRINT 3110,TYPRQOP
SPIN. 3125 ,TOTCM

49




GAM/ME/72-2

PR LI A s

GUN COC 6500 FTN Vi, 0-279C OFT=1 02/07/72 1

3]

THT 13.,CMIG
INT 31L7,000
IMT <167,TISO
INT T1&Y,F
INT 217°,277A
QDI?\" 3“\0,")("3
DOINTY 31qn,FnK
PIINT 3257,C0V0L
OCINT 3217 ,GAMA
FRINT 3227 ,6NMAS
PRRIMT 323%,CR
PRIMT 224"
PRINT 3057,PA
POINT 125,,TA
POINT 277 ,RUA
PRIMT 328 ,SVA
POINT 35299
SCRINT 3327 ,CT
OPINT 3717 ,MR
PRINT T34y
PEINT 3357
PPINT 2367, (GPAD(T) yQURNA(I) ,I=1,NTAR)
Ny Y Y R R Y R S YRS SRR RS RS PR PR AT 2

D

YU

1 B (b s T i T

TN 3T

<

» ¥
* INITIALIZ- VARICJS VASIAQLFS *
* LOCATF INITIAL 5AS ROUNDARIES AND CHASGE SEGMENTS .
* 1 L

BURBBSILREBPIYS S SIS NN BIERR ISR RSRIGIRFEDES SPGB RV RIS UGIB IR BLN I IS 2R 3882

NT=,iu01
XH3=¥0
TIME=NT
2= /1188
SVK=REMA* 52,174 *RG
NNz TARLeLGYAON
SA=,7854%CHE*CHD
LEX=ORL
gHU:f; °
SuUA=C O
CL=rHL /(XHA=1,)
GESTTOTCU/ ((XNS=1,) *GNMAS)
L=NR=1
NTST=2,
At iy I=i,L
Y{1)="1IST
~Y(I)=CIST
MSUM{TYI=C,

i. NIST=NIST+IL
X {(a2)=0HL
ny 2. I=1'Nn
N0 2y J=iy b
IWwa{I,J)=1

2 A l,Ji=" .

< iy .
PN Y I R Yy Y Y R Y Y N Y Y P Y Y Y I R S P IR TN Y SRR Y
® »
*® JTTIP4INEG CONCITICNS AT pPSHOTY .

S0




GAM/ME/72-2

GUN COC 6668 FIN V3, (=273 OFT=1 02/7G7/772 12

* i

E XS TR RNy Py Y R R R Y Y Y R P Py RN Y R VRV TR YRV T T STEFTET LY XY 3

Ir=1 3

=1 ]
N=]

CMAR(1)Y=TNTRM/(YNPR=-1,)
YOL=12.%¥CA*X(2)~-CHMAS(1)/CRO
GUAS{1)=VOL*R0A+CMIG/ (XNR=1,)
Pl1)=12,*CGMAS (1) *RG*TISG/IVOL-COVCLAGIFAS (L))
T(1)=T1I%0
(1) =6RAD(1)
TCHMAS (1) =CMAS (1)
AGVY=0,
ACV=0,
KTY3=2
GO0 TD 249

2 IF(P (1) SE.PSHOTY GC TO 4o
TIMF=TIMELCT
GO TO 2519

49 L=MPag
nTosn Img,l

t11=2(1)

ViI)=ee
R0{T)I=RO(1)
T(IY=TISN
GYAS{T) =GHAS (1)
TCMAS(I)=TCMAS{1)
CHAS(T)=CHAS (1)
TV(I) =3,

- S(Ii=2{1)
oP=P (1)
T=t0w=1
NT=.LCu15
SHA=22,17L*(P{NG=1)~FF}*RA/SHM
SHYy=SwA*]T
SHX=SHX+SHVY*SHV/ (SHA*2,)
X (1P =SHX .
CT=7T7<0
37=TIS0
Ay=SHy
Ny=SHYV
NP==,274%0C(T}*SCRT{SVK*TISO) *GV
IP=P(I)+NF
AGUASZ=RI(II*3A%aysnTeq e,
VOL= (SHX=-CHL) *R3*12,
APC=PAMAR/VOL
Jv=aGUASg
VOL=(CHL=-X (1) )}*CA*12,~CMAS(1) /CRO
CCMAS=GMAS (1) -NM
CHRP=CSMAS/ZVOL
IP== 43742 NHRO*SCGRT(SVK*TISO) 20V
CF=P({I7+0P.
HiTy1)==2,€68%0°/(RO(1) *SORT(SVK®*TISO:?
IWA(IL1)=)
CHV=W(I,1)




GUN

1o

112

ich

GAM/KE/72-2

CGC 6600 FIN V3Ie(=-3790 CFT=1

TOMAC=r4AS (Y1)
TrMARRz
JUSUM(T)I=R(T,1)
50 TO 4.0

PRCTTLLANT CURN SEFTICN

JIST2X (N?) =X (NR=1)
IF(XINR-1) LT CRLLANDCHL.LT«X(NB}) GG TO 102
HY=QART(SYX*T(RB~« 1} )V (NB=])

DT=2,%¥0TST RY

G0 TO 13

AV=CORT(SVCP (JSF(ETHCT)Y ) = 6¥ (EVECHVY)
UT=2,¥0IST/HY

TIME = TI#®E:nT

I (NOCH.EN.2) 6C TO 371

ooy
ot e
e

3

O
-4

]
pe
fes
[}
pom

T
TF{T.FN N} K0 TC 391

G T 1104

GO TP(2.1920242133,2049206,206,2029207520292084E04),KTYP
DRES= 5% {(FII)+P(T1-1}1)

o Te 2:)

PRES=O(T)

e TG 211

PEERs«HB* 0 ([~1)+0P)

N TR 219

PEFES= 5% (BF+CP)

G 7C 213

PRICs(P

S TN 212

prLeQzpp

4+ +

0 213
2,6 (B(T=1)+0C)

IF{NGEG(MB=1)} NE=PRZS

ANQT=" TA* ((FPES/ZILLB.122AXP)+FAK*{AGU~ALCY)
SeAN= N}
QEURPFB=ATKN(G?AS , 2URNA,NTYAN, 1 CRAL)

QUMY =F{t)~25NT*ET

IF(P(MI 0434 GC TC 212

NCH=Y

L3 70 128

XF_%=2P (M) .

[USF L2 TEY{GRAR,, BUEKALNTAS , § , XRAD)

ITH=ABS { {GRAGAOSURFA-XRAD*SURFAI PCRCPENS)
CHESINY=GMASI(N)Y ~DEH

gasur/72

LA E RS E R R AR R PRI RS R RS EERE RS SR IR SRS RS R RS R R RS R R E R Y EX XS

»
»
¥

LR E R EEEE R SR RS RS R ESSEEER RS R RS RS R R R SRR AR SR SR E R R LRI R RS R R R YL E R X LT

P Ac AL AR

i

Frvya——
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N R T

SN

215

216

218

224

230

CAM/ME/72-2

COC 6600 FIN VI.(-273C OFT=1

GO TO(C149223,2144214,422292249220,214422042165218),KTYP
JTICT=X(1-CX(N)
IF(KTYR,EQsl) NIST=SHL=CX (N)
IF(ID.EN.5) GO TO 920
OhL=0CM®DNIST/CL

DMP=DCH=AML .
TF(KTYP.EQs4) GC TO 215
LeTed

NM=NML

Y=y

IF(KTYP,EQ.A) GO TO 240
IF(KTYP.EQJ4) G0 TO 238

o0 70 239

NIST=CHL-CX(N)
HAIST=X (1) «NHL

IF(IC.EQ.5) GO TO 920
OML=CCM¥IIST/OL
UMC=0CM*WNIST/CL
RECCH-IML-OMC

4

DIST=X(T)~CX(N)

WRIST=GHL=-X(I)

IF(TLL,FQ.5) GO TO a2
OML=OCVY*NIST/ICL

IUC=PCHERTTIST/O

JHR=DOM-DML-DME

L=l-1

n¥=DML

w=yq

60 Te 239

IF(IDLEG.SY GO TC 820

OM=NCH

L=1

60 1o 233

IF(IN.E0.5) R0 TO 923

IM=0rNM

L=1

0 7O 235

IF(IN.EQ.5) GD TO 823

Iv=0GCw¥

L=1

co TP 249

TCHMAS (L) =TCMAS (L) ~-DN
XMOZLMAS(L) 7 (GHAS L+ NH)
GMAS(L)Y=GMAS (L)Y +AM
TIL)I=TISO® (L ,=X4RI+TILI*XNR

A=DR

ICIXILY LT o THLWANDCHL > GE X {L*1}) A=A
VOIL= (XL +L)eeX (L2 3A212 , wTEHAS (L) /TR
RE(LI=6MAS (L)Y 7VN0L
TF(NeTQe (N2=1) ¢ AN, T LE. (AB~22} FSTER2PII)
PLI=12.*GHAS (L) *RG*T (L) 7 (VOL=COUSLPGPAS LYY

83

32/707/772

i

o ik o gwinlith

S T ety bt it




CUN

rW

245
2583
251

252

253

283

27"

GAM/ME/72-2
COC 66006 FTN V3.0~279C QFT=1

IF(Ir,cQs1) GC TQ 30

GO TO 245

TOMASC=TCHMASC-NH

XMR=CCEMAS/ (CGMAS4IM)

COMAS=CGMAS+DM
CT=TISO¥ (1 =XMR)4CT*XIMR
VOL=CA®{CHL=-X(L) §¥312.~(TCVASC/CRD)
CHPN=CGMAS /VOL
CR=12,¥LOMAS*RG*CTA(VYCL-CCVOL*COMAR)
GO TN 245

TCMASR=TAMASR-DM

XHREGMAS/ (DGMAS +NM)

GOMAS=9GHMASH DM
OT=TTSO¥ (1 . ~¥XMRj+RTH*YMR

VOL=BAR (X(L+1}=CHLI *L2.-{TCHASR/CRQ)
RRCE=ECMASZ VAL
BP=12,#83GMASYRG*AT/YOL~-CCVOL*RGMASY
GO TO (250427N,252,2544278,2705;271,250,270,256,9260) 4,KTYP
IF(M.EQ.2) G2 TO 270

Me 2

IM=NMR

L=1

G0 TO 239

TF{M,F3e2) GG 7O 270

=2

= OMR

-
b ¥

60 TQ 235

IFtM.EGe2) GO T4 278

Mz 2

IV=OMR

G0 TN 243

IF(MEDNL3) GO TC 2790
TFIM,ENL2) G0 TQ 258

Mz

TM=gMp

GO T 240

M=z3

G Yo 2%%

IF{M,EN,3} GO TN 279
TFIM,ELL2) €O TO 2582

“x2

aM=DMC

L=1

56 TQ 235

Mo

av=pMe

G YO 249

TFLID,EG.13 GC TO 2D
IFN, TN (NE~L)}) GC T 278
Hoped

60 TN 1171

IF{T LT iB=L) JANC.KTYPFQeJ ORKETYP.EQLB) &0 YO 277
IF(TLT, (NB=1)) 6 TO 780
R0 1O 361

a4

-

62/57772
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GAM/ME/72-2
COC 6600 FTN VI.(=279C 0FT=1 0/

Af=rC-0p
afzapepo
6 T 371
ce3C Tay=nDY
TF{X(T) s LT CHLJANC.CHL L LT.X{I41)) GC TO 288
NP=pP(1)-0P
282 T=Ts4
IF{I.EN.N") ~Q TQ 301
TEFAX{(IY e LT cCHLOANDLCHL LToX(I#3)} GG TO 292
284 K=I+1
SV=SQPT(SVK*T(I})
HY=Sy+¥ {])
NIST=X(K)=X{T)
TTC=D1ST/WY
IF(TTC.G6T.TAV) GO TO 701
TAV=TAV-TTC
P(IY=P(1)+0P
G0 TO 28¥¢
2883 IF(KTYP.EQ.2.0RKTYP,EQ.,S) 60 TO 290
NF=AP=QOP
I=17+14
GO TO 234
29h%  DP=CP-0P
AF=P+ 02
I=I+3
GC TG 294
K=T41
SV=SCRT{SVK® (,S* (BT+CT)))
WV=SV+,5% (CHV+BY;
NIST=X(K)=X({I)
TYC=NIST/uV
IF(TTIC,GTL.TAV) GO 70 30%
TAV=TAV=-TTC
CF=CPe+nP
RE=NPLJP

-
GC TO 232

Ry Y Yy R Y Y R Y S I NI TV I Y R P R Y Y P

»

S
A

™
. SHELL MOTION SFOTION :
% 3
I E AR E LIRS RE RS SRS E S SR REEESE RS E RS R E RS RS RS RS R R AR RIS R RS RS 2 2
361 O0OSHV=STHV

PEIS=G* (P(NR-1}+0P)

IF(YINT=1) LT CHL) PRTE=.5%{9P+0P)

ADP=PA* (1, + GOMA®CSHV/ (2,%SVA) *{(CAMALL S 2*OSHV/ (2. SVA)+SCRT(({GAY

A+ L) *0SHY/Z(Z.*SYB)I*#¥2,24,)))
SHA=Z2,17u*(PPES-RDP~FP) *PAS/SHH
;sOSHVESHA*DT

v HX+SHYRSHY/Z (SHA*2 )

DT yl.GELGBUNLY SC TO 1500

~ 14 ) =SHY

HINP,1I=W (N, 1) + (SHV=-0RHY)

IWA(NP,1)=0
SFERLORNUYPRBBURBRBIBVIZBEBER RS NSRS ICYS IR EEILNECE B NI B UL YESEEB S
» %

85
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¥
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4"

410

42

438
443

460

47n

L71

475

4"

481

GAN/ME/72-2

CDC 6600 FIN

WAVE PROFOGATICN SFCTION

=2

J=

IX=i

IF(IVA(I,J)eF0N.0} GO YO L7C
IC(JEN 24 (ReJsETelt} GO TS 420
IF(T.tN.NR) GO TO 430

I=T4+1

GC TG 410

IF(T.EQ.1} GO TO &30

i=I-3

GC TO 410

S50 TO (L40,450,46045490),J
J=2

I=NR-1

60 TO «11

N N

BRI B IR
= &
o] -t
¢ 2
[
L&
[N
(=]

Dot G4 G

v

OV=H(I, I
1IF(KCHH,EQ el . ORKCHW,EQL2) GO TO 471

-—t
]
&
[
[+3

IFlJeFN.2:0ReJetENH) GO TC 475
IF(X{I=1) e LT4CHL « ANDOCHL WL T X(I}) GG TO 500
K=1~1
Sv=SOPT(SVK*T (X))
HV=SV=-V (X)
TF{HV.LT4Ce) R0 TZ 4GB
DIQT=¥ (1) =X(¥}
GO TO 433
IFIX(I) LT 4CHL ANDSCHL LT o X(I#1)) GO TO 500
K=71+2
SV2SNNTISYK*T(IYi
FV=SV+VL{T)
NIST=¥({X)=-X{(T)
TTIC=NIST/HV
IF(TIC.nT,TAVY GC T4 495
IkA(T,J)=1
W {TlyJiz",
TAV=TAV-TTO
TF(JeECed e CReJIEG3) I=I~%
CPzw o J73¥RG(TY*SORT(SVR*T(I)I*DYV
B(I)=D{T)+LP
AVSUMLTY =DUSUM(T) 40V
IF(JeEQc240ReVsEQH) T=T43
IHa(IyJ)=Co
Hiled) =H{Id)20Y
I7(1.EN0e1) GO TO 445

V3,(-279C OFT=1

sy

02737/72
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GAM/ME/72.2

e TUN CO0C 6500 FTN V3. G~279C 0FT=4 y273a1/72

IF(I.E0,NM) GO TO 4a9
TF(TX.LO.l) 6C Tn 4ar
L0 70 47y
£8:- Ty=,
TH“(I,J’-‘-Z
WiT,J)=Dy
E I=1<
2 J=Js
o Tn Lin
485 [HA!I,J)’I
W(I,J’=Q.
TF(J.FO,. 1) J=2
IF(JOKOO\?) J=6
X IV&(I'J)'-'G
i WII,J)=l(I,4)+py
¥ IF(TXe3001Y 6D TO 48
E GO 7o 474
E 486 1y=n
3 IWA(T, ) =2
IrIe
J=Js
COTO w1y
494G THA(T, ) =1
N(Iy\,)z':o
YF(JOEQ.Z) J=1
: IF(JsEQ ) g=3
-3 INACT, 4)=¢
3 W I,J}=N(I,J)$DV
. IT(IX,E0,1) G0 70 494
3 L TQ W71
3 691 Ivan
¥= IS
E J=Js
3 6C TN 4310
4G5 IF(KPHH.‘O«!) 69 70 498
I:(K‘\P1WQCQQ?§ GO TO 1499
APIST=WyeTAY
IF(NCIST-GT.(.S‘OIST?) 50 T0 497
49¢ IVACT, ) =2
3 H{Isd)=ny
¥ 1718
jt J= ge
(3 fC TA uia
467 Ty=y
a0 TP 431
IWA (T, Uy =2
H{T,J)=0y
I=7Tn
J=Je
”V=QVQOW(I,J)
KrHH=? <
IBALT, U=
Tev=TAC
IF(I.Fn.Nm) G0 T0 49y
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GAM/ME/72-2

COC 66080 FTN V2,(-278C NET=1

60 TO 4740

KCHU=0

50 TN hag

TE(KCHHLFN 1) GC T0 e

TF{KCHW.E042) GG TO 4
IF(JetNe2.0RJEC W) G 615
LEBE!

SVz S (SARTISYK*CT) ¢
HY=SY= S ¥ (RV4CHVY

IC(HYLLT,0,) GO TO

AIST=Y(11=-%C3)

0 T0 6537

K=-1+}

SVU=,5%(SOA"T(SVK*¥NT) T(SVK~
HY=SY+,.5%(BV4CHY)

IF(RV LT ) GO0 T - it
NIST=X(K)=-X(I)

TTC=NTISi/HY

IF(TIYN.GT. TAV) (0 10 496
TAY=TAV-TT(C

TaC=Y Ay

IvA(T,J) =1

W(Tl,d) =1,

L=l

IF(JetilelaDRJeENST LI~

Jv=tV+DV

r=rfHeg*gaRayen ®qg,

ACMAS =RAMAS+NM

CEMAS=CGMAS-OM

Jur=69

QCP=CrFE

VOL= (X (L+1)=-CHL)*FA*12,~-TCMASP /(¢
AC= 12, *IGMASFRGEBT/Z(VOL~-CCVOL*PGMAS)
ArQ=LGMAS/ZVCL

MWz 2, 8422 (IR=9RF) /{"RN*SERT(SYK®BT})
VoL (CHL=-X (L)) *CA*12,~TCMASC/CRO
CT=12 #CAMAS¥RG*CT/ (VOL~-CCVOL®CGHAS)
CHAG=CLGMASZVOL

QVC==2,687¥(CP-QCF} /(CHRO*SQART(SVK*CT)}

-
v
.

TFOVA-LT. .} Jd2=4

~~
o™ s

IF(OVC.LYs Ty JG=12
IF{JefU04s1e0RJeENSTY G0 TO 5813
JVLUM (D) =3VSUMCT) +Dvg
TWSUM ([+5)=0V5UM(TI+1) 40V
HEER R 1

e Yo K52

ir=1
AYSUMTIYI=IVIUNIT) +5V8
SV3UM{I~1)=3VSUHN(I=~%)+0VC
I=i~1 ’

vius=1

J=4d

T tI4d) =1
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GAM/ME/72-2
SN COC 5600 FIN ¥2,.(=-279C OFT=1 $2/77°7472 1]
HiT,J =W(T,J)+0VC
TAV=TAC
oC 109 L7
533 NG 508 I=t1,N?
ne £ge J=1,.4
;qq Ir(THA(I’J).EGQZ) IHA(T,J):U
; IR R A R YRR R S Y R R R Y RS SR R S RSN Y PR R RSN RE NP S PSRN NI RIS N R RS N R L ¥ )
% ¥ F'}
1 ¥ CHADGRE MOTION SFCTION &
= ¥ ¢ .
E IEERRREX SRS SRR RERS YRR R ERSRSR PR 2R RS R R SRR R RS R RE R R R YRS R RES RE LY ]
] TF(NCCH,EQ.2) GO TO 391
4 10=1
i T=1
3 Nz
4 6O TO 11951
€16 I=T1+:

IF(T.E0.N7} GO TO 801
RC 7O 1124
A2 G0 T0 (625,630,635, 64096859550,630,EC5,63096509€E9E) 4KTYP
625 AGV=«5%(V(I-1)4+V (1))
GO 0 »79
6373 AGV=sV(])
60 TO 676
&35 AGV=H*¥(V(I=1)+CHV)
0 TQ A7
S ERV= SR (AV4CHY)
<t TN 7"
24 AGV=CHYV
66 70 670
3 0f: Lov=py
3 6C TC A73
4 856  AGV= 5% (Vv (1))
: 60 TO azn
3 E€, ALV, E*(CHV+V(T))
E g TO RN
3 cob  ARV=5¥(y(I=1)+7V)
€77 TFINCCH,EN,2) G2 T0 672
ACV=CV(N)
IT(aCV.LE.30s) ALY=C,
w72 IF(ACGV.LZeTe) AGV=0,
I(INL%3) GO TO 209
0T (677,630 4703570597209 725,73097359740974%9750) 4KTYP
e7% CNLF=P(I-1)-P(I)
LGRN= (B (RC(T-1)+R0(T)}
606 T0 758
€8, TIFtI«cNei) GN TN €90
TF{T«T%. (*1=1)} GC TG €A"
CNIF=P(I=-1)=F(I+1)
[ R ArPQ=R0 (Y
oc 10 7,8
&0 STTIF=P(1)1=-R{2)
G2 7O 635
£95 PrIfF=P(NA=1)=-P(])
GG TG 615

A TR W F R

BT AT
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1 GAM/ME/72-2

- U COC 6609 FTN V3,0-27SC OFT=1 92/07/772 1
: .t PrIfzP(I-1}=-0F

3 ALRO= (5% (RO(I=4} +CHROY

4 ~h TO 758

2 775 IF(I.iN.(NP=1'} G TO 715
3 PNIF= 6% (2(]=-1)=F(I+1))

3 740 AGPN=z,5*(PRO+CHRO)

4 Gr Te 755

= 716 PUIF=P({T=1)=,C+(RE4CO)

4 G0 T 740

3 72s PCIF=P(I-1)-9p

PR I Ph
3

ACRO=CHAN
3 GO TQ /58
3 725 OQRIF=CP-P(I+])
ACRQO=RRN
f0 Y6 755
720 eLIF=0(1-1)-CP
AGRO=R0(T)
6 TC 756
735 OPIF=CP-P(I)
AGRO=z,5%*(RQ(I)+2R0}
o Y0 755
745 PRIF=PP=-D(]I+]1)
AGRC=POLD)
S0 10 738
743 PRIF=CP-P({I)
AGP0=,0*(CHRQ+RO(I))
L0 T 7585
7. PRIF=f(I~i)-0p0
ANRO=, 59 (PO{T1-1) +7FO)
7uS  ALsCMAS(NIZIORQP*CL*12,)
CYNYECVIM)IE(PT/OMASINYI®(PDTF*AL1*32. 1T+, SYACRC* AL *CC* (ACV*AGY =2,
1¥CV(HIRAGYACV(NI*CVINYY)
IF{CVINY L Eeda) TV {NI=0,
CY(R)=CX{N)+CVIN) *DT
TriNENL(NS=-1)) GC TO 801
NN+
SC Tn 1171
([ AE AN IR RS EEE T NSRS RE SRS RS RS SRS R A SRR AR R R 2 R R R RS RS AR R R E R X 2 X

X L
* GAS POUNTARY MCTICKN SECTICN *
¥ '3

I EX TR SRR EEERSESE R RN DN E XN 2RSSR RRRE RS RS2 RRRR LR RS RS R S R AR R Y B2 R
421 I=2
395 TFA{X(I) LT .CHLLANG,CHLLLT.XtI+1)} GO 70 810
VARG RIMIANILED S
¥(Is=Y(I)ev(iy®nT
A=T4
ITIX{T)LT.CHL)YA=CA
AF=12.,°3001)FAMV(TI®*NT
AVAC{T-1)=MAS({I~1)+INM
G¥AS{TI)=GMAS{I)~CH
37 IF{TEQe(NR=-1)) GO TO 901%
I=T1s1
GO TQ RIS
812 DIST=rHL=X{(I)

. ISR T T YRR
i S A i L e
AR 54 A DA AN

0
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3 32°

971

GAM/ME/72-2

COC 6600 FTIN V2.06-279C CFT=1

TYC=DIST/CHY
TE(TTCL,uT4CT) GC TO 820
TAV=NT=-TTC
A=RGMESANGYAS
X(T)=CHL*"V*OT
DYIHM(T) =N

V=12 ¥CHOC*CAYCHY*OT
GMAS(T)=A4-NM
COMATEGMAR (I=-1) +N¥
fiMz12,%7RO*LAPAV*(CY
PLHAS=NM
GMAS(I)=6YAS(TY -0V

ne T a3”?
X(Id=xX([)+CHV*OT
DVSUM (T =CHY
IF=12,%¥0(T~1)¥CA°CHY*]T
GHAS(T=1)=GMAS(T~1)+DM
CGMAS=CGMAS=-DM

T=T+¢

TF(I.EN.N?) G0 TO Q01
X{Y)=X(I)+V*DT
AVSHM(I) =RV
DUz12.¥23(T)*0asnRy=NT
IGMAT=RAGHAS+NM
GYAS(I)=GMAS(IV-DV

GC To 877

CHARCE TDISTRIAUTION SECTION

TP

IF(NOCH,REQ.2) 60 TO 13069
L=HB=]

M a1l N=i,u
If(1).6E.Ce) GO TO 2165
CONT TMUE

HGCH=?

e TN 137

L=f"=-1

nc 01é T=1,L

TUHAS(ITIY =0 .

TCHMACC=1,

TCYASR=(,

T=1

M:l

AT Tn 13131
IF(I.EQe(N"=1)) GC TO 135
I=1I4+1

A0 TD 1111

0 T0(A014822:9229924,925,9264922,9239922,930,924),KTYP

TrMAS(I-1) s TOMAS(I-1) +CHASINY *DIST/CL
TCHAC(T) =TCMAS(T) +CMAS(N)®(CL~DIST) #CL
6N TN 935

TCHAS(I)=TCHMAS(T) +CMAS ()

61
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GAM/ME/72-2
GUN COC 6600 FIN V3I,(-279C GFT=1 02/07/72 3
0 TO a5

1 T OTCMAS(I-1)=TCHMAS(I=1) +MAS(N)*DIST/CL

3 TOMASC=IOUASCH+CMAS(NY*(CL-TIST)/CL

0 TG Q75

: G24 TOMAIC=TOMASC+CMASINI*NIST/CL

3 TCHMASR=TCHASN4CMAS(N) * (CL-0IST)/CL

: ne 10 o35

928 TrMASC=TC“ASC+CMAS(N)
GO 10 935

926  [CMASEzT MASA4CMAS(N)

3 GO TA u?g

3 Q29 TrMASO=TCMASR4CMAS(NY *NIST/OL
TOMAS(I)=TOMAS(I) 4CMAS(N) *(CL-DIST)/CL
nC YO 975

A3) TCMASC=TOMASK+CMAS(NI*NIST/CL
TCMASAZTCHASASCMAS(N) ®HDIST/OL
TOMAR(I)=TCMARII) +CMASINI * (OL-0DIST-NDISTIZCL
Ge Te 935

971 TOMAS(I~-1)=TCMAS(T=4)+CMAS(NI*DIST/CL
TAMASC=TCMASCHCMAS(N) *WNIST/CL
TCMASN=TS4ASH+OMASINI * (CL-DIST-NDIST) /CL

036 IF(M.EN.{NB=1)) GC TO 1000

T AT TR T

T T T

o B v

3 MoMeq

% ee TO 11331

E: IR R R R PR SR ESE SRR RS RS RS RS R A S S SRR R R R Y RS R SR NN PRSI E SRR RS R L 2

3 » »
¥ GBS PPOPERTY REALIFNMENT SECTICN »

3 * .

% PRUEBUBLIFJ UL SALFEBXISFES YRR BV IR FELSBIBYIS IR ISEISABI TS SR ISP USSR IR SERBSES

1 1330 L=N=-2
3 a0 1072 I=1,L
TRAUX(T) LT oCHLLANC S HL LT X(I+1)) GO YO 1026
L=ny,
IF(Xt.,.LTLCHL)Y A=CH
VOL=(XY({I+1)~-X(T))*A*¥12,-(TCMAS(I)/CRO)
PC(TI=6HAS(TI/ZVOL
T(I)=R{I)*¥(VOL=-GVMAS(T)*COVILI/Z (12%GMAS(T)*RG)
56 70 1,3
1620 VRL=(CHL=-X(Z))*CA*12,.~(TGMASC/TRO)
R C=C06H4AT/VOL
CT=UP*¥ (VOL=NGMAS®COVOL) 7 (12. *CGMAS*RGY
VOL=({X(I¢1)~CHL)*RA%1 2, «(TCMASR/CRO}
ADG=DPAMAT/NOL
(=20% (VOL-RGMAS*COVOL)I /{12, *OGHAS*RG)
L0508 CCNTTNUF
L0 TO 1374
P Y N Py Y Y Y Ry I Yy P PN T P YT RT R XY 'Y O
%

3 CHMASGE LOCATION SFLTICH *
% »

[ EX 2R RS ERRE R SRS RS RS ER RS SRR SRR RS S SR ERR R R RS DR RS RIS TR 2R RS R R R R S ¥
1151 LTYP=L .

TF{P(N)(ELCL) GO TO 1105

$GCH=1

60 TC (1uusi(5,€15,€204918),10




T F T O PR o

Gl cie vl

Sl AR

CAM/ME/72-2

GHM

i135 IF(I.fNN™) GO TO 111F

(DC 6600 FIN VI, (-279C OFT=1

IFICXIN) oGESX(T) o AMDL (CXIN)+CL) dLE<X(TI¢4)) GO TC 11230
TFLOXINDY LT X(T) s AND X(T) oLT & (CX(N)#CLI2G6GO TO 1331€

11iu VOnH=1
G2 TN
1118 Lvye=i
1130 MCQCH=P
IF(LTYR,EN,1) GG TO 1135
IF(TelEe2.0Rs1IGC.

(100,1054F15,620,CS1R), 10

‘B-1)) GO TO $13%S

IF(Y(I)oLTWCHLWA...,X{T+2),LTL,CHL) 6C TO 1145

IF{X(I=2).GT.THL) GC TN 1145

(36 IF(X(I) LT CHLJANCLCHLLLTX(I41)) GO 70 1150

TF(leEQs (NA=1}?

GO 7O 1140

IF(X(T+1)eiTaCHLoOND,CHL LTeX(ZI42)} GC TO 1160

IF{TI«FR,1y 60 TN 1145

j14ac? It(Y(I-i)OLTOCHLQANOOCHLOLTQX(I’) GO TO 1170

1145 KTye=D
IF(LTYP.EQ.1)KTYP=3
g TO 14R0

1450 TF(LTYP,E0,0) GC TO 1155
KTYP=~

TF(OXINY oL ToX(I) « NDL (CXIN) +CL) «GTLCHL) KTYF=11

e TO 1487

115% ¥Typ=u
TF(NGMrH,Z0,2) GO T0 1189
IF(TUZN 3 GO TO 11317

TF(NXIN) JGEX(I) o AND. (CX(N)#CL) 4 LELCHL)

KTYP=E

IFLCY (N} s GECHL o ANDG COXIN) #CL) o LEX(I+1D)IKTYP=6

0 T0 1186
IF(LTYP,EQ.1) GO 10 (465
viyo=7v
Gr TN
1165 «Tyo=y
60 T0 13140
IF(LTYP,EN.1) GO TO 1175
TYep=9
50 TN 119"
1178 KTvyp=§

IF{NGCHENL2) GO TO 1180

11¢ ¢

iiar

17

IF(CX(N) s LToCHL,AKDS (CX(N)4CL) «GToX(I2) KTYP=1D

i18% RO 7O

* QuTPUT

R R R PR R R R R RS R PR R R R PRSP RIS RIS SRS RIRE RS R AR R R EL R AR A S

1351 PFINT 3500 ,7I%E
POINT 3510 ,4SHX
POINT 3527 ,%49Y
2ETNT 3570 ,SHA
POINT 3542
BRINT 2545,

11354620958 d9620,213),10
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GUN CDC 6600 FTN V2,(-279C NFT=1 02/07/72

PoTS=P(]}

nf zpore
VaL=viim

QOW=PO(])

Yf‘u‘:'r('[)

CMASE=TCMASI(I)

P{"Q:Y(I)

nfe TR 132N
1310 Prrezup

Or=fEres

Vil=av

QOW=TRO

TeMEZFT

CHasZ=TCHYASA

epc=y (1)
132¢ PTINT 356(,F0S,PPcSyVELyTEMP,ROW,CMASS
[ R R SR R R N R R S R R Y R R R R R AR RIS SR SRR S SRR R RIS R R 2R A R 2R R R RS R X R LR S

» »

* PETURPK TO PRESSURE PURN TC RESTART CYCLE »

» .

BN STNNB N AN L VS C SN SN RSN SNV E SRR NI SN SRR AN NSNS RSN YN B SU SR VS ISR AN SIS VBB AE
GO TO 10

1570 CONTTMUF
Ry Yy Yy Yy Ty Y Y Yy Y R TR R I R YN R Y Y

LS L 4
» FORMRTS *
E 3 L J

R S Y Yy Y Y Yy Y YR Ry R N R PN PR YRRy Y
Zooe FCOMAT(G1.,A10)

2071 FORMAT (4Z1S,1)

2e.d FOOMATIIZ2,1I7)

2007 FORMET(2E1u.W)

5O FORIIMAT(LHL,¥GUN DESCRIPTICN®/ 7}

FARMAT (LW
TAOUMART (1M
FOPMAT (1K
CADMAT (1M
FORMAT (LH
Frova™(id
FOPMAT (L4
C(‘}?\A‘A?(iH
EOPMAT (LY
ECOVAT(1H
CRIMAT (14
FORYAT(1H
CADVAG (I
FORMAT(1H
eVt T (14
FC“aT (14
TCRAMAT (LH
)

FCIMAT (1A
FNROMAT (¢4
CCRMAT(1H
TOOMAT (1M

e O

L >

[

£ ) 1O bee
[

<
<

IR VY I Y BV RPN Y |
[~

vt
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<
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[T S IS
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Ty St

4

A pA fue ps
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a2 &
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e e

s
[

G} vad (ol €l
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re
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s ¥TYPFE F GUN*,T3C.017)

s ¥GUN LENGTHP*,T0,F13.5,TS0,*FT*)

9y *CHAMPRER LENGTH*3T20,F13¢5,150,%FT¥)

«¥THAMPIE DIAMETERP*,T?0,F13,5,750,%INY)

2 *0RE NTAMITER®,TIC,F13.,5,T50,%IN*//)

» *GUN AK[L SHELL INFORMATICN®/)

y¥SHELL START PRESSURE*,T20,F1359TE04*LRF/SC IA¥)
2 *CUN FRICTION PRESSURE*,T3[yF13.5,T50, LEF/SC IN¥)
y*SHELL MASS*,T3G6,F13,5,T50,%LON*//)

sy *OROFELLANT INSOPMATION®/)

2 *TYPZ CF 2ROPFLLANT¥,T20,A13)

y*EROFELLANT MASS¥,T30,F13.5,T50,%LEV®)

2 FIGNTTEP MASS* ,TIT,F13,5,T50,*LAOM*)

g *PROCELLANT OENSITY®,T33,F13.5,T504*LBVM/CUSIC IN®)
2 *ISCOHCRIC FLAVE TEMP*,T3C,Fi3e5,TS0,*CEC R*)

2 3FCOCE CONSTANT®,T3GeF13.5,TS04*FT~LOF/LEKY)

s ¥CIESSURF DPUPN RATE CCEF*yT309F13.5,T50,) *IN/SEC-2000 PS

s TPCESSURE PURN RATE EXFONENT®,T30,F13.°¢)
9 *ZROSIVE BURN RATE COEF*,T30,F13,.,5)
1 PCCVNLIME® y T306.F13e59TE0,*CUBIC IN/LRNM®)
s*RATIO OF SPECIFIC HEATS®*yT30,Fi3,7)
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LY COC 6500 FIN V¥3.C=-279C OFT=31 02/u7/72
TALS OFCRMAT(LH ,*MASS PFR GPAIN*,T30,F13.5,T50,%LAVE)
. o FCORMAT(LY L*NRAG MOEF¥ 4yT30,F12.,57/)
TA4¢ FOPMAT (1Y L*ATMCSFHERIC CCNNITIONS*/)
3280 FORYMAT(LH L¥FRESSUPE¥ 4 T3C,F13,5,T56.¥LBF/SG IN*)
T2AL FOIMAT (1M J¥TEMPERATUCF#,T30,F12,5,750,%056 R¥)
I27N FCPMAT(4H J*DFNSTTIY*,T3U4F13,5,T50,*LEM/CUBIC IN®)
T80 FCOMAT (LR ,*SONIC VELOCITY*,TIL,F13.5,T50,*FT/SECY/ /)
3295 FOOMAT(LIH ,*PPRALEM VASIABLESY/)
TILON CCADUAT (S LFTIME INCREVENT?,T30,F12.5,150,%SEC*)
3710 FPOMAT (44 ,*NUMISR GF GAS RNUNDARIES*,T30,113}
T 4 FCOMAT(1HL,*PROCFLLANT GRAIN BURN DISTANGE VS SURFALF AREE®//)
TIG0 FOOMAT (LM L *AURN CIST (IN)*,T27,*SURFACE AREA (<G IR)*//)
I, FORVAT (1M ’F13n5,1“‘¢9‘:1305)
JE_L COPMAT (IHi,¥TIME* ,TI2,F13,6,T5C,%SFC*)
A5, FOIMAT (14 $¥SHELL POSITICN®*,T32,F1344,T50,%FT*)
625 FORMAT (1M 4*SHELL VFLCCITY*,T22,F10.4+T50,*FT/SEC?®)
2ET0 FORMAT (LH 4*SHFLL ACNTLFRATIONY,722,F10,29T50,%FT/SC SER®//7/)
1640 FOAMET (1Y ,2X,*POSITION*,718,*PPESSURE®,T32,VELOCTTY*; TUE,*TEMFER
LATURT*  TEL,*NENSITY*,T77,¥PRQF MASS*)
I5L5 FORMAT{LH 26X *(FT) ¥, TI15,¥(LRF/SQ IN) ¥y TIZ #(FT/SECI*,TEUF(DEG R
1) *,TSo, % (LaM/CUS IN)*,T81,%(LBM)*//)
2557 FORMAT(LH oF1GelyT16,F10425T31yF10c2,)TU6,F10e2,T61,F10.7,T7€,F13,
14)
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GAM/ME/72-2
€0C 6600 FIN
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FUNCTICN ATKN({X,Y4MHsKyXT)

ATK ATITXEN INTERPOLATING FUNCTION

usare,,
ZEATHN (X, ¥ yNy Ko XT)

HHER T wa e

X = TABLE OF INDFPENDENT VARIAPLE VALUFS,
(MAY RE ASCENDING CR QESCENTING) .
- TABLE OF GEFENMNENT VARIABLE VALUES,
= KO. OF POINTS IN TARLES X ANC Y,
- OEGREC OF INTIREOLATION OESIREC,
I- X~VALUE FOR WHICH INTERFOLSTICAN IS DESIRED,

>xX X 2Z <

THE INTEPQLATEC VALUE IS RETURNED AS THE FUNCY 10N

%1 CTLLS CF dLANK CQMMON ARE USED.

PIMENSION X{N},y YN}
COMMON T1, Ki, LI, LL, LU
OMMON XX{133, YY{(1 D)
aATA KMAXZ? 12/
IF ( K «GT: KMAX ,0F, X L LE. 0 ) GC TG 380
K1=¥+1
TE O(X(N}-X{1)) 10u.10,10
lf LF QXI X(;)) 28)2u; 9
2% Li=n
60 TP 241
3T TF (X{N)=XTY 4,400,450
40 LL=1=~K1
GG 7o 223
50 11=
Llizh
&7 IF {(LU-LL-1) 187,180,770
70 LI=wbL+L ) /2
IV {X{L12=X]) BO0,8049"
¢ LLsLT
ar Te B3
KRV S AL] N
LT A%
2o TF O {XI-X(LW) 123*26123
St IF (XIN)=XY) 133,440.07
i LL=t
L=y
b IF (LuU=Lti=1) 180,180,550
Y LI=s(LLeLUks?
IF (X{LT)=XI) 160,3i744470
£0 LLELTY

s e S S P A P Sl eSS M 8
N ST AT B RN R T a sl

56 70 143
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VALUE,

G

2/3777%

ATKNCSO0Z
AT¥NGDOZ
ATKNGO0LS
AT¥NRITL
nTVNj;ﬁs
ATKANCLCE
ATRNC N7
ATKNTJCR
AT¥NS500Q
ATXACTLG
ATkN]GLE
ATHNAGLD
LTvNIGY2
BT¥ANJCLIL
ATKN(C't16
Erun(nice
ATxn(ry?7
ATkK(iu1®
AYkwunia
AT

ATKNC,21
ATwkrC222
AT(I\ 314'7
ATK Jncb
ATKN ;728
ATXhINZE
ATvn(ineZ7y
ATWUN2 298
ATENSTZ2G
ATXNIZZF
AYKANCZ 22
ATun ;722
ATwN,7232
AT N, 24

LT3R
BYKN" 78
[ AR
ATeN2™78
AT« 23S
EY RN 24T
ATRN [ 4y
ATXN) "L 2
ATYY %63
ATHN " LG
AT\ 2405
b‘r¥\|}ﬁ$‘€
ATXK N7
ATEN T4k
ATYN 360
ATXANS . SC
ATRNG™SY
ATXA(T52
ATERGS S
ATENG OB
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ATKN COC 6600 FIN V3, 0~-279C CFT=1 22707772 1
70 OLL=LY ATYNINGS
0T gen ATK%("56
130 LL=LL~-(K1+1) /P _ ATKNETE7
IF (LLY 70,2%,190 ATKN]INGR
190 TF (LL#K1=N) 200200440 ATEN{259
e 203 N0 21t I=g,K1 ATKNC2RS
2 Ti=Li+1 ATVRCI6Y
-3 X¥Y{IY=X(I1)=XT ATV NGPrED
: 210 YY(T)=Y(I1) ATKNCIRZ
D 220 I=1,K ATENCOBY
0 2240 J=I.K ATKMENES
22U YY(J#1)= (1,7 (XX (J+1)=XXAII) I H(YY L) ¥ XXNAILI~YY(J+1) $XX(TD) BTKNCNES
ATKN=YY (K1) ATKNITR?
3 T TURN ATKNGCED
e c ATKMNIN2Y
E 30) OPINT 12,9, K ETKNIQ70
-3 1630 FOPMAT (3IHOK=;I12,33H IS INCCRRECT FOR FUNCTION ATKN) AT¥N 371
3 CALL SYSTEM{2u0,6G) ATKNQOT7?
E FND ATKNGQT3

67




:a‘\
GAM/ME/72-2
' GUN CESCRIFTION
TYEE OF GuN 155MM HOW :
CUN LENGTH 18.35398 FT
~  CHAYDES LEAGTH 2043000 Fr
CHAMPER RIAMETE® 5.00001 IN
BORL JTAMETLR 418400 IN
GUN AND SHFLL INFCRMATION
3 SHELL ©TAOT PRESSURE 4006,63u00 LaF/sQ 1IN
] GUN FRICTION PRESSURF 250,64000 LREZSN IN
- ~  SHELL MASS 12,77008 LAM
FRCFSLULANT INFGRMATIQON
TYEE GF FRCFLLLANT NG 11,45
- FRCPELLANT 9ASS 12.14030 LPM
IGNITFE MASS 07263 Lay
FRAFELLANT grysSTITY 15750 LBr/CURTIC IN
~  IS3CHOSIF “L&vF TFpp 3630.94000 nEG P
FORCE CONSTANT 3645006,0379% FT-LRF/LAM
PRESSU?E BUIN RATE noctF $ 49100 IN/SEG=40GC FSI
~  FRISSURE 9UeN RATE EXPONENT WB7006
EPCSIVE AUSN OATE roEF e40n1g
] COVGLUME 29,5200 CUEIC IM/LFM
3 - RATIC CF SFECTFIC HEATS 1.4C300
E MASS PFR GRAIN eH3214 LAv
~ DRAR COEE «10000
ATMCSPHERTC CONDITIONS

R

PRISSIof 14474030 LRFS/ST IN
TFYPERATURS® 530.23880 0sG »
DFENSTTY +8000Y% LR¥/CURIC IN
SONIC VELOGOITY 1128.55234 FT/SEC

FPCBLE™ vacIagyTs

TIME INCREASHT «+U0Gg1L SEC
NUMBER OF GAS ROUNNARIES 2t
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GAM/ME/72-~2 ;
PROFFLLANT GRAIN PURN CISTANCE VS SURFACE AREA
BURN OIST (IN) SURFACE APEAR (SN TW)
VIR LY 101?703
2150 1,267C9
.0?.‘."30 1a370')f'
JG1a6n L UuB5uD
201370 1,84R3D
W N12R0 1.05¢00¢
0118y « 87855
] SU1CAC 72C7Y
3 U3y » SA9R(
suC899 cLARRIG
»Cu7an +I58BRM
JsLG530¢ . 12958
W 0265C 27850
¢ 3450C LT
sLCHuYN 17810
NEEEE 033770
W G3210 s 09130
. «030110 04590
0e30300 0.0G000
62
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GAM/ME/72-2

Hlossary

Bore

Breech

Chamber

Chambrage

Erosive Bura

Force Constant

Isochoric Flame
Temperature

Muzzle

Propellant grain

Rifling

Shot Pressure

e T T T RSTSTEAL T TR EITRE LS RTRMSIENIETO S SRR TR O S e
e T RS TTD RIS Tk = o

The interior of the gun barrel. In this
work the portion of the barrel from the
area change at the chamber tc tae barrei
exit.

The end of the harrel opposite from the
barrel exit.

A short length of barrel at the breech end
with a larger diametsr than the rest of
the barrel.

A term veferring to thke presence of a
chamber, as in Ma gun with chambrage".

Propellant burn induced by the relative
velocity of gas past the propellant
surface.

Term used in the gun business as a measure
of nropellant energy potential. The force
cinstaat is tne product or the propzllant
gas constant and the isochoric flame
temperatnres,

Temperature attained if a given mass of
propeliant is burned adiabatically in a
constant-volume container.

The exit end of the barrel,

Small geometrically-shaped mass of propel-
lant. A commonly-used _-hape is ¢ cylinder
with seven holes aligned with the axis of
rotation of the cylinder.

A groove machined inte the bore to induce
a stabilizing spin to the projectiie.

An artificial pressure used in some analyses
{inciuding this one). The projectile is

not permitted to move until the shot
pressure is ttained; this is an approxima-
tion vo the force necessary to overcome
certain frictional ra3sistances to projectile
motion.
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Vita

Captain James F. Sztchell was born in Colorado Springs,
Colorado, on 1 February 1943, He received a bachelor of
science degree in ae.)space engineering frem Texas A&M
University in May, 1964, and was commissioned a second
iieutenant in the United Stetes Air Force at that time,

Prior to entry on active duty Captain Setchell! was employed
as a structural repair engineer for the B-58 Hu' :ler aircraft
at the San Antonio Air Materiel Area, San Antonio, Texas.

He enteresd sctive duty in September, 1964, and from that time
until May, 1970, he was assigned to the Strategic Air Command
in the missiie operations fieid. Captain Setchell reported

to the Air Force Institute of Technology at Wright-Patterson

Air Force Base, Ohio, in June, 1970, where he was enrolled

in the Gradutate Aero-Mechanical School. He completed the

~ourse requirements for a master's degree in mechanical

engineeving in December, 1971, and is currently assigned to
the Toreign Technology Division at Wright-Patterson Air Force
Base. Captain Ssztchell is married and has nne daughter.

Permanent Address: 109 Elm Street

Ennis, Texas




