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& : COMPUTATION OF WEIGHT, VELOCITY, AND ANGULAR DISTRIBUTIONS OF

o . FRAGMENTS FROM NATURALLY FRAGMENTING WEAPONS

5 This i3 the second, and final, report covering a one man year effort

: tc construct a scheme for the rapid calculation of fragment directions,
f velocities, and weight distributions trom naturally fragmenting

weapons. It is expected that the program described here will find
general use in the design of new weapons and in the analysis of
existing arena test data.
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I INTRODUCTION

The performance of a naturally fragmenting weapon depends upon
the number of fragments produced by the detonation of the high
explosive (HE), their angular and weight distributions, and their
velocities. Caiculation of these quantities, in place of experimental
firing and data collection, 1s especially attractive when configura-
tions and explosives for new or improved weapons are being considered.
The computational scheme described here was constiructed during the
past year, under U.S. Army support!. There are two major related
parts, the computational fluild dynamics to produce the detonation wave
and find the gas and metal motion, and a fragmeat prediction scheme to
get the number, weight distributlion and average velocity of fragments
in each of the polar zones around the weapon. The computer program,
while rather long, is in BASIC (Beginners All Purpose Symbolic
Instruction Code), takes very little time to run on a large computer,
and does not require an experienced programmar.

The fluld dynamics are discussed in Sec.II. A conventional
Lagranglan scheme with artificiai viscosity 1s used for the interior
gas dynamics. Gas grid points are made to slide along the metal
boundary by essentially the method in the HEMP code?, but the slide
point acceleration formulas are different. The standard subdivision
of the metal casing into cells for which detailed calculations are
made is not used. Instead, the metal 1s taken to be a set of mass
points whose motion 1s a boundary ccndition which 1s solved for
along with the gas flow. This avoids the inevitable difficulties which

! Fragment Prediction Method, Work Unit No. NOL-989/A, for U.S.
Army Materilel S:stems Analysis Agency, Aberdeen Proving Ground.

2 Mark L. Wilkins, "Calculation of Elastic-Plastic Flow," in Methods
of Computational Physics, Vol. 3, edited by B. Alder, S. Fernbach, and
M. Rotenberg, Academic Press, New York, 1964.
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arise in the usual Lagranglan scheme as the metal vecomes thinner

B T Ty s

L &
f _i and smaller computational time steps are called for. The mass point %ﬂ
:. :; idea is well suited to problems where the metal casing 1s relatively i
A 3 thick and expansions to 2 or 3 initial radii are calculated. Sinecc o
i 3 there is a large saving in computing time if the computational grid g ?
E i is coarse, some attention was given to the establishment of a -
g ‘% reasonable detonation wave in a coarse grid, and to the effect of

3 3 grid size on accuracy.

;’ ; The calculated results are to be used for lethal area studles

: { which are generally made with data obtained experimentally in arena

;ﬁ 3 tests®. These data consist of numbers, weight distributions, and

%3 ? average velocltles of fragments in § degree polar zones surrounding

i 7§ the weapon. Section III contains the scheme for producing these

?‘ : data analytically, by adding the calculated contributions of all

; % the mass points to each pclar zone. Fragment welght distributions

3, f assigned at the outset to each of the metal mass points are used

i j? here in conjunction with the calculated mass point motlons. Results %
% _‘F of computations for the 105 mm, M1, and 155 mm, M107, projectiles, %
i b filled with military gradz Composition B explosive are given in %
% § Sec.1V. There 1s also provision for providing these results in

Z f other formats, for example, as a punched card deck which can be

y; 4 used directly in the JMEM lethal area program.

4 The complete BASIC computer program appears in the appendix,
= ; together with notes, a list of variables, and lists of input and
output statements.

E: 3 The scheme can be used for other fragmenting systems, e.g.,
B . % bombs and warheads. However, in many cases fragment weight distri-
( butions and detonation product equation of state data needed to
‘ make the calculation willl not be avallable. These data will have
} &, f ﬁ' to be assembled, eilther from existing test data for varlous types
\
|
|
\
|
|
|
\
|
\

e o R AR R M B i D VARl

s of casings and exploslives, or from new theoretical and experimental
work. The program can bz used, in conjunction with the arena test

3 Joint Munitions Effectiveness Manual, Test Procedures for High

2 E Explosive Munitions, TH-61A1-3-7, FM101-51-3, NAVAIR00-130-ASR-2-1,
S FMFM5-2L, 12 Jun 1970.
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data, to find the effects cf various factors on fragmentation, since it
provides a way to tell what parts of the casing the fragments
came from,and the related detonation wave impact angle and
acceleration nistory.

A computer program to make this kind of calculation was
constructed by Lindemann“, who used simple approximate formulas
for the cacing motion, in place of the computational fluid dvnamics.
Detailed hydrcdynamic calculations have also been made wich modern
Lagrangian and Eulerian programs which take into account elastic-
plastic flow in the metal?s»5. The program constructed here
(Appendix A) is a compromise. It has enough detail to produce
useful input data for lethal area calculations. At the same time
it 1s simple and fast enough to be operated, on a routine basis,
by weapon designers and test personnel with no special interest in
computer programming.

* Michael J. Lindemann, "A Computational Method for Predicting
from Design Parameters the Effective Lethal Area of Naturally
Fragmenting Weapons," Naval Ordnance Staticn, Indian Head,
Maryland, IHTR 295, 30 Jun 1969.

5 L.J. Hageman and J.M. Walsh, "HELP, A Multi-Material Eulerian
Program For Compres.ible Fluid and Elastic-Plastic Flows in Two
Space Dimensions and Time," Ballistic Research Laboratories,
Aberdeen Proving Ground, Maryland, BRL-CR39, May 1971, (VOL I-
726459; VOL II-726460).
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II FLUID DYNAMICS

A. Input and Initialization

The program is designed to deal with axisymmetric systems of the
type shown in Fig.l, 1l.e., relatively heavy casings, with closed
ends, filled with HE. In view of the axlal symmetry we will be
concerned with half the cross section. 1In Fig.l, the interior has
been divided into cells, while the masses of the bands of metal
indicated by the broken lines have been assigned to mass points
located on the interior metal boundary.

Input for the computation consists of values of KL andL1 , the
number of computational grid points in the axial(Z) and radial (R)
directions, dimensions of the metal casing, material densities, the
detonation velocity D , various other constants, equation of state data
for the gaseous detonation products, and for each mass point a frag-
ment weight distribucion (numbers of fragments per gram in various
weight ranges), or,preferably,a parameter value from which this
weight distribtution can be calculated.

Let Z and R be the fixed grid coordinates and U and V the velocity
components in the axial and radial directions, respectively. Denote
the time by T, the pressure by Pl , the artificial viscosity byQl,
the density byP ,» the density of the undetonated HE byp,,, the relative
specific volume by V1(=P,/P), and the internal energy times Po byE2 .
Also let 2wrWbe the mass associated with a grid point, and 2wwithe
mass assoclated with a cell, where A and Al are the corresponding
areas. The flow varlables Z,RU,VWA will be located at the grid
points, while P1,Q1,V],E2, R, 21 W1 , will be located at the cell

centers. The quantitiesw and Wi (mass/2™) will be called scaled
masses.

The construction of the computation grid oproceeds as follows
(see Fig.2): Let the outer metal boundary consist of the grid points
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(K,Li+1)for K=O0 to Ki+ i, boundary.

N S s T T PSR
e ™ gy e T
sl g biiry 2 A i Mkl
Sy 43 g . .

(0,L)and (K1+1,L) for L=0 to L%, } cuter metal

These points will be used only ii: the calculation of the scaled
masses W, to be assocliited with the metal mass points. The inner

surface of the metal casing will contain the boundary grid points
used in the computation, namely,

(1,L) and (Ki,L) for L=Oto L1-1, inner metal
(K,L1) for K=1to Ki. boundary.
Then,
a) Insert values of Zo o, %, o, Zaip . Buges,o-

b) Calculate uniformly spaced interior axis points
2.0 2ot (o2, ) (K-1)/(K1-1).
c¢) Initialize the remaining Z by putting
Z L =Z forK=0to Ki+i L=Oto L1+1.
d) Read in R, and R, ., for K=0 to Ki+1.
\ e) Initialize uniformly spaczed F. values by putting
Rei= R L/LL, for K=0 to Ki+1,L=O0tc L1-1

It is assumed above that the end walls of the weapon are perpen-
dicular tc the axis. If these walis are curved, special grid point
values must be read in. An example 1s the base of the 105 mm
4 projectile, for which the grid is shown in Fig.3.

Coordinates of the interior cell centers,Zl,, andRl, are gotten
by averaging coordinates cof the four cell corners.

In order to prevent large distortions of the mesh, the grid lines
extending upward from the line L=L1-1 are allowed to slide along the
; line L=L1. The intersections with the line L=L1, are denoted by
-i #3,,R3,. The notation Z_ ., 6R,,., 1s used for the metal mass points.
3 At the outset Z3,=Z, ., and R3,=R,,, . At the ends,Z3,2Z, , R3,=R,,,
23, 2,,.1,R34=R,,,, throughout the calculation. This notation and
the variable locations are shown in Fig.4.

There is provision for an inert compressible material, with its
own density and equation of state, to occupy the space between the
,. lines K=1 and K=K4+1l, where kK4 is an ir.leger specified as part of the
‘ initial conditions. This takes into account the fuze mechanism, if
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it protrudes into the HE cavity.
the cavity,k4=0.

If the fuze does not protrude into

An 1initlal density R2,  ,either the inert material density or the
solid HE density, 1s stored for each cell.

The grid point locations are used to caleculate the values of the
scaled masses W1K.Lassociated with the cells. Fig.5 shows how the
volunmes are calculated by decomposition into triangles. For example,
to get the volume associated with a cell, using the notation in Fig.l,
let the vertices of one triangle be

X1=Z, X2=2Z,, . X3=2Z, s

Y1= Ry, Y2= R«u,; Y¥Y3= Ry, .
Then calvulate the scaled volume (volume/2%) swept out by rotating the
triangle about the axis from

A=[(X1-¥Y2-X2-Y1) +(X2-Y3~X3-Y2) +(X3-Y1-X1-Y3)] /2, (1)
V3= {Al(Y] +¥Y2 +Y3)/3 .,

A sindlar calculation ir made for the adjoining triangle in the c2l1l.
Theu
wi, ={v3+va)Rz,, (2)

where V3 and v4 are the two scaled vclumes and R2,, 1s the initlal
density.

The scaled masses WL for the interior grid points and the metal
‘nasy points are calculated in a similar way. The subdivision of the
varisus areas into triangles 1s shown in Fig.5. Both the scaled
masses of the metal mass points and those assoclated with the interior
grid points are denoted by W, ,. The scaled mzsses of the HE assoclated

with the gas grid polnts on the boundary are called W3, .- The

gquantities W Ly Wa, s W3, are calculated once, at the beginning, and

then used throuzhout the calculation. The gquantities w3, . are not
used in calculating the metal mass point motions because the bcundary
point pressures are obtained by extrapolation and interpoliation. They

are, however, used in the slide routine and in the energy check made
at the end of each computation cycle.

The velocity components, relative specific volumes,and energies
must be specified for the initial time. Usually one sets u_ =0,

V:‘L:O‘ vx:“_- 1. Also EZ',",;o for k=1 toKe(ifket0), and ez:a_sﬁ f,”where E1l

is the energy veleased per gram of HE, for K > K<4.
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The detonatlon can be started on the left Loundary of the HE,

on the line K=K4+lL The initial time 1is taken as
T=( 21.‘4.;‘0 - ZK“‘).,o) /D :
the time for the detonation front to traverse a half cell. There is : A
also provision for starting the detonation at the point (Zk‘,*’o). "
B. Flow Equations o
The equations governing the flow can be writien :

ke NP g 2

Velocity 3
dz/dT=U , drR/AT=v (3)
Continuity 3
pAR=W | PI-AI'R1=W1 ()
Artificial viscosity 2
Q1 = c3%p, (A1/v1)[(1/v1) dv1/dT] (5)
Equaticn of state of detonation products
€1 =PL(EZ2,V1) - F (6)
Energd  po-sitan (7)
dE2/AT + P2 -dVi/MdT =0 (8)
Acceleration

Interior points
duMdT = -(1/p) @P2/2z  dv/dT=-3/p)oP2/or  (9)
Metal mass points
27w du/dT =K, P5 | 2nwdVv/dT=A,.P5 (10)
In (5), C3 is a constant and a quadratic artificial viscosity has
been used. Equation (6) contains the burn fractionfF , the fraction
of the cell traversed by the detonation front.
Provisicn is made for detonation product equations of state of
the form

e rthtebenl o Aertead bt A S A%, 2b LS i SRS b o T BSOS L R e Chit AT

Pi=C4-E2 +CS. (11)

whable i md

Here, c4 and ¢S are functions of the relative specific volume Vi.
The sound speed 1s needed in the time step calculation. Since

c2 =(3rP/ap); = - (V¥ )(3P1/aV1)
(8E2fBV1), = -~ PL |

ERTR TR RN 1)

and

where €2 18 the socund speed squared and S is the entropy, we have
from (11)
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c2=-(via)[des/dvi - P1-ca +(dca/dvi)-E2], (12)

Calculations are presently bteing made with the JWL equation of
state®, which has the form (11), with

C4= D2/VL ,
CS5=DZ(1-ca/Ft)exp(-Fi/v1) +DHL-Ca/F2)exp(-F2-V1)

(13)

where ©2,D3,D4,F1 and F2 are constants.

Let ¥ and .. be Lagrargian coordinates, or grid point labels,
initlally in the # and R directions, respectively. Then all the flow
variables, including ¥ andR, are functions ofk,L, and T. Now

(14)

P2 [3K ~( 3P2/3R) 2R/3kK +(aP2/2Z) IE/K ,
JP2/aL = (372/2R) aR/3L +(9P2/a%)aE /oL,

from which,

oP2/ar =[(aP2(sk) 27/oL ~(aP2[31)22 /oK] [a(R,Z)/3(K,L) |

ap2/az =[(aP2/aL)aR/3K -(aP2/ok) IR /o] /a(R,z) /3(k,L) . i (1%)

Combining (4;, and (9), and using the fact that

A=~ 3(R,2)/IK,\L) ,
leads to

du/dT =(R/wW)[(aP2/5L) aR fak - (9P2/oK) dR/OL] | i 016)

dv/dT =(R/w)[(oP2/aK)az/aL ~(aP2/oL)d2/IK] .

The equations in {16) are used to calculate the gas grid point
accelerations. The motion ¢f a metal mass point on the boundary is
found from (10), where 2 Xwis %the mass, 'A' and Rn are projected areas
in the ¥ and R directlions, and PS 1s the pressure assoclated with the
mass point. The projected areas A'! and 7’»'\“ are found by working with
lines connecting the mass points.

® Metal Acceleration of Chemical Explosives. J. W. Kury, H. C. Hornig,

E. L. Lee, J. L. McDonnel, D. L. Ornellas, M. Finger, F. M. Strange,
and M. L. Wilkins. Proc. Symp. Detonation, Uth, Office of Naval
Research, Rept. ACR-126, pp. 3~13, U. S. Govt. Printing Office,
Washington, D.C., 1965.
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The motion of a slide point is shown in Fig.6. Suppose the
slide point to be moved, 23, ,R3, 1s located on the line joining

the mass points labeled 1 and 2 in Fig.6. The slide point is first
moved along the line Jjoining the old grid points 1 and 2, to Z4, R«4,..
The point Z4, R4 may extend beyond the point 1 or 2. This is done
Just before the new grid point velocitles are calculated. At the
beginning of the following cycle, after the interior grid points
and the mass points have been moved to thelr new locations, the

new location cf the slide point 3, R3, 1s found by intersecting
the line Joining 24 R4 and ZE| »

wac-1» Rus-s  With the new boungary.

C. Main Routine - Difference Equations

Figure 7 is an outline of a computation cycle. At the beginning, the
cycle number N is advanced by setting™M=N+1. Relative to this new
cycle number we have the previously calculated quantities (see Fig.7)

TlgTﬂ-Tﬂ‘l , TZ=T“-”2-T"-,/2 , (17)
Zoo RUD 24l Ry vl e p2ll
€202, c2™, it umE v

Following the order in Fig.7 put
T™ = T" + 1L
Limited Computation
Assume that the detonation starts on the surface K=K4+ior at the
point k=k¢+1,L=0. Let k3 be the maximum k fo which the cell center
variables P1,v1,Q1,E2,C2 will be calculated and let

Z2=2Z°

Keer,0 -

Set

S~

K3 = 5 + the maximum K for which D-T-Z, +Z>0 (18)
1l

K3 = min {E’s , K1-1} .

Here D 1s the detonation velocity. The additional five k lines in (18)
are needed to establish a detonation wave peak pressure close to the
Chapman-Jouguet (CJ) pressure. This works because the artificial
viscosity term causes the solid ahead of the detonation front to be
artificially compressed.
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N oo
N-1 N1 (23" R3y")
{Zyamu1 Ryark).Li )

N-1 NS
(Zxgk1).00- Rk y.01)

--—— 0LD GRID
—— NEW GRID

X

e
a—
—

N-1 N-1
lZI(,l.l-l’Rl(.l.l-ll

-

N N
(Zg 1.0R% 111) ~~<

FIG. 6 SLIDE POINT MOTION
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% ADVANCE CYCLE NUMBER N AND TIME T.
CALCULATE NEW VALUES IN THE ORDER LISTED:

1. MAXIMUM K FOR LIMITED CCMPUTATION IF THE DETONATION FRONT HAS NOT
REACHED K = K1.

2. POSITIONS OF INTERIOR GRID POINTS, AXIS POINTS, AND METAL MASS
4 POINTS 2§ | RN .

3. POSITIONS OF SLIDE POINTS 23}, R3N.
4. BURN FRACTION F,.

5. AREAS A1 . RELATIVE SPECIFIC VOLUMES V1Y |, ARTIFICIAL
VISCOSITIES 01"'-"2 PRESSURES P1}{ |, ENERGIES E2)} |, SOUND SPEEDS, AND
CELL TIME STEP$ T3K L

4 6. TIME STEPS T1 AND T2.
MOTION OF SLIDE POINTS TO Z4l, R4},

8. VELOCITIES OF INTERIOR GRID POINTS, AXIS POINTS, AND METAL MASS
POINTS UR 412, vl 1172,

AT SPECIFIED T|MES PRINT OUT RESULTS AND MAKE FRAGMENT PREDICTION
CALCULATIONS.

MAKE ENERGY CHECK.
< RETURN TO START.

~N

FIG. 7 FLUID DYNAMICS-COMPUTATION CYCLE
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New Positions

The new positions of the interilor grild points, axis points, and

metal mass points are calculated from (3). In difference form
N _ N L.y NTY2
zn.\. - Zn.n.. +T1 d‘\.‘- » (19)

L I, 2 ¥ N-3/2
Ru,;. = Ru,g +Th- Vi,

After all the Z R points are moved, the new siide points zsz,Rsz

are found by intersecting the lines Jjoining 24-: ,R+: (calculated

during the previous cycle) and Z:,u Ry (see Fig.6) with the new

-3 0 X, Li~%

boundary. To do this the appropriate segment of the boundary must be
found for each silde point. Suppose the equation of the line through

34’::R*:and zn:u.-s )R:.u—s 1s
d=aqZ +bR +c =0. (20)

If the coordinates of a point not on the line are inserted for Z and &
in (18), then the sign of d will depend on the side of the line the
point is on. The proper boundary segment can thus be found by
inserting the mass point coordinates Z; L RN:,\.; s, successively, into
(18), starting with J=1, and testing for a sign change. Since

24, -%, .., May be zero, 1t 1s convenlent to put
S6, =~ (Z4, -ZK,LA~1) /(R4 ~ Rk,u.-:.) N (21)

d=(Z- Za-a) # S8 (R-Ry ) (22)

and substitute, successively Z#,,, and Ry, » for Z andR. After the
value of J for the left endpoint of the proper line segment is found,

#3,.and R3, are obtained from the intersection of the two lines, i.e.,
by solving the system

S7=(Ryy,u - R:,u)/(znc,u - Z:r,u) ) (23)

(ﬁ"wa,Lt)“57'(5-27ﬂ,u)=°: (24)

(Z- 2,,..,) +SB(R-R, . )=0.
The variable K4, i1s now set equal to J, to identify the first mass

point to the left of the sllde point Z3,,R3,.
Burn Fraction

The term burn fraction, denoted here by F, refers to the fraction
of an HE cell considered to be converted to detonation products. If
the detonation front is taken to be perpendicular to the axis, F 1s a

function of K only. Then, with D the detonation velocity, we take
(see Ref.2)
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Eu max {(D'T - zn.o "’3)/(2“,‘.“ "zn,o) ) (1"\/1&,0)/(1' Vic:)}

F. min { 1, ﬁ‘_} .

Here £ = Z 4 .0 at T=0, the initiation plane, and Vi, is the relative
specific volume at the CJ state, a constant for the exploslve.

To initiate at a point let the burn fraction be the ratio of the
time the detonation front has been in the cell to the time for the
detonation front to traverse the cell. Let Z R be the cocrdinates
of the initiation point at T=oand let

#

s/
GK,L-.[(R“:‘-—R)z +(2K,L-z)zj z- (26)
Then take
ﬁma max {(DoT—G,“L)/(GMLﬂ -G, (1- v1m)/(1 -Vi,), (21)
Fe,. = min { 1, E!K,-.} .

At the present time there is provision in the program for plane
detonation only (F=F, ). Initiation at one or more points can
be done by making appropriate changes in the burn fraction and
equation of state routlnes.

Area, Specific Volume, Pressure, Energy, and Sound Speed

The area, relative specific volume, pressure, energy, sound speed
and cell time step are all calculated for a single cell before moving

on to the next cell. To get the area Al,, the cell is divided into

two triangles and the triangle routine (1) is used. Note that for the

uppermost cells (see Fig.4) the corners are (Z, -1, R“‘,,M)J

(Zuas, 11> Ruos,ia-1) > (E3uey ,R3,., ), (£3,,R3, ). Let V3 and V4 be the
scaled volumes of the two triangles, obtained with (1). Then

Vi, =(vV3+v4) R2, /wi,, . (28)
The artificial viscosity (see {5)) 1s now calculated from
QI::,: =c3t. R2, . vq".( Al:,._ + A1::)/(V1:‘_ + Vl'::: R (29)
where 1 N et
" . -
va = [(Vlk,g - vlu,;. )/T1] 2/(\/1“,; “'Vlm‘ )' (30)

Ne3/2

If va>o,then Qi . =0
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NOLTR 74-77

Arrays in storage are for a single time step only. The values of
AT, ,Vi.. Pl , and E2,] are stored, temporarily, as unsubscripted
quantities, before the new values are found, for use in (29), (20),
and in the pressure, energy and cell time step calculations,

The pressure P1 and the energy E2 are found by solving (6)-(8)
simultaneously. When the JWL eguation 1s used,C4 and €5 are
calculated from (13), using \/1',:_L . The follcwing are then solved

by iteration, starting with the first approximation

PlL. = C4 E2,, +CS, (31)
" -t - -t -
E2,, = E2,, —[(eil, +PU)/2 + @ | (Vi-vig).  (32)

The new values of l"l:’L , EZZ,._ ,v1:,L with derivatives of C4 and

C5 from (13), are inserted into (12) to get the square of the sound
speed CZ.:L.

17
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Time Step
The time step 1s determined by nume¢rical stability criteria, with
the form taken directly from the HEMP :ode?. This is a composite of
twe criteria, one for the shock regiuns, the other requiring that a
signal pass only part way through a cell in one time step. The minimum
of the time steps found for the individual cetls 1s taken as the new
time step.
To find the cell time step we first get the smallest Qiagonal from
S3 =[(z:u.us -Z:L)z + (Rma,gn'au,;)z] )
$4 =[(z:,gbs - zfos,g)a+(Rn,ubg - Ruu,\.)z] )
s5=[min {53, 5*‘}]’/1, (34)
For the uppermost cells, where L=t1-1, 23, and R3, are used in place
of R and Z,,,. Then the cell time step T3 is glven by
T3,,.= 55/(3(czi + 8Y)°)
B=0 if vqa>0, (35)
B=2-C3-ss-vq 1f va<o0
The quantities C3 and v4(=Vvi/v1) appear in (29).
The new time step is then found from
71" = min { min T3., Tl“‘EB} (36)
where E® is a constant (1.1 is now being used, i.e., the time step 1is
not allowed to jump more than 10% in a single time step). Also set
T2" = (T 1) /2. (37
The time step 11f"1w111 be used 1n the next computation cycle, but
T2""" w11l be used in this cycle, to get the velocities.
Slide Point Motion
To move the slide point along the line joining points 1 and 2 in
Fig.6, let GA be the velocity along the line. Then

dGa/dT = -(1/p)[aP2/aZ -cos o« + OP2/aR'sin o ] (38)

(33)

K,La

where
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du7/dT = dGga/dT cosa (39)

dv/dT = dGi/dT sin« (40)
dz/dT =v7 , dRldT=Vv7,
where o is the angle with the Z axis shown in Fig.6 and v7,v7are the
velocity components. To find opP2/9% and @pP2/dRin (38), we can use
(15). Since the line L=L1 is being held fixed, dPz/aL=0. Also, since

there are only two quarter celle associated with the point #3, 6 R3,,
equation (4} must be replaced by

PAR =2w3. (413
Then, using (15), (38), and (41),

(daa/aT), =[r3, (2 w3, )] (2P2/0K),  [(22/aL), ,, sin o -(3RMBL), ,, cos o] (b2)

where ~ "

(0P2/oK) (o = P2, s — P2y inns (43)

(82/3L),,, = Z3x ~ % 41 (44)
(aRfoL), ,, = R3) - RS ., (45)
cos & = (Z,-B)/ [(Z,- B H(Rp-R]™ (46)
ein o = (Ry-R)/[@, ~ £ +(Ry-R)' ] (47)

The subsecripts 1 and 2 in (46) and (U47) refer to the labeled mass

point locations in Fig.6.
and (4C¢) with

We then get U7, V7, , 24and R4,, using (39)

NS/ N-3/2 .
T = e ¥ (dG2/dT), cos o T2 18)
s/ -af; '
V7:N * = .:u-»: +(dthldT)“,u sin L T2 :
Nes N Nedfy
4, = 5, * VT, ) . T1 (49)
Lo N Net/a
24“ = R3K,Lﬂ- +V7“ - T1

Note that here, as in the HEMP code , the o0ld velocities at the pecint
(K,.1~-1) are used to calculate ul, and v, from (39) and (40).
Veloclity~-Interior Grid Points

New velccitiec of the interior grid points not on the axis are
found I'rom a differsnce form of (16), viz,

19
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: -1f
u:': Ao u“"‘: +T2-( R:‘._ W) Kam/az.),"L (aR/aK), - (opP2/0k), (3R /3‘)-.x] . (50

VIR VT 2 R, L) {(apz/ax)m(az/al.)m-(aPz/aL)u(aE/ak).‘.k], (51)

] ] ~ L]
(apz/ak)n,; = ( sz.s + PZK,L-l - Pz“-‘.l. = qu-t,t-l) /2 ’ (52)

(ap2/aL),, =(P2u,. +P2e, -P2., . -P2.,.)/2 , (53)

~n ~
( aR/aK)R,L = ( R“')L = Rk“ak)/z >

( QR/aL).m_ (R:,wx - R:,L-,_)/Z )

(54)
(/oK) . = (z" -z /2
", el b L s,\.) ?

[}
(az/a1),, = (Ep = Z.,0m)/2.
Velocity-Interior Axis Points

For the interior axis points (9) will be used directly. Note
first that on the axis dv/dT=0,s0 that §P2/oR=0, and from (14)

opP2/32 = (9pP2/oL)[/(a2/3L) (axis points). (55)
The density}: needed in (9) is given by

p=w., /8L, (56)
where 81 1is the sum of the scaled volumes of the two quarter cells at
the point (K,0) . To get these volumes the centers El, SR o of the

adjoining cells are found, first, by averaging the 2 and R coordinates
of the corners. Then the scaled volumes of the two gquarter cells are
found by subdivision into triangles (see Fig.8) with the same quarter
cell routines that are used in the initialization. The velocity
components are now

Ut = U - T2 (B /) 2 (P2, - PR ) (R e Baa) (57)
v« 0, (58)

(¥

Velocity-Metal Masc Points

The equations in (1C) are used to calculate the velocities of the
metal mass points. The notation is shown in Fig.€. The pressures at
the slide points, denoted by P3,, are found first, by extrapolation with
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P4 = (sz,u—: + P2, u-s)/z

P3 =(P2,.“_2 + pz:—a,u-z)/z (59)
P3, = (3P4-P3)/2

The subscripted variable P3, is different fromP3, a distinction
allowed in BASIC programming.

The pressure at a mass point is found by locating the nearest
slide points on both sides and interpclating with respect to distance
from the slide points. The adjacent slide points are located by
essentially the same method used to find 23, and R3, (Eq.{20)). The
equation for the line through a slide point can be written (Eq.(21))

(2- zi,u-s) + ssy(ﬁ'at,u-x) =0. (60)
Here S8, , the negative rc¢cliprocal of the slope of the slide line, was

previously calculated with (21) and stored. Now,starting with =3,
evaluate

, G’, =(ZK.LL- z’.u.-l) + ss! (R‘(,u.- R:,u-a) (61)

for successive values of J, until the sign of &,,, 1s different from
the sign of G,. Then for the values of J and J+1 where the signs differ,
5 sonpute D7=(Z, -3, +(Rur-R3, ] BN(TY
1 08=[(Fupa- 25 +(Ro - RE,LF]
and Ps the pressure at the mass point by
P5= P3, + DT (P3,, -P3,)/(D7+D8). (63)

Assume that the mass associated with the mass poiant 2, ., R, .,
is uniformly distributed over a band whose cross section consists of
-_ the pieces between the point and the midpoints of the line segments
Joining the point and the adjacent points (Fig.8). Then, in (10),

N L 8 £ o e, PN 2R A S SRR A i L T AR e RN B

N,

Ay Mol BE 4w 2 MEAA

- take the projected areas
;' L [ 2 :
4 Ry = (/)[R + Runsd) = (R s + Ru) ] ,
= y (64)
z' - (W/Q){(s R ¥ R“-t.u'(zk.u - zn-s,u) +(3 R ¥ Rn-x,u)(zuu,u— zmu) . } ;
3 Now, using (10),
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where

A, =(4/mYA, | A = (4/m)A, .

Similar formulas, with appropriate subscripts,are used to get the
velocities of the metal mass points located on the lines k=1 and K=Ki.
Energy Check

The total energy in the system is summed at the end of every cycle.
Denote the total internal energy by I£ and the total kinetlc energy
by KE&. The total energy £, is found from

E, =1E + KE (66)
where

Ki-q - ’
1E = 2w EL_; wi, B2, [R2, | (67)

ne

[ (%Y 2
1r§. Z‘ Weo (U +V2)

Kai L®O

KE

W4
*“Z fwa,  (UD +v3) v W, (Va4 Va )}

Leo

“«e-3
*"Z ws, (U +vTh). (68)

L IYYY
KeZ
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III COMPUTATION OF ARENA DATA

Suppose that the weapon is located in the center cf an arena of
radius 01 and center at ZO,RO in the coordinate system used for the
fluid dynamic computation. Put the weapon nose and the zero polar
angle at the left, as in Fig.9, and divide surrounding space into
5 degree polar zones, measured from ZO,RO. The total weight, total
number, average velocity, and weight distribution of fragments in
each of the polar zones are needed for lethal area studiles.

The total weights and average velocities cof the fragments in the
various polar zones are obtained from the fluid dynamics computation.
Assume that at a specified time, say the time for the center of the
weapon to expand to twice itc initlal radius, the casing has broken
into fragments and burst, acceleration of the fragments has ceased,
and the directions of fragment motion are constant. In the cases for
which fluid dynamic computations were made, the fragment directions
were established early, and then changed very little with time. The
velocities increased slowly with increasing radius after case expan-
sions to 1.5 or 2 radii. Hence, the velocities could vary by a few
percent depending upon the time chosen. The results of the fluid
dynamics computations for the first cycle after the specified time
are used.

The metal mass points are numbered in order starting with 1 at
K=1, L=O and ending with k1+2L1 at «=Kki, L=O. Let ms be the mass
point number, and let Z, R,,, Yus,and V,, be the corresponding
coordinates and veleccity components, respectively, calculated in the
fluid dynamics section of the program. The midpoints of the line
segments Joining the mass polnts are then

z,,,,,,,‘ '(ZM, + Z,.,s”_)/2 ; Rusewn "'(Rns“‘Rnﬂ-z)/z (69)
Also, let ;g, be the fragment direction angle for the mass point ™S5

i.e.,
pns-'- arctan (VM/UHI) ’ (70)
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and, for the fragment directions from the midpoints,take
pn:ov, =( Frs + Puses) /2. (71)

The corresponding polar angle A9,,,... ,the =#.gle between the horizontal
and a line dirrawn from the point where the fragment direction intersects

the circle to the point ZO,RO (see Fig.9), is obtained by solving,
simultaneously 2 2 2
(26 - zo)’ + (Re-RO) = D1 } iz
(R"’Rnuan)" tan ﬁnso-x/z (z"znum) =0
for 26 and Re, and taking
A, .. = arctan [(ié —zO)/(RG—Ro)] . (73)
The scaled mass (=w‘k‘,_ in the fiuid dynamics program) associated
with each mass point MS$ 1s distributed uniformiy over the full and
partial polar zones between the polar angles AA.s.i4, and A] ns+thr *
Denote the contribution of the mass point M to theJ2th polar zone
by W7n,m' After the scaled masses of all the mass points are
distributed over the appropriate polar zones, the total fragment mass

and average fragment velocity in each polar zone are calculated from
®iea el

wa., =§_; W, e |

total fragment mass in polar zone J2s=2r W8, , and
average fragment veloclty in polar zone 32

"3 420

=( E__, Qs,‘,-wv,,m,) we,, ,
M)

where 2 2 2

ans - (U"' Vs (76)

is the velocity of the mass point M3,

The numbers of fragments in various weight ranges in the individual

polar zones are obtained from the directions calculated with the fluid

dynamics program, together with weight distributions which are specified

for each of the mass points.
To every mass point M5 there 18 assigned a value of the parameter

M, called M1, the average weight of fragments weighing more than one

grain. It 1s assumed that the weight distribution of fragments from
the mass point, the number of fragments per unit weight in the
different weight ranges, depends only on this parameter and is com-
pletely determined conce Ml  is specified. Let the total number of
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weight groups beJs . SpecifyJa weights MMy, My, My, s 80 that
M,= 1 grain, the Jth welight group (J<Jsq) contains fragments with weights
between M, and™,,, , and the last group contains all the fragments
welghing more thanM™,, . For each mass point Mms read in or, pre-
ferably, calculate from a formula the weight distribution assoclated
with Ml .. This will consist of the quantities N,gy the number of
fragments of welght greater thanM,, in each of theJq weight ranges,
for the mass point M;. Also read in or calculate w2, ., the weight
fractions of fragments weighing more than ™M,, for each mass point.

Let N7,  , be the number of fragments of welght greater thanm,

in the J6 th poular zone. This number is accumulated with
4304

NT, , =27 Now,s W s (77)
M=y

while the weights from each mass point M5 are being put into the polar
zones between the polar angles A9,,_,,, andAd.q,,, - At the same

time the scaled weight of fragments in each weight group, in each
polar zone, 1is accumulated with

|- 138

Wise.s = Zﬂ; W2ugs Wi, ms (78)

Letﬂ’,g,‘(ﬂ",“,-ﬂkn)for J<Xq. The average weight of fragments in theJth
weight group in the J6 th polar zone is then 2mW(ws,,, - WS, .. .)/N3, ;
for J<Ja,and 2% ws, . /N7, ,, for J=JAa.The total number of fragments of
weight greater than one gra_in in the J6th polar zone 1is

NS, '(t: N3s.5 ) + N7y 50 - (79)
The average weight of fragments weighing more than one grain, in the
Jeth polar zone 1s 2wwe8, /N8,, (see (74)).

The value of M which must be assigned to each mass point depends
upon the casing diameter and wall thickness, the explosive composition
and density, the type and treatment of the steel, and the impact angle
of the detonation front. For the present work, fragmentation data
from arena tests of 105 and 155 mm shells, with standard projectile
steel casings and military grade Composition B explosive fillings,
were used to construct a plot (Fig.l1l0) of & vs. the parameter X, where

X=t df"/(uzc/M) , (iny"*, (80)
Here, t 1s the wall thickness (in.), d; is the inside diameter (in.),
and C/M is the ratio of the explosive mass to the metal mass at the

wegpon section being considered. The parameter )X was proposed by
26
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NOLTR T4-77
Magis’. The examination of che are¢na test data showed that when the
fuze was at the nose end of the projectile, the fragmentation from
the side wall close to the base end, beyond the pa.st forming the main
beam spray, was substantially finer than the fragmentation indicated
by the value of X. This may be due to the higher pressure in the
section, produced by the reflection of the detonation wave at the
base of the projectile. A second curve in F1g.1l0 was drawn for use
with this section. Also, in the arena test data, the value of M for
the base corner was less than one fourth the largest value of M in
the sections forming the main beam spray.

For the sample calculations that were made, the values of M for
the mass points on the side wall were taken from Fig.l0, and the® for
the mass points on the base corner and the base end were set equal to
those observed in the arena test data. The values of M for the mass
points on the line K=1 were arbitrarily set at 200 grains.
was made to model the fuze.

Figure 10 was constructed with a limited amount of work involving
both avallable arena data and fluld dynamic computations. The arena
data was used to get the weight distributions (number of fragments
per unit weight in the various weight ranges) in the different polar
zones, while the fluld dynamics results were used to find the mass
points, and the corresponding X values, that had contributed to these
polar zones. This kind of analysis is felt to be worth applying to
other existing arena data for a wicde range of shells, bombs, and
warheads. It has the advantage that, in many cases, the weight
distributions can be related to particular sections of the weapon
where the value of the parameter X (Eq. (80)), the detonation wave

impact angle, and the acceleration history are known, from the fluid
dynamics computation.

No attempt

Some attempts were made to correlate the cylinder fragmentation
results of Magis’, and a weight distribution fitted to the Magis data®,

? s.FP. Magls, Naval Weapons Laboratory, Dzhlgren, Virginia.

H.M. Sternberg, "Fragment Weight Distributions from Naturally
Fragmenting Cylinders Loaded with Various Explosives,™ U.S. Naval

Ordnance Laboratory, White Oak, Silver Spring, Maryland, NOLTR 73-83,
12 Oct 1973.
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NOLTR 74-77

with arena test data for the standard 105 and 155 mm projectiles. The
agreement, overall, was poor. A likely reason for the poor agreement
1s that the cylinder fragments, collected 1n sawdust pits, were

subject to secondary breakup. Another possibllity follows from the
fact that the cylinder data are averages of weight distributilons from
varlous sections of relatively short uncapped cylinders. These
averages may not be adequate to represent weight distributions from
sections of a projsctile. The sample size may also be a factor. There
were very few standard projJectile steel experiments in the Magils work _.

The Mott formula® was used for the weight distributions. This can
be written

M) =(1/2 ) exp [- (mfp)*] (81)
where m 1s the fragment size, /415 a parameter, and N(m) is the number
of fragments per unit weight, of weight greater thanm. With uin grains,
M(1) is the number per grain of fragmenis weighing more than one grain.
Hence, the parameters M and/u are related by

f=zu expl(/pw*]. (82)
2 To calculate the Mott distribution (81), starting withf, /Ais

3 needed from (82). In the computer program this was calculated with
3 the fit

4
i
K-
-
B¢
i

YRR o T

e
-
4
I

=
(3

S
"

M =20+ 0.43L6(FM~50) , 20%< fcso
(83)
M= 204 (7/1s) (A-50) so< M<250

5 Figure 11 contains plots of the Mott distributions N(m) vs. '

for various values of the parameter A . Note that by the choice off,
one member of this family of lines is assigned to each mass point MSs,

3
j The family forms an envelope with some interesting properties (see ?
4 Ref.(8). 3
4 The input quantities w2,,, the weight fractions of fragments
& welghing more than M, (grains) were calculated from

wcm)-:exp{-(m/,u)"’}[(l/z)(m/,u) +(M/,u)m ry1]. (84)

¥ See R. W. Gurney and J. N. Sarmousakis, "The Mass Distribution of
Fragments from Bombs, Shells, and Grenades," Ballistic Research

2 Laboratories, Aberdeen Proving Ground, Maryland, BRI Report No. LU8,
. 7 Feb 1944,
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Equation (84) 1s gotten from (81) and (see Ref.6)
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IV RESULTS

"

T

About 12 computations were made wlth the fluid dynamlics section
of the program in order to test the effect of the grid size on the
calculated velocities. These were done for metal cylinders 40 cm
long and 10 em inside dlameter, with uncapped ends, fllled with
Grade A Composition B explosive, and plane detonated at one end.
Explosive to metal masses (C/M) between 0.1 and 2.0 were tried. The
JWL equation of state, with the explosive constants for Grade A
Composition B taken from Ref. 6, was used. Calculations were made
for 20x3, 40x6, and 80x12 grids, e.g., in the 20x3 grid the cells
were 2 cm in the axial direction and 5/3 cm in the radial direction.
Typical machine times for the computatlion of expansions to 2-3 radii,
with the CDC 6400 computer, were 45 seconds for the 20x3 grid,

3 minutes for the 40x6 grid and 15 minutes for the 80xl2 grid.

Figure 12 shows the effect of cell size on the calculated veloecity,

which is glven in terms of the Gurney value, viz.,
Gurney value = (U*+v?)”/? [(1+0.5c/m)/ (C/M)_—Im.

o

, . NP s e ey 8 st NI e o R
AR ve b § DS ey s 72 T £ b R A R T A L el A S A e e SR A N S At o SN A

These computations were made for C/M=0.2, a value like that encountered
in projectiles. The plots in Fig.l1l2 are for various expansions, R/R, ,
where R, is the initlal inside radius (=5 cm here). Note in the f
figure that the velocities calculated with the 2 cm long cell
(20x3 grid) are close to those obtained with the finer grids. As the
C/M ratio is made larger, corresponding to thinner walls and more
rapld expansion, the effect of cell size becomes greater. For
C/M=2.0, wall velocities calculated with the 20x3 grid are about 3%
lower than those calculated with the 80x12 grid.

Sample weapon calculations were made for the 105 mm, Ml, and
the 155 mm, M107, projectiles, with standard projectlile steel casings,
filled with military grade Composition B explosive (RDXA/TNT/wax,

59.4/39.6/1.0). The JWL equation (13) with the following values of
the constants was used: f

SOTTURZ LS IR ITY
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©=0.7839 cm/usec ,p, =1.634 grams/ce,
€1=0.0814 mb-cc/cec (= E’lﬁ.),

pz= 0.30 ,03* 4.9055 ,04= 0.058,
Fi= 4,2, ,F2= 0.9.

The above values, worked out for a different RDX containing explosive,
are believed to be adequate for military grade Composition B. The
density uved (1.634 g/ce) may be a bit low, but this should not be
significant. The maximum reported experimental density for cast
Composition B is 1.68 g/cec.

Figure 13 shows the calculated directions of the various sections
of the 105 mm projectile at two different times. Note that a large
fraction of the metal, usually called the beam spray, appears in
the 20th polar zone (95-100°), and that the directions are fairly
well stabilized after about 60 microseconds from the initiation
time.

The input and the calculated weight, velocity and angular
distributlons of fragments from the 105 mm, M1, and the 1065 mm,
M107,8hells are listed in Tables I through XII. Tables I and II
give the C/M ratios, the inside radii, the scale factors X, and
the values cf M assigned to the mass points (see Sec.IIXI). The
initial grid and the calculated results are Tables III-VII for the
105 mm shell and in Tables V1II-XII for the 155 mm shell. It was
pointed out in Sec.III that the calculated velocities can vary by
a few percent cdepending upon the assumption made about when the
acceleration ceases. For each 5 degree polar zone, the calculated

numbers of fragments in the varicus weight ranges are listed in
Tables VII and X1I.

33
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TABLE | C/M RATIOS, INSIDZ RADIL (CM),ANO SCALE FACTORS X (INYS FOR 105 MM, Mi, AND
155 MM, M107 SHELLS.

105 MM SHELL, M1. HE LOADING DENSITY =1.634 GRAMS/CC

C/M AvD SCALE FACTOR
KaSTeDI40()/3) /() e208C/N)

X 2(Ke0) IR(CW) e/ CHI (IN®®¢/3;

1 (] 2435 2123762 +58116

2 1.,75% 2175 015489 574323

3 3,51 3n2 «187499 « 556955

Y 5,265 34525 023135 «500983

13 7.02 3.85 «283875 «443603

5 8,775 44025 «315068 +411023

4 10.53 6e2 «351814¢ «37873

8 24285 4,215 356186 « 388644

9 16,06 LYY-& ] + 40756 3938612

10 15,793 6,15 325526 2412235

11 17,53 TeC7 +31095¢ ~42587%

12 19.305 3,965 273072 0483807

13 21406 3.86 281224 «542616

) 22,815 3.755 021693 +EDST1S

15 24,57 3.63 «192151 +555058 £
16 26,325 3.95 173139 709544 ;
17 28,08 3.45 ¢.5631 + 761675 z
$6 29,838 CPRET 0137013 «86810% :
19 31.59 3.27 0120679 «925896 i
20 32.9 3.92 112634 +915206 E
21 35, 2455 7,13286E .2 1.0%668 :

155 MM SHELL, M 107, HE LOADING DENSITY'=1.634 GRAMS/CC

C/M AND SCALE FACTOR
XsSTepI®®(1/3)/(1e29%C/M)

3 Z2(Ke0) IR(CW) /M CHI{IN®®G/Y)

1 [ 2eb o152473 «335415 :
e $,6295 3.23 0206232 «513635 ¢
3 9,259 3.75 0261187 522 '
Y 11.888% 6022 0265091 «5451088

s 14,518 4465 w2B91}%2 «557504

6 17,1675 S «3006587) «570282

4 19.777 5635 33861 «549701

8 2244065 Seb « 330727 «502287

9 25,036 581 «32352 «650773

10 27.6655 ¢ 031588 «700387

11 30.295 .12 «345283 ' 541166

¥ 32,9245 6e12 ¢357494 e612645

13 35,556 605 0336248 «553534

) L 38,1838 5,92 «301288 o 730476

15 0,813 5.7 0252663 «862817

16 43,6425 Se83 «2092298 1,01484

17 460072 Sel? «171087 1.18497

18 48,7015 49 0164186 1,34689

19 51,331 4,61 0107618 1,63807

20 53,9605 4,35 «100756 1,61515

21 56,59 4,1 3,79935€.2 1,532%3 B
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ASSIGNED TO MASS POINTS

105 MM SHELL, M1 155 MM SHELL, M107
COMPOSITION B FILL COMPCS:TION B FiLL
FAS MBAR (GRAINS) M5 MBAR (GRAINS)
1 200 1 200
e 200 F 200
3 209 3 eo0¢
¢ 10° ) 90
[ 80
6 es
[ ! 90
b ] 95
S 105 9 100
¢ 100 1Y ; 95
7 75 1 110
8 55 12 13¢
9 0 13 165
1¢ k) ad 125
1 k1.3 15 115
12 35 16 130
13 &S A7 150
) L) 59 '8 185
15 70 19 210
16 9s au 230
i 110 2l 265
18 139 22 2790
19 165 &3 100
20 160 2¢ S
21 189 25 8n
2% 65 26 100
a3 65 27 136
26 20
es 35
26 65
a7 45
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TABLE 1li 105 MM SHELL M1 (NOSE PLUG). INITIAL GRID, INCLUDING METAL OUTER BOUNDARY A
POINTS 3
L K R {CM) L K Z (CM) R (CM)
] ) 1 2 11 17.5% 27130
e )} [] ] 12 19.30% 260333 3
] E ¢ [ ] 13 200 2.57333 43
[ ] 3 0 2 16 22818 250333 3
| J ¢ [ ] 2 15 26,57 243333
] | [ ] 2 16 28328 236007
] ) [ 2 17 20,00 243
[ ] ] e 18 29,838 226 4
* [ . ] 19 31459 2.18 g
[ ] [ [ ] 2 20 32.% 2005303 3
9 1 [ ] 1 30,482 1e7
] 1 (] 2 22 3607 1.7 E
¢ 12 ] 3 [ *3.1% 3 B
[ ] 13 [ 3 1 [ ] 235 ;
[ ] 16 [ ] 3 2 1755 2778
] 1% [ ] 3 3 3.951 3.2 %
® 1] [ ] 3 Y 50208 3,523 9
[ ] 1 24 3 S 7«82 3.85 g
] 10 [ 3 [ [ 1924 ) 6,02%
[ ] 19 [ ] 3 14 1053 o2 4
M 20 ¢ 3 e 12.288 0,213
[ ] 2 [ 3 L] 18.00 .23
[ ] n [ ] 3 10 15,798 019
1} [ ] 1 3 11 17.55% .07
3} ) «763333 3 12 19.303 3,968
] 2 o923 3 13 21.06 J.00 o
1 3 1000061 3 ie 220158 3.73% 9
1 ¢ 1178 3 18 20,57 3,43
1 120333 3 te 20,328 *.5% 4
s ] fe30187 3 17 20408 308 3
1 4 ied 3 19 29,038 W30 -
) [} l1eo83 3 10 31.59 327
1} . lebl 3 0 322 3.00 1
3 10 1.38333 3 21 33 87 2.55 4
1 i1 135687 3 2 34,3 2.95%
) 12 1.32107 L ] *3e15 f N &)
} 1) 1.20087 . 1 [} 28 e
1 s 1.25107 [J 2 1755 [YY .
1 3 13 1.21047 & 3 3093 [ ) 5
3 1 1.10333 1] [ S.235 (X33 3
3 134 1.19 L} L Te02 $a07
3 10 112 [ [ [ Y% 44 2,198 §
1 i 1.09 [ 4 1853 %43
1 e LeB2007 ¢ [ ] 12208 $.33>
1 n 88 L] ] 16,04 1 3.1
} t ¢ 3 [ ) 10 15.798 3,315 3
? ’ 2 . 1 17438 5,26 3
2 ] 1.560087 (3 12 19.309 85,208 %
4 " 4 13 2le00 S.27 "%
2 3 2.,13933 [} 1e 22818 $.27 4
2 s 2.9 s 18 20,57 $.27 2
F} s 290007 . 1% 204323 5,27 %
F) s 2,6033)3 [} 134 20.08 [ 7% 14
] 7 2.0 (3 19 29,838 $.338 b
2 [ 4 282 s s 3le5¢ L 1) :
L ’ 2.02 ’ 20 32.9 5.2 )
2 10 2. 70067 . 2 33.87 $,08 %
[ 2 36,9 8,87 E
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NOLTR 74-77

TABLE iV 105 MM SHELL M1 (NOSE PLUG). COMPOSITION B FILL. CALCULATED SCALED MASSES,
AND POLAR ANGLES 120 MICROSECONDS AFTER INITIATION

M5 K L W6 (MASS/2 m, GRAMS) A9 (M5 + 1/2) (DEG)
1 1 U} 246040 0

4 1 1 19,7316 3,83063
3 1 2 39,4633 26,6653
L 1 3 118,88 32,4021
5 4 3 71,2737 70,0966
6 3 3 TT.3143 77,2066
7 ] 3 76,9744 79,2662
8 5 3 15,0084 82,8095
3 6 3 73,4889 85,8319
10 7 3 T2.3137 91,0766
11 8 3 73,5843 96,1862
12 9 3 75,1496 96,2043
13 10 3 75,8575 97,9619
16 11 3 77,0953 99,2899
15 12 3 82,542 99,7702
16 13 3 88,5115 §9,5339
17 14 3 94,0578 99,2677
18 15 3 99,3758 99,0519
19 16 3 106,361 98,8357
20 17 3 109.704 98,3463
21 18 3 1184139 99,3487
22 19 3 117.75 107,034
23 20 3 116,274 121,808
24 21 3 146,252 135,989
25 21 2 16,6554 167,64
26 21 1 25,0097 166,651

wavn W Ak e N3




TABLE V 105 MM SHELL M1 (NOSE PLUG). COMPOSITION 8 FiLL. CALCULATED WEIGHT
CONTRIBUTIONS OF MASS POINTS TO 5 DEGREE POLAR ZONES, 120 MICROSECONDS

NOLTR 74-77

AFTER INITIATION
NASS T POLAR ZONE

1 1

2 1

3 1

) 2

3 3

3 .

3 s

. s

s )

. ?

. .

[ )

. 10
. 1
s 1
s 12
s 13
s 1e
] 18
. 15
. 16
7 16
(] 16
] 17
’ 17
9 18
10 18
10 19
13 19
12 19
12 20
13 20
16 20
15 20
16 20
17 29
e 20
19 29
20 2o
21 20
2 20
22 21
202 22
23 22
eI 23
23 2¢
23 25
26 2s
t 1] ]
2 27
26 2
23 2
25 29
2 30
t ) 30
o6 k }1
12 32
20 3
20 3s
27 h 7Y
H 14 3s
2 3
27 37

WT IN ZONEC(GRAINS}
238,544
1911.5%
214,576
917,495
917,485
917,088
A5¢,066
138,983
2075615
2076,15
2076,15
2076,15
2076,19
997,443
1013,75
1951,12
1951,12
1951,12
377109
5122,24
23067,76
745711
1506,97
5761.68
3BT,
3262,31
5229,01
1776.54
7128,69
2940,14
4340,1%
T3e8,.87
7400,83
T7996,45
8578, 76
9112,04
9627,23
10110,2
10628,2
11660,9
906,708
72135
3019.20
2261.93
3813.,33
3813,.33
1373, 17
3192.3¢
996,11
4996,11
987.99
2019,.36
3254,1
1561.76
327,2%7
629,261
629.2¢1
29,232
2074934
30,971}
Abod08
40,208
¢

TOT METAL wrs 29,iC1% LB( 204200+ ORAINC!
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TABLE Vi 105 MM SHELL M1 (NOSE PLUG). COMPOSITION b FILL, CALCULATED FRAGMENT
WEIGKT, PERCENT OF TOTAL METAL WEIGHT, AND AVERAGE VELOCITY IN EACH 5

. . P i
g o lah A0 b i b ey fnd 7ot pyadl,
IS S A S e o R Rt R it prs e et Lt

24

NOLTR 74-77

DEGREE POLAR ZONE, 120 MICROSECONDS AFTER INITIATION

TMOLAR ZONE

CENOWNEWN»

MET WT (GRAINS)

2365.07
P17-.485
$17.485
9170485
995,049
2076,15
2076.15
2076.15
2076415
2076415
201119
1951.12
1951412
1951.12
5159.95
11329.8
9633,78
8671.32
11845.4
87618.¢
7421435
5281.19
3813,33
3813.33
4568411
4994,11
4994411
3598,33
3256,.1
1889.02
529.261
629261
5294251
238207
464248
4642608

PCT BY WT

115783
« 463158
«$460158
o 449156
« 48713
1.01639
1401639
1401639
101639
1401639
« 984585
«955177
«955177
«9551717
252608
5456657
47187
4elNM7
579698
4248939
3.63315
258543
1.86683
185683
2:23633
2¢44489
2:44489
176158
1459306
« 924775
¢306057
308057
+308057
v116909
2025609E=2
2026009E=2

AV VEL FT/SEC)

1612,45
1629.81
1629.81
1629.81
159646
1405.39
1405.39
1405.,39
1605.,39
140539
2694 .58
3963.06
3963.06
3963.06
3808,18
4009.29
680,45
47560.44
48901.33
$014.62
3398.29
3116.71
2740,86
2760,86
2136,48
1876,01
1876.01
2326,31/
2696,82
2704,8

3697.,35
3697.35
3697.35
4263,8¢
8065.,03
8065,03
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NOLTR 74-77

WEIGHT RANGES IN EACH 5 DEGREE POLAR ZONE, 120 MICROSECONDS AFTER

INITIATION

NGo OF TRAGMENTS 1N SOLAR Z0NES
#Te RANGES IN GRALYS

L A X 2 X X7 ¥

1 -2
505143
195977
195077
«195877
0269085
Lo16559

Se101n7
4,06352
6,00352
2040662
Ibe0045?
36.0057
15.0204
9.8352¢
§,397¢2
Led0262
10262
1430202
«49027)
9,87221€=2
9.57221€-2

18 - 25
«970451
«379872
0379872
+379572
« 085942
1496858
1.9095%
1.98855
176055
1.96858%
1.9069%
Le003v8
180993
Le¥0799
$.1995
1042748
.00
30.5303%
0145353
107.031
12.717}
9.,0897)
$453003
0653003
20.028
28.09%0
20.895¢
140459
Jlet 7
G.8y22
1.63312
1405012
165312
«627306
121097
ol121097

2 -9
o259382
« 300400
«Jobags
« 300000
«b8136)
2411153
2011159
2¢111%)
2411153
231183
2040540
1.9¥438
1.9963
1.9%30
Se03918
17.918
31.5387
eh.0738
62.3308
131.227
153147
10,0903
Te0092
Tel0Y2
Ve 1026
S6.7300
S8.7300
28407
1663139
9.08704
2:23483
202308)
202309%)
«008126
16428
«1042%

RS =90
152327
+390151
«390151
+390181
oTo2309
2089313
288313
24858313
2088313
2490313
277356
2069089
2469009
2469009
TeS1036
2¢e3108
301646
36.027
49,0983
186,907
1742593
12.202)
8.00036
B.495036
24,0084
2%:819
29.0180
163230
1303512
Tev2708
2409001
2e09401
200908)
2T
+ 153988
« 193948

s - 10
«965533
0374863
e 370506
«J78501
YL N
2409129
2009129
2409129
209129
2.09129
2402585
1.96%530
19653
190830
S$.%6110
10,2%
29,0132
$1.,0810
55,1040
126,320
16,9919
10,3038
Tes9748
T.09708
32,039
43,8%0s
45,8%0»
206848
16,0727
S.1072¢
o084
2.0000
2.0408¢
oTTIN?
0180569
«150549

S0 e~ 100
165629
0002529
«602529
oH02529
o T8748¢
280792
280792
280792
2.80792
2.80792
2472000
2463881
20388,
2.6380;
70301335
204430
26,195
25.5000
35,5243
131.507
15,1063
10,8069
T.80314
7.8031¢
13,309
16,8792
16,0792
11,022¢
F.6766
$.50071
1,05473
1e85073
108073
+02797¢
2121610
o121810

40

19 -1
«h7953
« 263411
0263031
263611
*341103
1.0212
1.4212
1.4212
1.0212
1.,6212
1.37873
1.33561
1.33563
1.3356]
37871
12,1029
19,3922
26,926
33,7022
81,1726
9,953%3
s.8027
4,9119
6,9119%
18.2209
23,7325
25.732%
12,3070
8.93701
. 99078
129308
1.27308
127360
0490358
0.50802¢~2
9.50802¢~2

100 <~ 19¢
+963808
«374698
0376498
¢ 374498
84768
1005632
1408832
1465832
1049632
1,00632
o013
1.37013
1.37013
1.37613
3.7887)
9.82317
td.1696
9.3019
133779
63,3716
T.06290
$.01193
J 6109
3.0109%
4,20102
4,02304
4,62340
3.823%2
J.02870
2.09528
+802108
+582100
882100
« 259883
+050132
«0988332

POLAR 20Nt

150 « 2%0
1.13157
0438978
«438%78
038874
511614
le52111
1.52111%
1,52111
1.52111
1.82118
1.67351
o429
1.0208
140295
3,87236
9.,38087
0,64245
s 73221
9.39132
01,7188
§,00009
4,59714
3.319%
3.31%
2.81998
2.53013
253013
2.0687
I 1)
1.56710
+853143
+553143
853143
« 20992
0, 0083782
4, 00537E~2

TABLE VIl 105 MM SHELL, M1 (NOSE PLUG). CALCULATED NUMBERS OF FRAGMENTS IN VARIOUS

7. THAN 288

Zew21e9
o028
« 902728
«J02728
1+0009

2+1%022
2.19022
2019022
219022
219022
2412140
2.95631
2005831
2005031
S. 317
10.7513
6.818%9
3.9902

$.73179
86,2208
6455501
Yy T ]
330017
338817
3177798
«080412
«840012
1076076

Je08491L~2
3400401C-2
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TABLE VIl 155 MM SHELL, M107 (M51A5 FUZE). INITIAL GRID, INCLUDING METAL QUTER 4
BOUNDARY POINTS
d
b

L K Z (™ R (CM) L K Z (€M) R (CM) 3

0 . .3 0 H 1 304299 .00 Y

¢ 1 . 0 2 12 32,9248 4,00 %

’ 2 687258 o 2 13 35,554 4.03332 z

p 3 9,259 '] ? 14 38,1435 3.90567 3

s . 11,9085 0 2 18 40,813 3.8 )

¢ s 184518 0 F 16 0344425 3063333 3

s . 1741478 0 ] 17 400072 Jebaba/

] ? 19,777 ] 2 18 0. 7018 3.2v08/

¢ L4 2200043 o 2 19 S1.33 3,07333 E:

[} L 25.038 [ ] 2 20 5349605 2.9 2

’ 10 27,6638 0 F 21 58459 2.7333) 3

4 ® 11 304295 ) 2 22 60e05 2473333 i

| . 12 32,9248 ] 3 ¢ .3 2 3

E: e 13 354356 o 3 . 2.6

3 ¢ 16 3041835 ] 3 F 640298 3.2 3

E . 1% 84813 0 3 3 3.2%9 3,75

9 0 16 6304425 0 3 . 1140885 se22 B

A; [ 17 006072 [4 3 S 140310 4,03 T

= ? 18 R 7018 0 3 ® 171478 5 :

3 0 19 514331 ° i 7 19,777 $.35 ;

e . 29 £349605 0 3 ] 2204005 S.6 3

£ 9 21 86459 0 3 ’ 23038 5,81 :

e 9 22 60045 ° 3 10 27,3058 * i

2 3 ] -3 o 600647 3 11 30.29% t.12 :

1 1 . 386607 2 13 3249248 8,12 :

3 1 2 006293 1.07027 3 13 35356 5,09 i

. 1 3 9,259 1.2% 3 14 301038 5,92

\ ~ 1 . 118088 1060067 3 18 004813 s.7
. ) ] 18+518 1.5% b ] 1e 0300028 §.05 :
‘ Y 'Y 1701473 1.60007 3 1?7 484072 3.17 k

1 4 19,777 1,78333 3 18 o8e7015 (Y ]

1 . 2204085 1.800067 3 19 810331 4.6l .
| 3 9 25.938 1492807 3 20 83.9A0S 038 :
( Y 1¢ 2743038 2 3 21 36039 o1 .
| 1 11 30,298 2,00 3 22 00445 [ ‘

1 12 329248 204 [ [] -3 23
| 1 13 35.85¢ 2.01887 . 1 . .
| 1 14 30,1838 1.97333 ‘ 2 6.6295% .58
! 1 1S 40813 1.9 [ 3 3 9.259 S$.32
| 1 16 43.0428 1.81687 . I 11,2805 5,06 g
| 3 17 400872 1.72333 4 s 16518 '9%1 B
! 1 18 68,7015 163333 [ [ 17:1078 8,48 R
l 1 19 $1.33; 153807 . 7 19.717 5.9
| 1 20 83,9603 1448 . . 22,0005 7415
‘\ 1 21 85489 1038687 4 9 254038 TeeS
g ' 22 6005 1.30607 Y 10 270055 7,73
‘ ? . -3 13333 . n 300298 7.78
' ? 1 Y 1073333 [} 12 3249248 7.7
! 2 2 6.0298 2.19333 3 13 35,554 7.7
| 2 3 9,259 2.5 s 1 30,1938 1.7
! t 4 [ ) 11,8803 222333 ] 1S 494813 1.7
\ N s 184818 3.1 . 1 o3, 8428 "y
| 2 s 1741078 3,33333 4 17 48,072 115
\ 2 14 19.777 3, 50607 [ is 407819 1L 0%

2 . 22,0088 3,73333 4 i 81,331 7.9

] ? 25,038 3.,87333 : ;0 ::.;:'5 ;c;:

7.0088 . 1 s .

] 10 2 . 22 00008 .7
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NOLTR 74-77 #H
TABLE iIX 155 MM SHELL, M107 (M51A5 FUZE). COMPOSITION B FILL, CALCULATED SCALED 2

MASSES,AND POLAR ANGLES 121 MICROSECONDS AFTER INITIATION

NS K L W6 (MASS/2 w, GRAINS} a9 (M341/2)
1 1 ¢ 8,055¢02 0
H 1 H 32,4802 3,37265
3 1 2 $6.880¢ 25,2768
. 1 3 2264859 56,7868 %
5 2 3 109,105 73,9446 4
& 3 3 125.507 82,8255 4
14 ‘ 3 143,915 83,9218 2
8 5 3 160,392 85,0536 z
9 6 3 174,13 86,5071 3
10 7 3 183,516 89,0316 3
1 8 3 203.406 90,7568 3
12 9 3 224,107 91,1007 i
13 10 3 260,752 91,9013 i
14 11 3 233.526 94,327 3
15 12 3 227,169 97,9178 2
16 13 3 236,781 1004446 3
17 14 3 251,239 102,667 3
18 15 3 276,638 103,568 2
19 16 3 305,338 103,874 3
20 17 3 335.43 103,814 %
21 18 3 367,824 103,911 3
22 19 3 416,099 103,122 g
23 20 3 504,858 113,303 :
26 21 3 6,749 148,8 3
25 21 2 211,511 173,862 g
26 21 1 56,5234 177,269 H
3
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NOLTR 74-77 '

TABLE X 155 MM SHELL, M107 (M51A5 FUZE), COMPOSITION B FiLL, CALCULATED WEIGHT

- CCNTRIBUTIONS OF MASS POINTS TO 5 DEGREE POLAR ZONES, 121 MICROSECONDS .,
g AFTER iNITIATION k-
5 MASS PT POLAR ZONE 4T IN ZUNE(GRAINS) 3
g )} i 3I2.84
k- 2 i 3le2.712 ]
k& 3 1 466,972 k.
% 3 2 1034,76 3
5 3 3 1634,76
% 3 . 1634,76 )
g 3 5 1$38,76 e
g 3 6 79,4232 A
5 ' 6 3§17,5 E
£ . 7 3723,73 3
5 . 8 31123,713 k\
s . 9 ar23.13 2
¥ . 10 ar23. 73
¥ . 11 564,96
g s 11 117.628
§ s 12 2758.65
% 5 13 275885 E |
Ex ] 1s 2758,.85 ke
3 s 18 2118,22 5
: . 15 1065,23
6 16 6845,27 ;
6 17 3908,28 4
7 17 13962,1 3
[ ] 17 16802,6 3
] 18 725,808
9 18 16889,2 E
10 18 17178,.6 F
11 18 11062,2 A
1 19 8643,27
12 19 21710,.9 3
13 19 233236 %
14 19 22623.3 :
15 19 3163,35 E
15 20 188464,)
16 20 16685,1 P
16 21 3859,.78 4
17 21 26339,.4 $
18 21 26739,.9 ¥
19 21 29949,3 :
20 21 32695.5
21 21 35633,8 g
22 21 40116,7 2
23 21 10808,9 3
23 22 29779,3 3
23 23 19008,7 %
2¢ 23 2069.48 3
26 26 6096,17 3
26 28 6096,17 3
26 26 6096,17 2
2 27 6096.17 3
26 28 609%,17 4
26 29 6096,17 g
26 30 633,16 , B
25 3 931,858 ‘ 3
28 n 409129 3
23 32 4091,29
23 33 4091,29 2
25 3 4091,29 i
25 35 3163,86 5
26 s 1950,23 $
2 36 362506 i
27 3 684,08
27 K} 0
k4

TOT METAL wTe 81,1806 L8( 568264s GRAINS)
43
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NOLTR 74-77

o s e A ASTAY SRS EW‘

TABLE X1 155 MM SHELL, M107 (M51A5 FUZE). COMPOSITION B FILL. CALCULATED FRAGMENT #
WEIGHT, PERCENT OF TOTAL METAL WEIGHT, AND AVERAGE VELOCITY IN EACH 5 %
DEGREE POLAR ZONE, 121 MICROSECONDS AFTER INITIATION f

POLAR ZONE METWT (GRAINS)  »CT 3Y WT AV VEL (FT/SEC)
1 4002453 + 704343 1159444 3
2 16344.76 25208} 130448 A
3 14364476 252401 1304.8 2
. 1434475 0252481 130448 i
5 1636,76 +25248] 130448 ¥
6 3597402 .532986 1226437 i
7 3723473 0555282 122446 :
8 3723.73 $555292 1224.6 . :
9 3723.73 «553282 122446 ' :
iv 3723.73 « 655282 122446 5 :
11 3682,58 S-23 11181 1341,57 { 3
12 2758.65 $483453 #886,54 i i
13 2738,65 485453 4886,54 : 3
16 2758465 485453 4886.5¢ g i
15 3621446 +5372%90 4694405 : ;
16 6865,27 1420459 4404.2 s :
17 3261249 5e73904 $168,55 : :
18 46445,.8 8el7327 4385.,27 i ;
19 7966643 13,9837 4405,3¢ ;

20 37729.3 heb39Y38 4810.63 :
21 203634, 3248345 35944756 :
22 28779.3 Se0bwe2 2245.90

23 2107844 3.70926 223341

26 5096417 1.07277 2115.0¢

25 6096417 1607277 211502

26 5096417 107277 211502

27 6096417 107277 2115002

28 6096417 1407277 2115.0¢2

29 6096417 1.07277 2115402

30 5615402 KT 220647

3l 4091.29 o 713962 2639,32

32 4991429 0719962 2639,3¢

33 4091.29 719962 2639,3¢

3 4091429 119962 2639,32

k1 4993487 «878754 3372422

36 «310.08 +« 753465 4615.,4
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TABLE XII 155 MM SHELL, M107 (M51A5 FUZZ). CALCULATED NUMBERS OF FRAGMENTS IN 4

VARIOUS WEIGHT RANGES IN EACH 5 DEGREE POLAR ZONE, 121 MICROSECONDS
AFTER INITIATION 4
N0, OF FAAJUENTS [4 POLAR J0VFS :
#Te RANBES 1N Aasles }

|
|
)
oz .2 2 - .
‘ 1 RINIY Vensvry :Osu 0me T, ::l: 111 %
2 300808 309058 H 13 &
] sJ0nenn PEISLIYN kY i
. 2Jubany LI LITY 'Y
] 2JUhnd P2 ITYY .
't 93216 esdiles . k.
’ 2.56218 aolrnrd ? Y
[ ] e F) sslnery s ;
» 2 1) dslanry s ﬁ
30 2.00258 sotenry 1 3
3h 2,02437 setevte H 2ova2s ¥
12 2. %0 4en TN 12 o39 %
13 2,380 ol on 13 7
1 7230548 Saidny o ie 2
19 2.9 138 9.30604 3.60032 15 ; 269 ;\:
is Sc2dvs? reness ao2n012 Y pgie %
" 2245390 40,4918 71, 7n8¢ it ‘;‘f"’: b
1] 28s9000 SJe 8y 33,4448 10 : .0::! C R
I 3241491 SPe¥130 a1.2039 i 8%
| 20 166v030 Ja. 929 2i.1e8) 2 " :
| £ *3.14n3 83,8026 . 9 H 4
n 17e397 31043 2re82(( E
1e82( 22
‘ 11 19770 Weyiny 18,139 9 E]
| 26 TRe0008 2108308 120333 20 “
) feebtid 2129506 12303 P E
| 1t 12:0178 2100508 120833 2 2
| ? 120178 2ted™98 12,933 o §
| «* 1243174 21et 100 19,833 44 3
5% 1208176 2146898 12,423 2 =
”» 1004238 17,9001 2 2
n 307853 he2uep) n -9
» 3,47883 2 '
0 3,07355 » 7
» 3.67883 3 4
| » 3. 10891 sb2021 4 Z
» 2,80800 sotetes .48tz » o23ene PRt 2
4
" 15 - 28 33 - 199 190 = 158 i
| 2 1,43509 o302 E
H 593873 z
| 3 +393873 &
| s 593875 %
| s 893873 3
i . 6,07733 :
| 7 20189 2
‘ s 20100 £
| * 20049 3
| 10 " E
1 ¢,an8sy i
| e i 3
13 %2 i
| e 19¢3 B
)8 :

! 19 1 $
| 1] 29,3082 P
‘ an 83,098 .
‘ n” 295128 :
| 29 2045999 "
| 113 1640151
| 3] 1040151
| 2o 1600281
| 134 180618)
| [ 18,009 H
| [ 34 16,0151
‘ 3 130778
‘ n S.0.002

n 5.00232

33 S.40232
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Appendix A - The Fragment Prediction Code

Table AI 1s a complete list of the computer program, in
BASIC. A sef of notes, which explain what the various statements
do,is in Table AII. Table AIII is a list of variables, together
with the quantities needed in the dimenslon statements.
Flgures Al-A3 1llustrate descriptions in the notes. The particular
weapon treated in the program list (Table AI) is the 105 mm, Ml
shell. For other items, which do not have a curved base, the
input 1s somewhat simpler and some of the statements can be
removed. Talrle AIV is a 1ist of the input statements. To run
the program for a particular weapon one proceeds through this 1list,
nroviding the necessary data at the listed statement numbers and
removing cr bypassing any statements that do not apply. Parts of
the program, for example, the lnitialization to get values of the
scale factor X , or the fluid dynamics, can be run by inserting
appropriate bypass or exit statements.

Output statements are
listed in Table AV.

Since all the statements in BASIC are numbered,
any of the output can be bypassed by inserting a GO TO statement
at the apprcpriate place.

It will be seen in Tables AI and AV that there are provisions

for output in formats neec~ hy lethal area programs. For the JMEM

lethal. area program, the ecrssary calculated quantities are put

on tape, from which a ¢ ~* “z2ck 1in the appropriate format 1s prepared.
The FORTRAN program which determines how this card deck is made is
listed in Table AVI. For the AMSA4 lethal area program, the
nec2ssary lnput quantities are listed. Provisions for getting a

card deck for this program, and for machine plotting of any of the

output, could be added by putting the needed material on tape and
using auxlliary FORTRAN rcuftines.
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Gzl

frs o
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0looo
Gavl0
019020
01030
04040
0lo50
01u60
01070
0lot&o
01090
glioo
0l110
01120
01130
01140
01150
04160
0l17¢
01180
01190
oizoo
ol210
01220
91230
01240
0l2s0
0Ll270
olabo
01290
01300
01305
01330
t1320
01330
01340
01359
01360
01370
01389
01390
01400
Olelo
01420
01430
0les9
01450
01460
01470
01480
014990
01500
01510
01520
01530
01540
01550

NOLTR 74-77

TABLE A-l  BASIC PROGRAM LIST-FRAGMENT PREDICTION CODE

PRINTZ105 MMES

POE3.14159268

Pe=2#pP9

Q9zPH#15,4185

PT=S5%pP9/1860

P8P8 /454

REM NO, OF STERADIANS IN PULAR Z20NE
FOR Je=) TO 18

YB8{JE)=PO® (COS((JO=1)#PT7)=COS(JE#PT))
Y8(37=J613Y8{Jb)

NEXT Je

J9=10

T7a40

T4x150

Ti=0.3

E833.1

N§320

NG=T7

N6=200

N7=1

Ké=()

Re=6

R4=7,846

C3=2

E7=1E=10

D1=29

RO=0

26320

L1=3

Ki=2l

REMenawuseaneBRING IN EQUATION OF STATE CONSTANTS
GOSUH 08450
PRINTEK1SEK1 2L 18ZL1 9 TKAREKS
PRINTZJ93=Y9

PRINTSTIRET/ oSTo3ZT4ET1uZET1+2EB8=SEB ) SNEBENS
PRINTENG2ZENG o ZETRZET
PRINTER28ZRZ29SR45ZRé
PRINTZRO=2R0¢=20232042013=D13F TS

DIM
OIM
DIM
DIm
OIM
DIM
o1M
DIM
DIM
DIM
DIM
DIM
DIM

N3(37910)eNT(37910)9M41(27)eM{10)eN(2Ts10)

W (27)9A0(27)¢Q3(27)

WT(37931)ed2(27410)9WwS(3T910)oW8(37)sWI(37)

NB(37)eYB(37)eY9(3T)eME(374+10)+06(37+910)

R(2397202(23¢7)19R1(2095)921(20e3)

R2(23+T)

W1(2005)9W(2397)

w3237

Ut239T) oV (2307)eV1{2095)9V3(2G+5)

Q1(2005)¢TI(2095)900C2(2005) ¢P2(2095:922(20+8)

Y{36)9Y1(36)sF(20) sUT(21)eVvT(2})
SB(21)9R3I(21)023(22)eP3I(21)

Re(21)9£6(21)3A2(2005)9K9(2})

REMe=crconnucsovmencnassINPUT 2(K130)9Z(000)e2(1e0)929KlelsD)
2(K190)235,1

Z(090)ma3,15

Zile0) =

LiKl*140)=30,9
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TABLE A-1 (CONT,} ;

01560 REMecanewsowcansenvrsnansncvaesaINITIALIZE Z2(Ks0)woass -
> 01570 FOR X=) TOQ K]

3 01580 2(Xe0)mZ(1e0)o(Z(K100)=wZ()e0))R(K=1}/(K]~])

3 01590 NEKT X

: 01600 REM ercnccereancneeeINPYT SPECIAL 2(K90) VA LUES~==e~
2 01610 Z2(2000)232,9

A 01620 REM eswwccssmascscswsaNPUT RIKILIIIR(KyL]19)) cnvonencconcnncccnonn
04530 GOSUB 09960

01640 REMecwvaccncassscwons[NPUT SPECIAL R(KeL1)9R(KeL10]1l) VALUESmewcee
015650 GOSUS 10070

01660 REM eeeemeccacscoveccanelNITIALIZE Z(KoL}IR(KsL) snomaan

0I670 FOR K=p TO Klel

01680 FOR L=1 TU Llel

01590 Z(KsL)nZ{(Ky0)

01700 NEXT L

01710 FOR L=1 TO Lle}

01720 Ri{KsL)ER(KsLY:OL/LL

01730 NEXT L

01740 NEXT K

01750 REMewccvremecannacesaa[NPUT SPESIAL Z(K1lsL) VALUES=e==

01760 Z(K1e2)236,62

01770 <(KleL1)333.87

01780 “(KloLlel)aZ(Kloblll}

01790 REM.-------------~.“EIQHT DISTRIBUTION INPJUTewaeosnessuancvcancncs
1800 GOSUB 2124v0

01810 REMweacmnee=aPRINT CASE DIMENSION INPUTaveescvecscs=s

01820 PRINT S| SeERZ¢ZZSeZRE

01830 FOR L=0 TU Llel

01840 FOR X=0 TO Klel

01850 PRINTLeKeZ (KoL) oR(KsL)

11860 NEXT K

J1870 NEXT L

J1875 REM

01880 RE""'"-'""--"""--IVITIALIZE Ra(‘) 023(K).----o-----—-..-.----
N1890 GOSUB 110«0

01300 REMewewnccremavcccncasaSEY Z FOR LIGHTINGwe L bl -
01310 Z=Z(XKael90)

01920 REM ecemav=a=aINITIALIZE HE AND FUZE JENS]TIESeswecvecs. -
01930 6OSuU8 07190

01960 REMeewacmencecne=waaas(IORD OF ZONE CENTERSIZONE UASSESecascsccaccve
91370 FOR K= TO Nlel

01980 FOR L=n 7O Llel

01390 Z1(KoeL)®(Z(KoL)oZ (K10 )eZ(Ke1pled)eZ (XKoL ®1)) /0

02000 RIIXyLIZS(RIKoL)OR(KeT ol )oR(KeLloLel)eR(KsL*1)) /S

42910 GOs3u3d 07300

02020 GOSUB 07390

02530 Wl (Kel)=aWS

02040 NEAT L

02050 NEXT K

02060 REMeweovsaed[NTERIOR GRID POINT MASSESerer csccsaverssosnssruncncnss
02070 FOR K=2 TO Klel

GZ2080 FOR L=1TO Ll-1l

02090 Gl=Zl(X=losle))

02100 Mi=Rl{¥Xelelwl)

02110 G2321(Kel=1)

02120 22R)l (Kol=1)

FIRTAWCEY

TEP T T




02130
nelen
023750
ve160
02170
0e18n
02190
02200
we219
pez29
02239
02289
02259
02269
022719
022Ky
02290
02300
32319
02329
02339
02340
02359
02369
02370
02389
02390
02600
92419
02420
J2e3)
0des)d
02455
tes( D
02419
LYY
02399
Dend}
aesro
)2z
né33s
DY-ETY]
02350
0C860
9es7y
02"8)
pE3%0
02500
aesty)
92529
3é52)
32549
325590
024560
0257y
02589

NOLTR 74-77

TABLE A~1 (CONT.)

63321 (<ol)
AISHL (Kol
Gezll(K=hol)
H4=R] (K=19Ll)
GOSu3 07399
W(Kel ) =wWS
NEXT L

NEXT K

REM~eeeeccccscscaccccceaASSES OF INTERIOR AXIS POINTSeceevccmceas:

FOR K22 [0 (1=}

L=0

GOSuUd 08099

50SU3 073990

W(Kel)=W3

GOSUS 08160

60Sud 07390
A{KoL) W (KoL) e dS

NEXT K

REVM=cecwe==MASS CIRIECTION AT FUZE=ME BIYNDIYvevoccsace
IF Kéez) THEN 0237%

KsKbho ]|

FOR Lz TO Llel
W(KolL)B(R2/R3e1'¥MIKyL) 72

NEAT &
WM
REM vescoccvcsnacccrscmauaGAS MASSES ASSOC WITH HETAL PIINTSeeecwve:

FOR K=2 TQ fjey
L=t1

GOSyY3 08279

GOSU3 0739)
W3I(K-L S

GOSUs 98360

GQSUs 37390
RI(KolL)ud3 (KoL) oS
NEXT K

=il

(F Xe=p THEN 02520
ks LCY DY

KL= (1lorR2/731043(KsL) /2
For L1 TO Lie}
K=l

308u3 aRU90

30Su4 9173990
w3ilKei)2dS

30SUs 08360

GOSuU3 n73%0

A3 (KWLl I (K, L o0
NEXT L

IR L&l TU Lle)
sK]

5084 nal180

GOSud XT3V

AL TINE T 5

§0SJs 38270

IVSYY 3739
(KL XA (Kol ) oty
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e, G

TABLE A-1 (CONT.)

NEXT L
g2700 K=}
02119 L=0
ve720 GOSUd 88930
02730 30SJ8 17399
0C760 W3(KelL)xnS
02759 L=Ll
02760 GOSUB 08360
02770 GOSuUB 97399
02780 W3(K+lL)sw5
02790 X=«]
02300 L=y
g : 02810 GOSud y8lao
5 3 02820 GOSUd 07390
3 GZB30 w3(XelL)=wS
e - & 02340 LsLl
k: 02850 GOSUB 98270
P 02560 GOSuU2Z 07390
k< 3 028TY w3(KeL)=w5
02360 RE"‘ .---"'"".-Q-""'-qEY.L lMSS Po!NTs.--ooou-9.-.-.-.-----.-,-.---
;2390 FOR L=p TO L1}
e 02900 R2(0+L)2Re ;
E -u 02910 RZIK1eL)2RG ;
. 7 02920 NEXT L
A o E 02930 FOR =) T0 K1~}
2 023640 R2{KsL1})3RS
2 oA 023990 NEXT K
E. o g 02360 Xs0
. e 3 0€370 L=0
3 023480 GOSU2 07150
3 - n23990 S0SUB 0739
= 3 03000 W(lso)zw(l.3)edIons
3 - 23010 FOR Ls) TO L1-1

ok LR

W Ay kg PR SRR Pk Y

.

o beew . LR le ™ol

gk o w

A 93920 Ks¢
prt . 5 03039 30Su3 ar730
e < ¥ 03940 GOSUS 07390
E . 03050 W(leL)zwiloL}odIews
i ¢ 4 03063 GOSUB07820
p; .3 33070 GOSuU3d 37399
. p 03080 W(lsL)sw(l L)ed3sne
2R - 03290 NEXT L
s, 03190 <=0
" g v3t10 Lsil
. 03129 GOSUA nT3a0
"ol 03130 GOSJI 97390
! 03160 S{loll)2¥(leL - -on3ens
. V3153 GOSU3 27520
s’ 3 03160 30Su8 07490
T 03170 ¥(loLl'saiyeLg)en3ons
3 v 03189 K=l
. 03190 GOSuYd 98000
. 3 03200 50%U3 07390
v 03210 w(lell)aw(leLl)eas
2. @ 3 03220 FOR €32 70 Kley
R 03230 Latl
* 4 03240 GOSUS 07%1v

-< o 50
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TABLE A-f (CONT.)

03250 GOSUB 07390
03260 W({KeL)zW(KeL)odS
03270 GOSuU3 58000
03280 GOSUS 07330
03290 w(KslL)zw (KoL) onS
03300 NEXT «

03310 K=Kl

03320 LaLl

03330 GOSU3 07300
03349 G0SU3 p73%0
03350 W(KsL)3W(KsL)edS
03360 GOSUB 07910
03370 6GOSuU3 237390
03330 W(KeL)zsW(KolL)onS
03399 GOSuU3 07820
03490 GOSU3 074390
02610 W(Kel)ew (KoL) 445
03420 X=K1

03630 FOR L=} TO Llel
03640 GOSU3 97739
03450 GOSUB 7399
03460 W(KsL)aW (KoL) eaS
03470 GOSUB (7920
03480 GOSU3 07390
03490 W(KsL)BW(KoeL)eaS
03500 NEXT L

03510 L=0

03520 G0Su3 7730
03530 GOSU30739)

035640 W(XKeL)ZW(Kol)ow5
03550 REMecwcccccvcseSPECIAL BASE END METAL MASSESreacecerren
035560 50SuU3 09119

3579 REM

03510 REMecovenc=acePRINT ZONE CENTERS AND MAZSEScecccacss
03520 REMecwcvsveaspPUT INPUT PRINT OJUT BYPASS HERE .o

et b S S DSl L e

03930 PRINTEXZeSLE9S1 (KoL)ZeSZL(KoL)ZeSW1(KoL)S
03540 FOR K=1 TV <le}

03659 FOR L=0 TO Liel

03560 PRINT KoLoRi (KoL) oZ1(KsL)o¥W])(KcL)

03570 NEXT L

03580 NEXT K

03690 PRINT

03700 PRINT SKSeSLTsZR(KeLIZSISZ2(KoL)SoSWIKIL)S
03710 FOR K=} 10 K1

03720 FOR Lzp TO L1}

03730 PRIMNT Kol oRI(KeL)2Z (KoL) s (Kel)

037640 NEXT

03750 NEXT K

03760 REM=ovewcocsccearre(/M AND SCALE FACTORes -

03770 PRINTZC/M AND SCALE FACTORE

03780 PRINTESXxz=ST1eDIee(]1/3)/(1e20C/%)3

03790 FRINT

03800 PRINTESXZeZZ(KeD)ZeSIR(CMIZySCrUS+SCHI(INO®A/I) 2

03810 FOR «=1TO0 X1

03420 Y4sRI/ZR4/{IR(KsL1®))/R(KsL1))WR2a])

03830 YS®{R(XeL1ol)aR(NeL1))OR(KLL)IP®(1/I)/(1020%4)0,36355
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03840
03850
03940
03870
036890
03890
03960
033i0
03C20
03330
33940
©3950
03550
03870
039890
03929
06000
04010
04020
040390
04040
04050
06060
osn7s

NOLTR 74-77

V
.
LA SRR
;L
: s (e I ERS Y

TABLE ~-i (CONT.)

PRINT KoZiRsD}oR(KoL1)oYesYS

NEXT (

RE“.-.-..--..!‘!"‘L!ZE N’t‘- -

N1

Tol{Zli(K50140)=2(K401,0))/1

lMerecnnncrccnacea [NITIALIZE VI9E2+4FO0R K81 YO Kbame
FOR L0 TO Liwsl

FOR Ks] TO Ré

Vii{Kel)=]

€2(KoL) =0

NEXT K

REM eccacocvwccovasNITIALIZE VIIEZ9FOR KBK4el TD Klelovorrcsonas
FOR KaKeel T Kiel

2RLYINE 3

E2(XeL)=E]

NEXT K

NCXTY L

REHimvvonsonvencninss [NITIALIZE JiVeesonscnswcaane -
FOR K=1 TO N}

FOR L=s0 TO L1

J("el) =g

VirKelL}mQ

NEXT L

NEXT K

408¢ REM

04095
06100
0s110
04120
04130
0e140

REM ecece=eINITIALIZE INTERMEDIATE SLIOE PTS Z4(K)eé(oK)ercnances
POR ks2 TO K}

K9 ({K}nsKal

Ko (K)uR (KoL 1)

Ze(K)ISZikoL 1)

NEXT &

4145 Dl=D1®3g,.08

06150
06169
0&170
06180
04190
04200
06210
00220
0423)
06240
06250
042690
06270
V6280
08290
ved90
04310
24320
06330
04340
04350
L X111
04370
96380

QEﬂ.o-.----.----.oafﬁcﬂcv cncc‘ -
GQOSy9 11400

REMesesnmrceseFLUID DYNAMI’S « MAIN ROUTINE
NaNel

IF T>T4 THEN 11970

I1F WON6 THEN 11970

TeTeT}

REMecescmervescaroekl FOR LIMITED COSPUTATIONSseccss imansecsanne
FOR X=x1=] 10 ] STEP =}

IFLD®T=Z(Ke0YeZ)>0THENDE 26V

G0 TO 04260

x3sK

K=l

NEAT K

K3uK3e§

IF K3>K1el THEN 9023320

80 10 04330

K3zKle]

REM

PRINTENSEN9ZTaZST13KIuEX]

REMecessvenrvennvwsNEYW pos"lo‘s.‘--.'.“-w_ oncenee
RE".-'..-..‘.~OQQZ rGR Ks‘KlOl...--oa.---'.

FOR K=l TO K3

FOR Ls) TO L1}
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04390
04490
0es) )
064420
04430
Jedsn
044350
04660
04470
64680
04690
04500
04510
04520
0530
04540
U+5590
043561
0#570
04530
043590
04500
0510
04529
04530
04540
045650
04550
0es70
0680
064590
04700
0¢710
p4r2n
04730
04749
0e7590
06760
0«70
0e780
04790
0e800
0é¢8)0
04829
06830
0484
0e450
048560
048790
0«380
0%390
04300
04310
04320
0*330
06360

o e Cam s ameew 212~
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TABLE A-l (CONT.)

Z(KoL)SZ (KoL) eT12U (KoL)

RIKoLIZR(KoL)eT1®V (KoL)

NEXT L

NEAT K

IF K3c¢k1=1 THEN 04499

QEﬂ---------.-.--.--.---!}'l FoR KEK] cronracssvsvnvrssnsnrcocoavana
FOR L=0 TO L}

LIRKLoL)=2(KLol)oT2®U(KLoL)

RIK1ILISR(KLoL)eTI®V(K]1,L)

NEXT

REM

REVesocescccancaeNEN PYISITIONS OF SLIDE PTS923(K) sR3(K)em=
GOSu3 10290

REM ececeweaCEL CENTER VARIABLES- it -

FOR Xal 7O K3

FOR L=20 TO Lle}

P=P2 (KoL) =01 (KoL)

V(KoL )=VI (KoL)

ﬂEM.--..-----------CELL CORNERS FOR Vii{KelLlel) CALC=~ -
IF LzLl«1 THEN 10666

GOSuUB 07300

GOSU3 07390

VI(KoL}2(VIPVE)MR2(KeL) /Wl (KoL)

Al(KsL)=A3ens

VE= (V] iKsL)=vS(KoL))

Visve/T)

VB=(VI(RsL)evS(KslL)) /2

vozvl/ve

IF v3>0 THEN 08700

@1 (Aol )=CINCINR2 (KoL) ® (A3+AL) BYOOVI/yvE

GO TO 924720

Ql(KesL)=y

REM

REMecncanvavaccasIURIN Fq‘cl’on...-.----.---o---.

IF P(K1=1)=1 THEN 06750

1F L=u THEN 11740

REMesccercccacaaEl OF STATE ROJUTINE CALC P24E2¢C2=w woe
GOSU3 pB8e59

REﬂ--—---------o--.---.------nfIHE STEPeww - -
REM=seco=ecoveecanasTIME STEP FOR EACH CELLsT3(KeL)~ -
IF L=L1=1 THEN 06830
S3=(l((010L'l)OZ(KOL))..20(R(KOIDL'I)'Q(KOL))..Z
Sb*(l(‘vL’l)OZ(K‘I'L))'02’(R(K9L0])-4(K010L))..Z

GO TO 04820

S3=(Z3(K0l)°2(‘oL))’.ZO(Qs(K‘l)'R(KOL)).'Z
S4=(23(K)=Z(Ke)ol))®u20 (RI(K)eR{Ko1oL) )02

IF S3<S4 THEN 04880

55546

G2 T2 nes90

$52S3

55=SQR(S5)

IF  v9>0 THENO04930

dx2®C3e554yvg

GO TO ned4p

320

T3(KeL)=55/3/SAIRIC2 (ol ) eBWS)
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04350
04960
04370
04980
064330
05000
05010
05020
05030
05040
050590
05060
0>070
05080
05090
051900
03110
05120
05130
05140
05150
05160
05170
05180
05350
05360
053790
05380
05390
05600
05610
05420
05430
056440
95650
05469
05670
0543890
05430
05500
05510
05320
05530
05540
05550
05569
05570
05580
053990
05500
05610
05620
05530
05660
95850
05660
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TABLE A-1 (CONT.)

NEXT L

NEXT K

REMevacereccscsncccccnacNEy TIME STEPS Tl ,T2eccnsccacuccscoscecan
T6sT1

153T3(1,40)

FOR K=1 TO K3

FOR L=9 TO Li=l}

IF T3(KsL)=TS5<ch THEN 050640

60 TO 05050

TS3T3 (KoL)

NEXT L

NEXT K

If TS5>E8*T]1 THEN 05100

T1s75

60 TO o51l0

TisEBeTe

T2=(T1eT76)/2

REVecocwrscmanecwoccccaalé12¢ FOR SLIDINGReenanccasns
GG T0 11090

RE".-..--.--.---.-.-VELoclfv OF INTERIOR PIINTSevaccoaenecoscanenas
FOR K=2 TO n3

FOR L=l TO Llel

REHO----------.-.---ootocYCLONE ‘CCEL FORHULAS.-.-...--.--.---.--
GO TO 190830

NEXT L

NEXT K

REMecsaemcwoncce=saVELOCITY OF AXIS INTERIOR POINTSe -

FOR x=2 TO K3

R1(Kel9d)=(R(Ke100)+R(KeD)oR(Ks1)oR(K=1,1))/6 .
Z1(Kele0)®(Z(Kel90)oZ(KeD)OZ(Ks1)o2(K=10912) /4

NEXT &

L=0

FOR Xz2 TO Kle}

GOSUs 08090

GOsu8 073%0

Bl=vieve

GOoSuB 08180

GOsSu3 07390

B18B)evievs

3222 (Kelol)=Z(X=]lsL)
ULKe0)zU(Ke0)uT2#8]1928 (P2 (Kol )eP2(Kelol)) /o (KoL) /32

Vi{Ke0) =0

NEXT K

REMecoconscnannewesVELOCITY OF METAL MASS POINTSewecevccrocanavews
REMeosconvemcnccrmrnnavsaci(l10)1V(]l9()) cecvncnsnccsnncnancaccnncnn
Bl=R(ly1)/2

U(le0)3Ul190)aT208]103]10(30P2(140)eP2(290))/76/W(140)

V{le0}=0

REH.--.-.-.-.-.-----..J'v FOR K=)¢. =} 70 Llelooncccoce -

K=}

FOR L=l TO Llel

Paa(P2(Kel)*P2(KoL=1))/2

PIx(P2(Kelol)eP2(KelylL=1))/2

P53 (3494=P3) /2

Bl (R{KeL)eR(KoL=1))802/4

B2a(R(XoL)oRtKeL o)) )02/

T R Ty
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NOLTR 74-77

TABLE A-l (COMT.)

T T AN R AR TR

05570 B3=(34(KoL)oR(Kol=l)I®(Z2(K,LYe02(Ksl=1))/8

05680 343(3*R(KoLIGR(KILOL1)II®(Z(KolLoel)eZ(Kol)}/8

03690 U(KoL)3U(Kou)aT2%(3281)8P5/2/7d (KoL)

05700 V(RKeL)SVIKsL)eT2#(334B6)#PS/W (KyL)

05710 NEXT L

05720 REMecococsvancasnnoscccsal)rV FOR Kﬂl.LlLl...-u-.-...-
05730 K=1

05740 Lstl

05750 B833(R(XeL)OR(KeL=1))02/s

05760 Bo=(R(KeL)OR(KelolL})ON2/4

05770 B8S5=T2/2/W(KelL)

05780 U(KoL)ZU(KIL) ¢IS*(33=84)0P2(1lol1le])

05790 BI=Z(3IPRQ(KsL)eR(KeloL)I®(2(KoLloL)eZ(KsL))/B

> 05800 6= (3®R(KoL)eR(Kel=l))®(2(KoL)eZ(Kolwl))/8

: 05810 V(lol1)sV{lel 1) eT2%(33+4B4)CP2()oL1=1)/W (KoL)

5 05820 REMecowencareconcscacsnsassePI(]l) PI(KIol)vvvonevsvwrven
029835 P3(1)2P2(1lel1e])

05860 P3(K3+1)=P2(K3eL1=1)

e, 05850 REMeccecencovaccnss=aesi)yV FOR LaLleK®2 TO K3
? 05890 REMeew«EXTRAPILATION FOR P3I(K) AT SLIDE PTS--.-...-.-

B 05870 L=aLl

05880 FOR K32 TO K3

05890 P4z (P2(Kelel)eP2(Kelyl=l))rs2

05300 P3Is(P2(KeL=2)eP2(Keloi=2))/2

05910 PS53P4+ (P4=P3) /2

05920 P3(K)=2PS

05330 NEXT K

05340 FOR x=z2 T0 K3

05950 J=l

05360 O53SGN(Z(KeL1)¢SB(JIMR(KyL1I=SB(JI*R(JeLlwl)eZ(Joll"1)) B
05970 D63SOGN(Z(KeL]1)¢SBIJ*1)®R(KoL1)=S8(Je])®R(Jelol1l=1)eZ(Jslol1=])} :
05380 IF JU5¢<>Dd THEN 05050

05930 J5=06

06000 JaJel N
06019 IF J>Klel THEN 06030 -
06020 G0 TO 05972 :
06930 60 TO 99750 E
06960 60 TO 11970 .
06050 DTSSAR((Z(KeL)=23(J))*02¢(R(Kel.)=RI(J))#82) <
06060 DB=2SAR((ZIKs ) eZ3(Je1))nu2e(RIKoL)=RI(Jol))0a2) ~
06070 P53P3(J)+D7#(P3(Jel)=P3(J))/(D74D8) :
06080 B3 (R(Keloil)+R(KoL)) @82

06090 Bex{R(KeloL)eR(KoL)) 082

06100 853T2/9/w(KeL)

00110 U(KeL)SU(KeL)e35®(33e84)#P5

00120 REM

06130 REM

06140 B38(Z(KeL)oZ(XKelsl)) /2

06150 343(Z(Kelol)=2(Kol})/2

06160 A5 (3R (KoL) eR(K=ioel)) /s

06170 86=(3I*Q(Kel)eR(Kelol)) /6

06180 37=(B83985+340856)%T72/4d(Kel)

00199 V(KelL)av(KeL)e3T®P5

06290 NEXT X

06210 IF K3aKiel THEN 06230

06220 GO TO 06250
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NOLTR 74-77

TABLE A-1 (CONT.)
06230 REM

0t2e0 REH.--....-------'.---.-U'v FOR K'Kl'L.o.-.-...--.--...-o.-.----.
06250 K=Kl

06260 Ls0 :
06270 B1sR(Ks1)/2 Los
06280 REM

06290 PS52(3#02(Klel40)=P2(X1240))/2

06300 U(KeL)2U(KyL)+T2%31€31%P5/2/w (KoL)

06310 ViXsl)=p

06320 QE”-o---.-..-.o-OOOO.-.-U'v FOR KeKiol2] T) Lle]rerncancocccnsana
06330 FOR Lsl TO Llel

06340 322 (R(Kel,)R(KsLe1))002/4

06350 B3x(R{KIL)-R(KelL=1))092/s

06360 Pam(P2(K=2yL)eP2(K=lol=1))/2

06370 P33 (P2(K=2¢L)+P2(Ke2yl »1)) /2

00380 8BSt (3ePgeP3) /2

26390 UIK+L)BUIKIL) »(B82=33)CT2005/0 (Kol ) /2

06400 BIS(IOR (KoL) oR(KoLO1))®(2(KsL)e2Z(Kolol))/8

0606410 B4={3OR(KoL)+R(KILe1))®(2(Kelol)mZ(Ksl))/8

06420 V(KoL)aV (KoL) e (A3034)8388T2/0W (KyL)

06430 NEXT L

G644) RE“.---..--.----.on..--.*c-..u'v FOR KIKI.L.L] - -
96450 Lswsll

06460 838 {R(=lol)eR(KsL))0e2/4

06470 B4 (R(KyL)sR(KsL=1)) 02/,

00440 85=372/2/d(Kei)

006430 U(KOL,.U‘KOL’0(33-&".92(K.i|L01)065

06500 338 {3R (KoL) eR(Kelol))P(Z (KoL) @Z (Kol ))/8

06810 Bem(IOR(KsL)eR(Kelwl))®(Z{Kobml)eZ (Kol )) /B

06520 TiKel) VKol o (B3006)0P2 (Kalolel)®T2, d(Kol)

06520 RE™

06540 REM

06?50 QE“Q----.--.---..-----FLo‘ V‘RI‘BLE PR!NT ﬁouTxN[.-. -
06560 IF N2l THENUSS3)

06570 IF T>sT7eN7 THEN 06590

06580 GO0 TO 07130

06590 IF N<Ne THEN 08610

6600 GOSUB 20020

06610 PRINT SN2INsSTeSToET133T)eST2wsT2

06620 PRINT

06630 REM FOR FLOW VARIABLE PRINT BYPASS

056640 REM=ecweeeeeel) TO END OF FLOW VARIABLE ROUTINEee=ew

06650 RE+

06660 FOR Ka1 TG X3

06670 PR‘NT§K8§KOEF(‘)'§F(()OEWVEL'ESQR(U(K’LI,.'ZOV(KOLI).'E).szaﬂa
06580 PRINTSLS1E22,3R292J3,2VE

06690 FOR L=g TO L1

06700 PRINT LoZ{:oL)sR{KILYsU (KoL) sV (KoL)

06710 NEXT L

06720 PRINT

06730 PRINTZLS¢2P1eQZeS3)3e3VISe2E23

06740 FOR Lz0 TO Lle)

00750 PRINT L P2(Kel)o@1iKeL)eVI(KoL)oE2(KoL)

06760 NEXT L

06770 PRINTEKZIZLS4STI (KoL IZ9SC2¢KoL)S

06780 FOR L=m0T0 L1}

AL vy 4 S BRSO NGOG
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06790
06800
00310
06420
06330
06840
96850
360
pedro
061380
06890
06900
06310
06320
06930
06940
06950
06360
06370
06980
00390
07000
07010
07020
079030
07040
07050
97060
07070
079080
07090
07100
07119
07120
07130
07160
07150
07163
c717)
071490

NOLTR 74-77

TABLE A-l (CONT.,)

PRINTKsLs T3 (KoL) 9C2(K0L)

NEXTL

NEXT K

IF K3<>Kl=1 THEN 06920
K=Kl

PRINTESKzZK
PRINTSLSeSZS9SREeZJZe2VE

FOR L=o TO L1

PRINT LeZ(KoL)oR(KoL) eJ(XoL) oV IKoL)

NEXT L

PRINT

PRINT

PRINT

PRINTSKS9ZRIS9SZIZeZP3E

FOR XK=1 TU K31l

PRINT XoRI(K)$Z3(R)»PI(K)

NEXT X

PRINT

PRINTSKS9ZLE9SVEL(FT/SEC)E

K=

GoSuU3 11920

IF K3¢K1~=i THEN 07030

K=Kl

GOSUS 11920

REM

PRINT SKSeZKI (<) SeERe (K)S9ZZ26{X)ZeSS8I(K)=
FOR K=1TO K3el

PRINT X¢KP (K} 9R4(K)224(K) + S8 (KX)
NEXT K

REM ecewecveceweeEN) OF FLOW VARIABLE PRINT ROUTINE==
IF N3)1 THEN 07130

NT=NT+)

IF N7>=NS THEN 1197d
REM.--.---ut--.-.----.-_.--o.EMERGY CHECKeow oe

GOSU3 11440

RE"*--.-.-----RETURN TO S‘ARt OF MAXN ROUTINE""
REM

GO0 TO peldo

REM

REM

7199 REM eeceemeeva[NITIALIZE ME AND FUZE CELL DENSITIESe=~

07290
07219
07220
07230
07240
n7250
07269
oleTo
07280
97290
07300
07310
073290
07330
07360

FOR L=p TO L)
FOR X2t TO Ké
R2{KalL)=R2

NCXT K

FOR K=Keel 70 3
R2(KeL)mR3

NEAT K

NEXT L

RETURN

REMrorvencnvceaanveSYURRIUTINES FOR MASS9VOLJIMEsAREAS-
G1aZ(KeL?

HISR(KoL)

G2 {Kelol)

HZSR(KelLy

B3sZ(Keleiel)

57

b e

b K g
Aaaads

et i R e M bR

SUSPIRR IS RV PR WS




NN .o~ . 4 S N 3 . o . a3 2ol L . N edia 4 "
. N R L At R o teaka e o O Dhisiaus 24 e, byt g
. . Ly e gyt s ARG LA R Fenid N AN S AR RO o |y B ith Vb e e i RS S S A
3R I ts LGS S S Al Aika el " o - - ve—an . . - - e e XA

NOLTR 74-77

TABLE A-I (CONT,)

07350 H3IsZR(Kelslel)

07360 GéemZ(KeL*l)

07370 MeaR(KeL*1)

07380 RETURN

07390 X1=6}

07400 Y]l=Hl

07610 X2mG2

07420 Y2mKH2

076430 IF K<K1/2 THEN 07470
07640 X3mG3

07450 v3=r3

07460 GO TO 07490

07670 X33Gé

07480 Y3sHs

07490 GOSUB 07650

07500 v3sve

07510 A3=A

07520 w3szw

07530 IF K<K1/2 THEN 07570
U7560 X2=Ge

07550 Y2=aHe

07560 GO TO 07590

07570 X1=G3

07580 Yl=H3

07590 GOSUB 07650

07500 VeaVv2

V7610 A4=A

07620 Wesw

07930 WS5EW3ens

07640 RETURN

07550 Ab =X1®Y2=x28Y]
07660 ATsX28Y3=)X3NY2

07570 ABEX3ey]lex]®y]

N7680 AzABS (AG+AT+AB)} /2
07590 Rs(Ylev2eY3)/3

07700 v2sAeR

07710 w=v2®R2 (KoL)

07720 RETURN

07730 G13ZixKyi)

07760 HISR(KoL)

07750 G2=2(Ke) L)

07760 H2=R(Ke'oL)

07770 G3m(Z(releLe))eB2)/2
07760 HIB(RIKelsLol)oH2)/2
07790 Gem(Z(Kelol)eGl)/2
07800 Hez(R(KeLel)enl) /2
07810 RETURN

07220 GI=Z(KeL)

07830 H1SR(KoL)

0784y G222 (Kelol)

07850 H2aR{K+iol)

07960 GI=(Z(KRelolL=1)eG2)/2
07870 H3S(R(KeloL=1)eN2)/2
07880 Gée=(Z(KoL=1)eGl)/2
07890 HAZ(R(XoL=1)eMHl)/2
07900 RETURN

e et ot SRR




07310
¢7920
g7330
0790
u79s¢
07360
07370
07980
4 3 07990
TSR 08000
‘SO osolo
] ov020
- b 08030
N 08060
§ 08056
3 0d060
9 08079
05080

5, 08090
3 08100
0bl10
. n812¢y

k., 43 04139
2 - 3 0uia0
- 09150
SN 08160
¢ : 0b170
3 3 05180
E: 081990
Y : 08200
o210
k- 08220
AR 98230
e, 3 08240
. 08250
L 08260
k- 08270
x . 8280
- by 08290
3 08300

88310
08320
08330
08360
:% 08350
- 64360
08370
¥ 08350
3 08390
08600

E 08410

3 2 8420
3 K 08430
) .3 (YY)

k- 08450
ks : 08460

K
Lot

GlaZ (%)
HiZR(KeL)
G23I(Kel 1)
H2ER (KoL ¢1)

NOLTR 74-77

TABLE A~{ (CONT.)

G3=(Z(XK=lolel)eG2)/2
HI=(R(K=lol¢1)eH2) /2

Gex(Z(Kalol)eGl)/2
Hez(R(Kelol ) eH)) /2
RETURN

GleZ(Kel)

H1a3R (Kol )

G2=Z (KoL *l)

HZ2=P (KoL ¢1)

G3a{Z(XelolLo1)eG2)/2
H3=(R({KelolLel)eH2)/2

Ga=(Z(Kelol)oGl) /2
Hez(R(Kelol)oM)) /2
RETJ2N

Gl=2 (KoL)

Hl=R (K}, )
G2=(Z{Keliel)+G1)/2
H22{R(Kelsl)erml)/2
G3x2]({xel)

H3=R] {Kel)
Gea(Z(KoLolier)) /2
Hex(R(Koi*2)eHl) /2
RETURN

GI=ZiKsL)

HISR (KoL)
G2=(Z2(Xsl.*]1)eGl)/2
Hew (R(KoLel)oMl) /2
G3xl1l (K=1L)

H3=R1 (K=loL)
Gez(Z(Kmlol}eaBl)/2
Hez(R(K=~lolL)oeM1l}/2
RETURN

G1=Z2 (Kel)
HYZR(Kel)
6e2(2Z(Ksl=1)e@l)/2
M2 {R(XebL=1renl) /2
G33Z]1 (K=L9l>=1)
H32R1 (K~Jel=])
GAZ(Z(Kelol,)eGY) /2
He3 (R{K=] ol ) eH)) /2
RETURN

Gl =Z(K.L)
H1ZRIKeL )
G2=(Z(Kel=1)eGB1)/2
H2e (R{XoL=1)erl) /2
GaxZ]l iKel=1)

H38R] (Kelwj)
Gen(Z(KelslLieGl) /2
4B {R(Kelol)eMl) /e
RETURN
REM

IF N>0 THEN 086990

evencncefld OF STATE ROUTINE

CQLC ’Z.Ez.ce--..-.-o...-v...
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08470
08480
08499
06500
oust0
08520
08530
08540
8550
08560
C8572
2W58g
98590
L8610
J3620
085630
086640
08650
08660
08567¢C
08380
08690
08790
8710
08720
08739
08T40
08750
08760
08770
08780
08790
ou89C
oEs19
08820
08830
04840
yaaso
08860
08870
ou880
08899
800
04310
08920
08930
28960
08950
08960
08970
08980
08990
09000
09010
09020
09030

NOLTR 74-77

TABLE A-l (CONT,)

80SUB 08760

60 TO 08750

IF K<sK4 THEN 10150

Ne=(

HeV]{(KeL)

CesD2/M

CERDIN (" =Co/F))REAP (FL10K) 2D (1aCo/F2)SEXP (=F20H)
E63E2 (KoL)

FOR N2y TO 1

PlaCavz2(KyL)oC5

81L0)0f (K)

B3aP14Q) (Rl
E2(KeL)miOe (PPl /245 (KoL) ) WVE

NEXT w2

Pty =PI

Faz=D2/n/H
FeuoDIN(FI/F1eF1#8(1=Ca/FL)OEXP (aF]1#H)
FOxFual(®({FI/FReF2¥(1CC/FP) ) SEXP (=5 20H)
CeiXol )= (HOH/ADIKIL) I # {aP1ECHeE2 (KoL) OFIeFs)
{F C2(KoL)>0 THEN 08759
PRINTZENS=N-ERSSKIZLEZL 02P1a3P) 92V (KoL) 2V (KoL)
PRINTSE2 (Kol )83E2(XKs5, ) sSELn3ES
PRINTSR(KeLIZSR(KIL) pSZIKoL)IBSZ (KoL)
PRINTSR(Ke19L)sZSR(Ke 9L ) eZS2(Kel sl )mSZ(Kelol)
PRINTZR(Ke oL o1 )8SRIKe JLe1) 9SZ (KoL oL @) )BSZ (Kelolw]1)
PRINTSR(Ke{ ¢})sZR(XeL o) oSZ(KyLo1)SSZIKoLe1)
PRINTSRI(K)®SRI(K) 223 (K) =23 (K)

RETURN

Dl. 7839

D2s=,30

R3=1,6234

DI3=84,9085

Ce=,0%8

€1s,081s

F]sb-Z

F2=g,.9

@383=0,731306

PRINTZUWL EGNS
PRONIZDSZ0+ZRHI(0) 2RI 9ZD23ZN2+2038ZDI¢=D0s=0D4
PRINTZELISZELZ (WBAR=CC/CC)S93F1asF) ySF2asF2
PRINT =Q3=)=v]1(CJ)=Z23

ARINT

RETURN

REMecweasBASE CORNER MASS CHANGEsowrernwree
X1=(2(K1=1oll)eZ(K1s} 1)) /2
YIs(R(Kl=1sL1)oR(X19 1}) /2

X2sx]

Y23 (R{K1=1oL10))eR(K1oL)e1)) /2
X3m(X1eZ(K)lelol1el))/2

Y3 (Y2+R(K1o01ygl1lel)) /R

80SUB 07650

W(Kl=)loLl)mW(Klm)ol]l)ow

W(KIolL))BW(K]ol1)=W
X1s(Z(Kl1oLl)eZ(K1lsl1l=l))/2

Y18 (R(KloL})eR(KIoL1e1)) V2

X2 (Z(Klelol)oZ{Xls9Llel))}/2

ki s £ aite Laded Mrd )
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NOLTR 74-77

TABLE A-I (CONT.)

19040 Y2=(R(X1eloL1)eR(KIoTyL1e)))/2
09090 X32(R2sZ2(Klelellel)) 2
GY060 Y3IZ(Y2+R(KL*Yel121)) /2
GY070 GOSUS 07050

V080 W(KloLloil)aw KloLlol)en
09490 W(Klel1)SWI(KLoL1) =W
09100 RETURN

07110 REMecanvercwcaaASE ENV MASSES«1(5 MMeveaevevoavan
07120 K=K}

9130 L=1

07140 GOSUS o742y

D150 GOSUs ¢T739¢

09160 wW(Kel)BWwS

0¥170 GOSUs 7730

07180 G3=336,9

07190 H3322.37

09200 GOLUB 07390

079210 wiKel)=wW(Rol)eonS

0¥220 L=2

09230 GI=Z(KyL)

UYeed nl=RK4L)

04250 Goz3b,.Y

69260 H2z3.25

09270 GOSVU3 0739y

09240 W(KelL)=wW5

V9290 G4 (Z(<oL) e (KolL¢L)) /2
09300 Hes(R{KyL)eR{KoLel)) /2
09310 63336,9

UY320 M334,37

07330 GOSUR 07390

09340 Wi(Kel)awWw(Noel)enS

09350 L=3

L9360 GI3Z(K4L)

09370 HI=R(K,L)

09380 6G2=3n,9

09390 H2=6,55

Uv400 GOSUS 07390

DY310 W(Kel)=wd

Y620 G4=33,35

09630 Hex2,.8

07440 63s34,55

DY450 HI=4,95

V94060 GOSU3 07390

09670 W{KeL)aw(Xol)euS

NY9433 X=Xle}

09690 =01

09300 Gl=Z(KeL)

09510 HISR(KeL)

09320 G2=32,9

09330 H235,2

NY340 LOSUB 739y

0I550 W(Kel)=WS

09360 G&z232,?

09370 H4=3,.15

V7580 G3232.5

NY390) H3=5.25

X
=4
>
3
3
21
5
<4
k>
3
e
3
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09500
09610
03620
09630
096460
09650
094660
DYSTH
nIsn0
095690
09700
oy10
07720
09730
09740
69750
0Y760
09770
09YTN0
09798
09800
0v810
098290
94330
09340
09550
098690
09470
09340
LLUT)
09900
u9310
0743920
09930
LEXTY]
09350
0¥360
093790
0Y9u0
09390
16000
10010
10020
10030
10060
100590
14060
10070
luoao
1¢090
10100
Jutlo
10120
10130
10160
Juldt
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NOLYR 74-77

TABLE A-t (CONT.)

GOSU3 07390

W(KolL)x=wW (KoL) eu5

KsK]l~g

L=t

G13Z(KelL)

HI=R (KoL)

G2sltKel*1,

H2=K (Kol *])

GOSU3 073y0

wW(XsL)med

G0Sus nTYln

GOSU3 07390

wWiKoL)aw({Kol)euS

RETURN

REU=eafXIT IF JU>Klel IN MASS PT PRESSURE RIUTINEemeve
PRINTZSDRY PRESSJRE WVUTINES

PRINTS J22JeSKnZKesR (KoL i) 8SRIKILLI) 9ZL(KoL1)832(KeL))
PRINT SUSeSSAIJIZeSR(JelL1=1) 322 (Jol1=2)Se2062

FOR u=1 T0 n}

D6TL (KoL} *SB(JIPR{KeL1I)=SEB(J)®R{JsLI=1)=Z(Jsl]=]}
BRINTUeSEB(J) eR(Jok 1=l Z(JsL1=1) D6

NEXT o

GO TO ¥197¢

HEMeocmccnccneadEUP PoE JTERATIONIALT METHDDjrravoowe
FoxF (k)

E63EZ (KoL) = (Pedl (Rol)) VS

P32 (Carro+CS) #FS

E2(KsL)BELw 50 (PI=P) OVE

PI={CevE2(Kel)¢LS)®F5

P2(Kel)2Pleud]l (KoL)

GO0 TU 0H539

REMecccavvrecacesnevaaNIYT R(KXoL1Isn{XolL1¢]l) STEP jeacecscsvececes
FOR K30 TD Xle)

QEAY R(KolL 1) eR(Kel101)

NEXT K

RE TURN

R[M ecccvecronvacesonaVPUT RI(KtL])IR(KeslL10]l) STEP Zeccanmnvovcrvmne=
READ REOsL1)sR(OsL1e))

FOR K=1 TO K} STEP 2

READ R(KeL1)IR(KoLLI*Y)

NEXT K

READ R(KleloelL1)eR(<1elol)ol)

FOR X2 TO Kle] STER?
R(KeL1)Z(R(KeloL1)oR(Kwlobll)) /2
RIKoL1o1)Z{R{KelolLlIvol}oR(K=191el))/2

NERT K

RETURN

REM=accoreans INIYT SPECIAL RIKeL119R(LeL10])} VALUESewwocanrnuswoans
R(20¢L1) 23,058

R(20sL 10l )=d 2

R(21+L1)®=2,55

R{2lei.101)285,05

RE22eLTIZR(21 0L

RETURN

REMemese=E] OF STATE FOR FUZ2E CELLS®wwnersvcasas
P32P2(<yL)
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10160
10i70
10180
10190
10200
10219
10229
10230
10260
10250
10260
10270
10280
10290
10300
10630
10320
10330
10349
3 10350
; 10360
10370
10389
10399
10400
104l
10420
E: 10430
3 10649
. 104%0
10460
10470
104089
3 1049y
3 10500
i 10819
3 10520
ke 10530
10840

10%5¢

1056n

B 10570
" 16530
10590
106006
; 10610
P B 10620
- 10630
b 10640
- 106%¢
106690

10679

10680

- 10690
3 10700
16710

I
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TABLE A-1 (CONT.)

P21K¢1L)me N1/ (VI (KoL) 0OT7) Q) (KoL}
EZtRoLISEZ(N L) w1 (PIePR(Fog))/72) 0V
C2(KoLIm s 0T/R2(KeL)/LVE (Kot | 986)

GO 10 ¢aer0

REFonccovvosnccnsnnsonsrnageS5LI0E AQUT INE®w/» -
Lul]le)

1F N>1 TREN 10310

FOR Ksl 10 K31}

RI(KYZR (KoL L)

23(K)m2({Kkoll)Y

NEXT K

60 10 10¢€S0

REM

REN

REWV

FOR Ksz 70 K3

REV

REWV

REV

SB(K)me (24 (K)eZ (KoL) /ZIRO(K)=R (Kot ))

REV

Jul

U982 (JelL1e(R(JelL1)oR (Kol ?)eSE(K)a2 (KoL)
NE3Z(Jelob 1) e (R{JS1oL1)oRIKIL)IO®SB(KIZ (KoL)
1F O6x8 THEN 19540

1F SGN(DE)<c>5GN(DS) TMEN 104690

Jugel

1F JaKl THEN 16520

NS=D6

GO T0 10390

ST (R(Selol1)eR(JOLINIZE{Z(Jodol)l)=2tJslY))
23(NV32 (KoL) +SB(K)INSTIO2(Je) 1)oSBIKIC(RIJeLE)uR{KoL))
Z3(K)$23(K)/ (1+S8LK)EST)
RIKIsREGoLL)eSTOZ (Jel 1) *ST7€23(K)
K9(K)my

GO 70 10570

PRINTESLIDE ROUTINEJmZJ)rSKZSK

80 10 11870

RIK)sR(yoisL )

T3I(Krm2 ¢ olol )

K9(K) sy

REWN

NEXY K

R3(1IsR{ToLYY

23¢1)82¢1eL 1y

R3I(K3Ie1)sR(KIetell)

Z3(KIe])nT (K30l 1}

S8({1)w}

S8 (K]l)me}

RETURN

REN wasceseeCELL CORMERS FOR Lelje]esncnanen,
Gle2(Kel)

MISR (KoL}

0282 (Kel ol

H2sR (Kool !}

G3823(Ks})
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4 ' 10800 REM

E . 9} 10850 B1s(R(KeloL)eR(Kelol)) /2
€ 3 10860 IF L<i) -t THEN 10900

3 2 10920 838 (Z(KelolimZ(Kalel)? /2
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TABLE A~ (CONT.)

10720 H3zRI(Kel) 1
10736 GesZ3(X)
10740 HesRI(K)
10750 G0 TO 04600
3 10760 REM

3 13770 REM

o 10780 REM

3 10790 REM

Labt e 5 et 1

NS ik

10810 REM

10820 RE"---.---.-.-:-CYCLONE ACCEL ron“uL.s--.-.--ou..
10830 HIs(P2(Kel)oP2(Kolol) =PI (Kalol)aD2Ralol~vi)) 2
14840 H28(P2(KeL)4P2(K=lsL)=P2(Kel L o)) P2 (KoL ~1)} /2

E 3 10870 928(R. . (KelLe=l))/2
- 5 10880 843°23,. - - “yLel))r2
2 - 3 10890 GO TC ig9¢c.
-

AT A D e

el

: 10900 828 (R(KeL+r1)eR{Xelel))/2
g0 3 10910 B4s(Z(KoLol)oZ(KoLol}) 2

2 16939 343(Z(Kelo2)=Z(KoLol))r2

: 8 10940
R 11000
A 11010

11029
K 11030

3 3 11040
E 3 11059
3 3 11960
: - 1io70
. 3 11080
S 11090

“y 11100
<8 11110
11129

3 . 11130
E . "M 11140
3 11150

, 3 11160

¢ v 3 11170
S 11180
. 11190

3 11200
k", E 11210
g 3 11220
.. 3 11230

- - 11240
: s 2 ‘1250
= 4 11260
11270
11280
11290
3 11300
4 11319
x -3 11320

IS8T20%Q (KoL) /W (KoL)

UKol )IsU (KoL) o350 () 0H22320K1)
VKoL) V(KoL )eB85% (34011 .3306K2)

80 70 05350
“EHO.O.OO‘-.OOINITI‘LIZK G 108 P1S423i{X)sRI(K) wevconaa
FOR x=} TC K1

R3I(K)SYI(Roi L)

2I(K)aZ (KoL)

NEXT X

RETURN

QE"‘.""'-.Q‘.C.LC Ré2s FOR sonxNchom...oo
IF X9(x3)30 THEN 11120

8C 10 11139

K9 (K3)sK3=]

FOR X=2 T0 X3

RB8sR(KG(K)yL])

6m2 (KP (K)ol ))

RSGR{XP (K)ol oL ))

L9sZ (XS (K)elyll)

DIsSQR( 19781902+ (RYaB) 902)
$9=(R9-RI) /09

Co9s(29-28)/09

G52R2 (Kol lel)mPE(Kwlelle])
Gonl3I(K) w2 (KoL)
G7I8RI K)oR (KoL 11
GO=RI (X) /72/7M3 (%, L1)

G9xG8e358 (56059G70C9)

60 1O 11340

058P (Kelillel ) (RI(Kel)aR(Koilel))
G6mP2 (K¢l 1=1) O (R{KeL el nRI(Ke]))
578P2(Kelolle] 1012 (Kel)eZ (Kol }e]))
GBSP2 (KoLl 1) % (2(Kel1®)1)aZI(Kel))
REM

FIRRIO (AL (K= cLE=1)/VilKodollal)eALl (Kot 1))/ V] (KoL) "1)) /6

LLP NS P IRV R RS TIRTN
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11339
11340
11353
11380
11370
11349
11390
11400
11410
11620
11630
Flesan
11450
11660
11670
11e39
11490
11599
11510
11520
11530
11360
11550
11560
11570
11530
11590
11500
11810
11620
11539
11540
11559
116,54
11870
118480
113990
1iv99%
11710
11729
11739
17«0
1175»
11769
11770
11730
11790
11909
11810
11320
11830
11340
113%¢0
11960
11370
11340
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TABLE A-| (CONT.)

G9359/2/F9
UT(K)sJ(KsL1lel)eT28C 3059
VI(K)aV (Kellel)eT2453239
T (R)SZIIK)eUT (K)*T)

RO (K)ISRI(KYevT (K)®T)
NEXT X

GO TO 05140

REV cocercncrccvavrasevvecsafNEQGY CAECKTescnosssnns

€3=0

E¢n)

E£5=0

FOR X=1 710 Kl=}

FOR Lzo TO Ll=e}

EIAREIE2 (Kol ) @20PP0y) (KoL ) /R2 (KoL)
NEXKTY L

NEXT K

FOR k=2 10 K3

FOR Lz TO Llel

EeZELeO90 W (KoL) w(U(Kal) #0820V (KyL)®82)
NEXT L

NEXT X

K=}

FOR =29 TO Lle!

G0OSuUB 11710

NEXT L

Lol

FO% K=} TO K3
Ea3E4eP904 (KoL) P (T (K)OR24vT (K)002)
ESIESePINu (KoL) P (UIK9L) 320V (Kol ) ®02)
NEKT K

IF K3¢xi-1 THEN 115890

KsK}

FOR Lz2nr TO L1}

GOSud 117190

NERT L

Eab3eEeofS

PRINTSNSENGZIESASEZEZ o SKEGASEEE4 1 SKEVETRZEL 2 SETCTYsZE

RETURN
CIZEGePINUI (Ko )OI (KoL) #0220V (K9} ¥02)
ESEES+090m (KoL) {J(KL) %220y (Ko } 082
RETURYN

REMvcwaweadURN FARIITION (FLANE DETONATINN) cevecee

IF Fix)al THEN 1.900

IF D9T<c(2(Xen)=2)THEN 11929
IF Ksxsel THEN 11970
FIK)IB(IoToZ{K9B)oL) /12 (Ke)oll)=2(Ke0))
F(K)sF {K)/1s2

ez (lev]i(Ke0))sa3

IF rix)cdn THEV 11830

GS 1D 114960

F{X)=0%

'Y Fir:>l TREw 11870

IF F(X)<0 THEN 11x30

30 T 11900

FiK)=}

63 1) 11300

P T 4
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11939
1134¢
11350
113690
11370
20000
20919
2uvg29
20040
euiso
2U950
200790
2v030
2V09)
2vigy
24110
20120
29130
2ule0
20150
29160
eui7o
2V180
29190
20200
20210
2vean
2v23)
2u240
29250
2926¢
20279
2u389
20240
29300
20319
20320
20330
246340
249359
Zu!so
249379
2y3430
2v3vo
20490
2ueid
2ue2y
2063)
2vhed
204650
20469
20675
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TABLE A- | (CONT,)

Fi(x)=0

RE

GO T2 ne760
REMea==aCALC MASS PT VEL FOR K- ;4. 8K|c snmncencccsaves
FOR L=0 TO Lle=l

PRINT <ol oSUR(J(LsL )982V KoL) 80218320808

NEXT L

RETUAN

G0 10 30090

REMwecovecaneafRALMENT PREDJICTION SCHEME=coreccses
REM

agq-----------------------usxsnr PER POLAR 20N eccewa

RE"'"*”""‘SE' wre JZ"'S’ Ld )
For J2=1 TO 37
FOR v5x] TO 2e( 1Kl

a4T(J2ev5) 30

NEXT M5

NEXT J2

REM ..----.-o---o‘VGLE AP(M5 9] /2 ) mecconasccasces
PRINTZWSE ZASoZLZe3w530309(M5e]1/2)3
Rz v

REM

~E™

REM

WA

FOR us=] TQ L1

Kz}

LeM5e]

RSS(R(L,LIeR(KelLed) )22

IS (2 (Kol o2 (Kol o1)) s
JS3U(KyL o]}

VsV i{Ke_e]l)
d31M43)2SAR(U(KeL! D02,y K L} 0e2;
305y3 21390

NEXT ™3

FOR w3z le¢] TO Li:Xlel}

L=l

KeMSet ]

RSB IR(CILISR (Ko oL )22

{53 (2t o) (Kel ol ) )2
USzU(Telol)

VSsvV(Kelol}
AI(M513SIRUIKIL) 020V Kyl ) #82)
GO%J3 21390

MERT M3

FOR “5xL oK) T L1®*2eK]le]

LE 1.9

L=2% leK]l="5

RES(I (el ) e (Kol=}))/2

ZS53 (2o Vo2 (KoL =1s7/2
USEJ(Nel~})

VievVigy =]}

TI(MI 8SIN (UKL 1982,y (L) 022)
30549 2139

NEXT my

A3i{0)=p
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TABLE A-f (CONT.)

2uéB) dS(2% 1eK]l)aK(KX]00)
20490 Q3I(2%L1eK1)SSQR(JIKLo0)002eV(K]190)082)
20500 A9(2%L1+K1)=2180
20510 REMecvwcvncccsccccs=caaSET NT71059Mb9Q69NIgNES2ERD~ -
20520 FOR Jo=l TO 37
2v539 FOR u=1 TO U9
203540 NT(J6eJ)80
29350 WS(J6eJ)=0
2U360 M6(JbeJ)=0
| 3 20570 36844120
3 -3 20580 N3I(J6+J)=0

ke g B aPd Dl Yl TR

N -3 20590 NEXT J

2 y: 20500 NB(J6) =g
5 4 20610 NEXT J6
3 b 20620 PRINT

R 20539 PRINTZMASS PTZe3POLAR ZONES+SWT IN ZONE(GRAINS:S
¥ 20649 REMewweocscessaneesT)ITalL FRAG «T AND AVE. VE_L IN PILAR ZONESwececve=e
20550 FOR M3=z] TO 2#_]1e¢Kl
. 3 20660 IF A3{vS=1)>A9(M5) THEN 20700
{ . 205870 CIsA9(vS=1)
. 2ys80 CB=AI(4S5)
3 2us890 GO TO 20720
20790 CT=A3(4S)
2uT10 CB=3AP(vS=])
; 20720 J2sINT(C?/5)e1
3 20730 JISINT(CB/S) e}

4 i 2uTe0 IF J2xJ3 THEN 20830
. 20759 JeaJ3wg2el
4 20760 363C8-C7

2UTT0 WT7(J2ev5)B(J24#5=CT) 46 (45) /B0
A 20730 W7(J344S)2(CBe(J3~1)05)0y6(M3) /86

SalECH e A DL

: oA 20750 FOR N9=1 TO Ja

3 3 20800 A47(J2+NIeM3)358wbH(45) /36

1 R 20810 NEXT N9

3 3 208238 GO TO 20840

k! 3 20830 WT(J2eY5) 266 (M5)

A A 20840 FOR Jo=J2 10 U3

E 8 20850 FOR Js) TO J9

A 3 20360 NTUJr JIENT(J6sJ) *N(MS0J) ®aT (J5eM5) #PG

20870 WS{J6e)BWS(UBeJ) *d2(MIeJ) ONT (J6MS)
E 2U380 NEXT J
Ty f 20830 PRINT MSeJ6edT (US945) 9

9 20300 NEXT Js
3 3 20910 NEXT ™3
: f; 20920 RE* --o--.----.-.-...-.-.-.-.fof.L IE!GHT - -

7 20330 T8z
E: 20940 FOR w5z] TO 2e_1eKl
2u3IS0 TB3T8ewH (M)

3 20969 NEXT M5
v 8 20370 T9=TRepPy
. & 20380 PRINT
2v390 PRINT=TOT METAL #T=ZT93L3(STYST000SGRAINS)2
21000 PRINT

: 1 21010 PRINTSPOLAR ZONESe3MET WTS9ZPCT BY WISeZAV VELE
3 ! 21023 FOR J2s1 TO 36

g 3 21030 w8 (J2)sQ
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AN

TABLE A-l (CONT.)

21040 w9(J2)=20

21050 FOR wSs1 TO 24| )eK]

21060 wB(J2)aw3(J2)ed7(J29u5)

21070 49(J2)3w2{J2) +dT(J244S5) 833 (M3)
21080 IF J2<»36 THEN 21110

21090 WB(J2)2W8(J2) +uT(37445)

21100 w91 2)3Ww9(J2)+dT(37445)833(M5)
2111C NEXT ™5

21120 7(J2)=49(J2)232808/48(J2)

21130 PRINT J20wB(J2)%299wB8(J2)%Q9/TI/704Y(J2)
21140 NEXT J2

21150 REMw=veoscocccocancaceaNg. OF FRAGMENTS IN POLAR ZONESeescccceces
21100 GOSyY3 21710

21170 GOSuU3 22270

21180 GOSus 224890

21190 RETURN

zl‘;s QEM-----O'O--EVD of FRQG*ENT PQEDICTIOV SUEROUTIQE----o-oo--.----
21200 REM cecoscasacvaccccsnagf IGHT DISTRISUTION INPYTreoncccnrvoasoses
21210 FOR J=1T0 J9

21220 READ MU}

21230 NEXT o

21240 FOR “32)1T0 2#L]1+K]}

21250 READ M1 (¥5)

21260 IF w1(v5)<350 THEN 21290

21270 Jbz 20e(7/15)8(M1(45)=52)

21280 GO TO 21300

21290 U6320+40,4366% (4] (M3)50)

21300 FOR JzY TO J9

21310 x1=M({J) /U6

21320 x23SQR(x1})

21330 X33EXP (=X2)

21340 N(MS59J)aTe703258X3/Ub

21350 #2(M50J)3X3%(0,5%X1eX2¢])

21360 NEAT U

21370 NEXT M5

21380 RETURN

21390 REMeeccwmcasaeacANGLE AP (U5+1/2)
216900 8l=zVv(KeL)*US

21610 323U(K L) *VS

21420 933U(KeL)*US

21630 34zvKsL)®VS

21640 B52SQR(8198]1482432+83993486034) 83486
216450 JF ABS(BS)<ET THEN 21600

21460 A4=(B1e32)/85

21470 AS3A4# (RO=R5)+25=20

216480 Ab3A6%Ag

21690 AT7=AS9AS

21500 RE=SQR(AGPAT{AG+1)®(AT<D]I®D]1))
21510 REBRO+ (R6=A4PAS)/ (A66])

21320 263Z5+44%(R6<R3)

21522 IF M5<L1e]) THEN 2152S

21523 IF vS>«1eL) THIN 21525

21524 GO TD 21230

21523 IF (26~20)%(25=20)<0 THEN 21600
21530 IF A3S(26=20)<ET7 THEN 21530
21540 ABAATN((RO=R0)/(26-20))*180/P9




N 21550
21560
21570
21580
E: 215890
d 21600
¥, 21610
4 1 21830
3 - 21640
3 : 21650
5 4 21660
3 4 21670
o 3 21580
g 4 215890
= 21700

3 21710

] - 21720
3 A 21730
A B 21740
: : 21750
- 21780
Er k. 217170
B . 21780
;s 7 217190
3 3 21900
. 21310
3 21820
21830

21840

: 21850
e 21860
3 21470
2 21880
2 b= 21890
5 E 21300
k. 21910

? 21320
4 3 21330
3 E 21940
P, 3 24950
4 21360
; 3 21970
L 21980

: 213990

2 22000

g 22010

E 22020

22030

22060

22050

22060

A : 22070
& 3 22090
. 3 22090
22100

il S gy 1 (o fm i

arreridihs

ok 36 £
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TABLE A-| (CONT.)

IF 206-20<0 THEN 21650
A9 (M))s18(0=A8

GO YO 21660

A9 (M5) =90

GO TO 21660

IF 25-Z0<0 THEN 21630
A9(M5)=180

GO TO 21660

A9 (M5) =0

GO TO 21660

A9 (M5)z=A8

REM

w6 (M5) s (Kel)

PRINT USsKol o6 (¥5) 0AF (MS)
RETURN

REM

REMwecccccacsvasmanseaN), OF FRAGMENTS IN POLAR ZONES
PRINTZSVMSSySMBARE

FOR M5z]1 TO 2#L1eKl

PRINT vS§yM]1 (MS5)

NEXT M§

PRINT

FOR Jo=]l TO 36

FOR Js1T0 J9

IF JsJ9 THEN 21850

N3 (JB9sJIaNT (U89 J)=NT (JBeJeo])
X1205(J60J)=dS(J6rJel)

IF J6¢>36 THEN 218380
NI(J69J)SNI(J69J) eNT (3T 9 J)=NT (3T eJde]))
GO TO 21890

NI(J62J)INT (U6 J)

X18wS(Jser )

IF J6<>36 THEN 21850
NI(JHeJIENI (U6 JIoNT (3T J)
ME(JBsJ)ZX1®PE/NI(J69J) 2]15,4326

N8 (J6)NB(J0) 5N3(Jbe )

NEXT J

YO ({J6)=NB{J6)/VE(CH)

NEXT J§

PRINT

FOR Je=1TO 36

FOR J=1T0 J9

Q6 (J60J)2NI(U60J)/NE (J6)

NEXT J

NEXT JUs

PRINTZ NO. OF FRAGWENTS IN POLAR ZONESS=
PRINTZAT. RANGES IV GRAINSS

PRINY

J=l

GOSUS 22160

PRINT

Jzs

GOSUB 22(4G

PRINY

PRINTZ POLAR ZONEZSsM(J9=]1)Z=2M(J9) 20T, THANZM(JD)
FOR Jé6=l TO 36

&9

0
[
H
{




aer1o
22120
22130
2160
221590
22160
22170
22140
22190
22290
2é210
22220
22230
22240
22250
22260
22270
22280
22296
22300
22319
2232¢
22330
22340
22350
22360
22370
22380
22390
22400
22610
22420
22430
22440
22450
22660
22670
22489
rris 1
22500
22519
22529
22530
22540
22550
22560
22570
22580
22590
22800
22610
22620
22530
22640
22650
22660
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TABLE A-| (CONT,

PRINT J6IN3(JbedP=l) ¢N3I(JOeJP)

NEXT Jb

RE FTURN

AE! memecmecevsuesPRINT \Os OF "RAGS IN POLAR ZONESe reeeererwasecs
Xtl)sM(Jel)

X(2,8M(jo2)

R(I)mpi o)

X(6)sM/ Jeod)

PRINTSFZZoM(J) 202X (1) oA (1) Z@EX(Z) 02X (2) EwS (D) o X (2; EeZX (4)
FOR Jb21 10 36

FOR M2my TO Je3

NI(JOeM2)INT (U6 eM2)eNT (JpaMRe))

NEXT ™2

PRINT JOINI U690 J) oNI(UB9JeY) eNI{JBeJe2) ¢M3I(JBs Je3)

NEXT U6

RETURN

REMeccsarsssnncnscsweaapPRINT LETHAL AREA JVPUTeececvacesvensccsce
PRINT

PRINTZ LETHAL AREA INPUTS

PRINTEMeAV, WT IN ORAINSS

PRINTZ QISFRACTION OF NO, iIN ZONE > § GRAINZ

FOR Jssl TO 36 STEP 2

PRINT (J6~1)#52«2J6059ZwZ 9, JOHNSSnZ(Jj60])0S

PRINT ZMZ+20Z¢S=S93M343Qs

FOR J=) Y0 J9

PRINT M6(J8¢J)1Q5(J60Jd) 0Z=2eMB(J6¢10J) 006 (J6e14J)

NEXT 4

PRINT

NEXT J§

PRINT

PRINT

PRINT ZAV wWT=AV #T IN GRAINS OF FRAGHENTS>] GRAINE

PRINT = POLAR ZONEZe+ZINITe VEL(FPS)ZeEFRAZ/STERSsZAV AT (GRAINSZ
FOR Jé2] TO 36

PRINT(J6=11252=Z J6®50Y(J6) 1YF(J6) o W8 (J8) /NB (JB) #Q9

NEXT JU§

RETURN

REM owewcscccouAKE JMEM DECK FOR LETHAL AREA INPUT e
Y1(0)=ABS({U(1+0))*32808

Y1(36)3a8S(U(K1+0))%32808

FOR J6s1 TO 35

Y1(JO)m(Y(UB)eY(JbOL)) /2

NEXT Jb

RESTORE FILE(TAPEL)

FOR Jbs 1 TO 3%

PRINT FILE(TAPEL) (Jbel) ®959J6%50 (J6=45) 85¢Y1(J6al) oY1 (J6)0Y(J6) sJ9
FOR J=170J9

PRINT FILE(TAPEYIMB(JU60J) Y

NEXT U

PRINT FILE(TAPEL)

FOR Uzt T0 Jv9

PRINT FILE(TAPELINI(J6eU) S

NEXT U

PRINT FILE(TAPEL)

NEXT Js

RETURN




2257 OATA
22680 DATA
22690 DATA
22700 DaTA
22710 UATA
22720 OATA
22730 DATA
227490 DATA
30000 END
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TABLE A~I (CONT.)
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3.8505007"02'503"023.5.”
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302795660902+ 9705,1702.9706,57
19205920015¢2545001000150+250
200+200020061054105+100975+55s00930
35935045,50070+95011001309165,160
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Table AII

Notes on Fragment Prediction Code List

Notes

1000

1010-1050

1060-1100

1110-1300

1310

1320-1370

~380-1500

1510-1780

INPUT AND INITIALIZATION
Identification

Fixed constants, m, 27, 2m * 15,4185, 57/180, 2n/454.

Calculate and store the number of steradians in each
5° polar zone, for use in the fragment prediction
scheme (see Fig.9). The area of the curved surface
of a spherical segment of height h, of unit radius,

is 27%h, or 2n(l-cosa), where a is the polar angle.

The surface area, or number of steradians, between the
polar angles a; and @, is then 2n(cosa,-cosa,).

These are constants for the computation, defined in
Table AIL

Equation of state constants are gotten from the equatlon
of state subroutine (8450-8900).

Constants used in the computation are printed out.

Dimension statements for subscripted variables. The

dimensions and descriptions are listed in Table AIII.
GRID POINT INPUT AND INITIALIZATION

Dimensions in cm, taken from drawings of the weapon

casing and fuze, are inserted here. At the same time,

the values of the interior grid points are obtained,

either by uniform spacing or by reading in special
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Table AII - continued

Notes

R ke S sk
e L Y e oL shdake A AN R SR -

values. The example in the program 1ist (Table AIV) is :
for the 105 mm prcjectlle, which has a curved base

(see Fig.3). Special grid point entries were made in
order to get more uniform cell sizes in the base reglon,
and to meet the requirement that each cell have four
corners. These speclal entries are not needed if the
base walls are essentlally perpendicular to the axig,

as in the 155 mm and 5"/54 cal.projectiles. Input and
initialization for the example, the 105 mm projlectile,
were done as follows:

Dimensions, ir cm, were obtained from a drawing of the
weapon casing. The fuze was replaced with a steel plug
in the nose. Alco plane detonation of the HE, starting
at the nose was assumed.

1510-1550: Enter metal boundary points on the axis

(see Fig.l).

1560-1590: 1Initialize Z,, values by putting uniform
spacing between Z,_, and oo

1600-1610: Input special coordinates for the axis points.
1630: Read in R, ,R,,., (0O€L<L1+1) in cm, taken from
the drawing, assuming 2, ., *Z.,=%,. This can be done,
one K line at a time, in 9910. To¢ reduce the number of
data entries one can read in every other R value between
K=1 and K=Kl1, and have the program produc¢ the inter-
mediate pecints. This is done in 9960. In the example
(Table AT) 9960 was used and the data appear in 2267C-
22709,

1650: Special R,,, ,R,.., values, replacing those
already inserted, are put in here, toc make the cells more
uniform in the base region. This was done in 10070,
1660-1740: Grid point coordinates are calculated, using
uniform spacing.
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Table AII - continued

Statement A
Number Notes : E

e
R

1750-1780: Special Z,, values are inserted here to
replace those Just calculated for the line “eki
FRAGMENT WEIGHT DISTRIBUTION INPUT
1790 Fragment weight distribution input. In the example
{Table AI), the Mott distridbution is used and the
weight distribution is calculated, from Eqs. (82) and
(83), in 21200.
CASING DIMENSION FRINTOUT
1820-1870 Print out coordinates z_  ,R, for K=0 to Ki+l, L=0 to
L1+1. Notice that this includes the outer boundary of
the metal, which will be used only to calculate the
masses associated with the mass points. To bypass this
print out insert 1805 GO TO 1875.
INITIALIZE 23, A6 R3,
1890 Initial values of the slide points 23  R3, are taken as
Z..u,Ru,., , respectively. This is done in 11040-11080.
SET Z FOR LIGHTING
1910 Set Z=2_,,,. This is the value of 2, where the HE
solumn starts. In the burn fraction calculation for
the plane detonation case, the distance that the

detonation front has traveled 1s measured from this i
line.

INITIAL CELL DENSITIES
1930 The initisl densities, of the fuze material or the
undetonated HE, are stored for the individual cells
asR2,,. This refers to the cell with the lower left
corner at (x,L).
COORDINATES OF ZONE CENTERS: ZONE MASSES

1970-2050 Calculate coordinates of zone centers by averaging the
coordinates of the corners. Calculate the scaled
masses, w1, assoclated with the cells. This 1s done
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NOLTR 74-77
Table AII - contlnued

Notes

2070-2200

2220-2300

2320-2360

2380-2870

R P T

with 7300-7380, which locates the cell corners, (Fig.Al),
and 7390-7720, the subroutine which cuts the cell into
two triangles and calculates their areas, volumes, and
scaled masses. In 2030, w5 is the sum of the scaled
masses of the two triangles, calculated in 7390-7720.
INTERIOR GRID POINT MASSES
Get scaled masses assoclated with the interior grid
points. The centers of the adjacent cells are located in
2070-2160, and the triangle subroutine 7390-7720 1s
used.
INTERIOR AXIS POINT MASSES
Scaled masses w, , assoclated with the axis grid points
are found by calculating the scaled masses of the two
quarter cells at the points. Subroutines starting in
8090 and 8180 (see Fig.Al) are used tn locate the
corners of the quarter cells,
MASS CORRECTION AT THE FUZE-HE BOUNDARY
In the calculation of the scaled masses assoclated with
the interior grid points (2070-2200), the densities
of the cells with (K,L) at the lower left were used.
For grid points on the line K=Ki+1 (K4>0,0<L<IL1-1),
this 1s now corrected to take into account different
initial densities on both sides of the llne. Here R2
is the fuze material density and R3 1s the HE density.
It is assumed that the cells on both sides of the line
K=Ki+1 are of the same length in the # directlion. Other-
wise, these masses should be gotten by calculating the
masses of the quarter cells on both sides of the line.

Scaled gas masses w3, assoclated with the metal mass

points are calculated (see Fig.5). If the boundary
point is not a corner point, these are the sums of the
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Table AII - continued

Statement
Number Hotes

scaled masses of the two adjacent quarter cells. If
tbe point is a corner point, (1,0), (1,Ll), (K1,L1),
or (K1,0), w3, 1s the scaled mass assoclated with the
adjoining quarter cell. The subroutines in 7290-8440
are used.

2880-3600 The scaled masses assoclated with the metal mass points
are calculated here, with the subroutines in 7290-8u440.
The metal 1s split up as in Pig.5. In the example used
here, the 105 mn projectile, special coding for the
base end was done, so that the lines dividing the
masses would be perpendicular to the lines Joining
them, as shown in Fig.3. This speclal coding, dGone
in §110-9730, is called with 3560-GOSUR 9110. An
alternate arrangement, useful 1if the base 1s perpendi-
cular to the axis, 1s shown in Fig.A3. This is done
with the statement 3560-GOSUB 89190.
PRINTOUT OF GRID POINT AND ZONE CENTER
COORDINATES, AND SCALED MASSES
3610~-3750 Printed out here are the coorcdinates o<f the zone
centers, 1, Rl the scaled zone masses Wwi

xe D ... 2

the grid point coordinates #,, ,R,, anc the scaled
masses assoclated with the grid points and metal mass
points w,, . This printout can be bypassed by inserting
the statement 3625 - GO TO 3760.
C/¥ RATIO AND SCALE FACT™R

3770-~3850 The C/M ratio and X , defined in Eq. (80} are calculated
and printed out here, for the metal at the cross sections
where K=1 to Kl. These are used to get from Fig.10 or
a sim.lar relationship, the values of M to assign to

the mass points on the side wall of the projectile. It
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Tanle A1l - continued

Notes

i Statement
3 Number
J 5 3870
T 3880
3 k 3900-4000
k. 3
3 : 4G20-4070
1 4 4080-4140
3 : 4145
F 1 4160
3 3

is usually convenient to stop the program at this point,
with the statement 3855 - GO TO 3020060. After the values
of M f~r the various mass points, determined from cthe
calculated X values, are put in as data for the fragmesnt
prediztion scheme, which starts at 20000, the statement
3855 1s remeved and the entire program is run from the
beginning.

INIZTIALIZE N, T, AND FLOW VARIABLES
Set the ¢ycle number N=0.

Set the initilal time equal toc that for the detonation
front to traverse halilf aof the first HE cell.

Initlalize vi, _and€2, . Usuzlly, to start,vi_ =1,
€2,.=0 in the fuz2 material region, and E2m;=21(=5%€1)
for the HE cells.

Initlalize the velocity components U, aind VvV,

Initialize the Intermedlate sliide points Z4_ 6 Re, ,
and the marker points k4q,_.

Convert dimensionc of [l, the arena radius, frem [t
to cn.

ENERGY CHECYX TOR CYCLE ZERO
The total energy in the system, at cycle zero, before
the computation starts, 1s Tound and printed out here
with the energy check subroutine that iz used later at
the end of eacn cycle.
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Tabie AII - continued

Statement
Number Hotes
FLUID DYNAMICS - MAIN ROUTINE
Li8¢ Advance time cycle number.
krao Exit if time exceeds T4 microseconds.
4260 Exit if cycle number exceeds N6
4210 Advance time {see Eg. (17)).
4220~4330 %3 for limiced computation is calculated (Eq. (18)).
This 1s done to save computing time, by not calculating
over portions of the grid where nothing 1s happening.
For the cycle, K3 is the maximum K for whizh new values
of the varlables located at the cell centers are
calculated. If K3=Kl-l, the motions of the end points
(K1,L) are also calculated.
5340

§363-LL0

k500

4530

The new cycle number !} and the new time T" are printed.

NEW POSITIONS
Equations (191 are used here.

New clide roint positions 23, R3, an¢ related varlables
are calculated in 10200-10€50

NEW VALUES GF VARIABLES JCATED AT THE CELL CENTERS
This is the start of a doutle loop which ends at 4960.
New values of vi,, , QI."* e2l €20  c2l, Tzl,

are calculated in this loop.
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Tatle AIIl - continued

Notes
4550 Saves old P11, (=P2, -@1,,) temporarily.
4560 Saves old vi, temporarily.
4s570-4620 New cell 3areas and relative specific volumes,A‘x:L and
Vlzk,are calculated with the same triangle subroutine
used for the initialization (7300). If L <L1-1,
subroutine 7300 is used to get the cell corners. If
L=L1-1, 10660-10750 is used. This takes into account
the fact that the upper corners of the cells, for this
case, are (#3,,R3,) and (Z3,,,, R3.,.).
L] LIS
4630 Ve = Vi, - V1,
. mewe -
4olo v7 = (V1) =(dv1/dr)" Ha
4650 ve =vi1l®
. -t/z
4660 va = (Vi /"):;‘
4670-4700 GDf::h is calculated with Egqs. (29) and (30).
BURN FRACTION

4739 If 211 F, now equal cne, no burn fracticns need he
calculated.

4740 This 1s the plane detonation case. For each X the burn
fracticn 1s the same for all L. This 1c c¢slculated
when L=0, in i1740-11910.

4750 92:‘ ,E2] and c2_, are calculated in the cguation of

state subrcutine (B450-85900).
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Table AII ~ continued

Notes

4770-4940

k950

4930-5060

5070~5110

5130

5150

5380-5530

5560~5580

The time step for the (K,L) cell, 1’3:'~ is calculated
Wwith Egs. (33)~(35). Notice that (23, ,R3,) and

(23,,,,R3,,,) are the upper corners of the cells when
L=Li-1.

Save 0ld time step temporarily.
T5 1s the minimum of the cell time steps T3.,

The new time steps 71:? and Tz:?h ere found with
Eqs. (36) and (27).
Z4, R4, FOR SLIDING

Intermediate slide point positions 74, R4, are found
ir. 11090~11390, while the o0ld velocities L{:::,\d:::
are still available.

VELOCITY OF INTERIOR GRID POINTS
New interior grid point velocities u::"‘,v_:""
are calculated in 10830-11020, with the schenme in
Egs. (50)-(54).

VELUCITIES OF INTERIOR AXIS PDINTS
The new velicity compcnents of the interior axls pnints
are gotten vith Eqs. (56)-(58). Subroutines used in
the initiallization are used here to calculate the
vnlumes or the two quarter cells assoclated with the
axis grid points. Extrapolation of the pressure to the
axis, in the radial direction, is not done because
dv/dT=oon the axis. This implies, from (9), that
apzﬂan-o on the axils. Hence, the pressure can be
assumed uniform between R=0and R,,/2.

VELOCITIES OF METAL MASS PCINTS
U,o is the axial veluclty component of the axis mass
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Table AII - continued

Statement
Number Notes

point on the left boundary. The pressure assoclated with
the point is taken, by extrapolation, to be-(SPzz,-Pz;)/z_
The difference form of Eq.(10) is used, with X,=w (R, /2.

5600-5810 Velocity components of the mass points on the line
K=1 (L#90) are found by using Eqs. (64) and (65), with
appropriate subscripts. For example, for K=1, L=L1
R, =m(R:-R), where R,=(R,,.+R,..)/2,R12(R,  +Riu-1)/2,
and
Ag=2w(2, -2,,/21 (3R, +R, 4)/4]
r2w[(Z, - 2,.)/2][(3R +R, )/4]
For the corner mass point (1,Ll1) the corner cell pressure
1s used, i.e., 1in Eq. (10) ps=-P2 . 1s used in
calculating the axial component, and P2, ,., is used

E
2
=
3
i
3
X
2
%
3
3
3
Z
¢
¥
4
b

(ICORIT SFT RNV

in calculating the radial cocmponent. The opposite
signs are needed so that the accelerations will have
the correct signs.

5830-5840 Assign pressures in the cells (1,L1-1) and (K3,L1-1)
to the slide points (Z3,,R3,) and (Z3,,,,,R3q,.),
respectively.

5870~5930 Get pressures P3, at the slide points 3, RrR3_,
(i€ K€K3) by extrapolation from the interior, with
Eq. (59).

5940 Start of loop for velocity components of mass points
(K,L1) for 2< K €K3.

5950-6040 Finds closest slide polnts on both sides of the mass
point, with Eq. (61). If there is no sign change,

81
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Table AII - continued

Statement

Number Notes
diagnostics are printed out in 9750-9810 and the
program 3tops.

6050-6G70 The pressure at the mass point is found by interpolating
between adjacent slide points, using Eqs. {62) and (63).

608C-6190 Calculate mass point velocity components, for 2 € K€K3,
with Egqs. (6%4) and (65).

6200 End of loop which starts at 5940.

6210-6220 If k3 <ki-1 velocity calculations for the mass points on
K=Kl are btypassed.

6240-6520 Velocity component calculations for the mass points on
the right boundary,K=Kl. The formulas, with appropriate
subscripts, are the same as those used for the mass
points on the left boundary, K=1,.

FLUID DYNAMICS - PRINT ROUTINE

€560 Values of the flow variables will be printed at the
end of the first cycle, before the second cycle 1is
caiculated, unless this instruction is deleted.

6570 The fluld dynamics print routine and the fragment
prediction routine are enhtered at intervals of T7 usec
(actually, at the first cycles past these times). This
is done N5 times. The counter N7 is advanced by one in
7100 each time the fragment prediction scheme 1is used.

6580 Print routine and fragment prediction typass.
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Table AII - continued

Notes

6590

6600

0610

6650

6660

6€70

6680-6710

6730-6760

6770-6800

6810

If the cycle number N is less than N4 the fragment
prediction routine 1s bypassed. Usually the fragment

prediction scheme 1s not used until all the mass points
have started to move.

The fragment predliction is dcne here, starting in 20020.
Prints N and T, A" 12" 1n psec. Notice that N
and T are for the cycle Just completed. The time step

TN is for use in the next cycle, and T2"was
used to calculate the new velocity components.

The flow variable printout can be bypassed on every
cycle, if one is Just interested in the fragment
prediction results, by inserting the statement

6650 GO TC 7080.

Start of flow variable printout loop. BASIC programming
now allows for a maximum of five numbers per line.

Prints K, the burn fraction F, (this is the plane
detonaticn case), and the metzl velocity, i.e.,

(UZ?V’)Vi for the mass point at (K,Ll), in ft/sec.

Prints L, # andR coordinates, and veloclty components.
Units are cm and cm/Psec.

Prints L, P2, (mbar), Q1. (mbar}, vi  [(cc/gram)-p,]
and EzZﬁ {(rbar-cc/gram)-p, ]

Prints Kk, L, T3, (usec), and cz:L[(cm/usec)zj.

End of loop.
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6830~-6880

6920-6950

6970-7030

7040-7C70

7090

7160

NOLTR 74-77

Table AII - continued

Notes

If K3<K1-]1 the printout for the line K=Kl is bypassed.

Prints L, 2 and R coordinates, and velocity components
for the right end mass points.

Prints positions of slide points 2Z3,,R3, and assoclated
pressures P3,. Recall that the adjoining cell values

of P2,, are used for the corner points (5830-5840) and
the other values are gotten by extrapolating;>2»yaluus
in (5870-5930).

™
Prints velocitias (u* +v V"™ of end mass points in
ft/sec. The velocities are calculated in 11920-11960.

Prints out values of variables ka,, Z4, , R4, ,6 S8, ,
used in the slide routine. Note that Zz4, . R4, are
calculated for use during the next cycle. The variable
K4, denotes the K value of first mass peint to the
left of the Kth slide point. If (#3,,R3,) and
(2.., ,R...) coincide, Kka,=k-1 The variable K4, is
used in 11090-11390 to locate the line segnment along
which the point (Z3,,&3.) moves to (Z4,, 6 R4.). In
another versicn of the program which allows for free
gas expansion out the ends of a tube, it 1s used to
tell if a slide point is inside or nutside the tube.
If 1t is outside K] =D or Kl.

Does energy check if N=1 and returns to the beginning
of the mair rcutine.

Advances N7 (see statement £570).
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Table AII -~ continued

Netes

7110

7130

7190-7280

7290

7300-7380

7390-7720

Exit 1if T > T7-NS.

Does energy check (ir. .3=11730) every cycle.
Provision to stop the program if the total energy
varies by more than a prescribed amount can be inserted
at this point. For example, put

L095 E9=E

713¢ If ABS (E-E9)< 1.1 E9 then 7140

7133 Print "STOP ON ENERGY CHECK"

7135 GO TO 30000

Return to start of main outine.

SUBROUTINES AND TRANSFERS

INITIAL DENSITIES OF CELLS
Initialize HE and fuze cell dencities R2,, . It 1s
assumed here that the HE column starts at K=Ki+1,
Special initial densitles can be assigned tc individuzl
cells in 7271-7279.

MAS3S, VOLUME, AMND AREA
These routines are used in the initialization and in
the calculation of w1 and U..)" (2 ¢wsKk3),
Locates corners of cell wilh (K,L) at lower left
(see Fig.Al).
Calculates area, scaled volume ané scaled mass of
quadrilateral with corners (G,, H;),¢=1to 4 , by
dividing it into two triangles and using Egs. (1) and
(2). At large expansicns the corner cells (1,ul-1l) and
(Ki-1,L1-1) tené to become concave 1f the masses
assoclated with the curner points are large relative
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Table AII - continued

Notes

7730-7810

7320-7900

7910-7990

8000-8080

8030-8170

8180-8260

8270- 3550

836a-8440

8460-8480

to the masses of the adjacent points. The subdivision
into triangles 1s done differently for the left and
right sides (sece Fig.A2), in order to get the true
areas of these corner cells,

Lscates corners of half cell with (K,L) at lower left
and (K+1,L) at lower right (Fig.Al).

Locates corners of half cell with (K,L) at upper left
and (K+1,L) at upper right (Fig.Al).

Locates corners of half cell with (X,L’} at lower right
and (K,L+1) at upper right (Fig.Al).

Locates ccrners of half cell with (X,L) at lower left
and (K,I+1) at upper left (Fig.Al).

Locates corners of quarter ceil with (X,L) &t lower left
(Fig.Al).

Locates corners of quarter cell with (X,L) at lower
right (Fig.Al).

Locates corners of quarter cell with (K,L) at upper
right (Fig.Al).

Locates corners of quarter cell with (X,L) at upper
ieft (Fig.Al).

EQUA1TON OF STATE SUBROUTINE
If N=0, the equation of state constants are entered
and printed out with 8760-8900. Notice t:at this

86
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Table AII - continued

Statement é
Number Notes

‘i subroutine must be called before the cell and grid

B T, W PP Ty,

k: point masses are computed, because it contains the
- E value of R3, the solid HE density. (This is done in ;

-3 1310.) 5

8490 If 1 $K€K4 then Pz:.‘,az:“ Cz:.‘_ are calculated for the

’ g inert fuze material between the lines K=1 and K=Ki+l.

" This is done in 10150-10190.

\

\

|

|

|

|

\

ka2 Lsaheh Al
23 A

3 ~%: 8500 Set N2=0. This is the counter for the iteration which
i \{ solves for the pressure and energy.

'i 8510-8530 The equation of state used here 1s Eq. (11), with Cl
3 and C5 from Eq. (13).

4 } 8540 Saves the 0ld energy Ezzf temporarily, as E6.

4 3 8550-8620 Solution of Eqs. (6)-(8), by iteration. The iteration
é '3 1s done only once. The iteration can be done by the
E 3 method in the HEMP Code?, by inserting the statement
e 8535 GO TO 9830.

8630-8660 Calculates the sound speed squared, cz:ﬁ using Eq. (12).

2 4 8680-8740 Diagnostics 1f the calculated value of C2., 1is

; 3 negative. This will cause the program to stop when

= 2 it attempts to take a negative square root in the time
step calculation {(4940).

3 3 8760-8840 Put detonation product equation of state constants

3 _;”3 here. The constant Q3 (=1—V1”) where vi_,, 1s the

4 relative specific volume at the Chapman Jouguet state
A 1s used in the burn fraction calculation (Eq. (25)).

87
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Table AII -~ continued

Notes

8850-8880

8910-9100

9100-9730

9750-9820

9830-9900

9910-9950

9960-10060

Printout of equation of state constants the first time
the routine 1is called (1310;.

SPECIAL CODING FOR BAZE END MASSES
This routine reduces the mass of the mass point at the
base corner (Kl,L1) and adds the mass removed to the
adjoining mass points (Ki-1,Ll) and (Ki,Ll-l). The
metal then assoclated with the three mass points 1is

shown in Fig.A3. To use this routine insert 3560
GOSUB 8910.

Speclal coding for the masses assoclated with the mass
points can be done here. In this particular case, the
105 mm projectile base (Fig.3' is split up so that the
separation lines are perpendicular to the lines Joining
the mass points, and the assocliated masses are
calculated. The routine is called in 35060, with

GOSUB 9100,

MASS POINT PRESSURE - DIAGNOSTIC PRINTQUT
Diagnostic printout if J>Kl-1 in the mass point pressur~
routine, 1.e., if the two adjacent slide points are not
found. It is called in 6030.

ALTERNATE PRESSURE ENERGY ITERATION
Alternate method, used in HEMP? for the pressure, energy
iteration in the equation of state routine (8450-8900).
Insert with 8535 GO TO 9830.

INPUT METAL BOUNDARY POINTS
Input of metal boundary points, cne K line at a time.
Called with 1630 GOSUB 9910.

Input of metal boundary points, every other K line
between K=1 and K=Kl. The intermediate points are put

in automatically, with 10020-10050., Called with 1630
GOSUB 9960.

88
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Table AII - continued

Notes

10070-10130

10140-10190

10200-10650

10660-10750

11030-11080

11090-11390

11410-11730

Input special values for metal boundary grid points.
This is needed, for example, when the base is curved,
as in the 105 mm projectile. Called with 1650
GOSUB 10070.

EQUATION OF STATE OF FUZE CELLS
Equation of state for cells with 1 €K <K4 . Calculate
P2, ,E2%,,c2.  here. Called with 8490.

SLIDE ROUTINE (#3, ,R3,,K4,,58,)
The new slide points Z3,,R3, and the related values
K4, and S8, are found here (see Eqs. (20)-(24)). The
values of S8, and S8, 1in 10630 and 10640 are
fictitious, inserted for use in the mass point pressure

calculation (5960,5970).

%, )

Locates cell corners when the upper corners are sllide
points (L=Ll-1). Called in 4580.

Initialize slide points 23, R3, by setting them equal
to Z R respectively. <Called in 1890.

Kog ¥ Wy D

Intermediate slide points Z4,,R4, (see Fig.6) are
valculated with Eqs, (38)-(49). Notice that the
pressures in the (XK,L1-1) cells are used to move the
two quarter cells assoclated with a slide point. This
1s done because the assumption that the boundary is
being held fixed while the gas slides implies that the
normal pressure gradient is zero there. Called in £130.
ENERGY CHECK
The gas internal energy, the kinetic energies of the
gas and the metal mass points, and the total energy in
the system are summed with Eqs. (66)-(63) and printed
out. Here

89
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i . Table AII - continued kS

Statement
Number Notes

E3 = internal energy in the gas (mbar-cc),
E4 = kinetic energy in the gas (mbar-cc),
ES = kinetic energy in the metal (mbar-ce),

P R

Al S s .
iAo KA e S R N R

; E = total energy in the system = E3+EU+ES.

_i Called before the first cycle,in 4090 (this is the
é total energy released by the HE),and at the end of
" every cycle, in 7130.

s BURN FRACTION (PLANE DETONATION)

?1 11740-11910 The burn fraction £, 1s calculated from Eq. (25).
23

Called in 4740.

11920-11960 Velocities of the end mass points,L=0 to Ll-1,are
calculated from the components vu,, and and
printed out in ft/sec.

_—
. 29 Y .y iRy
et st AR S BT R R

11970 EXIT.

FERQ

(Continued on the following page)
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Table AII - continued
FRAGMENT PREDICTION SCHEME

Notesg

20040-20090

20100

20170-20260

TOTAL WEIGHT OF FRAGMENTS IN EACH POLAR ZONE
Sets all W7(J2,M5)=0. The variable W7(J2,M5) is the
scaled mass (in grams) of the fragments in polar zone
J2, which come from the mass point M5. The J2 nd
polar zone lies between polar angles 5(J2-1)<a<5J2.
Thus polar zone number 36 lies between 175<a<180,

and polar zone number 37 contains only the 180°
direction. Where it is convenient the material in
polar zone 37 is inciuded in polar zcne 36.

The scaled mass of metal associated with each mass
point, Wé., and the angles A9.,.,. (see Eq. (73)) are
found in 20100-20500. Part of the computation of the
angles is done 1in subroutine 21390, which 1s called
from 20250, 20350, and 20450.

The angles A94,,,,, (see Eq. (73)) and the velocities
of the mass points 1smM5%11 are calculated here. The
point Z5,R5 is the current positiocn of the midpoint

of the line segment joining the mass points M5 and
M5+1, taken from the fluid dynamics results. The
variables U5 and V5 are the current velocity components
of the mass point M5+1l. The varilable Q3,, is the
current veloclty of the mass point M5. The computation
of the angle A, .. 1s explained under 21390-21690.
Note that Aq.,,,, 1s the polar angle assoclated with
the midpoint of the line segment joining mass polnts

M5 and M5+1. The metal mass assoclated with the mass
point M5 1s assumed to be distributed uniformly between
the angles A9 and AAQ

mE-t/2 Mg er/e -
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Table AII - continued
Statement
Number Notes

et A A
T o ey R e e IR Bt 140 T

EOONE
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kgess

TS

20270~20360 The current velocities Q3,,., and the polar angles

\
o

Pre)

A s are calculated for the mass points on the
1ine L=L1.

AR

20370-20460 The current velocities @3,, and the polar angles

A8, .y, are calculated for the mass points corresponding
to K=K1, L=1 to Ll-1.

,, w,.
RIS NP5

A4, is set equal to zero. This is used in calculating
the spatial distribution of the mass assoclated with
the mass point MS5=1.

. 2t o et U A e g
LT H’w 23 TN 3 RS ot

20480-20490 The scaled mass and velocity assoclated with the last

mass point, M5=K1+2L1 are calculated here.

For the last mass point, A9, iuirirz is set equal to
180°.

20520-20610 Varic.is quantities used to get fragment weight disiri-

butions in the individual polar zones are set cqual
to zero.

20650-20910 Here, the scaled mass associated with each mass point
M5 is distributed uniformly over the polar region
between the angles A4,,_,, and A9,.,, . If A ..,
is larger than A9,,.,,, the fragments paths cross, but
the treatment is the same. In either case C7 1s the
smaller and C8 is the larger of the two angies defining
the polar region over which Wé,,, the mass from the
point M5 1s to be distributed. Also J2 and J3 are the
numbers of the polar zones containing C7 and C8
respectively. If C7 or C8 is on the boundary between
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Table AII - continued

Statement
Number Notes

O Y o Lo

zones J2 and J3 it is assigned to J3. If J2 1is equal
to J3, all of the mass from the point M5 1s assigned

tc this zone, i.e., w7, ., ,the scaled mass of metal
from mass point M5 in polar zone J2,is set equal to
Wbe,,. If J2 1s not equal to J3, the appropriate

scaled masses are assigned to zcnes J2 and J3 in

20770 and 20780. Appropriate scaled masses are assigned
to intervening zones in 20790-20810, with J4 from 20750.
The numbers N7, . of fragments of welght greater than
™, and the scaled masses w5, , of fragments in each

of the J9 welght ranges in each of the polar zones

are accumnulated here. Also the welghts of fragments

(in grains) from each of the mass points in each of

the polar zones are printed cut.

205

A 3 aak 15 304 Loy

Sy

20920-20970 The total weight of metal 1is summed here and printed
out,in pounds and in grains.

AN
P
P
ES

21019-21140 Fer each polar zone, the total fragment welght in the
zone (in grains), the percent of the total fragment
welght in the zone and the average velocicy of fragments
in the zone (in ft/sec) are calculated and printed out.
Here, w8,, is the scaled mass of fragments in the polar

zone and the average velecity, in cm/psec,is w4q,,/ws,, |
where 2t 9%

U
F ST AR R A W A S I R S,

Al

n= W,.ms @3, . The average velocity in

MEel

ft/sec 1s Y,, (see 21120).

At this point the following subroutines can be called
(for details see the notes under the subroutine
statement numbers). Subroutine 21710 must be called
before either 22270 or 22480, since quantities nreeded
in the latter two subroutines are calculated there.
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Number
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Table AII - continued

Noies

21200-21230

21240-21380

21710-Calculates and prints out, for each polar zone,
the average weight of fragments in each of the J9
weight ranges (in grains) and the number of fragments
in each of these welght ranges.

22270~Values of the average fragment velocity, fragments
per steradian, and average fragment weight (in grains)
are printed out for each polar zone. This form is
useful as input for a particular lethal area program
(AMSAA). The calculated values can also be put on
tape, from which cards, in a prescribed FORTRAN format,
can be punched directly.

22480-stored values are put on tape for use by a
FORTRAN routine (Table AVI) which has the computer
punich a card deck suitable for input to the JMEM lethal
area program.

End of fragment prediction subroutine which starts at
20020 and is called at 6600, in the fluid dynamics
program.

WEIGHT DISTRIBUTION INPUT
The left endpoints ™, of the J9 fragment weight intervals
(in grains) are read in. The data are in 22710.

In this case the Mott distribution (Eq. (81)) is used.
, the average
weight in grains of fragmentz weighing more than one
grain, is read in (the data are in 22720-22740). Then

For each mass point M5, the quantisy ™

ng

the correspondinglp is calculated with Eq. (83) ani
M., and w2, _are calculated with Eqs. (81) and (84),
respectively. Notice that m, and J are in grains,

Nws,; 1s 1n fragments per gram, andvvzha, is dimensionless.
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Table AII - continued

Notas

21390-21690

21720-21750

21770-21930

POLAR ANGLE SUBROUTINE
The polar angle AQ.,,,, (Eq. (73)) is calculated here.
The subrcutine is called in 20250, 20350, and 20450.
To solve Eqs.(72) one needs tan P.4,.,, . This is found
as follows: Note that

tan fuc,y, = tan {(f-”m +ﬁnm)/z}

=[1- COS(Bre + Brgrs)] /510 (Bag+ B

- 1-(c OS5 Bus COSPugy =SiNBus siNy Bnu:.)
Sin B, ; coS Py, - COS Pus SIN Brse >

where tan ﬁhl=\/n,t /Y. and tan Puses = V5/US | with
U5 and V5 (defired in 20170-20460) the velocity
components cf the mass point M5+1. Then tan Bug.n=1/A4,
where Al4=(B1+B2)/BS5, and Bl, B2, and B5 are defined
in 21400-2144)0. Equations (72), with the second part
now written A4 (R6-R5)-(26-25)=0 1is solved
simultaneously in 21470-21520. Special cases are
treated at the end of the subroutine. It was assumed
here that the arena cen‘cer(zq RO}coincides with the
center of the weapon. Hence, if the radial velocity
component is zero, the angle A9,,,,, 1s taken to be
0° for Z5<20.2nd 130° for Z5 > 70, The scaied metal
masses Wé,, associated with the mass points are assigned
in 21670.
NUMBER AND AVERAGE WEIGHT OF FRAGMENTS IN EACH
WEIGHT RANGE I POIL.AR ZONES
Assigned values of M for each mass point are printed
out. These are read in at 21250 (the data are in
22720-22740).

The quantities M3, . ,Me, ., N8, Y4, are calculated
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Table AII - continued f ,
i N Statement :
4; , ‘ Number Notes ,
' M here. Recall that N7, , 1is the cumuiative numver of
H fragments of weight greater than ™M, in the J6th
,: . polar zone. The actual number of fragments in the
Jth weight range in the polar Zzone, N3,.7 5 is found !
.. by difference. Similarly, X1, the scaled welght of %
c B fragments in the welght range in the polar zone, is §
E gotten from the ‘5, , . The average weight of fragments :g
A in the Jth weight range, in the J6th polar zone, Moy , 3
7’ i is then the weight divided by the number (see 21890). ;
‘ f In 21300, N8, , the total number of fragments in the ;*3
Z J6th polar zone is accumulated. The number of fragments jg:
per steradian in the polar zcne, Y4, 1s calculated in %
: 21920. §,
’3 ; 21950-21990 The fraction of the number of fragments in the J6th polar §
f . zone, in the Jth weight group, Qby, , , 1s calculated here, ¥
for all J and J6. :
E '.‘A 22000-22260 The array N3, , which consists of the calculated é
< '; number of fragments in each weight group for each 1
5 ‘ polar zone, is printed out. é
AN AMSAA LETHAL AREA PROGRAM INPUT ]
" : 22270-22470 Quantities needed for the AMSAA lethal area program Z
" are printed out here. These are Me, , (see 21890), %
Qoyey (see 21970), and for each polar zone the average :
b fragment velocity (there is no correction for air drag), %
the fragments per steradian Y9,, (see 21920), and the
i : average fragment weight (in grains). a
:? ; 1 JMEM LETHAL AREA PROGRAM INPUT ;
% 22480-22650 Quantities needed for the JMEM lethal area program are :
',' ",‘f stored on tape for use by a FORTRAN program (Table AVI)
.—; which prepares a card deck 1n the JMEM format. The
5 'L -
z ko ?
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Table AIT -~ continued

Notes

22670-22700

22710

22720~22740

quantity Y, (see 21120) is the average fragment
velocity in the polar zone (ft/sec). Y1, 1is the
average fragment velocity at the intersection of the
polar zones J6 and J6+1l. Also, MG, , and N3,
(see 21770-21930) are used here.

DATA

Casing dimensions (called in 1630).

Beginnings of fragment weight range intervals
(called in 21220).

Average weight of fragments welghing more than one
grain,M , for each mass point (called in 21250).
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Table AIII

List of Variables - Fragment Prediction Code

Finite

Variable and Difference

Dimensions Notation¥ Description

R(X1+2,L1+2) R:“ Radial coordinate of grid point or
metal masgs point (cm).

Z(K1+2,L1+2) 2:¢ Axial coordinate of grid point or
metal mass point (cm).

R1(K1-1,L1) R, Radial coordinate of cell center (cm).

Z1(K1-1,L1) I*.'l".‘,L Axial coordinate of cell center (cm).

W(K1,L1+1) Wi, Scaled mass (mass/2m) assoclated with
interior grid point or metal mass point
(gramsj.

W1(K1-1,L1) Wi, Scaled mass (mass/"w) associated with
computation cell (grams).

W3(K1,L1+1) w3, . Scaled mass (mass/27) of gas associated
with boundary grid point (grams).

U(K1,L1+1) :?h Axial velocity component of interior
grid point or metal mass point (cm/usec).

V(K1,L1+1) :tvz Radial velocity comporent of interior
grid point or metal mass point (cm/usec).

V1(¥X1-1,L1) v1:L Relative specific volume (cc/cc).

V5(K1-1,L1) szf 01d relative specific volume (cec/cc).

QL(¥1-1,11) Qi Artificial viscosity (mbar).

T3(K1~1,L1) T3, Cell time step (psec).

C2(K1~-1,L1) ca. Sound speed squared (cm‘psecf .

LAY

* At end of computation
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Table AITI -~ continued

Finite
Variable and Difference
Dimensilons Notation* Description
P2 (X1-1,L1) PZ:“ Pressure + artificial viscosity(Pl+Qt)
(mbar).
E2(K1-1,L1) Ez:L Specific internal energy per original
cc (mbar-~ce/cce).
Al(K1-1,L1) ALl Cell area (cm?).
R2(¥1-1,L1) R2,, Initial density in cell (grams/cc).
F(K1-1) o Burn fraction -plane detonation front
perpendicular to axis.
R3(K1) R3, Radial coordinate of slide point (cm).
23(¥1) Zz3, Axial coordinate of slide point (ecm).
P3(K1) P3, Pressure + artificial viscosity at slide
point (mbar).
R4 (K1) \'24-,:.1 Intermediate radial coordinase of slide
pcint {cm).
z4 (K1) r-L Intermediate axial coordinate of slide
point (cm).
K9(K1+1) K, K coordinate of first mass point to the
left of the Kth slide point.
S8(K1) s8. Negative reciprocal of slope of K line
to slide point.
U7 (K1} ) Mt Axial component of velocity of slide
point (cm(ysec).
V7(X1) v Radial component of velocity of slide
point (cm(psec).
N N Cycle number.

101

|
;‘



S, E;tm‘
> op b
Aot

e
R o

G PN A it

b
£
¥
%
A
:
£
:

TR

T

i {
)

5

i

S [ b VA Y e o)
REaidsenaorat sl BS it

R
sttt S

Assas

» Puga pETTSE RN L3

ot ifin e 2l v,
e, N O

iy

kAt

053]
M &
-
3
23
k.
2
L9
-~
kS

?
|
?

ST s s e -

s i L et
s

{25

4 . : ) &k SNl s s AT oo T 3
D AR S R AR o SN AT AN AL S Ak e S e S £ £ oy bl A

D e rer—

NOLTR 74-77

Table AIII - econtinued

Finite
Variable and Difference
Dimensions Notation Description
P T Time. (usec)
71 T Time step. (usec)
T2 T2" Time step. (usec)
Z Z:“h, Axial coordinate of initial position of
detonation front for plane detonation.
P P Temporary storage for Pz':-Ql'::/‘

N3(37,J9) N3e.s Number of fragments in the Juh weight
range in the J6th polar zone (0%%«<5°
for J6=1, . . . .,175%4<180° for J6=36,

=180° for J6=37).

N7(37,J9; N7,..» Cumulative number of fragmencts of weight
greater than M, grains in the J6th polar
zone.

N(2L1+X1,J9) ) Cumulative number of fragments per gram
of weight greater than M; from the metal
mass point M5.

W7(37,2L14K1)  wr, ., Scaled mass (mass/2m), in grams, of
fragments from the metal mass point M5,
in the polar zone J6.

W2(2L1+K1,J9) W20, Fraction of mass of fragments from mass
point M5, of weight greater thanm,.

W5(37,J9) W5, 5 Scaled mass (mass/27), in grams, of
fragments in the Jth weight range 1n the
polar zone J6.

M6(37,J9) M6, , Average weight of fragments, in grains,

in the Jth weight group in polar zone J6.
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NOLTR 74-77

Table AIII - continued

Finite
Variable and Difference
Dimensions Notation Description

Q6(37,J9) Qby s Fraction in the Jth weight group of the
number of fragments welghing more than

one grain in polar zone J6.

M(J9) Weight (grains) at the left end point
of the Jth fragment weight interval.

M1{2L1+K1) Value of f, the average weight of
fragments welghing more than one grain,
assigned to metal mass point M6.

W6 (2L1+K1) We, o Total scaled mass (mass/2n) of fragments

from the metal mass point M5.

A9(2L1+K1) AQ e Polar angle cf direction ¢f fragments
from the midpoint of the line joining
metal mass points M5 and M5+1 (degrees).

Q3(2L1+K1) Velocity of metal mass point M5
(cm4psec).

W8(36) Total scaled mass (mass/27), in grams,
of fragments in polar zone J2.

W9(36) Sum of veloclties times masses contributed
to polar zone J2.

Y(36) Average fragment veloclty in polar zone
J2 (ft/sec).

N8(37) Total number of fragments weighing more
than one grain in polar zone J6.

¥8(37) Number of steradians in the J6th polar
zone.

Y9(37) Number of fragments, weighing more than
one grain, per steradian in the J6th
polar zone.
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Table AIV

s o " -
2 "?Lw"""«f,"*'.»:-n,». RN AT

E: - Input Statements -~ Fragment Prediction Code e
3 H Statement z
i b Number Symbol Description 3
é J% 1110 J9 Number of fragment weight ranges. ‘E
i, »; 1120 T7 The fluid dynamics print routine and fragment ;'
T prediction routine are entered every T7 2
i3 % microseconds. 4
e 1130 T4 Maximum time. 3
E 4 1140 T1 Initial time step. g
?'~ f; 1159 E8 Factor for maximum time step increase. 4
{ A 1160 N4 The fragment prediction routine is bypassed 5

~ for cycle numbers less than NAi. 3

TEN

i 1270 N5 Number of times fluid dynamics print routine
p: and fragment predictlon routines are entered.

Gt i SIS
Y

;
oL,
[
j]
oo
<

N6 Maximum cycle nunber.

SARHEILERS Ao gtk g

, é 1ig0 N7 Counter for N5.

] 3 1200 Kb The inert fuze meterial ends and the HE starts 1
4 = at K=Kb+1.

e LY 3
B . 3 1210 R2 Fuze material density (grams/cc). E:
i :E 1220 RY Metal casing density (grams/cc). 4
%‘ 5 12390 C3 Constant in artificial viscosity formula. A
§: E 1240 E7 Cut off. o
3 i 1250 D1 Arena radius, in ft. 2
: 3 1270 RO Radial coordinate of arena center (cm). b
] b s
?. ? 1280 Z0 Axial coordinate of arena center (cm). f
L A 1290 L1 Maximum L in computation grid. >
IS :
s H
% 3 104
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Table ATV - continued

p 8 Statement

E: g» Number Symbol Description

5

? A 1300 K1 Maximum K in computation grid.

;; 8760 D Detonation velocity.

;. 8770 D2 Equation of state constant.

A 8780 R3 Density of undztonated HE (P.)°

;' 8790 D3 Equation of state constant.

}' i 8800 Dl Equation of state constant.

; é 8810 El Energy released oy HE (mbar-cc/original cc).

B 5. =5

E: A 8820 F1 Equation of state constant.

4 vv <

f’ > 8830 F2 Equation of state constant.

i S 8840 Q3 1-vi,, (where vi_, 1s the relative specific

b A volume at the Chapman Jouguet state.

i 'é; 1520 Z{X1,0) Initial axis position of inside of metal at

s\ the base (em).

E 1530 2(0,0) Initial axis position of outside of metal at

;; E the nose (cm).

3 1540 2(1,0) Initial axis pesition of inside of metal at

E & the nose (cm).

L A

3 . 1550 Z(K1+1,0) Initlal axls position of outside of metal at

3 3 the base (em).

% ,?% 1610 Z(K,0) Input special (X,0) values (cm).

9 5 1620 R(K,L1), Ir,at R(K,L1), R(X,L1+1) coordinates of metal

é » g R(K,L1+1) casing (in cm). This can be done with sub- i
7 3 routines 9910 or 9960. The data is entered :
£ in 22670-22700. :
& 4 1650 R(K,L1), Input special R(XK,L1) amd@ R(X,Li+l) values, 1if z
E E R(K,L1+1) necessary. 3
9 s 3
:
}‘-' :' 2
-
e 105 : 3
3 i
. g .
3 3 g
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Table AIV - continued

Description

AR

s

‘&"‘
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A A s

o228

Fg-
o 43

ot A 0 BT R AR TR

Statement

Number Symbol
1750 Z(Ki,L)
3560 W(K,L)

21210 M(J)

21220 M1(M5)

Input special (K1,L) values, if necessary;

for example, when the inside of the base 1is
curved.

Speclal coding for base end metal masses.
Subroutine 8910 is useful when the inside of
the base is stralght.
shown in Fig.A3.
Subroutine 9110 can be usecd, with appropriate

values of the coordinates, when the inside of
the base is curved.

It makes the change

Here, the lines separating
the areas assigned to the mass points, as in
Fig.3.

Read in left endpoints of the J9 weight

intervals in grains. The data are inserted
in 22710.

Read in the assigned value of ™, the average
welght of fragments welghing more than one
grain, for each metal mass point M5. The data
are inserted in 22720-22740. At the outset,
i1f these data are uot avallable, the beginning
of the program can be run with the statement
3855 - GO TO 30000. This will stop the program
after the values of X (Eq.(80)) have been
calculated. These values can be used to get
the values of Mi,,(=M) from Fig.10 or a
similar plot. After these values of Mi,, are
inserted in 22720-22740, remove the EXIT card
3855 and start over. If desired some of the
initial printout and the X computation can now

be bypassed with 1815 - GO TO 1880, 3620 -
GO TO 3860.
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Table AV

OQutput Statements - Fragment Prediction Code

Statement
Number Description

Ny
S

I

1310 HE density p, (=R3 here), internal energy El(mbar-cc/
orig.cc) and equation of state constants.

TR
A ,_Qvaf:‘:_-‘v!& L

et i,
SEhRON.

1320-1370 K1, L1, X4, J9, T7, T4, T1, E8, N5, N6, E7, R2, R4,
RO, Z0, D1
(3ee Table A1V for descriptions.)

1820-1870 Case dimension input - (bypass with 1815 GO TO 1880)

3630-3680 Initial coordinates of zone centers (Z1,,,R1i, ) and
scaled masses (masses/2w) W], _ assoclated with zones
(bypass with 3625 - GO TO 3690).

3700-3750 Initial coordinates of grid points and scaled masses
(masses/27) w,, assigned to grid points and metal mass
poin’s (bypass with 3695 - GO 'TO 3760).

Initial axial position ,Z,_ ,initial inside radius (em),

c/M, and X (in™) (see Eq. (80)). (Bypass both the

computation and the printout with 3675 - GO TO 3860.)

N, T, and K3 are printed out here for each cycle.

i ek

N, T, Tl, and T2 are printed out whenever the fluid
dynamics print routine is entered.

AT

YOS

6660-7070 Fluid dynamics print routine. Prints F,, metal velocity

(ft/sec), 2, (em) ,R,  (em) | U, (c;w/usec) v, (cm/usec)
P2, (= PL+Q1) (mbar) , @1, (mber) , vi, (ce/ec)

' : ) 2
€2, (mbar-cc/orig.ce) ,T3, (usec) ,C2, [(cm/usec) 1,
R3, (em) , Z3, (cm) , P3, (mbar) ,K9, , R4, (em) , Z4, (cm) , S8,.
Rypass with 6640 - GO TO 7080.
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NOLTR TU-77
Table AV - continued

Description

Statement
Number
8670-8740
8850-8880
9750-9810
10520
11690
: 11930-11950
3 ;}
A 2089¢
A 20990
E <.
i_ Vg 21130

Diagnostic printout if <2, <O.
HE and equation of state data. Called in 1310.

Diagnostic printout if J>Ki1-11in the mass point pressure
routine.

Diagnostic printout before exit, if J=K1l in slide
routine.

Energy check printout. Gas internal energy, gas kinetiec
energy, metal kinetic energy, and total energy are
printed out. These should be compared with their
values at T=0, called for in 4090.

Metal mass point velocities (ft/sec) on the ends
(l1ines K=1 and K=Kl, for L=3 to Ll-1). These are
called for in 7020).

Mass point number M5, polar zone J6, weight of metal from
mass point M5 1in polar zone J6 (grains).

Total metal weight, in pounds and grailns.
Polar zone J2, weight of metal in polar zone J2 (grains),

percent of total weight of metal in polar zone J2,
average velocity in polar zone J2 (ft/sec).
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Table AV - continued

Statement
Number Description
21680 Mass poin: number M5, ccrresponding K and L, totel

scaled mass (mass/27, in grams) associated with M5,
pclar angle AS,,,,, for fragments from midpoint of
line segment Joining M5 and M5+1.

21730-21750 Input data ™ (=M1, ) vs M5 (Fi 1s given in grains).

22030-22260 Number of fragments, in each weight range, in each
polar zone.

22290-~-22470 AMSAA lethal area input. The average weigh. in grains
and the fraction of the total number of fragmenis in
the polar zone are printed out for each fragment welght
range in each pola. zone. Also Y(J6), the initlal
velocity (ft/sec) for the polar zone (this is the
average fragment velocity in the zone (see statement
no. 21120), Y9(J6) the number of fragments per steradian
in the polar zone, and the average fragment welght
(grains) in the polar zone. The latter quantity is not
called for by the AMSAA lethal area program.

22480-22660 Calculated quantities needed by the JMEM lethal ares
program are stored on tape, for use by a FORTRAN
program (Tahle AVI) which prepares the appropriate
card deck.
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H TABLE A-VI FORTRAN ROUTINE FOR PREPARATION OF CARD DECK FOR INPUT TO JMEM LETHAL 3
ST« AREA PROGRAM * >
b 5 3
g 3 PROGRAM PCARD(TAPE1,PUNCH,TAFE6=PUNCH, INPUT=65,0UTPUT=65) .
- DIMENSION A(7) 5
3 a DATA FMT/BH(7F1044)/ E:
< > REWIND 1 %
k- 3 10 CONTINUE 3
e, 4 C CALLS A SPECIAL VERSION OF GCARD TO READ FROM TAPE1 INSTEAD OF INPUT 3
£ 8 CALL GCARD(1s73sA(1)9A(2)9A(3)9AL4)3A(51sA(6)sA(T)) E
4 : IF(A(6)eEQs1+E36) CALL GCARC(1+24A(6),A(7)) %
E - 8 PRINT 1005A(7) g
e A3 WRITE(65160) A 3
] ¢ 100 FORMAT(7F1044) 3
2 E 105 NDATA=A(T) z
=, 3 IF({NDATA«EQe0) +ORs (A{7)cEQe1+E36)) GO TO 200
- E CALL BASICR(T74NDATAJFMT) :
4 3 CALL BASICR(TyNDATA4FMT) 5
3 A GO TO 10
ke o 200 PRINT 201,A
3 E; 201 FORMAT(#* ERROR ON INPUT #,7F1044) 5
E: % GO TO 10 %
3 3 END 3
3 3 SUBROUY INE BASICR(NPyNDATAFMT) :
A 5 DIMENSION A(19) 5
S A{19)=14E36 3
A INUM=0 :
4 i K=l 3
g Rk 19 IF (INUMeGE.NDATA) RETURN 3
P . 5 CALL GCARD(15124A(K)sAIK+1)9A(K+2)9A(K+3) 9A(K+4) sAIK+5)3A(K+6) $
: 3 A +A(K+T) 9A(K+8) 3A(K+9) 9 A(K+10)sA(K+11)) H
, 3 E 1E=K+11 ;
% 3 DO 110 I=K,IE 3
. e, IF(A(I)+EQ.1.E36) GO TO 120 i
: A > 110 CONTINUE :
EX. : 1=K+12 §
. a 120 I=1-1 ;
# INUM=INUM+1
k2 : IF(I«LTeNP) GO TO 140 ;
SR $F{(INUMeGE«NDATA) ¢ AND4 { 1sEQ.NP1) GO TO 140 !
e 125 WRITE(H6sFMTI(A(K) 5K=1,NP) :
v 3 IF(1+EG.NP) GO TO 150 i
- i 1S=NP+1
E s DO 130 K=1S,! :
k- - A(K=NP)=A(K) :
‘ - k 130 CONTINUE 1
s & 1=1-NP é
‘ 2 N IF(I«GE.NP) GO TO 125 :
f & Y. C HAVE LESS THAN NP DATA FROM LAST CARD AND LEFTOVERS 3
SNA 135 Kal+l :
2. // 3 IF (INUMJ.EQ.NDATA) GO TO 145 :
: =/ 2 INUM=INUM-1 ;
, o 8 GO TO 10 ;
; SV C HAVE LESS THAN NP ON ONE CARD :
, % & 140 IF(INUMsLT.NDATA) GO TO 135 ;
, E, 145  IE=MINO(I4NDATA+I~INUM)
; 2 e WRITE(64FMT) (A(K) 9K=14IE) !
: e 3 RE TURN :
' y X 150 1=0 :
’ » 4] GO TO 135 ’
: b END
; k. *This routine was written by C.3.Wilson (NOL/CODE332)
: S
: N o 10
£
! s a
3 ._r 3
. ;
- k- ; i
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