e G’ = 70
C o0 - IO —7s

Report No. 60

Columbia Unibersity
in the ity of Netw Pork

NUMERICAL STUDIES OF SHOCK FOCUS ING

IN A COAXIAL ELECTROMAGNETIC SHOCK TUBE

by

Hung Chang Lui
1973

Plasma Laboratory

School of Engineering and Applied Science

Columbia University

New York, N.Y. 10027

w




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NUMERICAL STUDIES OF SHOCK FOCUS ING
IN A COAXIAL ELECTROMAGNETIC SHOCK TUBE

Hung Chang Lui

f——————=NOTICE— = =
This report was prepared as an account of work’

sponsored by the United States Government, Neither.| !
the-United States nor the United States Atomic Energy | .
Commission, nor any of their employees, nor any of
.their contractors, subcontractors, or’ their employees, _
makes any warranty, express or. implied, or-assumes-any.
legal liability or responsibility: for the accuracy, com-
pleteness “or usefulness of any information, apparatus,
product or process disclnsed, or roprosents thai It use
would nqg>i_r_gfripge privately owned righgs. .

Submitted in Partial fulfillment
of the requirements for
The Degree of
Doctor of Engineering Science
in tge Faculty 6f Enginéering & Applied Science
Columbia University: |

1973

M >' A
B a

PISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

¥




ABSTRACT

The generation of a strong transverse MHD shock wéve in
a coaxial electromagnetic shock tube is simulated numerically.
Further plasma heating is achieved by shock réfleétion and fo-
cusing on the end wall., The details of the two-dimensional
axisymmetric flow in the shock tube and the process of shock
focusing and reflection from a curved end wall are studied. In
general, the drive currents can be arbitrary functions of time,
and the end wall can be of arbitrary shape,

The scheme used is the fluid-in-cell method (FLIC), mod -
ified for compressible, time-dependent magnetohydrodynamic flows
to include a magnetic field perpendicular .to the flow direc-
tions, The governing equations are the two-dimensional axisym-
metric, ideal, single fluid MHD equatioﬁs‘coupled with'Maxwell's
equations, Finite differencing is carried out for cells of vari-
able shapes to accomodate solid walls and Freé surfaces. On a
moving vacuum-plasma interface, a mixed Lagrangiaﬁ-Eulerién pro-
cedure is used, |

To optimize the wall shape for shock focusing, the location:
of the focused region and thé wall shapé areselected according
to Whitham's shock-ray theory. The comparisons of thejcomputed
results between different shapes of the énd wall are made to
maximize thelplasma heating. The most efficient shock focusing
and plasma heating occurs with a quafter-elliptic end.wall, giv-
ing a reflected and focused shock temperature some 8 times the

incident post-shock temperature, or more than twice that ob-

tained from a flat wall reflection. The cdrrespondiﬁg density



in the focused regibn is 16 times the initia] density in

the‘shock tube,

To check the accuracy of the méthod, computations for a
plane shock wave reflectfng from a semi-circular wall in two-"
dimensional plane flows areAalso made'dsing bbth the FLIC me-

thod and the two-step Lax-Wendroff scheme. The two methods

3agree well,
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. INTRODUCTION

Experimental studies of strong magnetically driven shock
waves in a coaxial.electromagnetic shock tube with a transverse
field have been conducted fbr the past several years at Colum-
bia University]'u. At the same time, numerical simulations of
the MHD shock tube with artificial dissipation5 and physical |
dissipation6 in one-dimensional flows were also carried out,
These studies are analogous to the Hain-Roberts code for pjnches7.
However, since the nature of the flow in the coaxial shock tpbe
'is obviously two-dimensional, it is important to. study the flow
two-dimensionally. A .numerical computation of the problem will
give us-interesting and useful insight into the details of the
flow in the tube, It is our main purpdse to investigate plas-
ma heating numerically by shock focusing‘and reflection from
curved end walls for temperatures of fusion ihterest.

The general experimental setup of the shock tﬁbe is shown
schematically in Fig, 4-1. The workfng gas fifis the spacé of
the cylindrical annulus, A bias current flows in the central
rod of the inner conductor to gTVe an azimuthal field ahead of
the shock. When the circuit is closed, the capacitor banks sup-
ply a radial current between two cylindrical electrodes passing
through the working gas. This currehf sheef heats and pushes the
gas ahead, créating a shock wave that runs down the tubé. -To
reflect the éhock wave, the end wall of the tube can be desighed
to form a proper profile so as to produce dense'plasma heating.

in kilovolts by shock Focusiﬁg and reflection,




A number of numerical codes (see e.g, 8,9) of multi-
dimensional, time-dependent, compressible flows in hydrodyna-
mics have been developed and applied successfully in the past,
Yet it is not easy to apply them directly to MHD flows With
arbitrary wall shapes or with a.vacuum interface, The two-
step Lax-Wendroff scheme was applied by Potter]O in plasma fo-
cus sfudies, in which he handled the moving vacuum-plasma in-
terface by a minimum-density control. But this technique can-
not be readily applied to MHD Flows, because magnetic fields
exist in both the vacuum and plasma regions, and the computed
magnetic fields near the vacuum boundary will become completely
inaccurate, |f not properly tailored, the Lax;Wendroff scheme]1
may also induce numerical instabilities on a curved wall bounda-
ry. It has been suggested by many authors, e.g. Lapidus]z, to
transform the curved wall into a straight boundary. Such variable
transformations are usually very laborious to carry out even in
simple geometries, and it may become prohibitive in more éompli-
)13

cated geometries. The particle-in-cell method (PIC and the

14

grid-and-particle method (GAP) uée particle-control in a sur-
face cell to move the free boundary under an applied pressure,
but they invariably give large fluctuations to the calculated
results, |

We have chosen to use the Flufd-in-cell method (FLIC)]S,
which is originally an Eulerian finite difference scheme with
mass transport differencing for sédving unsteady compressible

flow problems]6. But, since the s;stem'of hydrodynamic equa-

tions of a perfectly conducting fluid in the presence of a




transverse magnetic field is redQcible to that of ordinary flu-
id dynamical equations, we.adapt the methbd rather easily., More-
over, as the magnetic field is frozen into the plasma, it can
be. treated in much the same way as the density,

But in the actual calculations of a plasma flow in MHD ap-
proximations, it may.require some special procedures to handle
boundary conditions on a curved rigid wall boundary and on a
moving vacuum-plasma interface, Also for curved walls most me-
thods to improve accuracy will result in tiny cells on the boun-
dary. It is troublesome to handle these tiny irregular cells
in the actual computations, and they cause stability problems,
Since the moving vacuum-plasma interface is Lagrangian in na-
ture, the Eulerian treatments mentioned above are less accurate.
A mixed Lagrangian-Eulerian procedure is taken to handle the
free boundary, Therefore, we extend the method to cells of va-
riable shapes on solid boundaries and vacuum interfaces,

To choose an end wall shape for shock focusing, we use

17,18

Whitham's shock-ray theory This is an approximate proce-
dure in which the particle paths are approximated by rays per-
pendicular to the shock surfaces., |t.has been applied to various’

gas dynamical problems by numerous authors such as Milton]9,

Lauzo, and Skew521, We extend this method to transverse MHD
flows and use it to select end wall shapes, One of the best
shapes of the end wall is a quarter-ellipse,

Chapter |l summarizes the basic MHD equations and Maxwell's

equations for the assumed physical model, and describes the mod-

ified fluid-in-cell method for MHD flows with a transverse



magnetic field. The method is designed particularly for sur-
face cells of different shapes having irregular neighbor cells;
but usually, it is also applicable to the regular inner cells
located inside the computational region.

Chapter Ili describes the numerical boundary conditions
associated with the code, The Lagrangian contour is introduced
to handle the free surface and appropriate reflective boundary
conditions are applied to curved walls, The cell-mixing proce-A
dures to increase stability are given as well,

- In Chapter iV‘the results of shock formation in a coaxial
shock tube are given, The shapes of the incident shocks are
obtained., While the shock is almost planar, the current sheet
is strongly inclined., Hence, one dimensional results are inade-
quate for their description,

In Chapter V the shock waves are utilized to study their
reflection from flat end walls, The solution of shock conver-
gence and reflection from a semi-circular end wall is alsb ob-
tained, Usually, a shock wave will be diffracted and converged
by .@ curved end wall wHen it moves along the wall surface,

In Chapter VI, Whitham's shock-ray approximation is reviewed,
and extended to transverse MHD flows, End wall shapes are selec-
ted for shock focusing and reflection,

In Chapter VII, shock focusing and reflection from a quarter-
elliptic end wall is presented., The shock wave will be strength-
ened by the elliptic end wall to maximum limit and will reflect,
Of the three shapes studied, the quarter-elliptic end wall is

the most efficient shape for plasma heating, giving a reflected




énd.Focused shock temperature some 8 times the incident post-
shock temperature, or more than twice that obtained from a
flat wall reflection,

In Chaptér VIill, we test the FLIC method by studyiné shock
convergence and reflection from a semi-circular wall in plane
transverse MHD flows, and comparing it wifh results from the
two-step Lax-WendroffAschemezz.' The agreement between the
two methods is very good, which gives us some confidence in the

accuracy of our basic code.




1. THE FLIC MHD CODE

2,1 The Governing Equations

| Thé plasma in the shock tube is assumed to be a perfect
gas with infinite electrical conductivity. The fluid equations
under the MHD approximation are chosen for the plasma flows.
Although a two-fluid ﬁodel has been used in one-dimensional
flows6, we do not feel it is easily extended to two-dimensional
flows., |In this study, therefore, we shall content ourselves
to study only the gebmetrical aspects of shock focusing and
plasma heating and a one fluid model is much simpler, at least
as a first step,

In the simplest model, the plasma is considered as an ideal,
single fluid of density p, pressure P, specific internal ener-
gy |, specific heat ratio vy, and velocity 3, carrying a cur-
rent ﬁ, in a magnetic field g and electrical field g. The
electrostatic forces and the displacement currents are negli-
gible, The viscosity and heat conductivity are also neglected

in the plasma, Maxwell's equations in Gaussian units become

™
v. B=O, g (2-])
M
v . J =0, , (2.2)
M
M 1 .
vxE=-228, ' o (2.3)
M M
VX B=U4ny/c. : (2.4)
Ohm's law is
[ 1 M M
E + z Ux B=20. - (2.5)
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The fluid equations are
” ™
(;E+U.'v>p=-pv.u, (2.6)
M M M M
p@% +LJ.V)U=-VP+JxB/c, ‘ (2.7)
M M :
o2 + U.v)l==-Pv.U, (2,8)
P=(y-1)p1I . (2.9)
Suppose that the flow fs plane (ﬁ% = O) or axisymmetric

locity is given initially to be in the (x-y)

e, and the magnetic field is initially per-

Uy’ UZ) or (UZ, Ur’ Ue)

v, 0),

By, B,) or (B, , B, By)

, B), (at t=0) : (2.10)

1l remain two-dimensional (plane (x-y) or axi-

all times,

v, 0),

(0, 0, B). (for all t) (2.11)

field is in the z-direction or 68-direction,
: M
the plasma and the electrical field (E =

irection will be zero. The statement (2.11)




easily follows from Eqs. (2.3) and (2.7).
For two-dimensional plane or axisymmetric geometry , Eqs.
M

(2.3) to (2.8) can be expressed in the form, with U = (u,v,0)

»
and B = (0,0,B).

%ﬂ = -div (pU) , (2.12)
x) ”‘ d 2
pizt + u v) u = -3 (P + B°/8m) , (2.13)
p(a_at + U . v) v o= -=2 (P + B%/8m) - Cb E?Brr“ , (2.14)
m "
p(é% + U v) | = -P div (U) , _ (2.15)
d m . ot m
5€‘(B / )y =-div(UB/ r ), (2.16)
and
_ " 1 ) m . AU
div ( U ) = —l:r-n—— -a—l: (l" V) + ‘87 s - . (2.17)
where Cb and m are equal to 1 in an axisymmetric case; equal to

0 in a plane casé.

We assume that the gas just in front of astrong shock wave
is already preionized, THe MHD equations and Maxwell's equa-
~ tions apply éverywhgre. Actually, after a shock reflection from
the end wall, the temperature of plasma is about 10 Kev, and the
ion cyclotron frequency becomes larger than the ion collision fre-
quency. The fluid approximation there is poor. We’shall-continue
to use the fluid approximation in this study, but will be aware

of these possible defects.,




2.2 The Computing Cells

In order to carry out‘the computation, the volume con-
taining the fluid is subdivided into a numberiof cells, The
cells in the interior region are equal in shape, and we will
call them regular cells., The cells on the boundaries are ir-
regular in shape, and we will call them irreguliar cells, The
computational cells aré shown in Fig. 2-1, The location of a

cell is denoted by the indices (i,]).

)
4 N
r .
. r G ! F
o {3V i
Vi 1
r e A
usj (i, i) "Sf :
D M Sr N s
Sz !
:
|
[}
]
H
o -
lo
z (i)
Fig. 2-1 The computing cells in (z-r) coordinates

A Fegular cell (i,j) in plane Cartesian coordinates is a rec-
tangle with dimension 8z, 8r, In cylindrical coordinates, it
is a rectangular torus with inner and outer radii (ro +

(J-Jg = 1) 8r) and (r o+ (j-j ) 6r) respectively, and width
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6z, The constants ro and j_ are shown in Fig, 2-1. The reg-

ular cells have the properties shown in Table 2-1.

Table 2-1
Geometrical properties of a regular cell (i,j) in Fig, 2-1
Properties Pfane.Coordinates Cylindrical Coordinates
Vo lume (Vj) drdz 2n (ro+(j-jo -1/2)8r)érdz
b d - '._. o )
Area (S j) &r 21 (ro-+(J i 1/2)8r)ér
r .-l -
Area (S J.) ¥4 2m (ro-+(J Jo 1/2)8r)éz
Area (Srj+1/2) 5z 2 (ro-+(j—jo)‘5r)52

Here S? is the area on the right or left side of the cell (i,])
in z-direction, Srj is the area on the middle section of the

cell (i,j) in r-direction, s’ is the area on the top side of

P41
the cell (i,j) in r-direction{ and Vj is the volume of the cell
(i,3). | |

The cells on the curved wall surface, although irfegular,
“will not change their shépes because the wall boundary is fixed,
On the other hand, the free boundary moves in space, and the cells
on the free surface will change their sizes and configurations
during the computatiqnal cycles, Since the motion of the free
boundary must be included in the computation, these boundary cells
require special treatment, The details of the resolutions on a
free surface and on a curved rigid wall will be given in Chapter
(NN

There are a number of irregular small cells present on a
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vacuum-plasma interface and on a curved wall boundary. These
tiny cells will Timit the time increment (&6 t) in the computa;
tion, To aVoid this problem, we join them tb their adjacent
cells, The combination of a tiny cell and its adjacent cell
makes the resulting cell bigger than a normal cell. The com-
bined cell on a boundary may be in contact with two or three
different neighbor cells on one of its four faces. These boun-
dary cells are irregular in shape, they have different volumes
and widths. They are still regarded as rectangular in shape,
but their volumes are the geometric values of the actual config-
urations,

In Fig, 2-1, the left curve represents the vacuum-plasma in-
terface, and the right curve represents the curved wall bounda-
ry. The cell (B) is in contact with three different cells (C),
(D), and (E) on its left side. The cell (A) is in contact with
two different cells (F) and (G) on its top side;'two cells (S)
.and (N) on its bottom side, A cell on a boundary may have two
or three neighbor cells on one of its four faces. |In order to
consider all geometric éituations, a cell (i,j) is assumed to
be in contact with eight neighbor cells (i+1, j+1), (i+1,]j),
(P+1, jJ-1), (i, j+1), (i, j-=1), (i-1, j+1), (i-1, j) and

(i-1, j-1) as shown in Fig. 2-2,




1L

A 907- ME- 27/8

12

]
| |
: |
: (i,j*1) !
Ci=1, Gy | (i*1,j*1)
. |
| n "o
z .
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]
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]
n
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________ Ripyt g
(]
AT A FA O
=Lt i,j~1 ithj=h
| N
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| i
|
| (

Fig.2-2 The center cell (i,j) and its surrounding neighbors.



In Fig, 2-2, the center cell (i,j) has three neighbor

- cells on eaéh of ‘its four faces. The volumes and widths and
configurations of all related cells are given on a wall bounda-
ry, or compufed on a free boundary so that the géometric rela-
tions between them are known in advance, Theréfore, the con-
Ltacling surfaces of the surrounding neighbor cells on each face
of the cell (i,j) are known, |If a surrounding neighbor cell,
csay (i+1, ] +l)? does not appear on a surface of the center

cell, its contacting length, say (R".

I I ]), on that sur-

face is set to zero., |In case of a normal situation; the cen-
ter cell (i,j) is surrounded by four regular neighbors; the fol-
lowing relations hold for the center cell and its surrounding

neighbors:

n
..o o=V
v ,J J
n _ n _ n _
o] e,y T Ruis,j or
= i, T Ry °r
n _ _n _ n
827 5 = % e T L 54t = sz,
_ n _ N =
- (:)Z i,j'1 Z i’_j-] 62 ’
n n _ i _ |
and t'=+1, -1,
n ) n . .
Thg lengths R i+s,j+t! and Z i+s, i+t are shown 1n.F|g. 2-2,
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2,3 Summary of the Fluid-in-cell (FLIC) Method

A version of the FLIC method is summarized here which is

originally designed for time-dependent, one-fluid problems in

plane or axisymmetric compressible flows, Since the system
of equations for transverse MHD flows is reducible to that for

23

conventional compressible flows, the FLIC method is modified
to include a magnetic field perpendicular to the flow difec-
tions in magnetohydrodynamics, |

The particle-in-cell (PIC) method13 is a combined Eulerian-
Lagrangian scheme to solve multifluid problems in time-dependent,
compressible flows, It utilizes Lagrangian particles in Eulerian
cells to transport mass, momentum, and energy. The FLIC method]5
is an Eulerian scheme, in which the difference equations are »
similar to those used in the PIC method. However, it employs
a mass transport calculation which eliminates the use of particles,

We describe the axisymmetric case, the plane case being
obvious and simpler. The basic flow variable$ to characterize
the state of the plasma. in transverse MHD flows are the density p,
the z and r components of the fluid vélocity, u and v, the
magnetic field B, and the specific internal energy |, Other
flow quantities are determined through their related equations
from the given variables, The values of density, magnetic field,
velocities, specific internal energy, and other flow quantitiesl
are given in each computing cell initially, Then, their values
in each cell are advanced in time using the finite difference

equations, The FLIC scheme consists of two steps for each cy-

cle: First, intermediate values are calculated for the velocities
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(U, V) and specific internal energy (T ) due to the effects

of fluid accelerations driven by the pressure gradients and the
electromagnetic forces, Second, mass transport effects are
calculated due to the movement of the fluid in each cell, The
mass and the magnetic flux which flow from a cell (i,j) to a
cell (i+1,j) are directly proportional to the density and mag-
netic field of the donor éell (i,j) respectively,

The mass and magnetic flux flowing across the cell bounda-
ries during the time increment are determined by using the in-
termediate values of the fluid velocities (Uand v). The mass
which has crossed the cell boundaries then carries the momentum
and energy corresponding to the intermediate values of the fluid
velocities (U and V) and the specific internal energy (T). The
final values for p, B, u, v, and | are computed by redistributing
the mass, magnetic flux, momentum, and energy in each cell,
Throughout thé steps, there is conservation of mass, momentum

and energy,
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2.4 Finite Difference Equations

Assume that at time t=n 6t the following values are

specified for a cell (i,j) shown in Fig, 2-2,

. n
denSItY3 | pi,j
z-velocity component: | uﬂ ]
r-velocity component: vﬂ j
specific internal energy: IW ]
: ’

. n _ N 1 2 2\n
specific total energy: Ei,j = 'i,j‘+ 7 (U™ +v )i,j
magnetic field: B", j
volume: v

" i,
widths: 5r”. . and 52" .

') )
fluid properties of its n
neighbors: pi+s,j+t"etc'

s=1, 0, +1; t'=-1,0,+1,

(except s=0 and t'=0)
contacting lengths of its

neighbors: . R n

1,4t Lliss, g4
- . , s=-1,0,+1 and t'=-1,0,+1
- . | The differencing procedures of the FLIC method for the

cell (i,j) in Fig, 2-2 consist of two steps to calculate values

for time t= (n+1) 8t, -

Step 1. The intermediate values of u, v, T and E due to the
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effects of fluid accelerations are calculated, taking into

account the pressure gradients and the magnetic forces.

& - S s AT (P @)y PR g )
/ (pni’j fi g 62) ,1

~w,j - Vﬂ,j - étAG,j ((SG+1/2 (P*? - P*ﬂ,j)
.srj'_”2 (Psh = P¥L ) /(2 V)

n n ' n 2\n n
J , J , j

Here, P* = P + Bz/8n,

Az = 5r" / &r ,
Iy ] 1y
r _ n
A"J = 6Zi,J / &z,
n
f|,j—vi,j/vj’

:'\-n = 7‘cn _ 7‘:n 2

Iy

n _ Ny N
+1 _
n ' 4N n n
P¥p = (S\/: ]P*i+1,j+sRi+1,j+s),/ 8riy,y
L =" - -
» 41
n _ Yy N n n
P*T B ( L P+i+s,j+1 Zi+s,j+1> / 62i, ’
B s=-1 - - '
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where P*nY is the total pressure of the surrounding neighbors
acting on the cell (i,j) on the Y-side, the dummy subscript

(Y = R,AL,‘f, ahd'B) denotes the right (R), left (L), top (T),
and bottom (B) side of the cell (i,j" respectively, The same
Aﬁotation appliés to all subsequent formulae.

The time-step (6t) is chosen to meet the condition

g S s

l S I 6t / Min(&zni
It was introduced for accuracy in the original FLIC method.
The fluid particles in a celIA(i,j) will not be allowed to pass
by its adjacent neighbors to farther cells during a computing

cycle. It usually covers the Courant-Friedrichs-Lewy condition

st (] U +c)/ Min (62", ;

, 8 ) = 1//2

1)
which is required for numerical stability. The notation C'
represents the local magnetosonic speed,

Also,

n — - r n r : =N
Vi T g st A TP T2 Y 2

n ro =n
i SrJ‘-1/2 vni,j;l/z) s ah ez B Vi e
r ""h n r —-n
FS VL) Ty a2 S Vi
r<n —n r n n
SV oYy S @ g2t 9 a1y2))

n + n )
P, i+1/2,] i,i 79 +1/2,]
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-0 @i, 5172 RN R CHTEER
BV =T @ s 0’2)”|,J / 2.
Here,

E?’J. = (u"i’j + a‘"i’j)/z,

v ?,j = (vﬂ’j + V?,j y / 2, etc.,

G2,y Wy T ruR 2 TR) /A,

S B Cl AR AT R R R S VAL
Ve = e Y eV ) s,

v iy = O e T eV e V) ok,

The q terms that are artificial viscous pressures are

of the formsﬂ

n _ n . n ' n N
Tist/2,5 =P Chsrs2,y Petrzz,y (Wi, c uR)
. | 2 2.\n ~2.\n . n
if K (u” + v )i+1/2,j < (C )i+1/2,j and if ui,j
= 0 otherwise,
qn. . = c". . o . AR
i,j+1/2 i,j+1/2 i,j+1/2 i,] T
o 2 2, n 2\n 0. n

= 0 otherwise,
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n _ n : n. n n
91725 TP Chlis2,5 P17z, o vy )
. ' 2 2\n 2.\n . n n
if K (u™ + V')i-l/Z,j < (C )i-1/2,j and if u > uiri’
=0 otherwise,
n b c" n (V” N )
i,j-172 T i,j-1/72 Pi,j-172 VB T Vi,j
. 2 2,\n 2.\n ' n
if K (U + v )i,j-l/z < (C )i,j-1/2 and if vg > Vi,J’

= 0 otherwise,

The constants K and b are used to determine the magnitude of

the artificial viscous
stant (b) for cells on
than that fqr cells in

cal viscous heating on

pressure, e,g. K=1, b g 0.5 . The con-

a wall boundary is set to be smaller
an interior fluid region to avoid numeri-

a wall surface, say b - (1/3)bfluid‘

wall

The quantity (C) is chosen to be the local sound spéed in an
axisymmefric case or the local magnetosonic speed in a plane
case, |

In a coaxial shock tube, the initial bias magnetic field
is inversely proportional to the radius (r). Notice that the
fluid in the tube will not flow radially under the influence of
this field alone, because it is curl-free, The value (C) in
" the viscous pressure term must be the local sound speed in this
case, Otherwise, if one chooses the value‘(C) to be the 10Cé].A
magnetosonic speed in the shock tube, the vi#cous pressure

terms will vary with respect to the radius (r). Thus, they will

result in incorrect solutions to the problems, Meanwhile, the
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discrete bias magnetic pressure terms .( « 1/r2 ) acting on

the inner and outer surfaces of a toroidal cell can induce er-
rors on the radial compbnent of the fluid velocity, To mini-
mize such errors, one can either use fine cells in the radial

direction or set Cb to a value approximately equal to 1, say

L1- (3/4)x(6r/r)2'+ (1/4)x(6r/r)4 ] [‘i - (6r/r)2 ]'2,

which is obtained by setting the radial acceleration of the
fluid to zero in the finite difference equation with a constant
initial thermal pressure and a radially varying bias magnetic

pressure ( « 1/r2j ) in the shock tube,

Let
X= (p’ C’ u’ Tj’ v’v)’
then
n _ n n
Kiarrz,; = U5+ Xg 1/ 2
| L
n - n n 5
B
+1
no_ n n n
e = () x i+1,j4s N ixl,j+s )/ er i
L s=-1 -
+1
n _ n 5N n
x"p= (L X i+s,j+1 L iws, 4l ) / sz i,

B s=-1

Where XnY is the averaged X-quantity over the surrounding neigh-

bors on the Y-side of the cell (i,j) by the area-weighting me-

thod, the subscript Y denotes the direction of the cell surface,
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Step .2, . The final values due to mass transport effects are
" calculated,

: n n .
Let AMRiil,j+sbe the mass flowing across the area
(RW+] j+s) between the cell (i,j) and the cell (i+1,j+s) dur-

ing the time increment 8t, and amz" be the mass flowing

i+s,j+1

across the area (Zn ) between the cell (i,j) and the cell
| , 1 . .

i+s,j+
(i+s,j+1) during the time increment 6t, (with s=-1, 0, +1),

AMRY L1 fas ;Rniil,j+s $% .p.ni,_]‘ I(‘Uni,j * ;nii1,j+s>.6t/(26r)’
i (Uni,j + anii1:J+5) >a
= Bniil,j+s S"'J.+S p”ii1’j+s (G”i’j 4dnii1,j+s >5t/(25r),
- L <Uni,J +~nl+],_j+5) :8’
s = -1, 0, +1
M2 s 1a1 = Zias,jer SGaiy2 O (" it Vias e Yot/ (262),
i+ BE: + o\, i+
if (Vni,j“’vnns,jy) :8"
= Zni+s,ji1 Srjivz pni+s,ji1 (gni,j +\7ni+s,‘jil>6t/(262)’
- - if (Vni,j +"7ni+s,ji1>:8’
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+] +1
pni+,]j = oyt (SZ_1AMRni-1,j+s" SZ_1AMRni+1,j+s
0 E ~
* Sé_IAMZnns,jn - S;_1AMZn_i+s,j;1) (Vi 5 )

Let H = B/r? , the differencing equations for H are the same as
those for the density p.

Final values for the velocity.components (u,v) and for the
total energy per unit mass (E) are calculated by conservation of

total momentum and total energy in each cell,

+1
T UL TRic s Flic,jas 20 jus

N n
; gn

T Zies, i1 Flivs, i AMZ 5 4s 51

Fi+1,j+s AMR

i+1,j+s i+1,j+s

v ~n A n
B égszi+s,j+1 Fi+s,j+1 AMzi~+s,j+1
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Here,

F = ( U9V.’E))
,TRiil,j+s = 1 if fluid flows into a cell (i,j) from
a cell (i+l,j+s), with s=-1, 0, +1;

= 0 otherwise ,

TZ

i+s,j+1 1 if fluid flows into a cell (i,j) from
a cell (i+s,j+1), with s=-1, 0, +1;

0 otherwise,

The specific internal energy |, gas pressure P, sound speed C,
- magnetic field B, and total pressure P* are obtained by the

following relations:

A L L S (YT vz)nfl. /2,
I’J "J l’J

n+1 _ n+1 n+1

Py T o e Ny

n+1 . n+1 3

C i,j = ('Y R' i,j / CV) ,

Bn+1 - Hn+l (rm )
i,J i,] i’

pe+1 _ pntl + (BZ)n+l_ / 8m,

i, i,]J i,]
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where the'constants‘RAand Cv are the gas constant and spééific
vheét af constant volume respective‘ly°

The most important feature of the'preséqt code is_thét it
allows cells on boundaries to be different shapes and to be in
contact with an arbitrary number of neighbor cells, The varié-
ble cells in the present modification can also be applied to other
methods, say, the PIC method., It is also possible tb include

physical transport coefficients in the method by adding them

directly to the finite difference equations,
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[11. BOUNDARY CONDITIONS

3.1 Introduction

The finite difference equationg developed in Chapter ||
can be applied to cells on a boundary where the boundafy va-
lues have been specified. There are four types of cell bounda-
ries: inflow, outflow, free boundary, and solid wall, In all’
cases, boundary conditions are specified by‘giving.the values
of the flow variables in fictitious cells outside the bounda-
ries, | |

On an inflow boundary, these values are those of the fluid
wHich flows into the boundary. On an outflow boundary, tHese
values are equal to those of the adjacent inner cells, On a
free surface, the applied pressure is specified in a vacuum,
On a solid wall, the normal component of the fluid velocity is
equal to that of the wall surface, There are no flows of mass
or energy across a wall boundary or across a non-leaky free sur-
facé.f Mathemafically, the nuﬁber of boundary conditions is equal
to the number of the characteristic lines or cones on a boundary
poihting into the fluid region. Numerically, the number of boun-
dary conditions required is equa! to the number of -the difference
equatfons, énd is often more than the correct number of mathe-
matical conditions. Care must be‘usgd so that these addftional
conditions have as little influence as possible. In this chap-
ter; we describe the boundary conditions for the finite differ-

ence equations when they are applied to cells on a free boundary
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or on a curved wall,

In Fig., 2-1, the left curve represents a free boundary
which separates the vacuum and fluid regions; the right curve
represents a wall boundary which is fixed in space. The cells
(A) and (C) are the surface cells on the wall and on the free
boundary regpectively. The cell (E) is empty in the vacuum, and
the cell (F) is fictitioué outside the wall boundary. The cells
(M) and (N) are regular cells in the interior region. When the
finite difference equations are applied to the surface cells on
the boundaries, special treatment is required, which we de-

tail below,.

3.2 On a Vacuum-plasma Interface

As the free surface moves into a normal.cell, that cell be-
comes a surface cell with a changing volume. Its cell edge in
contact with the vacuum will Eoincide with the free surface. The
free surface moves with the same velocity as the mass in the sur-
face cell, and is a Lagrangian.contouf moving in the Eulerian
mesh. This Lagrangian contour gives a good resolution of the
movable vacuum-plasma interface if the contour does not become
seiously distorted, Apparently, the surface cells on the free
boundary will change their shapes, volumes, and widths when the
Lagrangian contour moves into or out of them.

The finite difference equatfons for the center cell (1,5)

in Fig. 2-2 need the following modifications when the cell (i,])

s a surface cell on the free boundary, The total pressure P¥*
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of an empty neighbor cell of the cell (i,j) is the applied
magnetic pressure in the vacuum, Other flow variables in emp-
ty neighbor cells are set equal to those of the adjacent sur-

face cell (i,j). We give a simple example as follows:

i) ‘'Uné of the surrounding neighbors of the cell(i,j) is empty,

say the cell (i-1,j) in Fig. 2-2, i.e. pﬂ_1,j = 0.
Then,
P = By R P e R e PP R )
/6rni’j ,
o U= Ny R X e R 1+ X g RAni—l,j-lb)
. /&rm,j ,
with X=(p, ! ,u,0,v, V),
AMR”if]‘,J. = 0, etc.

where PV*n is the applied magnetic pressure in the

i-1,]
empty cell (i-1,j) at the time (nét), and the underlined

.
.
-

terms indicate the modification made in the usual scheme.

" The values of the flow variables assigned to the empty
j cells do not correspond to real physical properties, It means
| .
| : that the flow variables on the free boundary are those of the
| :

local surface cells, For a non-leaky free surface, there are
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no flows of mass and magnetic flux across a cell boundary
between a surface cell and an empty cell., In the computations,
because of the local Lagrangian treatment, the plasma and va-
cuum regions do not mix. An empty cell in a vacuum is denoted
by a zero-density; a cell in the plasma region is denoted by
a positive density., The Lagrangian contour %s invented for
such problems with a vacuum-plasma interface which is treated
as non-diffusive. |

The contour on the free boundary is represented bylé num-
ber of vertical and horizonta1 segments fn z and r directions

respectively; it may become zigzag.in shape as shown in Fig. 3-1.

Fig. 3-1 The vacuum-plasma interface in u~zig.zaq.'
First, let the vertical segments move with the z-cbmponent of
the fluid velocity (u) in each surface cell in the axial direc-
tion; second, let the horizontal segments move with the r-com-

ponent of the fluid velocity (v) in each surface cell in the

radial direction., At the end of each cycle, the new values of

the cell volume (Vn?]j), and widths (6z

’

n+1

i, i,
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surface cell (i,j) on the free surface are reevaluated af-
ter the movements of the cell boundaries on the Lagrangian

contour, - The procedures are as follows:

1) Calculate the new width-(ézn?]j
14

due to the movements of the vertical segments along the

) of ‘a surface cell (I,J)

axial direction.

i} Set 62”?1. = sz". . unconditionally;
1y J IyJ

- n+1 _ n+l - n+l

ii) set 6z ] = 8z i,j'+ U 6t.,

if the left (-sign) or right (+sign) boundary of the
surface cell (i,j) is entirely in contact with the va-

cuum, or If the left or right boundary is in contact
only partially with the vacuum, but the width (éznf].)

has been changed after the movements of the vertical

segments,

n+1_) of the surface cell (i,]j)

i,]

-2) Calculate the new volume (V

due to the axial movements of the vertical segments,

T) Set Vn?]j = Vﬁ j unconditionally;
- n+1 - N+l - ArL n+l 1
i.i) set Vi,j =V i,] + 4rg ] (anj) st ,

where Ar, and Ar, are the total lengths of the verti-

R
cal segments on the left ( - sign) and right (+ sign)
boundaries of the surface cell (i,j) in contact with
the vacuum respectively, They are computed in advance

from the previous geometrical configuration of the

free boundary,




31

n+1

3) Calculate the final volume (V : J.)-of’ the surface cell
(i,j) due to the radial movements of the horizontal seg-
Aments.
. n+1 _ n+l - Azp n+1
i) Set V 1] - v i,j + Azt Y i (2nrj) 5t ,

where bzp and Az, are the total lengths of the hori-
zontal segments on the bottom (- sign) and‘top (+ sign)
boundaries of the cell (i,j) in contact with the va-
cuum respectively, They are calculated from the geo-
metrical configuration of the free boundary after the
movements of the vertical segments.,

n+1

L) Calculate the new width (&r i J.) of the surface cell (i,j)

14
due to the movements of the horizontal segments along the
radial direclLion,

N+ 1 n

i) Set 6r . . = 6&r. . unconditionally;
by 1) ‘
ii) set érnf1. = 8rn+] - vn+] 5t -
SRUN N i+ Vg '

if the bottom (- sign) or top (+ sign) boundary of the
surface cell (i,j) is entirely in contact with the va-
cuum after the movements of the vertical segments in
all surface cells, or if the bottom or top boundary is
in contact only partially with the vacuum after the

movements of the vertical segments in all surface cells,
n+1

but the width (&r"; j) has been changed after the move-

ments of the horizontal segments.

When the new value of the volume of the surface cell (i,])
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is computed, the density (pn?1j) and magnetic field (BnT]j)

in that cell have to be reevaluated according to the continuity

equations in Lagrangian form.

n+1 Nn+1 n h+]

T = A VAL vt

i, P Vi TV
n+1 n+1 n n+1
B'.'. = B . . V. . ..

1, ) Iy ) by ] /v 1,

When the free surface moves into a surface cell, the vol-
ume of that cell is decreasing. To get rid of a tiny surface
cell (i,j) on the Lagrangian contour, we combine it with an ad-

jacent inner cell when its volume is smaller than a half of the
n+1 '

iyJ ,
moves out of a surface cell, the volume of that cell is increas-

regular volume, i.,e, V < Vj/Z. When the free surface

ing, In order to keep the accuracy, the big surface cell will
n+1 )

]

be divided into two cells when its volume (V is larger than

1.4 v.,

J .

A combination of two cells and a division of the large
cell will be called '"cell-mixing". The combination of two cells,
and the division of a cell into two cells follow the conservation

laws of total mass, momentum, and energy. The cell-mixing pro-

cess is also an effective way to produce an artificial viscosity

"on the free surface, which helps numerical stability; it natural-

‘ly will smooth the fluid properties in the mixed region; The

internal energies of the mixed cells increase at the expanse of
the kinetic energies, On the vacuum-plasma interface, there are

no viscous pressure terms between a surface cell and an empty
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‘cell because the differences of the velocity components be-

tween them are zero. The cell-mixing process is taken to

produce the same effect of the artificial viscous pressure,

Since it may produce extra viscous heating, it is used on the

free surface to stabilize the flow only,

One can also control

the use of the "cell-mixIng" in the computations so that there

will be no extreme viscous heating on the free boundary,

The procedures of the cell-mixing are described as follows:

UPM

82

Sr

itl,j

8z

8r

Before

Fig. 3'2.

1) Combine the cell (i,j) with the cell (i,j+1) if v

V; / 2 and srnt! &

iy
n+1 _on+l

L N
Similarly,

mn+1 n+1 -

i+ 20, +1

n+1 n+1
Mo et Yi, 54

The sample cells for cell-mixing

.54 8r:

n+1 n+1 n+1
Ciger TPy Vg
n+1 Vn+l n+1

et Vi, g Y g
n+t n+1 n+1

it Vi, ger Vi, e

i*,j

“After

n+1
i,

(new mass of the
combined cell lo-
cated at (i,j+1))

pn+1

n+1

P i,

i’j’

yn+l
I, J
n+1

Vi
s J

n+1
iy]

n+1
iy]
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 where the underline denotes a juantity in the combined cell

(i,j+1).

Divide'the combined cell (i,j+1) into two cells if !n?1j+].
1.4v,

j+1

n+1

and 6&r +1 > 1.5 éf.

let X=(p,u, v, E, H), then

n+1 _ n+1
SR B S A

34

n+1 n+1 - _ .n+1 n+1 Cen+ 1 + n+1 Vn+1 n+1
R T RS RN IO R L T S I O S R B 1 G I B T T

n+1 n+1 n+1 n+l n+l N+ n+1

B e = B g Vi e ¥ R 5 V) OV g # VT

n+1 o n+T n+l . N+l

Eiger = Mg LV i vV )

n+1 _ yh+1 n+1

Vo,ger = Ve PV 0

n+1 _ n+1

224,541 T 0% g

rn+1 = Vn+] / (énr 62n+1 )

Eroiivr T Vi e j41 2%

’

)
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n+1 n+1
LS 2 a1 8205 g B0
n+1 _ n+1

824,541 T 2% 5

6rn+] or

i,j+1 T

The cell (i,j) will be combined with the cell (i+1,)) if

N+l oy, / 2 and 62"t!. < .54 62, and the combined cell (i+i,j)

ih] J Py]
will be divided into two cells if V

Vv

n+1
i+1,]

n+1

P41, ] > 1.4 Vj and 6z

1.56z. The formulae used in this case are similar to those in
_ the previous case,

An additional exact condition is still needed to control
fhe cell-mixing process so as not to prodqce-numeriéal over-
heating on the free surface, but to insure the stability of the
flow. -Because the moving boundary changes 'its configuration |
during the computational cycles, the computer program for con-
sidering all the geometrical situations becomes very complicated;
It simplifies the computer programming if the cells are made rec-
tangular after cell-mixing. Any serious distortion of the free
boundary will yield inaccurate solutions on the Lagrangian con-
tour, Further improvements are still required for more accurate

solutions on the moving vacuum-plasma interface,.
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3.3 .0n a Curved Rigid Wall

When the geometry of the wall shape is given, the wall
boundary can be located in the computétional zone, The cells
on the wall surface have different shapes with the boundaries of
the surface cells -following the wall curve, In Fig. 3-3, ;Hef
cell (S) is a syrface cell on the wall boundary, thch may in-
clude a regular cell and a smaller irregﬁlaf cell. The cell
(F) is a fictitious boundary cell, The procedures fof treatihg
the surface cells and creating the fictitious cells on a curved

wall boundary are given below:

b
o

| : . Va -
| ot
E S ‘ P

Fig. 3-3 Surface cells and fictitious cells ona curved wdu,.
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A surface cell smaller thgn one half of the regular
cell at the same radius is adjoined to an adjacent in-
ner cell, making the resulting cell to be a surface cell.
Calculate its volume and widths with the wall boundary to

be a part of its boundaries, But the shape of that sur-

face cell is stll]l regarded as a rectangle with a part

outside the boundary as shown in Fig. 3-3,
Locate a fictitious cell adjacent to that surface cell,
and make its shape equal to that of the adjacent surface

cell in a rectangle,.

The values of the flow variables for the fictitious cell

determined as follows:

Find the position of the center-(P) of the fictitious cell
as showﬁ in Fig. 3—3. |

Determine the position of its mirror image (Q) by reflec-
tion with respect to the tangent of the wall curve. |

The valueé of the flow variables at the image (Q) are ob-
tained by the area-weighting method from its surrounding
cells,

The values of the flow variables at the center.(P) of the
fictitious cell are obtained by reflection from its image
values at the point (Q).

al

The magnefic field at the point (P) is obtained by a spec
treatment, i.e., BP = BQ rQ /‘rP in an axisymmetric case;
Bp = BQ in a plane case,

There is no mass transport across the wall‘boundary. The
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mass and magnetic flux flowing across a cell boundary be-
tween a surface cell and a fictitious cell must be set to
zero,

The reflection procedure for the flow variables of tHe

fictitious cell is as follows:
Pp = 0g
's = o,
up = uQ cos(28) - vQ sin(ze) ,
vp = -Ug sin(268) - Vo cos‘ZG)‘;
GP = GQ cos(29) __CQ sin(298) ,
VP = -GQ sin(28) - VQ cos(26) ,

where the angle 8 is shown in Fig. 3-3,

in this way; the flow variables (p , u, v, | ) in the
fictitious cell are obtained by reflection with respect to~the -
tangent of the wall profile, The fluid velocity on the wall
will be parallel to the wall surface and extended without change
into the fictitious cell., The special treatment on fhe magnetfc
field is designed so that the total pressure (P*) of the fluid
 near the wall will be balanced by that of the fictitioqs:cell.
In addition, we insure that there will be no mass transport
between a surface cell and a fictitious éell.'

The above procedures can be applied-to both axisymmetric



39

flows and plane flows, Sincelthe cells on the wall surface are
irregular in shape, we call the methpd an "irregular shape'
approximation, The reflective boundary conditions suggested in
‘this section make the code powerful enough to solve problems.
with arbitrary smooth wall boundaries. The accufacy of the code

remains high on a curved wall boundary.
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IV. [INCIDENT SHOCK WAVES

L,1 General Description

In the past, shock waves in coaxial shock tubes have
been simplified as a one-dimensional propagation5’6. It is-
vbvlous that the plasma fiow in the coaxial shock tube is.
two-d imens ional because the drive field is a function of the
radial position, In this section, we appfy the FLIC MHD code
to study the formation and shape of the shock wave in the
two-dimeﬁsional (r-z) plaﬁe. In addition, this incident shock
wave and the knowledge of its properties are needed before .
we study shock focusingband reflection from a curQed end wall,

The schematic view of the coaxial electromagnetic shock
tube is shown in ?ig. L-1. First of all, é bias current fs
built up in the central rod of the inner conductor to set up
an azimuthal bias field, When the capacitor banks are dfs—
charged, a current sheet will form in the space between the
concentric electrodes to ionize the working gas in the tube.
This drive current sheet and magnetic field interact and pro-
dﬁce electromagnetic forces acting on the plasma, The hagne-
tic pressure serves as a magnetic piston to push the plasma |
down the tube, The poéitive pressure disturbance in the plas-
ma.will eventually steepen into a shock front.: Since the bias
fieid is azimuthal, a transverse MHD shock wave will be formed
when the plésma is compressed by a sufficiently strong applied

pressure,
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The numerical code with the Lagrangian free boundary
is now applied to this problem. WHen the drive current sheet
is formed in the plasma, the drive magnetic F?eld is built
up in the vacuum, The cOrreéponding magnetic pressure in the
vacuum is then used in the finite difference equations as the
houndary va]ﬁé on the free surface, We prescribe the drive
current as an arbitrarylfunctidn of;time. We fifst show how
shock waves will be formed by COnstént and time increasing
sinusoidal drive currenté. Since there is no physical dissi-
pation in the basic equations, numerical viscous pressure terms
are included in the code to permit the computation of shock
transition,

For each case 6f shock formation or reflection studied,
the computer results will be shown on SC4L060 plottings, in which
there are three planes on each page (see Fig, 4-2), In each
plane, the Qpper and lower grid lines are the 0uter.wall and
inner cdnductor of the shock'tube respectively., The tick mafks
on the upper grid line denote the sizes and locations of regu-
lar computing cells, The left blank region is the vacuum; the
shadow region contains the plasma. The curves in the first
~plane are the constant temperature contours, their va1ues are .
indicated by integers listed above the plane, The density is
‘represented by the shading points in the second plane. The
'darker'the region is, the higher the dehsity. The véiocity
and its direction in each cell is represented by a segment vec-
tor in the third plane, The details of the flow and the shock

wave in the tube can be clearly seen from these planes on the
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plottings at different times, In'the shock transition, a
number of temperature contours are present because there is
- Iargé gradient of the temperature,

| In additién, we ‘also show the profiles of magneticlfieJd
B(z), temperature T(z) and density p(z) at several differeht

radii, This is to facilitate comparison with experiments,
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4.2 Constant Drive Current

In this section, the drive current in the shock tube is
assumed to be a step function, The initial conditions and
other required information of the tube are given. in Table L-1,
The results on shock formation by a constant driver are pre-
sented in Flg. 4-2, Because ot the radial effect of the drive
magnetic field, the applied magnetic pressure in the tube is
inversely proportional to the square of the radius (r). The
plasma near the inner conductor will be driven by a larger
current to mer faster than that near the outer wall, There-
fore, the shock wave has a slope (in this case, about 120°)
with respect to the axial axis during the early stages of for-
mation, Also, the drive current sheet on the vacuum boundary
becomes inclined automatically, a radially outward force thus
acts on the plasma to move it toward the outer wall. As long
as the plasma behind the shock wave moves to the outer wall
region continuously, compression heating occurs in the plasma
in that area, |

The total preésure (P* = P+BZ/ 8n) of the plasma there
becomes the highest., The increase of magHetic pressure is
due to the frozen-in field moving together with thé plasma;
the increase of thermal pressure is due to compression heating
on the outer wall, This high totai pressure has two essential
effects on the plasma motion and on the shock wave, - First, it
strengthens the shock wave near the outer wall so that the
shock slope diminishes. Thus, a nearly planar shock wave will

always be formed by the radially varying.drive magnetic fiéld,
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provided the tube is. long enough, .Secondly, it slows down the
axial motion of the plasma in the outer. region behind the
shock wave, The tail part of the plasma near the outer wall
increases in length as the motion goes on.- When the shock
wave approaches abquasi-steady state, it makes an angle of a-
bout 110" with the éxial axis, but the vacuum-plasma interface
continuously increasgs its slope with respect. to the axial axis,
The inclined shock wave on the outer wall will thus be reflected.
- The sequence of the shock motion, flow direction of the

plasma, temperature contours,‘and the density distributions in
the shock tube are shown in Fig. 4-2. The shock speed is about
125 cm/ usec, the Mach number is 867, and the corréspondiﬁg.

- Alfven Mach number at the mean radius is 4.63, At the mean ra-
dius, just behind the shock wave, the density of the plasma is

8 gram/cm3, the magnetic field is about 28 kilo-

about 1,8x 10"
Gauss (KG), the temperature is about 3.8 Kev, and 8 is 0.9.

The magnetic field, density, and temperature are also plot-
ted with respect to axiél positions at several different radii
in Fig. 4-3. The humps on the curves (d) again show the effect
of the compression on the outer wall, The flow conditions be-

" hind the shock wave are not uniform radially or axially,

Fig. 4-4 shows the density distribution in the coaxial

shock tube which was obtained by B. Marder28 using the GAP code.

There is good qualitative agreement with our results,’
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Table L4-1

Initial conditions and other required information-of the

shock tube
Working gas hydrogen
Density 5344 x 10-8 gram/cm3
Pressure 66.65 dynes/cm2
| Temperature ‘ ' 300 °k |
| Axial component of velocity 0 cm/sec
- Radial component of velocity 0 cm/sec
Spetific internal eﬁergy 1.87 x'1o'° ergs/gram
Specific heat ratio ' : . 5/3
Gas constant ' | : L, 157 x 107 ergs/oK
Inner radius (ri) . 6.25 cm |
Outer'radius (ro) 11.25 cm
1
Mean radius (r_) (rir )
Cell width (8r = &2) , 0.25 cm
Tube lengfh 32 cm
Bias magnetic field ' ‘ ~ 7000 rm/ r Gauss

Drive magnetic field o L,8 x 7000 rm/ r  Gauss
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4L .3 Sinusoidal Drive Current

The drive current in the shock tube experiment is a
sinusoidal function of time;'fhié is a result of the LC cir-
cuit. For more realistic simulation and comparison with the
experimental measurements, we therefore use the experimenfal
data in Table 4-2 for the computatfon. ‘Because the shock
tube is 180 cm long, we use coarser cells (0,5 cm) in order:
to save computing time and core storages. The period of the
sine function is 16 micro-sgconds, the total time of the cal-
culation is about 4 micro-seconds, at which time the drive
current. reaches maximum, The shock wave arrives at the end
of the shock tube at 3.55 micro-seconds; but if the réfiection
of the shock wave is considered, the total time duration is
5 micro-seconds in our calculation,

The maximum amplitude (958.5 KA) of the sinusoidal current
is smaller than the magnitude of the constant driver (1140 KA)
in the previous section, O0Of course, the drive magnetic pressure
induced by this current is smaller than that induced by the
" constant driver, and it will thus take a longer time to generate
é shock wave. The fluid particles, and the shock wave will
move more slowly under the influence of the sinusoidal driver
than under the constant driver,

~ When tHe applied magnetic pressure in the vacuum is not
high-enoﬁgh to produce'a shoék wave in the plasma, a compres-
sion wave will propagate down the tube and out toward fhe outer

wall, The shock wave will be formed when the drive magnetic
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pressure reaches a certain value .at a critfcal ﬁoment Qf

time, The mechanism.for shock formatién under the sinusoidal
driver is tHe same és that under the constant driver, But,
the shock will increase in strength with the increase of tHe
drive current in time, The fluid particles will also increase
their velocities. These are shown in Table 4-3, in which the
post-shock temperatures are measured at a radius of 8,5 cm.
The temperature (2.4 Kev) of the deuterium piasma measured

at 3.32 micro-seconds with thg sinusoidal drive current

(924.,6 KA) is lower than the temperature (3.8 Kev) of the hy-

“drogen plasma with the constant driver (1140 KA) in the pre-

“vious section, However, the change of the drive current with

respect to time will be small enough when it is near the maxi-
mum amplitude, The flow conditions of the shock wave will‘not.
be mucH different from those in the'éase'of a ‘constant driver
with the same magnitude.‘ |

Fig. 4-5 shows the magnetic field, density and_temberafﬂre
pfotted with respect to axial position at three différeﬁt ra-
dii in thé tube after 3,32 micro-seconds, At a radius of 8.5 ﬁm,
the flow conditions behind the shock wave are almos; unffofmg.
The hump in the curve (c) of the magnetic field iﬁdicateé the
compression of the plasma on the outer wall, |

Fig. 4-6 shows the time trace of the magnetic field méasured
at é fixed station of 100 cm with a radius of 10 cm in‘the tube.

It agrees with the upper trace (a) in Fig., 4-7, which was ob-

tained in our shock tube experiment,
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TaBle L-2

Initial conditions in a coaxial shock tube of 180 cm

WOEking-gas : A deuterium

Density ' . 1.,0688 x 10°8 gram/cm3
Temperature ‘ o 300 OK‘ ‘
Pressure | : 66;65 dynes/cm2

Bias magnetic field A60,OOO/r Gauss

Drive magnetic field : (300 + 958.5 sin (21t x 106/16))

x200/r Gauss
Inner radius ' 6,25 cm
Outer radius , . 11.25 cm

Cell width (6z=6r) 0.5 cm
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Table L-3

The relation between shock speed and drive current (deuterium

plasma)

Time (t) - D?ive.CuErent~6 _ Shock Sbeed 'V‘Post-shock
(958.5 sin (2m t 10°/16)) , o temp:.

1.20 usec " L435,1 KA : © 43 ém/usec 0,08 x'107°K

1.56 . 550.7 53 037

1.86 639.7 59.8  0.68

2.1 o732 64,0 1200

2.39 o T7h.2 67.3 150

2.64 g24.9 . 72,5 1,76

2.87 B 866.3..' B3 2,00

3,100 899.4 ~ 77.3 © 2,20

3.32 9246 - - 78.2 . 2.40
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V. SHOCK REFLECTION AND CONVERGENCE

5.1 ‘Flat End Wall
5.1.1 Constant Driver

To fef1ect a shock wave in thé simplést way, we locate
a flat end wall in the shock tube. ' The shock wave in Sec;fon
L,2, With a‘constént drive current of 1140 KA, fs employed to
study its ref]ectionvfrom the end wall, The fluid pafticleS"
beHind the 'shock wave.travel in the range of 110 cm/usec, the
incident shock speed is about 125 cm/usec., Other flow condi-
tions of the ihcident shock wave are given in Section 4,2,

Fig. 5-1 shows the sequence of the shock wave mdving down
the tube and reflecting from the flat end wall, whjﬁh is af '
the right end, At'cycle==651, the shock wave arrives at the
end wall, At cycle=701, the shock wave just refiects_off the
wall surface. After shock reflection, the plasma neaf the out-
er wall.again femains the hottest with the températurellh.S X

107 K, density 5.1 x 1078 3

gram/cm”, and magnetic field 5.3 x
JOu Gauss, At cycle= 801, the reflected shock wave travels
downstream,\and the hot plasma expands into the vacuum near the
inner conductor,

Fig. 5-2 shows the traces of the magnetic field, density
and temperature with respect to time at a fixed station, which
is 5 cm in front of the flat end wall with a radius of 9.375 cm.

The first jump in the trace of the Magnetic field indicates

the arrival of the incident shock wave at the fixed station; the
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second jump shows thé return of the reflected shock wave.
fhe total pressure (P* = Z.h'x 108 dynes/cmz) in the hot plas-
ma after shock reflection is much higher than ﬁhe applied mag-
netic pressure (0.4 x 108.dynes/cm2.at'the mean radius) in the
vacuum so that the reflected shock and particles are accelerated
to expand into the vacdum quickly, The magnetic field, density
. and temperature decrease after the reflected shock wave moves
away from the fixed station. |
The relation between the incoming shock and the reflected
shock along a radius of 9.375 cm in the tube is also demon-
strated by the plots of the magnetic field, density and tem-
perature with respectlto axiai position at different times in
Fig. 5-3. The flat end wall is located at 32.5 cm, There are
small numerical oscillations in the density and magnetic field
just behind the reflected shock wave. The reflected shock

speed is about 100 cm/upsec, slower than the incident shock

speed of 125 cm/usec.
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5.1.2 Sinusoidal Driver

 The shock wave in Section 4.3 at 3.32 micro-seconds is
utilized so that we can compare its reflection from a flat
end wall with experimental measurements, The flow conditions
of the incident shock wave are given in Section 4.3, The
shock wave runs down the tube with a speed of about 78.2 cm/usec.

Owing to the slope of the incident shock wave, the im-
pact of the shock wave on the outer corner of the end wall pro-
duces a hot plasma with a temperature of about 7.8 Kev., Al-
though the plasma in the tube méy flow two-dimensionally, the
reflected shock wave travels downstréam almost like a simple
one-dimensional reflection.

'.Fig. 5-4 shows the plots of the temperature, magnetic
field, and density with respect to axial position in front of
the flat end wall, which is at 180 cm, at a radius of 9 cm,

The jumps of the temperature, magnetic field, and density be-
‘tween the reflected shock wave are from 2 Kev, 22 KG, and 2.6 x

3 to 5 Kev, 34 KG, and 4.6 x 108 gram/cm3 respective-

108 gram/cm
ly. The reflected shock speéd is about 79 cm/usec at a ra-
dius of 9'cm; slightly greater than the incident shoék speed
78.2 cm/usec., The incomihg shock wave is in front of the flat
end wall at 3,538 psec. At 3.644 usec, the shock wave reflects
from the end wall and travels downstream, The motion of the
shock wave and the plasma expansion are similar to those in

the case of constant driver respectively,

Fig. 5-5 shows the time trace of the computed magnetic
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field at a fixed position of 175 cm with a radius of 9 cm

in the shock tube. Qualitatively, it agrees with the experi-

mental measurement in Fig. 5-6. The quantitative comparison

between them is given below,

Magnetic Field (KG)

bfas post-shock

max imum after reflection

'cometed (Fig. 5-5) 6.6 24

36.8

experimental (Fig. 5-6) 6.6 19.8

L2,9-
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Tube length: 180 cm
Incoming shock speed : 78 cm/micro-sec
End wall : flat .
Magnetic probe : located at the position P
) _Other flow variables: ,
Time | T (°K) plgram/cm3)
A 600 .10688 x 1077
B 2.59x107 | .3036 x 1077
¢ | s.0ax107|.5194 x 1077
N 3.89%107 | .323 x 107’

Magnetic field

20

KG-
40

30

P se—5cCm —o

1 1 ; | -1

- 3.0

4,0 5,0
Time (micro-sec)

'F;ig. 5-5 The magnetic field vs.time measured at the position P .
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5.2 Semi-circular End wall

In order to achieve better plasma heating by'shock conver-

gence and reflection, we consider a curved end wall instead of
a flat end wall. From a practical point of view, it would be
advantageous to use a semi-circular end wall instead of other

curves, since it is easiest to manufacture, The same shock
wave in Seétion 5.1.1 is again employed, so that we may study
its convergence and reflection from such a semi-circular end
wali, and compare the results with those of the flat end wall,
Fig. 5-7 shows the sequence.of the shock flow in the tube
with the wall profile ét the right end. When the shock wave
moves along the circular wall sQrFace, it is strengthened near

the side wall surfaces, The'shock wave does not fully con-

‘verge when. it arrives at the end of the tube. Because the in-

cident shock wave has a slope greater than 90° with respect
to the axial axis, the cbnverged and reflected shock position
is at a radius of 9.375 cm near the end wall surface.

AtAcyclé = 701, the shock wave reflects off the wall sur-
face, The plasma in front of the reflected shock still moves
toward the focused position, but the hot plaéma behind the re-
flected shock wave moves in the opposjte direction.’ The reflect-
ed shock wave is approximately circular in shape inAthe Focuséd
region, Later on, its shape becomes flat when it reflects to

the straight part of the tube, The maximum value of the tempera-

‘ture at the focused position is about 16,7 Kev, and the corres-

8 3

gram/cm
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~and 6.8 x 1OL+ Gauss respectively., This temperature is only

slightly higher than the 14,5 Kev obtained by flat wall re-

flection, Thus, the semi-circular end wall is not a very"

effective shape for plasma heating, (We shall see later that
in plane geometry, it is actually more effective).

From the dynamical point of view, the plasma in a high
préséure region will be driven to a lower pressure region,

At cycle= 751, the reflected shock wave travels downstream, and
the hot blasma expands into the vacuum near the inner conductor.
The temperature contours indfcate that there are recompressions
on the side walls when the‘reflected shock wave reaches the
straight part of the shock tube,

Fig. 5- 8 shows the reflection of the shock wave from the
semi-circular wall with flow variables plotted versus the |
“axial position in front of the end wall, at a radius of 9.375 cm
in the shock tube., The ;urVe (a) of the temperature shows the
incident shock wave; the cufve (b) shows the reflection of the
converged shock wave; and the curve (c) éhows the reflecfed shock
wave:travelling downstream. When the hot plasma expands into
thé vacuum and the reflected shock wave moves away from the
focused region, the magnetic field, density and témperature
there decrease quickly.

Since the semi-circular end wall is not a good shapé for
plasma heating, in the next chapter, we shall find a wa]f
shape which is more successful in cbnverging shock waves using

Whitham's shock-ray approximation, -
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Fig. 5-8 The plots of the magnetic field, density and temperature with respect
to the axial positions near the circular end wall.
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VI. SHOCK-RAY APPROXIMATION IN TRANSVERSE MHD FLOWS

In order to select a wall profile and to determine the
location for shock focuéing and reflection from a curved
end wall in the coaxial shock tube, Whitham's shock-ray ap-
proximation is reviewed and extended to plane transverse MHD
flows. The system of equations in a two-dimensional trans-
verse MHD flow is reducible to the case of a conventional
two-dimensional unsteady fluid Flow23. Therefore, we can ap-
ply Whitham's formulations and Lau's shapfng metho_d20 to de-
sign the end wall of the shock tubé for shock convergence in
p?ansverse MHD flows.

According to the theory of sound, a wave front carrying
a disturbance from a surface of arbitrary shape moves with
_ the local speed of sound along the fays which are normal to
the surface, Rays are orthogonal trajectories of successive
positions of the wave front. They may be considered as car-
rying the discontinuities, Similarly, the particles immediate-
ly behind a shock wave move perpendicularly to the shock front,
i.e, along the ray directions. In particular, a wail profile
is a ray. | |

Whitham extended the theory of geometrical acousticsZL+ to

17,18

the shock-ray approximation by constructing shock-ray co-
ordinates in the Cartesian space and by formulating the kine-

_ matic relations. He made the assumption that the shock Mach
number and the area between ray tubes were functionally related,

A smoothly converging wall will increase the shock Mach number




8L

and generate a geometrical wavelalong the shock surface, For
a properly shaped wall, focusing of the shock into a small re-
gion will occur, |

We now extend this approximation to the transverse MHD
flows., Let the shock position be defined by the curves o =
const and the rays by 8 = const, with o(x,y,z) = Cote Cq is
the local magnetosonic speed in front of the shock wave. The

a- B curves in two-dimensional axisymmetric (r - z) coordinates

are shown in Fig. 6-1, o™

Fig. 6-1 OQrthogonal shock-ray curves.
Using Whitham's formulations18, the following kinematic
relations can be obtained for transverse MHD shock flows in

axisymmetric geometry.

@, = cos ¢/ M* o, = sin g/ M* ,' (6.1)
2 (singe a [cos g _
3z ( M* ) YT ( M ) = 'Q ’ ‘6-2)

AnZ
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2 (reese), 2 (rsine) _ o | (6.3)

Where the subscripts denote derivatives,‘M* is the magnetosonic
Mach number and A is the areé between ray tubes. ¢ ‘is the angle
between a ray and the z-axis as shown in Fig, 6-1," The Fallows=
ing derivation of the dynamical equation, A=A(M*), is similar
to Whitham's workzs, |

In a transverse MHD flow, tHe equations of motion in-a noﬁ-

uniform tube are

] '\Lb _ : .

Ug +ouu, o Px = 0, (6.5)>'
, 2 - ‘

P+ W% - C° (p, +up,) = O, (6.6)

% = const , (6.7)

g2 . .

P""’ = P + '8'ﬁ.' ] ' (6-8)

2 P |
¢t = 5 (6.9)

2
where C is the magnetosonic speed, Cz = a + bl2

, with a being
the sound speed and b'e;gﬁ?% being the Alfven speed. The pressure
term due to the area change does not appear in Eq. (6.5) be-

cause it can be neglected in a smoothly converging tube,

The characteristic form in (z-t) plane is
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dA(z) _ 4 .
dzz =0, (6.10)

(6.11)

The equations (6,10) and (6.11) can be rewritten as follows:

2

dP* + pCdu + %_'é %ﬁ = 0 on C, g% = u+C, - (6.12)
o . ' | , | -
dP* - pCdu + E%:% %é = 0 ~on C_ : %%_ = u-C, - (6.13)
dp* - cz'dp = 0 on P dz u . : ‘(6 1&).
A : dt i 4. o ‘.

The transverse MHD shock jump conditions with an infinite shock

strength (M* s« ) are

P = P% '+ p_ COM¥ 'VIT'.’ (6;T5)

IS Al | (6.16)

) 2CO
uo= Moy | (6.17)
C o= CoME/IRTETT/ (1), (6.18)

where the subscript (o) denotes a quantity in front of the shock

wave,

Since the shock wave is along C we get the following

A +
dynamical relation by substituting Eqs. (6.15),(6.16), (6.17),
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~and (6.18) into Eq, (6.]2).

g = f =02 v oty s Jo-ph 6019

Thé result is similar to Whitham's forﬁula for very strong

shockszs. Although the dynamical relation (6.19) fs.derived

from the equations of plane transverse MHD flows, we still use

it as an approximation to the coaxial shock tube by treating

the propagation of the shock wave down each ray tube separately.
With the dynamical equation (6.19), we can rewrite hyper-

bolic Eqs. (6.2) and (6.3) in the characteristic forms.

. 1 dM*, tan ¢ tan(+m) dr _ ‘
dee + tan (+m) M tan ¢ + tan(+m) r 0,
,df = : o
along i tan (o +m) (6.20)
AT dM* 1 .
tanm = WH%L = Tﬂ; (Wlth‘y= 5/3) , (6.21)

where m is the angle between a ray and a characteristic line

C These equations are of the same form as the gas dynamical

S+t
equations, with their characteristics, Riemann invariants, shocks,

etc. The propagation speed of the geometrical wave,

$ .. (oY
dA
in an axisymmetric case,iis an increasing function of magneto-
sonic MacH number M*, The geometrical waves with increased mag-
netosonic Mach number .will eventually break and form a shock,
in this case, a ”shock-éhock” called by Whitham. Such a '"shock-

shock" WhiCh propagates on the shock surface‘is a discontinuity
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in magnetosonic Mach number (M*) and shock slope (e¢).

With Egqs. (6.20) and (6.21), we follow Lau's wall shaping
method using the theory of characteristics to find the end wall
profile for shock focusing in the coaxial shock tube, The in-
cident shpck wave is assted to be a plane shape. Because the
Egqs. (6.20) and (6.21) are completely similar to those used by
Lau, the wall shape for shock focusing in our case will be ex-
actly the same as that found by him. It is approximately a
quarter of the ellipse with the ratio of the major éxis to the
minor axis equal to 2.25 [= (2.15 + 0,1)]., This is the opti-
mal ratio, as the shock focuses to a point in the r -z plane,
or acfually to a ring, The difference between two slightly
different wallishapes will eventuélly become negligible when
a shock wave is converged into a same location of the bottom
of the end wall. The elliptic shape makes the numerical éompu-
tation pafticularly easy., In Fig. 6-2, the line BC is the first
posifivé characteristic due to the wall curvature, The dimen-
sion of the triangle ABC is given by Eq. (6.21), i;e.,'tan(m) =
AC/AB = i/Z.lS. The numerical value (0.1) is chosen to make
the ellipse following Lau's wall shape fairly. It can be
changed to other small values, The focused location is érranged
to be near the inner conductor according to Eq. (6.20). The

‘end wall (CE) 'in the shock tube is shown in Fig. 6=2,

<
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Fig. 672 The Selected Elliptic End Wall.
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VII., SHOCK FOCUSING AND REFLECT ION

7.1 Quarter-elliptic End Wall

The elliptic wall designed in the prequﬁs‘chapterEWIlI
now be checked out by computation, The shock ‘wave of Sectfoﬁ‘
L,2 is used again‘so that we can study its fbcusing and reflec-
tion, The solution is preéented in the plottings such as Figs.
7-1, 7-2, and 7-3,

Fig. 7-1 shows the sequence of the shock flow in the tube
i with. the elliptic end wall located at-the right end. These.
picture§ are helpful to us in understqnding the details of the
flow, the process of shock focusing and reflection; and plasma
heafing. At cycle =501, the incident shock wave rﬁns_dowﬁ-the
tube with a speed of 125 cm/usec. At cycle =601, the.shock
wave moving through the converging channel is diffracted and
strengthened'on the side wall, and the plasma behind the wall
shock is further compressed. The fluid particles behihd thé'
wall shock travel along the wall surface,

At cycle =651, the wall shock and the incoming main shock
wave maké-aﬁ angle of about 110°, The geometrical wave on the
shock surface now breaks into a geometric shock (MacH reflection),
Whitham called such a geometric diécbntinuity on the shock sur-
. face a '"'shock-shock". The magnetosonic Mach number and the
angle (¢) of the ray on the wall shock differ with those on the
main shock wave respectively. No matter what the shock shape

. ) ) .
. is at the bottom of the end wall, the shock will inevitably
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reach a maximum in stréhgth, i.e., shock focusing, Then, the
“high kinetic energy of a fast moving particle suddenly will
change into plasma thermal energy in the focused‘region.‘

At cycle =701, the reflected shock wave has indeed focused
and produces a small region of hot plasma with a temperature of
32 Kev, or some 8 times the incident post-shock temperature,

The maximum density in the focused region is 8,12 x 10'8 gfam/cm3,
or 16 times the initial density in the shock tube. The dura-
tion of .the hot plasma is quite short, being equal to the transit
time of the reflected shock wave écross the major axis of the
ellipse, ‘

‘At~cytlef 751, the shock again reflects from the‘foéused
" region, and behind the reflected shock is a rarefaction waQe.
The Velocifies of the incoming particles‘and the reflected.par-
ticles between the reflected shock wave are in opposite diréc;
tions. Then, the reflected shock wave propagates downs tream
near the outer wall, and moves into the vacuum near the inner
conductor, The plasma expands very rapidly along the surface of
the inner conductor,

Fig., 7-2 shows the plots of the magnetic field, density
and temperature with respect to axial position in the focused
rggion'with a'fadius of 6.625 cm at different times. The bot-
- tom of the elliptic end wall is at 33.75'Cm. At 0,28 micro-
'secohds, shock focusing and reflection make all the flow varia-
bles peak at the focused position,

Fig. 7-3 shows the traces of the magnetic field, density

and temperature with respect to time at a fixed station near
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the focused region. The stationjié.shown on the first page

of Fig. 7-1 as the point (G). A shock compression raisesAthe
| total pressure (P*) due to the arrival of the incoming shock
wave. When the shock wave moves away from the station, the
total pressufe drops since the magnetic field and density of
the plasma just behind the incident shock wave are higher than
those of'the downstream plasma; this is due to the effects of
the side wall and drive current, A furhter shock compression
occurs- when the reflected shock wave returns to the station.
Finally, the total pressure goes'down quickly as the reflected

19

shock wave moves away from the station, Milton pointed out
that ordinary gas shock convergence and reflection by a curved
-wall in plane flows follows purely the cylindrical implosion
.cycle26’27, and that the flow conditions in the area contrac-
tion of the shock wave are not uniform. In our case, the mag-
netic field in front of the incident shock wave varies radially,
However, some features of cylindrical implosion appear in this
case,

To keep the temperature of the plasma high, it is necessary
to keep the plasma from expanding. An externally applied mag-
netic field aftér shock feflection at a suitable down;tream
poéition will slow the plasma expansion resulting in extended
heating. The plasma under the applied magnetic fields will not

expénd when the applied magnetic energy density is much greater

than the total gas energy density,
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Fig. 7-1 Shock focusing and reflection from the selected quarter-elliptic end wall



A -907- - 273, W

Density

1078
Grum/cm3
81 Magnetic
- field » : T
7 b 104 _ 107
Gauss o °K
6 12
5 r IO
, t=0.28 usec
4 8
t=0.30 usec
3 6
2 r 4
I 2
t=0.26 usec 0.26 0.26
0 1 0 L o] o
33,75 - 31.25 33.75 31.25 33.75 31.25
z (cm) z (cm) z {cm)

Fig. 7-2 Plots of the magnetic field, the density and the temperature withrespect to the axial positions
near the focused region with the radius r= 6,625cm ot different sequences. The incident
shock speedis 125cm/psec.

001



101

The variables are measured at the station (G)
shown on the first page in' Fig. 7-1
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Fig. 7-3 The traces of the ‘temperature, density, magnetic field
and total pressure (P%*) at a fixed position.
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7.2 Summary

As we have seen, the end wall profile in a coaxial sHock
tube obviously plays an important rule in plasma heating. The
convergence of the incident shock wave, the motions of fluid
partiéfes, and shock flows depend strongly on the wall profile.
Generally sbeakihg, the flaf wall does not converge a plane
shock; the semi-circular wall converges an incident shock to
some degree; and the selected quarter-elliptic end wall makes
an incident shock wave fully convergent, The maximum tempera-
‘ture and density of plasma achieved during shock focusing and
reflection from the quarter-elliptic end wall, are much higher
than those due to shock reflection from the Semi-cifcufar and "
flat end walls respectively., The maximum temperature and the
corresponding density and magnetic field are listed below for
the shoék.wave which has.been reflected from three different
wall shapes, They are measured at the focused locations of the

quarter-elliptic (r = 6,625 cm), semi-circular (r = 9,375 cm),

and flat(r = 11 cm) end walls at the moment of maximum plasma
heating.
flow variables measured in the focused region
at the moment of maximum plasma heating
. o corresponding corresponding
wall shape _ max tmum temp.. (“K) densitg magnetic field
(gram/cm3) (KG)
elliptic 29.0 x 107 5.30x 1078 78.7
circular 16.7 x 107 5.36 x 1078 . 68
flat . 14.5x107 5.1x 1078 53
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For the convenience to see the motions of the incident and
reflected shock waves, Fig. 7-4 shows the whole sequence of the

temperature contours for shock focusing and reflection from the

selected quarter-elliptic end wall in the coaxial.shock tube,




104

LR EARRARARRRARRAS

lllllllllllllllTIi LR RRRARRRRERRARRER®
1 b

LAARRRRARARARARRRER®

LA AR R R AR AR R R RN RRRARAR]

LALARRARARRARANERS

L AR AR AR R AR SRR R RRARARARAAA!

LLAARRRARE®

llllll'lllI'lllTllJTTllllIllIllllI]lIll'l]l'”ll]AIl'IAl‘l'll;l'

LRRRRRARARARARARRAR

AR AR AR AR AR R R R AR NN R R RRRRARARRRRT

1z

AAARRAAARAAAERARS

LA AR R AR RS RARERARARRRARARAARS

(AR RERRRRRRRRNRARERARER]

LARARARSRRARERRAARE!

AL R AR ARRRNRARERRERAEERARI

LARRS ‘1l,lllt|'l1l”llll!l'llllll”ﬂ

Fig. 7-L

1
TEMPERATURE CONTOURS

Shock focusing and reflection from the quarter-elliptic
end wall in the coaxial shock tube :
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VIil, PLANE FLOWS

We did some preliminary work on plane flows to check the
accuracy of the FLIC method. The code was-applied to shock
reflection in plane flows, and the results were compared with
those obtained by the Lwo-step Lax-Wendroff schemezz, which
was given in Appendix A,

The treatment of boundary conditions using irregular cells
.on the curved wall descrfbed in Chapter |1l is designed for the
FLIC method only. For the Lax-Wendroff scheme, we use a simpler
approximation, using only regular cells, This same approxima-
tion is also used for the FLIC method; and in plane flows, it
does not give much difference in results from'the more accurate
method of Chapter 1il. More specifically, on a curved wal[
boundafy, all surface cells and fictitious boundary cells are
treated in the same way as the interior cells, in spite of the
fact that they are split by the wall boundary. They are kept
in the same shépe as the interior regular cells, The values
of the flow variables in a ficfitious cell, which has at least
one half of its area outside the wall boundary, are ‘calculated
by reflection with respect to'the tangent of the wall profile.
In this way, there are no flows of mass, momentum and energy
across the wall boundary as the normal component of the fluid
velocity on a fixed wall vanishes, This method makes it easy

to handle boundary cells on a curved wall in plane flows. We

call it a "regular shape'" approximation.
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The problem, with which we compare the two methods, is
the reflection of a plane shock wave from a semi-circular wall
in a transverse MHD flow. |In Table 8-1, we give the required
parameters for both schemes, The downstream COhditjons are
‘obtained from the upstream conditions in front of the shock wave.
The initial shock position.of the incident shock wave is given
to be at 3.2 cm in front of the center of the semi-circular wall
as shown.in Fig. 8-1. The radius of the wall curvature is 2.5
cm. Then, the computations of the shock flow can be made by
using @ continuous inflow boundary at the left end, Actually,
reflection is applied to the center line because of the sym-
metry, so that only one half of the flow region is in the com-
putétions. |

To select the right amount of numerical dissipation, for
this set of tests as well as for Chapters [V, V and VII, we
test the FLIC method on shock reflection from a flat wall using
various values for the coeffjcient of the numerical dissipation,
until it is large enough to dampen significantly the numerical
oscillations, The coefficient (b) in the viscous pressure

term, say q?+1 is chosen to be 0.5, The detailed relation

- H ]
ZsJ

between b and q?+l i
P}

carried out for the two-step Lax-Wendroff scheme, for which we

is given in Chapter Il, Similar tests are

need a coefficient (k=1.2) in a viscosity term which is_ shown
in Appendix A, These values of the coefficients (b and k) are
used in the computations of shock reflection from the semi-cir-

cular wall,



107

Fig., 8-2 shows the results obtainedgby the FLIC method for
a shock wave reflecting from a flat wall using the initial con-

ditions given in Table 8-1, The reflected shock wave is shown

on the lower curves, The density profile is on the .left, the

temperature profile is on the right, The solid curves are a
large cell result (8x=5y=0.2 cm), the dotted cufves are a fine
cell result (8x=6y=0,1 cm). The shock thickness in the fine
cell result is narrower than that of the large cell result
since the numerical diffusion is proportional to the cell size,
An ordinary numerical scheme wili spread out a step function
into several cells., But the amount of inherent numerical dissi-
pation in the large cell result is greater than that of the
fine cell result, These are the common nature of the numerical
schemes, However, these computed results agree well with the
analytical solution,

The Sequence of temperature contours obtained by the FLIC
method for the plane shock wave reflecting from the semi-cir-
cular wall is shown in Fig. 8-3. The comparison of the computed
results between the two methods in this problem is given in Fig.
8-4 and Table 8-2. Fig. 8-4 shows the temperature and deHsity
contours obtained from three different calculations a£ the same.
instant of time: a large gria FLIC method (6x=6y=0.2 cm), a fine
grid.FLIC method (6X=6y=0.l cm), and a large grid two-step Lax-
Wendroff scheme (8x=8y=0.2 cm). The agreement between the three

results is good. In addition, we also tabulate the density and

temperature measured at the position B (shown in Fig. 8-1) with
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respect to time under the two ﬁethods in Table 8-2, The average

errors between them based on the FLIC result is about 2.34% in

density and about 1,36% in temperature,

This gives us some

confidence on the basic soundness of the FLIC method for this

class of problems.

Table 8-1

The required parameters and initial conditions for a plane

shock wave reflecting from a semi-circular wall in plane.
flows
Gas hydrogen

Mach nhumber-
Shock speed
Cell width (éx=8y)

Density

Pressure
Temperature
Tfansverée field

Axial component of
fluid velocity

1000
144 cm/usec

0.2 cm

Upstream

L5344 x 10°8 gram/Cm3

66.65 dynes/cm2
300 °k
7000 Gauss

0 cm/usec

Downs tream

1.86 x 1078 gram/c:m3

5.74 x 107 dynes/cm?

7.43 x 107 9k
2436L,7 Gauss

102.63 ch/pset
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Table 8-2
TheAdensity and'temperature measured at the position B (shown

in Fig. 8-1) with respect to time under both schemes

‘FLiC (oX=8y=U,2 cm) Lax-Wendroff (63=5y=0.2 cm)

Time Density . Temp., Densityl Temp.

usec lofsgrah/cm3. 108 % 10-8gram/cm3 108 o
o 53 o .53 0

.0155. 1,93 78 2.03 .81

0255 1.83 | .70 1.87 .72

0355 5.04 2,33 L. 67 ' 2;44

OL55 4,18 . 2.00 3.91 2.07

0555 3.97 1.89 ©3.92 1.88

.0655 3 L

.01 | 1.78

.95 ‘ 1.87
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"Fig. 8-1 ‘The initial shock position in the flow

region
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.Figi. 8-2 l The computer results of an incident shock wave reflecting
from o flat wall in o plane flow.
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Fig. 8-3 . The sequence of temperature contours for a plane shock wave
reflecting from a semi-circular wall in a plane flow, with
B, = 70006, Us= .44 %108 cm/sec, t in psec, T'in 108 °k
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Large Grid Small Grid
: FLIC
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in 108 %

Small Grid

DENSITY at t = 0355 us
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Fig. 8-4 The temperature and density contours obtained from three
different calculations for the same instant of time.
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APPEND IX A

The Two-Step Lax-Wendroff Scheme

The basic equations of a two-dimensional transverse
MHD flow in Cartesian coordinates (x,y) can be expressed

as follows:

3 , 3 2 = -
5t T ax (M 3y (n) =0, (A-1)
R 2 ‘ ' :
am 2 m % a [/ mn\ _
-g—t—+—a—><-(p—+P)+a—y-k—p-)—o, (A-Z)
n 2 (m), 2 (0l pr)lg, (A-3)
At A\ p Ay \ o = ’ . -
oE ] m % 0 n * - ’ .
St (ZE+p)+ S (Be+pn) =0, (A-L)
3B a ( mB 3 [ nBY\ _ : '
3t T A (%) += (%) =o. (A-5)
Here,
m= pu,
n = pVy

P* = P + 32/8n ,
= (v-1) (E - $(m® + n?)/p)
+ (2-y) 8%/8n

P =(Y'1)p' ’

BZ

E=p (1 + 32+ V2)) + &,
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where p , u, v, P, B and | are.the density, x-component
of velocity, y-component of velocity, thermal pressure, mag-

netic field and specific internal energy respectively,

" These equations fit in the following form,

W _ é e}
N [F1 + 5 [a], (A-6)

The difference schemes22 for Eq. (A-6) consists of two steps

as follows:

. - 1
Step 1: . wh’](t+6t) = q(wh+%,]+% * Wil -1
+ w 1+ W g )+ A (f £
h=3,1+43 7 "h-%,1-3 2 ' ht+i, 143 h=3,1+%
A
Fherrer T Thegs )t 7 Ohed et T Ohey, 103
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t -t t t
fup g il i)

t t t ot
HVvijer - Vi Ix(wi,j+1 Wi,j)

t t t ot \
vy v "x(wi,j - Wi,j-1> ) >

with

~
il

liz [1 + exp (1-V5£—i—33)1 if Vol o+ V2 /Uy <15

U,

1.2 otherwise,

where q? jA is the viscosity term29, U, is -the speed of fluid

behind an incoming shock wave,
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APPENDIX B

‘'The computer prdgram for shock focusing and reflection
from the selected quarter-elliptic end wall in a coaxial

shock tube with a constant drive current
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... 0051

01¢ce

LEVEL
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FORTRAN IV G LEVEL

L RCULL 17,4223 ,0VEL 4207 0

. X=2.25*SQRT(RA®*2-Ye02)

21 CIRCLS DAYE « T2210 11703732

SUPROUT THF CTRCLE (EX, IMY o IC,JCo J¥RAL,PMEAN) Sl d
DI¥TNSTN ORE2, I 22 1,0 GE2,037 0220 FVI2 30T ,021,F1L2,110,220,
IFF(2,117,22),1C1 24137 (200317,22)4PU2,120,220,801241374220,

PAGE 000}

126

PeUT12aR37,22),CE8 403702200 TMP(2,120,22),, PR
ISYAL22) ¢ SANMLZ2NaSYPL2E o ACLIL 3T 4220 ,S0822),CHE(22) 4BVELIT 422D, :
ACSR(!\7./ZI'DSX1I‘Y;ZZI.("(llT.?Z)sn‘Vll’)v?’lol"ll)Y.ZZ’n

SLSX(137,22) s e e e s

COMNCH DR G FULFY, FL,FC,TC,PT,P, ne CULGVGI(F TFP, SYA,EXP SYPIVCL,
LISTCPBIBYCSRIOSX CSYVCEYIREY, 2S4eC14U20UI UG Myl 4d

FO=0.CUV002 0
Jrtmgre] .

X{rlainmt N fe e e et e mmmemiea wer b s e —————— ¢ e

or 1 f=1v1,IC .
Fh=l,

Xl e P
XBe(X (=X [M1}eDX
Xaa(X[-XIMLlel.)oCX

YA=SQUT (RACE2-(XA/2.,250902)

YexSURT {R29e2-{XB/2.251802) e e en
YN=£NODX

. bDIMENSICH Lllb(l]7l.fFll‘7l.llellliolClll) L. e e et —aman

DLaYE-YN e -
IF 1Tt LE. 1.7164CX) GO TC 4

FN=FNel .
G0 T0 2

NFeFN
i-JNsQNF
PN LCY. 23 60 vE 272 .

DSY(T,4)=DL -
CSY(1sddevamYN .
TF (1 LEC. IC) CSY(T,4)050x -

VOLLT 4 0) = (DSYLT J)eCSY(L,J))OSXECSN/ 2,
RSY(1,J0=8PAXLICEYCT,0),DSYIT,J0)
CCATINUVE

CB=YB+.5*CSY(1,J)
08=(XI-XI¥1+.5)00x%
1F (M .GT. 2) GC TC 1M

¥=Ya
Y=Y+ED

XX=OASY ¢(2,259921/1Y92.25902408-Y)
1F (ABSI{X-XX) .LE.150.%¢C) GO YO 118
GC Y0 117

T (CPeX)/ICR-Y)
ANGL=ATAN(T2)

DS=SQRT({CA-X)ee2e(DE-V)602)_ '
ZITA(1)5ANGL '
oPLI)aDS

ANGL=ZITA(T)

0S=0PL1})
DM=2,¢DS*SINIANGL)
,ON©s2,40Ss(0OSLANGL )

18=1
JB=Je)
GZ=0a-DK

SR=DR-DN

21 CIRCLE DATE » 2210 11703732

JGeGR/0X a e ——

PACE 0002

16=G2/0x
INeIMIeIG
JWEJFLOIG

O

224

119

U BE(L,18,JB)=wTel8.25 . +CRIZ16.25 __ 40O __

. DL=XN~XN

Q1=16
Q4=J6
<ot AREAVIQTIIQUoGLeCReDXeINy IHoNT o W2U204, M5, 08,07 W8, 09)

OR(1,1B,JB)aWL
Pil,18,JB)=W6

TCil,41BsJdB)anB . "
GE{1,18,JB)=w9
FLIL 1B, JB)7-n3eSTA (2.9 INGL}ON24CNSI2.9ANGL)

Fv(l,10,JB)=-n2eSIA(2.9ANGL)-R30CCSI2,¢8MCL)
GVILoIBoUBIc-ne® SINL2 . 9ANGLI-WS4CCS(2,%ANGL )
GUIL 1B J0)=-W5*STM(2,9LAGL )NG4 4CCS (2. 9ANCL) . -

PPU1,18,JR1=P{1,1B,JE)*BEL]1,1B,JB)902/25.1328
ISX(18+J%)=0.
REYIIB,JB) 50,

CSXx{18,481s0.
OSX( 1By 3830,
CSvi1B,JB)=0,

OsSv(lB8,Ja8)s0.
IF (V¥ JLE. 2) WRITE (649) CSXUUeJ)oDSXUT oI CSYIT oI008V LoD,
1TeJ01BoJ8 W, IW

CONT INUE
FORMAT 11k 4 4F10.5,614)
XJ¥= JHL

€O 5§ Jd=JNT,uC
XJ=J 0
YO=(XJ-XJF}eOX

YCoiXJ-XJPel.) 00X X oo
XD=2.259SCRT (RA®®2-YC
XC=2.25+*SCAT(RA®®2-YCo0e2)

Fh=l, B
XK3FNOOX . N

IF (LU .LE. 1.71€9CX) GC TO 7
FAaFNel o
G0 10 6

NF=EN
111 eNF
If tM .GY. 2) GO 10 224

CSX{l.J)s0L
CSX(14J)=XC-xN
VOLEToJ 3alDSXCT,0 JeCSXUTod DDeSXRLJ) 22,

IF tJ JEQ. JC) VCLUS9J)a,5¢0SY01,20008R(1,J)¢82BCJ)/0X
ISXUTodbaAPAXLIC S (T U) CERLT db)
CONTINUE

O42xVe.5¢C5x(1,J)
0Bel{XJ-XIFe.5)60n

“IF (M .GT. 2) GO TC 122

X»xC

Xax+(D
YrSURTIRACO-({X/2.25)1047)
YYeReCH/{(DA-X}02,250020X)
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olce . IF (ABSIV-VY) .LE.130.#EC) GU YU 320 . ... .  ..._.. . e -
01¢7 GC TC 119 )
qtce 120 TA=(DA-X)/LCB~Y)

. - 0104 . ANGL= AT ENLTA} . e e c—— e e —— e e e e

. [3314 DS=SURT({VA=X)ee2¢(DL~Y )002) : .
' 0111 21T9¢40) «ANGL
o2 0C(41:05 e et b reemmmeimmamne b ¢ eeemen mmame e = ..
0113 132 ANGL=Z1TALJ)
0314 €S=0Qty) - -
s . D¥=2,¢DSeSIN(AAGL) e et e e e oo e = e v emanh e e e s = ..
o11e DN»2.9DSeCOStANGL) .
. 18% 182141
c1re ... J8ey e e e e e e
011§ GZ=NA~OM
c12¢ GR=CE-ON
o | ... 16sGL/0X R .. . - .
0122 JGaGR/DX
0123 IWxiNlels
: 0124 L. JwmJr1eds e R . e e,
¢ o12¢ Cl=16 ’ e
: €126 QU2ds
o121 ... At AREAVACTCJG2oGRIEX o 1o dW oW1 yH2 o W3 o M4 WS M6, W7 HE) N ) -
0123 CRI1+16,JB) =K1 . . T
€129 Pl1l,18,JB)=MH6
L. 0130 L. . BRUL.IB.JBI=NY(6.25  eGRI/(6.25  eCBY . _
: R ' . 6131 TEHLo1BsULY=nb B o
. . : c12? GE(1,1B,JE) =09 . ..

- . e L. €322 FULLe1D,JU)=-R3eSINI2.8ANGLI ¢m29CCS(2.98MGL) : : : .
013&° FVELo 1By 3B)r=W2¢$ IN(2, ¢ INGL)-W3I4COSE2. *£ANGL ) ’
c128 GUEL, (8, J8) 3~ nSSIAI2,98NGLI¢waoCCS(2.02NCL)
c12¢ | .. GVH141B,JB)=-wosSINI2.ENGL)-WSeCOS(2.0ANCLY o -
€127 POI1,1BsJE)=PL1,18,JB)+EELL,124JE)902/25.1328 T
6129 . 2SX(16,4D)<=0.

. LoLtr2e o URSYRIBISI=0. L e ' :
€140 CSX(IB,49)=0.
€141 DSX(18.J8)50.
e CME2 L CSYUIB,UB)=0. e —m e
€143 DSY{1BsJB)=0.
o144 IF UM JLEe 2} WRITE (659) CSX(Yod)oDSXET,JDiCSYIL,0),405VET40)0 . .
R . V100 UB B I IN .
c16% S CCNTINUE
ae RETURN
L 01T END : e
3
)
1 e m ememmmee e e e arm e e -
’ . s '
N FORTRAN 1V € LEVEL 21 CATLN - CATE = 72210 103722 ) PAGF Com
o_..e00y . __ __ .. SUBROUTINE CNTLN(ZsFoAXyNYoXMIN¢XMAX o YMIA sYFAX JCATPX JCATFN,ACAT, : R
VUTICK,ICRS VL XoLY L2y ICEEUGy CRIRSYFU,FV, TIVE M) :
€002 DIMENSICN PXU17),PY(17)4XxAX(137,22),YAY{137,22),XFX(137,22),
LYPY(137,220,F(137,22),DRE2,137,22),RSVIL237,2200FUL2,137,22)
2FV(2,1317,22)
DIMENSION 2(2C0), CNTEIC) ,FCLL4D PCEIADLXE2) 4k (20,
e e TS, XPTU2),YPTI2) o XPTAL2) o YPTLU2)4CNTR(2)2CNTRLUS) 4CNTR2 e -
. 2t B
0004 INTEGER 44 18K(25)
L cces . EQUIVALEKCE (CNTR211),CNTREL3D) e —— —
v . ' ccce DATA [BX/25¢¢ */yCATR/PCONTY s *OLRS /7 yCATFL/Y - T, g
. 1 , (] vy .
. c. :

€7 1S RODE ARRAY’
€ MODESG MUST BE CALLED IN THE MAIN CALLIAG RUTLIINE

s . _.C_ F IS ARRAY QOF VALUES .
. €7TNX IS NUMBER OF POINTS IN HCRIZCNTAL CIPECTICK
€ NY IS NUMBER GF POINTS IN VERTICAL DIRECTICA
[, ... ..C_ FCR GNOD PLCTS, NX SND AY SKCULC BE ABCUY 50 o e
€' SMIN,SMAK,YHIN,YrAX SFECIFY LIFITS CF GRID
€ CNTMX 1S MAXIMUM VALUEC CONTCUR
e e e T CNTHMN IS MINIHUF VBALUEC CCAICLR ' - N
€7 NCNT IS NUMBER OF CCNTOURS, 1T MUSY BE LESS THiR [}
€ ITICK=l PLCT TICK MBFKS, OTHEAWISE NOY
N R _ € 1CRSwl DRAW LINES FOR X BND Y=0 AXES, CTHERWISE ATC_
€ LR,LY BRE BXIS LABELS, UPF TG 2 CHARACTERS - g
€ LZ 1S GRAPN TITLE UP TC 20 CHARACTEES
- e ... _C_ SET IDERUGSC FOR NORMAL FUNS. IF ICEBLG=1,FCLYINE WILL PRINT. CUY : .
€7 IXs1Y4XoYe8,84CoDs EAC BNY PCINTS IT IS GCING 10 PLOT g
€ WHEN OPERATING (N EACH GRIC ECX, THE CCFNERS #NT SIO0ES ARE LABELLED
e . . € COUNTEH-CLOCKWISE FRCF LOWER LEFT CCRNER 8AD BCYICMSICEsY = L
. . . ceer AXXINX-1 .
. . cece. NYY=HY-)
L. CO0S . .. _. . YDISTL.29LYMAX-YMIN)/{XMAX-XMIN) . .
ocic TFINCNT .LE. 10 .AND. MCAT LGE. 1160 YC 10 »
0011 WRITEL6,1CLINCNT
cor12 . RETURN . . __
: ' 0013 10 VYEN=0.64+YDIS
- : 0014 CALL 0BJCTG(Z40.14C.8&01o2,YEN)
’ 001€ .. MERR2 L e - — o erem e
cone WRITE (€,$6$) 1€
oc1? CALL SUBJEGLZsXMINYMIN XFAX,YHAX)
care 1Ex13 L e - e e - .
cc1s WRITE (€,656) 1€
€ THIS SCTS UP A GRID 2456 RASTERS SQUARE AT THE LCWER LEFT
0020 VL. Dazxuex-xMIN e e - — oo e e oo e
oz OY aYMAX-YMIN
cu22 CALL GRICGUZ,CX40Y,0,0)
€022 . 1€a14 L .
. 0024 WRITE (4,699} (E
C CRAWS GP10), PC LAGELLING, NO (RIC LINES
0028 CALL TITLEG(Z48,L2R4LY,20,L2) e e e e et e s e e
006 1€+15
ccar . WRITE (64999) 1€ .
. € TITUF ABUVE IM% GRID o e . . .
: 0028 CALL SETSMGILe1C4s2.%) .




FORTRAN IV G LEVEL 21 CNTLK DATE a 72210 1170%7%2 PAGE 0002 128
60?0 1E:16 e e -
({414 WRITE (6,999) 1€
€ LABLLS AXES AND TITLES GRID
. . oyrl . IFLITICK JNE. 1160 TC 1 e ——— . e e 4 e e -
0022 CALL SETSYG1Z,102,.01)
6032 . CALL SETSMGILZ,103,.01)
_C PFEIGrY OF TICK MARKS #BCUT 30 MSHRS e - .
0034 DX=DX/CNA-29
0035 OY=CY/INY-2)
[1:31.) CALL LABELGUZ,04CX 1000 — e e -
0017 1E=17 R ;
0018 WRITE (6,999) 1€ : .
. €eas CALL LABELGUZsD CY,1o0€KY o
0040 1E=}n
G041 WRITE (4,999 (€
L cue? R tF(ICRS .NE. 1)GD YO 2 . _ . N
00¢2? CALL SETSMGIZ,14,C.)
€ SCALIAG N SUBJECT SFACE UNITS
0044 _ CALL SEGMIGUZol o XPIN,QuoX¥AX00.) . .
0048 CALL SEGHMTG(Z+1¢0.sYHIN,C.oYMAXD
C .DRAWS CRCSS LINES R
. 0C4e . 2_ . CONYINUE
0047 DCNT# [CNTPX=CNTMN I/{NCKT=1)
Co4t CNT(1)eCNTMN
€049 . .. DO 3 [%2,NCNT e 3
[A] 3 CATCTI=CATLT-1) 0 CCNT
vl WRITE(6,203) ¢TI 4CNTLI), 1w} JNCNTH
. . ' ook? .. - L ecdJereie, 6 1.,0.843,1.23,1.} e o
(4% {E=19
[{-}-L 0% WRITE (£,556) IE
. . . C NWO ORJECT SPACE IS TC RIGHY CF GRID urene »E WILL LIST CONTOUR e
€. VALUES. MODE ANC. 14 ALPEACY=0 FRCM A PFEVICLS (ALL (SUBJECT SPACE uultsl
C CHANGE IT BACK TO 39 (OBJECT SPACE UNITS)
e, CCSS .. CBLL SETSPG(Ze14y3.) Cm - -
{131 ] €220
G0s? WRITE (6,999) 1€
.. 00s8 . CallL LEGNDG(Z,0.1,C. ca.o.'cVCLe--) . o
Co<sS If=21
[°714 WRITE 16,599} LE
e LCEL CALL NUFBRGE2,0. Z.C.Ge.l,l‘)_____.
00¢2 1€=22
0063 WRITE {&,999) IE
e o...CCE&  _ CALL LEGNDG{Zy0.3,40.98,64TINEn") :
CCes 1E=23 .
[{.1.1 WRITE 16,999) IE
eim e _006T __ . CALL NUFPRG(Z,0.4,C.98,~14.6,TI¥E)
0068 TE=24
! €ce9 WRITE (8,999) IE

. €cr0 . CALL LEGNDG(Z,0.14C.96,8,CATR), i

€071 1E=25
€72 WRITE (6,999) 1E

_ L0072 YY=0.94  _
€074 XX=041
15 DC & [I=1,ACAT

3 LouTe L1 U1 _JEG. &) dvs0.1 I
00r? TIF (1 -EQ. 6) YY#0.92

. 13 . .
L]
OO : FORTRAN IV 6 LEVEL 21 CNTLN CATE = 1210 11703732 PAGE €003

. ___oor8 e CALL FMTSGUZo19%¢0s1,CNTRICYIDY '
ccTs CALL FMTSGUZ4391243,CATLL) 4CNTRZY
ccao CALL LEGNOG(Z+XX,YYs20,CANTRL) °
gos) XX=XX40.2, _
oce2 4 CONTINUE
0083 o CALL OBJC'G(Z.D.I.O.QQ'l.!.VEN)

... CCE& _ ____ 1Ew26 e RN
CCES ] WRITE (6,4595) IE -

€ RESETS OBJECT SPACE TQ SQUARE

PO ‘ _.C_ NCW START WCPK CAAWIAG CCNTOURS | - I

oces CALL SETYSMGIZ,14,C.) B '
. acey TE=27 .
. CCee B WRITE (6,999) !E R .

oces NXloNX=-2
6090 NYlaNY=2

o L Ces1 _ .00 S 1a] ,ACNT L
€052 caLL Fntsctz.l.l.o.l 1CHTY
({43 ] 5CCUNT=0
cecss -, X=XMINeDX/2.

€115
clle
o117

0118
€119
0120

€121

PRINT " THE CLNTOLR™

TWHEN [COUNT 1S & MULTIPLE CF 10,
DC 6 [X=2,NX]
L YaYMINeOY/2,

0C 7 JY-2,N¥1~
DC 8 JJal .4

MCC{JJ)=0. B e .
MCSL03)=0.
IF(IDEBUG +€Cs LIMAITE(S,206) IXsJY X, Y : .
e IFUFLING JY) LEO. CAT(IN) HEC{LI=1
CIFGFUIX, JYeL) .EC. CATED))  MCCU2)el
TFEFLIXel ,avel) EC. CATEID) MCI(3Dsl +
CIF(FLIXOL,JY) .EQ. CATULIN)  MCC(4)=1

AsCNT(I)=FUIX4JY) N
B=CHTLI)-FOIX,JYe1)
L CSCNT(TD=FUIXel,dYe1)

O=CNTLT)-Flix+1,JY)

IFCIDEBUG FU. VIWRITE(4,1C50A,8,C0
TFtaeD (LT. 0.IMCSI(10a)
IF(AeB LT, C.INMCE(2)+]
TIF(AsC 1LTa V.IMCS(2)s]
TF(C*D .LT. 0.)MCSI4)=1

€T THAT 1S, IF TME PROCLCT CF THE DIFFERER €3 1§ hEGl'lVE. The
€ TWO ENDS LTE CN UPPQOSITF SIDES OF CNT{1), OR THE LINE INTERSECTS
€ _THE GRID BOX SICE. A,8.CoANC D WILL BE USEC LATER TO CALCULATE

€' INTERPOLATIONS
[PCCMCCE1IoPCCE21eMCCUIIONCLIS)
_ INCSaNCSTI)eMCS{2)erCEE3) erCSia)

TF{T4CC .GF. 2160 TC 7 .
€ 1F MORE THAT 2 COPNERS ESUSL TC THE CCNTOUR,
. C_ BOX, BFCAUSE IT IS AN AREA CF CCNSTAAY F
TFUINCS NE. 1 .AAD. [¥CS JNE. 2160 10 §
IF(IMCC JAE. 01GC TC 9
. WRITE (6, 1U0MINCS . i o
€ THE LCGIC CF THE STTUBTICN MAKES 1T CBVICUS THAT THE CONTCUR LINE
€ PAY ENLY INTERSECT AN EVEN AUFRER CF SITES, UNLESS IT BLSO INTERSECTS
C A CCAKER
RETUAN

CONT tﬁl! ANY- LINES 1S LS




FCRTPAN IV 6 LEVEL 2X CRTLR echte « 12210 11/03/32 PAGE 0004 129
. 0122 9 r#uwcs JEQ. 0 LAND. MCC LEC. 00GC TO 7 . .. ___ . .. ... e
€ LINE DURS ‘LUl Crags Tl BCX, GO CA TC NEDT
c122 ' 1R (INCS L 0L 206C TC 11 :
. € GO YO 11 1F 2 SIDES INTEWSFCTEC. JF THE OPPCSITE CORNER 15 ALSD ____ e e+ e et e
C  INTERSECTED, 16HURE T ')
o 0124 TFIIMCS oEQ. 43GO-10"12
€ 60 TO STATEUSENT 12 IF ALL FOLR’SICES INTERSECTEDC T
R 0128 © LFUIACS oE0. 1 «8MD.  IMCC LEY. 1)1CC TO 33
. € YO 17 IF ONE SICE ANC CAF CCRAEP INTEFSECTEC
c1z4 IF(I%CC .EC. 1100107 °° . e e e
. € IF CNF CIRMER INTERSECTED CALY, IGNCRE 1T, [T hILL BE PICKED LP ’
- C IN ANCTIHER HOX.* '
R € AT TFIS PUINT IN THE'CCDE, IWCCx2, 1PCSsCy CR THC COFNERS INTERSECTED, _ ... . .. -
€ NO SICES
N C IF YHT 'T4d CCRMERS ARE CEFCSITE, IGACRE THEM IF THE OTHER TwO
e € _CCRNERS AXE N THE SAFE SINE CF THE CCATCLR
LI o127 TFIMCCIL) ~€C, MEC1T) L2NC. MCCi2) LEQ, MCC(4))CO TO 71 -
0128 X1=x ¢ s
. . . 0129 Yisy : ."'l.v..""’.'l.l B L .
. .g130- X2=X LI N A S A} I =
. . an v2ay
. " €122 o 1E(MCCLLY .EO. ncc 10 14, . -
’ T o123 1F(MCC(2) LNEJ'1IGE 1O 15°
€1 24 Y1=v1+0Y .
D TR . ¥2=v240Y: ! .
B FE , z-xzoox oyt ox PR . e s
, €137 G . P, Y tant) .
. . ! roL. o13e 15 !FNtCU! .NE.'ucu‘vu | LR L o v e
- . 0329 X1sX140X
hd ¢l&c Y1=Y1+0Y e : . .
01¢1 ! X25X2+DX [ AR LGSR Y T R RN L U A
€142 - 60 Y0 17 o C BEAr LA A TA RIS ) i AL S S A A R
0142 14 TF(MCC(4) .NE. 1) GO 10 1¢ e
Co - 0144 - .. X2eX2eDX .. -
014¢ GO 10 17 e
" 0146 16 Y23Y240Y .
. €41 .17 CCNTINUE . e e e
c
) o14e IFLIVEBUG .EG. 1IMRITE(¢,1COIX1¢V1oX2oYE
. c R L. ———
¢ 014§ CALL SEGMTG(Zs1eX1sY1,X2,¥2) Il
0)5¢ ICOUNT=1COUNTeL
313} e TFUICCUNT .NE. 102GC YO 7 __ s .
. cys2 fCOUNT=C
0142 CALL LLGNOGEZoX1 4143, 1CHTY
0154 e, GG Y0 T e,
€ MERE TWO OPPOSITE CCFAERS FANE A CCNTCUR GCIRG THRTUGH TrEM.
€ TEST IF QVFER ThO CORNERS #RE ON SAME SICE CF THE CCNTOUR. IF SO
I € __SKEP CUT. THE CCRNEFS WILL 2E PICKEC UP IN CTYHER ECXES. . e
c15% k3] IF(MCC(2) .EC. 1)GC 10 72
0156 IF(BeD .GT. 0IGO 10 ?
_.C_ IF CORNERS 2 AND 4 ARE Ch SAME SIDE CF CCATCUR GO OUT, OTHERWISE
€ CUNNECY 1 AND 3
[3%3] X1=K
(3% o ¥i=v . . i : e N e e
- 0159 X2=X¢0X
v
. . ) . . . - .
. . FORTRAN IV 6 LEVEL 21 CNTLN CATE = 72210 11703732 - PAGE €00S.
e 01€0 _Y23YeDY i :
0363 60 T0 17
c1e2 T2 IF(A®C .GT. 0)GO TC 7
. . - ____C_YF 1 AND 3 CN_SAME_SICE_GO _OUY, OTHERMISE_CCANECT 2 AND &
0163 X1=X
01¢4 Y1=YeOY
oo G1EE e e NZOKADX i e I
c1e6 vy2=y
01¢? G0 YO 17
ol € _NOW TAKE 1rCS=2, IMCC=1,C, BUT OCESNT PLAY_ 4 PARY 5
. . o168 117 1cet T -
frd c1es IF{MCSI1) .NE. 116C TC 151
O 1 [ ] L XPT(I0}=XeDX#A/(FEIXNeLoIY)-FIIXsJY}) .
(3%} YPTIC) =Y : o
(3%} 10=10¢1
| e 0172 _ 15 IFIMCS(2) .NE. 1)GO TO lel .
0174 XPTLICI=X
0115 YPT(IU)aYeDYOA/(FLIX JY+L)-FLIX4IY))
. ) 0176 101041 . : _
N an IF(I0 .€Q0. 3)GC TC 1€ T
‘ : 0178 161 TFINCS(3) .NE. 1)6C TO 171
‘ 0179 .. XPTUICI=XeOXOB/{FIIX+1,JY41I~FUIXsJY L))
e 0180 YPTi10)=VeOY
- o181 10=10+1
. e 1F(1N LEC. 3)GC TC 18 . . .
| 0382 171 IFIMCSI4) NE. 126G TC 29
| 0184 XPT(10)uX DX R
| . ClES - . YPT(10)=YeOYSD/ LFLIXAL 4 UYL)-FLIXO1,I¥)) :
. o18¢ 10 GONT JNUE
c ' .
| . caer i __ IF(IDEBUG .EC. 1IMFITE(6,207H(XPTEINNYPTUIT N 122,20 I
.« c
‘ - o1ea CALL LINESCIZ,2,XPY,YPT)
| .., 01ES o TCOUNT =1COUNT#L —
| c16¢ 1F{ICOUNT .NE. 1036C T0 7~
€11 TCOUNT =0
c1s? .. CALL LEGNDGIZ XPTUL),YPTLL), 2 0CPT) | : . _
0193 [ RGN
. €164 19 WRITE(6,102)
- _..e1ss . ...t 6T 7 L.
' € 'NGW CASF OF ALL SIDES INTERSECTED, 1¥CC0
[AX) 12 OX1=DXe 8/7(FLIXS1 ¢JYI-FLIXyI¥))
€167 Cx2=0X6A/(F{IXe1,J¥¢1)=FLIX IYe1D} e . I
| orse CYL=CYeAZi FULIX JY 41 )~FLIXeJYD)
0109 . DY?250YON/{FIIXe] ¢SYe1)=FLIXe1,37))
o . ...C . NOW TEST NEXT BOY TC SEF WHICH PAIRS YO CCNNECT. R
M 4 1F FLIXsJdYe2) AND FUlX,JYel) BRE NN T+E $AME SIDE OF CNV(I)'
€ THEN CANNECT STIGES 2 AND 3 ANC SIDES 1 ANC 44 CTHERWISE 1-2 AND 3-4.
€ IF J¥e2 LGT. NY, USE FUIX=1,JY) AND FOIX.JV). IF THEY ARE CN THE SAME .
' € SIDE OF CAT(I), CCNNECT 1-2,3-6,0THERWISE 1-4,2-2 - T o
¢ .
c2¢0 IF (JYe2 .GT..NY=1) GO TC iC R
c2¢1 XX=B8 CCATCII-FLIX IV O2))
0202 IFIXx LT, C.lG0 IC 21
0202 23 XPT{1)aXeEX1] . R
: orus YPT{1)eY . o : )




FOQPTRAN IV G LEVEL 21

CNTLN

DAYE = 722

10

11/03/32 PAGE OuO06

(130

c2ce APT(2D=X s I .
02¢Cs YPT{2)=YsCY]
c207 XPTE{1)5440X
C2CE CYPTRCLE=YeOY2 | il o e o e e st S et vm n s e mt e s
0209 XPTLL2}wXeDX2 i
c21c YPTL{2) Y +DY
ca G0 10 22 . . .
€ TEAT CONMLLTS 1-4,2-2 =
o212 21 XPTIlbeXelX]
c211 YPT(L) =Y . . ¢ et e e e e e
€214 XPY(2)=x+CX2 - . )
€215 YPY(2)eYeCY s
! c216 XPT1(1)1aX } e
0217 - YPYLLL) =Y eDYY ° T
c218 XP1142) =x+0X
0219 e e YPYML)AYeOY2 _— _
€ THAT CONNECTED L-2,3-4 . Tt T e )
c22¢ 22 CONTINUE
c
Q221 IFLICEBUG «FG. JIMRITELS,1COMIXPTITIN,YPT(L i) XPTALLTI v YPTLILLY, T
111=1,2}
0222 CALL SEGMYG(Z, 2 XPT4¥YPT,XPT1,YPT1) T
0223 TCOUNT=ICCUNT ¢1 )
0224 . ... IFUICOUNT .NE. 10360 TQ 7 - :
c22s 1CCUNT =0 : "
uz22t TCALL LEGLNUGLIZoAP UL TP ItL Dol o LAt
€227 .. ..coT07 o
c2z2e 20 XX2A® (CATLID-FLIX,3Y-1)) T
€229 IFEXX JLT. €C.IG0 10 23 '
0230 __ 60 10 21 e
C NOW WE TAKE CASE OF CNF SICE ANC CNE COFNER T
0221 13 X1sx
e 0222 L Yl=Y D e
€233 IFIMCCI2) LECS 1)VlaYRoCY :
€224 IF(MCCU3) LEQ. 1)21=21e0X
L.0235 . IF(MCCI1) .€Q. 1¥6C TC 26 .
uzie TFEPCCE4) HE. 1)CC TO 24 h
€227 X}=XeDX
.0238 vi=veOY -
€235 24 TFIPCSELY) oNE. 1)GC YO 25 ,
0240 X2=XeDXOA/LFIIX+Y 4 3YI=FUIX,IYI) .
028 Y2=¥ . e e -
0242 GO 10 28 R -
0243 25 1F({MCS(2) .NE. 1)GC TO 26
e €244 X22X . e :
C24% Y2=YeDYSAZ(FLIX,JVe }-FLIX,IVI) T
0246 60 Y0 28
e 0247 ' 26___ 1F(PCS(3) .NE. 1)GC YO 27 ..
a24e X2uX+eDX9B/(FUIXe1 ,JYSL)-FEIXoJVel) )
0247 Y23YeCY
.. €25C .. .GO TO 28
0251 27 X2=X¢0X
022 Y2=YenY*N/EFOIX41,JY ¢ -FIXe1.JY))
e . 8282 .28 CONTIMUE . e
j [
1 ) . . "
FORYRAN IV 6 LEVOL 21 CNTLA CAYE <’ 73210 11/03/232 PAGE Cn0Y
e 0254 JF(IDEBUG .EQ._1)WRITE(E,1CTIX1,Y1,22,)2 :
s 3
02¢s CALL SEGMTGUZ .1 oX14¥1,X2,¥2)
e C25¢ . ICOUNT=JCOUNTel
0257 IFCICOUNT .NE. 1)GC YO 7
c2%e ICOUNT=0
.. 0259 ceiome.. CALL LEGNDG(ZWX1o¥)o1y1CHTY _ *
. c26C T YsYsOY o
C2¢d 6 XsXeDX
.. G282 5 __ CONTINUE e+ .
C2¢3 DG 201 1=2,NXX g -
c2e4 XF=]
. 02¢5 oo DD 201 J=ZNYVY _
caee YGay -
02¢1 SAXIT o) sXPINGIXF®2,-3, )0CX/2,
N L0268 YAY(I,J)aYMINe(YG€2.~3,)00Y/2. L.
c2es XPXLT o J) xXAX(1,J) 4FULL 15 J)/0.8E+089CX
0270 YPY(LaJ)=VAYIT ) eFVi1,1,J)70.8E¢0890Y
a2n _ 201 CONTINUE N e
c212 00 209 [=2,NXX - -
0272 DO 209 J224NYY
€214 e VF IRSYU1,J) .EC. 0.) GO TC 2C9
c21¢ CALL POINTGIZ o1 o XAX(T 4 J),YAYIL,d))
027¢ 209 CONTINUE
€277 . CALL RSETMGIL2) _ .
c27¢ HAT N N T
cz1y WRITE (6,599) 1€
c29¢ eeee. .YEN=0.360YDIS . -
026) CALL 0BJCYG(Z+0015C.365123,YENY
022 1€9 '
0261 . .. WRIVE (6,999) 1E N
caes CALL SUBJEGIZ,XMIA,YHTA,XVAX,YHAK) -
o2ee T€=2
. CZE¢ .. WRITE (6,999) 1E - R
0287 DX=XMAX=XMIN -
o2ee CY=YMAX-YHIN
€209 .. . CALL GRIDG(Z,0X,0¥,0,01) . - :
c290 1E=10 T .
€253 NRITE (64999} 1E
ca2s2 reemnemen. CALL TITLEGUZy15,15FDEASTTY SHACING,845LY,0,0) -
c2s? 1E=11 o
€294 WRITE 16,999} IE
. gcace OX=0X/(NX-2)
6296 CY=0Y/(NY-2) e - e Tt
(223 CALL SETSMGIZ414,0.)
c2se . ._. ... IEas e e e e
o2¢q WRITE (6,999) IE T
03c0 DO 221 1=2,NXX
0301 . ... 00 221 Jap,NvY e e
c202 IF {95V (1,J) .EC. 0.) GO YO 221 ’ T T T T e e e
0303 NN=OR(1 4l ,J)/0.05CCOF-CT
0304 TF (N .GT. 17) Nhel? . R e e,
o3cr PXUL1)oXBAET,) TrTTTmmmmm T s
01ce PY(1)avAvil, 00
0vc? PXEYIXAXtL,0)

C2¢E

PY(2)aYBY LT, u)eDY/2.22




FCRIRAN IV G LEVEL 21 CNTLN OATE ¢ 12210 11/08/32 ! PAGE 000R
: o 131

03¢s e .. PEAIIAXAN(L W J) e e e o s .
, ene PY(1IYAYID J)-DY/2.22
. 0311 PXI&)iX PRI J)OOXI2.22 ’
et . CM12 .. PY(AJeRYLRLY _ e e e e .
. L [23¢] PXISIsOXIA) " "
’ ' 0314 PYIS)=PY(2Y7
oM L e .. PXLE)ePXIA) e e e e e+ e e e e e - .
aMe N TSR 215 TR N - [
(318} PH(T) eXBXIT,J)-0X/2.22 . .
02)e R AR ATEY] e ———— Lo e e oo e e
. 0316 PXIBI=PXIT) ; N v ’
- 0120 PY(A)2PY(2)
- Lo o, PXI9}ePXIT) e o . - )
cr22 PY(2)sPY(Y) -} i -
€323 PX{10)<PX(L1}eONR/4 .6
R _ 0324 L PYULI)=P VL1160V /4.8 .

PX(LLIPXILO) 7+ ~ : : .
©t PY(111=PY(1)-DY/4 .6
: PX(12)2PX{1)~CX/ 4.6

pYit2pepyaaoy -~ 0 77 T IR .

PXILIIaPXI12) .
.. PY(YIzPYLLY) RN '

PROL&IPXi&i-ON/aLE « - 0 T -
PY(161=PY(10) " . .
PX{1SI=PX(14) - :

PY(1S)=PY(11)
PRUL6)PXITIONIESE: .
S PELL4IaRVINZ)
PRILTISPXIL6)
PYI171=PY(13)

DO 222 NPT=1,NN .

caLL vnlAru(z.zovxtsv'l.onNDV|1' o - e
CONTINYE N

CONTINUE

YEN=0L1oYEIS  ° - T
CALL 0B4CTGLZyCLLE:2 0, 3.ven»

[ [T : el

WRITES 16,9993« le’ Cae T
OX=XMAX-XMIN
. DYsYMAX~-YMIN —_

caLL caloccz.ox.ov.o.o) B e
1€=3 - ’ .

WRITE (56,9991 1€ . e .

CALL TIYLEG(l-B.ShvElt(l1v.5nlv.01.61r NUFERTCAL SFGCK WAVES STMUL Tt
LATIONS AT COLUMBIS )+ ¢

1E24 oo i

WRITE '16:$59) 1€ S - T
DX=DX/(NX=2) .

DYsDY/{NY-2) . B :
CALL SETSHGIL,30;C45) - - vl i e
1Ee7
WRITE (6,559) 1€ .
00 12 1=2,Nxa

og 312 J-z.N""" 2R LA A R TR AT ]

C1F LRSY(1,J) .FQ. 0.9 GC TC 212 . . : .
CALL SEGMTG(Z+3oXAXET+3)oVAYLL4 ) o XPALTWJi s YPY (L (J0T - e T

o FORTRAN IV ¢ ;LEV’EL 21 U"Ui oAt = 12210 11703732 . PACE €000

csea . __ ... .CALL POlNTG(l.l'lllll.J).'lv(I'Jll
a3es 312 CONTINUE . \
. 0366 ' CALL PAGEG(2,0,141)
‘ . L.03¢7 _ ... _ 1Es230
. ' 036e " WRITE (6,566 1F
. . 0388 CALL RSETMGLZ) .
| . 031 . - ... 1E=3) T : _——
. T3 MRITE (6,599) IE .
€312 PETURN
€32 | 100 . FORMAT (*QEPRCR, I#CSs *412) . e
- 0374 101~ FOOMAT [ *OERRORSNCNT= *,1€) E N ~
' oears 102 FORMAT(*OEFRCR, IVCS=2, BUT LESS THAN TWC FCS e1°)
.., 0378 .. 103 | FORMAT(*OL* .1cx.'cu(l)'/us.sx-wexz 3N
0377 . 104 FORMAT(YOIX= *¢15,° JY® *,15/° X» *4JFE12.2¢% V= %01
c27e 105  FORMAT(*0A= *,1PE12.3,% Bs *,1FEL12.3,¢ C= *y1PEL2.34° C~ '.xvslz.s)

.1 . . Lo .
0375 106 7 FNRNAT(102 CCANERS®/® Xl= 1o1PE12.3. % Y1s V. 1PEY2.3,4752% ¢,1PE12.
13.¢ Y2s $,)PE12.3) . .
[ 111 107 _ iovnAr(-oz SIDES*/Y XPT*,1CKy *YPT'/(1P2E32.0)) e e

= ¢38] T 108" FORMAT('OFCUR SICES'/* XPT e 10Xs *YPT ¢, 100, *XPT1¢,10X,*YPTL*/ -

141P6F12.3)

. 0382 109  FORMAT(OONE SIDE,CNE CCRAER®/? Xl= ¢,1PE12.341 Y1n 1,1PE12.3, o

" 10 X2= *,1FE12.3,°% Y22 *,1PE12.3) K A

L ) . 0283 . 999 FORMAT (L1E 4*1Es?,14)

- o L. .. 0384 e .. ENC e e e




FORYPAM IV 6 LEVEL 21 civice | CAVE = 12210 11703722 PACE oool.l 32
000) . SUPRAUT INT DIVIOF (EX,CY o FK,FR TV o JP JE IS, 1Ee 10, IV, 1C) e T
ovo2 pIrCNsICN :l-(?.nv.n).rulz.lﬂ.?n.Nu.nv.in.Fuz.uv.?u.

IFE(2.137, 200, TOAZ A A2T, 220, P02 137,22 1P L24027,20)40002,17 0,220
26UEL1,137,220,0vi1, ‘7 I‘I'GIll.l!‘l..‘?)"'-Fll-l.’”.?ll.lrFl?-l)".Z?l' -
ISYA(22)4SAPI22) 9 SYFL22)4VELELI T4 22048142204 CPFC22),8VIEIT,22),
QCS!(I”.?Z)-l)‘xllJY.Z?l-CSV(!J‘I-ZZ).CS'll"l.Z?hKSVll37p22h
SISXAL13T,22)

€003 CoPMCH R, HJ.FV.ll.rf.T(.PP.P.P"..CL.GV.uI-GF."’Pp!vl..lEoSVR.VOL'
. ISI.cru.nv.t,x.un.c‘v.n'v,vsv. 2SX4€14C24030C00Py 80d
€004 OC 744 J=Jt,JE . e
cocs DC T44 [218,1€ .
coce IF (ZSXUT4J).FQ.0..ANC.RSYIT,J).EC.0.) GC TC 744
0007 . IF (RSY([4J) . EQ.OKANCISXET,J) EC.DXLAND.VOLET, ) EQ.VOLU2000Y _  °
1 G0 YO T4
ccce L=0
cco9 ... VYsO0. . e e em—— e —— e
ccic vZr0. g
001l IF (OR{1,101,0) oEQe Co) Lu-1
0012 L. . IF {CRE141-1,J) .EC. 0.} Lesl U . e, e
0013 IF (L .EC. C) GO IC 744
co4 TF (2SX{8,d) «GT. 1.59CX .AND. VOLIT,J) .GT. VOL(24J} .AND,
. X i QVOLULS ) OT. 1.49RSYUT,JISSYHEIRD CC TC 261 - . e
M 0015 IF (RSYUI=L,J91) +Gl. 1.50Cx <AND. VCULUI-LoJel) LCE. WCLI2,J¢1) -
1.8K0 VOLUI=L,Jel ) 6T, 1.40LSXIT=L,Je1198YR(I01)) GO TO 762 )
001¢ IF (RSY(I-Lyd=1) .GT. 1.50CX .ARC. VOLII=L,J=1) oCE. VOL{2,J=1) _ e . .
1.AND. VOLIT=L,3=1) .GT. 1.4%2SX(1-LeJ-1008¥RLJ-1)} GO ¥C 762 .
cer GC 10 744
CRTF 762 CONTINIE . I
cots 1F (ISX(1,J) .GT. CX .AND. VOLET,J) .GT. REY(1,J)9SYB{J)} GC VCO6] K
cvze GC TC 744
w21 L. L6 IF LZSXU1,001 ) CT 1. 500X CR2SXIT,U-1), G1.1.500x) €C TC Bel e
cur2 IF (D211 o 1=L s J411.EC0e s ANC.CREL s I=LsJ=1).EC.0.) GO TO 744
cc22 861 CCNTIAUE
€24 .. ... VXaVOL{I,J)-REYLL,JIeSYELY) . N . ' "
00:s TF AVOLUI=L,Je1) .GT. ZSR(T-LyJe1)0SYREI+T) LAND, RSY(1-L,001) g N
1.6Te DY) WYaVCLET=L o301 )=2SXEI=LyJel JOSVE(IeD)
0026 ... 1F (VOLUT=Led=1) oGV. ZS2I1-L,d-1)8SYE(J~1) ANC. RSY(I~Lod=8) . - .
1.6T. OY) viI=voLli- L.J-ll-zsul—L.J 11es5ve¢I-1)
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TF (0001 boleS) o FU.0aARDDSYITo10001).5T. CSYEL,J0 1) .aND,

LIGUE Lo TaddeGUE Tl o ledslddolTadad €C 7 0310 | - . o ———

0 oTe 8317
B316 ez SXPLIeLINRLL, Eoladel} . Se AUl Tad)eCUILalol, Js 111000
UGSY QT e, 0ol b=rSril1, s 110/0x .
DAMEPR LGl el o) on e Gl Lo d D eGUELs 1000 Je1) ) DTO(DSY Lo 1, J0td~
LESYETaaed) 1es,0432
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"a2e Tinet.
. 0237 GN TN A31Y X
e 0238 . L. BILTAF (LT Lol 0lad) Qa0 ALDOSYI1o3ad01)oGT e CSYLLoJeL),AND, -
LGULL T 2V LU Ll edeIel)1.GTL0.) GO TN W38 :
020 GO 1M PALD .
e 0240, .. .. 8318 OMAsSXECIIOORIE o g) o 5olhULD, Tad)eCUEL Tel ool ddobTe 0
l(USVll'I.J'l)-(SV(I.JOIll/Dl
0241 DARZOR(1o14019.60 (GULLeloddotUTLsboledotd boDT LOSY IOk, IeL)~
e e e e LESYLN 410 1%6,2032 [P, I, o . -
0742 A319 CONTINLF :
0243 LF tCR{1,Ts1,0-1) .FQ. 0.0 GN TN A324 .
—— 1T 1 LEO UL 10l sd) EQuNa ARDLDSXE 1 3. 6TCSXTT =11 AND_{GVITo ydde .
1 GVil.0eled-103 JLF. 0.) GO TO w321
0745 .60 TC R322 .
po——— 11 .“.Nn“"_£)114D“D=SVA(J'1)'0"(I|l-J)‘.ﬁ‘lGVIlnlel'GVJlJ]'ch:l)lfpl!(DSl‘ltJ" ———-
) 1 CSx(l,d=100/0%
0247 DANESYATS=119AREL e 1o J) e 5o ICVEL Tod)eGVELalel,J-1})eOTSLOSXE Ted)=
e . i L CSXUTRJSIIINALZRIZ/SYREI) Ll e e e
0248 GNn TN 8324
240 8322 UF (CRE1,10103).EQ.00-AND.DSXE T, JISGT.CSRITed-11.ARD. (GVILATLIIe
L GV Lo te100mE ) G, 04060 TO 8323 . ORI
0250 GO TC e324 v
0251 8323 DMDSSYALJ=1)°DRIL,Te1,5-110.5¢ (GVIL, 1,00 ¢GVEL 1oL, J-11100T®
Ll 1 (DSXUT,J)=CSXUI,3=100/DX e =
0752 OO0 SYALI=1IROR ) o lol,dm134.55 1GVIL 1, 0D ¢0VIL L1 d-10)00TY
. 1 (OS> 1.0)-CSXU1ed=1))%6.2832/ SYELJ-1
R 1.1 3 YNNI, | 1L PINpN . - ——— z .
8326 CCNTINUE

D258, o __.-B325 CHGESYA(I-LILYOR(L, L4 12,5016V Lo 1o JLeGVALS I=0 s J=h) 1S PTALDSKELs D)=

1F {NR(1.1-1,3-1) .EQ. 0.} GO Tn 8228 !

e VB (CREL L V) e EULD. - BNNLDSX T, JV.GT.CSALLI Iz, ANDIGV L, Ledis
1 6Vitel-1,0-111.LT.0.) GO YO 8322
GO T 8326

1 CSX(1,J=1))/DX
OHGHSYA(J-I)'BB(I'I'J)'.S'(lel-l-J)OGV(l.I-l.J-ll)'D"IDSX(I.J)-

I CSX(1.3-11)96.2R32/5YB{JI) .l
GO TC 8328

8326 IF IDRII'I-I'Jl.E0.0..AND.DSX(le)uGY.CSX(I.J-ll.AhD. IGVILle1,0)e
1.6VEd, I-1402110461a 0k GO T 832

0262 G0 TN A32A
Q263 8327 DHG-SVA(J-ll'DR(l.l-l'J-l)‘-5'IGVll.l.J)'GV(l.I-I.J-lll'OY‘
J— L.(DS3(1,J)=CSX{[ed-1))/0X et e - - - - -
0264 OOG'SVA(J-I)'RB(l.l—l.J-ll‘zS'(GV(l-l'J)OGVll. leJ-113¢DTe
. 1 (DS X{1,0)=CSX(1,J-133%6.2832/5YR{J-1)
D265, 176=1.. .
0266 8328 CONT INUL B -
0267 1F (ORE1.1+1,J¢1).EQ. 0.} GN TO 8334
0268, VE LR (L, T,J0t].FU.0u «AND.OSX (T o1, ¢1L 6T CSXLLLY S} AND, -
l(GVllyl-Jl‘CV(l.l'l-J’ll)-Ll.O.) cC 70 8331
- 0769 6n T BIY2
...... 0270, ..__..833] DMT=SYALY, JODRIL 141930l 1o SO IGY (o0 d) oGV Lelelsde)rlonne
10SX T 101,01 3=CSXUT+1,300/0X
0271 0BT=SYALY l‘ﬂﬂ(l'IOI.JOI)'-S'IHVII.I-J)Olel.lvl.JOl))‘D"
,“"___,____m"______w"__jlﬁsx(Lol.igll:CS!nglv43)1§L2“12/§VR§;01) -
0272 TiT=1.
0273 €O TC €334
s
) R .
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0274 8332 IF (CRILe10J01) oEQ.0..AND.OSXI1el,Je2), GT.CSXIT¢1¢J).AND.
LGV Lo J) oGV LT T+1,4¢13).6T.0.) GO TD 8333
0278, 60._1.0..8334
0276 8333 DHT=SVALJ JSDR(LyTeJD®. 506V 1 19J)eGVilalelsJel))oDTe
. : LIDSX{TeledeI-CSXE1r1,J))/0K
0271 DAT=SYA(J.. JEBRILITeJI® 5% (CVI1y1sJ)10GVIL Tedsded)) DR
TICSXET1401)=COXOT01,0)106.203275YD0S) -
0278 8334 CCNYINUE -
0229 IE_LCRUI,J=1,J¢1), oEQCa.0.).GC. 7D £338.
0280 TF (CRU1,14JP1)FO.ULAND.OSXEI-1,0¢1).6T.CSXI-14J) .AND. '
. MGVI1a1.0)eGVILT-1,J010) LT, O.) GO TO 8335 .
0291.. ch.TN__ 9336 .. .. e e e
02R2 8335 CUCsSYALJ 14DRI1, Jel)=.5¢(GV yeive Lede1))o0Te
1OOSXEE-14308)-CSXEI=142))/0X
e 0283 DBCESYALJ . 0FH0(LsI=1ed 1 )% ST UGV(Le L) GVIL e izRa U]} )20Te
1COSXUT=1,3+¢10-CSX(1=1,3)0%6.2R32/SYC(JI0L)
0284 T1C=1,
0285 . e e .. G0 TC 9338 .. — - e
02R6 8336 LF (CRUL.E.J0LD. ND.DSX 1 SXI1-14J) .AND.
MIGVELa[oJI¢GVEL o I~1,J¢133.GT.0.0 GC TH 8337
0287 ... L0 TC.BIIB o . e s .
0298 @337 DMCaSYALS 190RI1, [4J)®e5%(GV( L 10J)eGVELol=15d01) 00T
1EOSXET=-14d41)-CSXUT=-1+3))/DX
0285.. LCBCESYBLS . JoBBILo10d)®e5°(6VILa (s 0¢GVEL Tz0ods1) }eDT . . -
LENSXE1=1,J011=CSXC1=14J) )26, 2R32/5YR 1)
. 0770 $338 CONTINLE
e D291 e BEL U1 GLEL IM) GO T 654 .
0292 . IF tJ .GT. J%) GN TN 653
0293 TF (DSY(1ed)aGT.CSYEI=100).AND.CSYIT-14J0%WGT.0. cAND.DR(,T0d~1)
e 1 OT 0. ANDLISXUT Y1) FOL 0 LA (GUIL Ly ) eGULL, 5t 4210 0.6T 0.0 _
260 1C 7441
0296 . cO TO 7442
D295 . _TAS1. OML=$XBL=110P (11210 0= 117050 (GULLa B0 10 2GUEL Il ezl LIL0TY
1 (DSY{1,91-CSYI1-1.0))/0K : B
0296 DBL=SXR{J=11#B8() s I~1,J-11¢.5¢(CUIL 120 eGUILsE=LyJ-11000T®
e e 1 ADSYOT ) -CSY LTl D) 060 2RI/SKP LT s e e -
0297 TiLal, o
0298 GO TC 7444
e 0299 T4A2.3F ADSYEIeJ1.GTLCSYUI~1ed) eANDLCSYEI-100}sGT 004 2AND D3 LL, Le S L)
. 1 oGl aDa e ARD.ZSXTTod=102E0.00 AN ECUIL L S 0GUTT T=1sd-TD 000 Y,00)
2 GO TO 7443
0300 ..., O TC 7446 e e e mmen e iz P
0301 7 ML= EXRLIIDRET o Eod)® 52 (CUTT, 1 J)eGUELVT=1sJ=1))9CTo(DSY LT, J)
. 1-CSY{T=1,J00/0%
e 10202 e e DALsSXBIII*BET1a12d )%, S20GUIY s 1o d)eGUELalzlad=10 e CILDSY T, I} .
1=CSY(1=1,01)%6.2832/5X01J)
0303 TA44 CONTIRLE - .
e 0308 L 1F (OSYUTelodoldaGY,COYTEadr 1) oAtN CSY I oJe1)oGT 0. AND,, R
B OOR(E, E01ed1afiTafle s 2 SXIT4 10l FCO L ANDILULL o dds
2 GUETLTe1,J01D 00T 00) GO T44s
i neen 0309 L L . GO TC T46A . . e ———
06 Tans, M= EAPEIIPONIT . T0 19, 500GUIT, Ted)eGUEL Lol 30l dIs0TetISYILededeld
1 -CSYUI.Je 1)) /0X
. 0307 R N I I I LR U R R PR ART- U A PR EA PP R SRA RS AT T 13 R LA TR L3} PSR IR e . .

RATE

1 -CSYU L ae i) Isn 2 78xtd)
GP 1 fenn
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“ov09 Taah TF (DSYET0 1,000 oGE.CRY LTt L] JARDLCAYET, J011.G). 0. AN, CoTmmTmn oo oy
L ODRE L, 14 Led1-0Tade ARDL E5A0T 01 ¢d) ohQeUe s AN IGULL oL o d)s

L2 CULT, 10l del) ) LTL0.) GO TO T44T . . . e

0310 6N 10 74408
03l 1447 (DB‘HASXHJ'I)'N'llleI-JOlI'.')'(Gl.EiI.l.J)’bU(l.IOI.J'I'ID.DI' .
- 1 tOSYL Lol el )-CSY L1 J0Ldb/NX S UG PUP UV R VUG SR
032 . DRRaSXPRIJeJIOARTL.Te1, 9010 50 (0011 JIoGUIL [0l uvt))eDTe
1 ADSYUTel, 001 )=CSYLLaSe1d)®6. 283275 B1d00) A
- 0313 TIk=1, . . . - . Y QU U R R
0314 7448 CONTINLF ‘
0115 IF (CSXITeJ)aGT.DSX{T oo 1) AND . NSXE14d012,.0GT 0. AND, DRUL,IeL,J)

o La GV e Qe dAND (WS Y {101 3 ) EQuULAND (CVIL 130Vl 1o led0l})GTo00)
26N TC 1451
06 G 10 7452

. 0317 7450 DMT=SYALS 1SORUL+fed)® o590V I, 1ad)oGVilaleladel) 1o0TR(CSXI149)2 .
10SX( 1, Je11 170X E
oM DRT=SYAIS IPRBIL, 1od19.SOICVIle LaddetVIL Relidel) JoUTEICSXIT,I0~
O e e 2 ADSXU TP NN D8, PIN/SXROI) L Ll e . o IS
03te GC 10 T454
0120 7452 1F CSXUTed1oGTOSXTsJe LT o8RDDSXET,J01) oCTuly JANDLDR{Ls (014 d)

e 1 e GT 0 Qe W ANI, PSVIl‘l'J).‘EO 00aANDG GV Lo ddabVEfelolgdrd))oLTala) .
261) TC 2453

0321 GO TC 7454 .

7453 DUTaSYALS  DSDPR{L 161, J¢1)0.50(6V1,1,J0¢GVilalsledel})eDTe

-.0322 ..
. . LICSXUT J)=-DSXUT.J¢1))/DX
0323 OOT=SYALY JONRBUL 190, Jol) S (GVI1,0,J)0CVIl 101, 0013000V .
e e e LUCS XL I =0SKE T 0d 010 1 *6,2932/752X0 (0 1) - —
0176. TIT=1,
0325 7454 CONTINUE '
D226 o LF ACSKUT=14J) LT OSXET =1y J=1) JANDL.DSKIT= 14 d}.GY 08ND,_ -

IORCE el od=13.6T.0,ANDLRSY{1,J=1),EC.0. ANDLIGV LT L J) e
26V(1,1-1,J-111.67.0.1 GO 10 7461 .

.G0.TC.T462.. [ . .
UMG=SYA(J=1To0P (1o 1=12d-11%.50(GVII,Lsd1¢GVIlol-1,J-1)10DT* j
LECSXIT=1,0-10=0SKt [=1,4)1/0X

0329 ... DEG=EYALI- LI *3P(hal-1od=1)0. 54 (AVIT T, 300GV Lsls1,dz1)22DT8 —-
- LOCSXOI=10d-10~0SXE I=14410%642832/5X01J-1)
. 0310 TiGsl.

0331 GO_TC.. 1464

0332 7462 TF ADSXU1-140) o LT.CSXCI-1,J=11 JANC.CSX{I=1,01:6T.0..AND.
10R (1 oT0d=12.GT 200 o ANDLRSY{TsJ=1).FCL0.ANDLIGVILsT U e
2C6V{Ls1=1sJ=111,LT.0.) 6L T0_T463

0333 GO TO 464 )

0334 7463 DG SYA(J-1I%DR(L, 1,J0%.59(GVE 134 00eGV(Ll=120=1) )eDTe
14CSX(1-14J=1)DSXLImLs 3 F/OX .

0315 DBGESYA(J-11e88(1e 1002, 52(GVI 1, 1,30+GVI1I-1,J-10)00T¢

- UECSXEE=Lad=1)~DSX{ I=LeJ) I%6L.2R32/5X0( )
T 0338 _J464 CONTINUE,

017 GO TC ¢54
0338 4653 CONTINUF :
0339. CAE_JOSYETe )Gl oCSYLTmd o) oANDLLSYIT2114).6T00,.8N0.0311,14J41)
1 G0 AND.2SXIToJe1) e€E0.0. ARD {GUIL T o) oGUIL I=~14J¢133.6T.04)
' 2 GU T0 6441 .
o 0Y80 o o ..__GN TC. A&&2 o .
0361 8441 DMB=EXR)+1IeDPI1,i-1,de 110, e (GUIT, 1941 *GUT Ly T~ l'J'l”'o"
) 1 (DSYI 1, 3)=CSY(1-1,4))/0X
'
. '
N .
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0342 08B SXRIJeLISBBI1,1=1,J01)8.5% (GUITL, T, J)eGUILeI=LeJeld)eDTe
) . 1 (OSY(L.J)-CSYT{I-14J0)%6.2832/5XBLI+1)
0343, —J.18=1
0344 G0 TO eoess . N
Q345 6442 IF {OSY(I.,J).GY.CSY(I=1,J) AND CSY(I=1,d).GT_ 0, . AND.OR(1s1,Je1) r
. 1 GT 00 ANDLZSXILsJe1) e EQe0s e AND S IGULY ¢ Lad)sGU{ s ol sd el 2.LT. 0,1
2 GO 10 6443
0346 GN TO €kés
0341 6443, DMBEEXAII) *DP (Lo Lo v )8 e 586U, Lad 1oL LaL=0a 28 1) 080T 04DSY {4 IL
1-CSY(t=1,J1)/0xX . !
0348 DBORSXBIJI*BBILsTodI% 52 (GUILe [+ J)eCUILI~14I81))0LTO(DSYLT,J)
1-CSYEl-1e2)1%0,2832/5%B43) -
0349 i 6444 CONTINUT
0350 IF (CSYUT#1,0-1). GV .CSY(L,3-1).AND.CSYIT,4-1).GT.0,.8ND.

100 Le 1010 d)oGTa0. sANDLZSXIT 210 1o ECeOue ANDLIGLlLaLedbe
2 GUILII*1,J-1)).6GT.0.) GO TO €445
GN 1C €446

6945 DPASSXU{JISOREL, L e J)% SO{CULT, 10 d)00ULT1, 180, Jd- 1) )oCTRINSYITeL,9-R)
1 -CSYtlaJ=13)/DX

BHA= SXHLIV*ERIL,1,0)*.5%(GUIL,TaJ)eGUIL Todsd-11)8CTo(DSYLIeToI~1)

. 1.-CSYELaJ-10)%6.2832/5XE(J) -

0354 GO TO €469

0355 6446 TF (CSY(Tel,J=1).6T,CSYTT4J-1) JANC.CSYIl,J-1).6T.0..4NO.

e e R DR U By B Le J Do GT e 00 AN 2SX{T 41 4J) F0.0.. ANDLIGULLsLe Lt

T2 6ULLLIe1d-100.LTL3.) GO TO 6447
015h GN TN €443

————— 0357 __b’vlt'l DMAZ SXBIJ-11*DR(Ls 1214 J=102,5%{GUILiL+J)eCULL s I2bed=l)I20Ts
1 (DSYOT#1,3-1)-CSY1,J=111/0X
0358 0BA2SXRIJI-1)#86(1, I+1.0-11,5 [GU(T, 1,00 ¢GULL.lel,d-1))eDTs
e L UDSYUIS L J=1)=CSY (1) J=1D )06 2R32/ SN ) . >
0159 TTasl.
03160 6448 CONT INUS
e O36). e UF ADSXEL D) GTLCSXUT eI L) ANDLCSXET0J-1) oGV 00 o ANDL ORI e 1¢L4d}
. LGl .00 ANDLRSY (141 0d)aEQ.0.0ANDL{GVILe 1 JI4CVEL el 1 d=10) LTaDe)
260 16 €451 . .
GN TC €452

6451 UNDESYACI-1)SORELs Tod ) S#(GVI 1, 10 d04GVI 14 E13d=1019DToLOSX( L I0-
1CSX( T, J=110/Px
e DBDESYAUJ-119B0UL, Lad 10,5900V (10 LoD eGVLLLL e 11210 JSDTOIDSXI 1adl=
1CSXE 1, 3-111%6.243275X0J)
GO 10 6454
0366 .. . 6452 1F ALSXI1.J)oGT.CSXIled=11.AND.COXTTLI-11.GTo0. ANCLORIL, 101 4J) R
FeGT o0y o ANDLRSY (1 +10d) cECa00rANDLCOVILo e dIoGV Lol 1, J-1)0).CT 0.}
260 TC €653
e, G TC E454 !
5653 0¥DeEYALI-11eNRIL 101, J=110. 50 (GVITo 1 D oGV T el J-
LOISXET,40=C8XILad=1)) /D
DD SYALS-1) HRET 101, J-10%. 52 IAVIL, L J1oGVILolel,J-10120Ts
LEOSHUT S 1-CSKE1, 4= 10)96,2232/SXR1I-1)

)l-bt-

0370 Tinst.
e 0T . 6454 CONTIAYC .
0172 Tk (CEXTT=10d 1oLt NSXIT=1,00 1) CANPLESXII=T,40), 1.0, . A}
IDHEL el o d ot bofT 0, o AN REYET e 1) 80 0. aANDLILVI Ll 4dde
. - . . 20Vl adel LT 00 G810 LAl . . e e e e e s ai oo e e s
047y GOt Laa? . . .

0T4a Hlh]l DUACESYALY  Fenu il d=l, deldo S qGvitat JloLVilel=-loJdelb]onT"
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PAGE 0011 ] L" ]

LENSX 1= 1,00 1d-CSXtt=1,31/n

' 031s DURaSYALY JORP{L It del)o, 52 (GVIToLaJ)eCVIlol=t,001)0DTe
——— e i e BUUSK A= 00 d 001 -CSAU L1000 06,2832/ 55000004 . . _._ e w
0176 TICet,
' 0177 60 TN tabs
———e 0378, 6462 1T (CSXET-1od)olTaDSXCI=1,000) cANRLESXEI=1,J0.GTaU. AND,
INRELG Tl o1)eGT 00 e AND L RSYIL,d0 1) oEC00 ANDL (LVELo L od)e
4 26V 1=1,J810).GT.0.1 GN TN b4l .
—— 0379 L i . GO IO 484 e . e e
0360 64063 DMCTSYALY  IPOMIL 1 ). SOIGVIL, 1od)eSVIEol=1ede1) 00T
' LANSXUE=10de)b=LSXLI-1,0)0/DX
—0281 . e DUCESYALY  POUNELo IS 500V 1o 1y JI0GVE =1 d01) J20TS
LEDSXOT-1,0010-C5X01-1,00)06.2832/8XR19)
b 0382 6464 CUNT [MUE
a——. 0393 — 654 CONVINUE
0374 39 CONTINLE .
[ 035 ORE241eJ2oNPLL, 1,000 (DH4IDMZNMD+DNRENUGeDML=-PNI=DF] -DNC-DHA -
it o e e e VDR =CET R/ (VOL UL DD #SE IS . .
. 0326 BAL2 ol J)=ABLL 1o D 1o 0EAeNN24NEN sCPHOLRL ¢UBG-HB3-D01~0BC~URA~
) . L0AR=EAT I/ AVOL IV 3)=SHESITSYRIS I/ L6.783200K)
e 0T e L FULZ L E T2 0M200U (L L= L J) T A trasGU (1] e d- ) =TT {sOMLeGU(TL,

I1el J)-TTAoRU3etU i el )oCUl 1ol=todoidetTIE DMB-TTCOONCY
ZeGULLaTolad-l 14 (TTDRMO-TTAZ ML) =CUIL  ToloJel o (TFTODMT ST THY(NR)
3e0UE L T=10d=1 )  CTT L ONLSTTRAOMG) o GUIL 1o da(LEL L, ] WJISVOLIL, Jbe

GSETI001,=TTLIo0M4 0 1}, =TI2) UM o0 o=TT)aDMES( L. ~TTLI SUMLe{1.=TTG)S

e 0048 L

. END | P

! SEMG Lo =VIN e 0 | =TT Lo 1= 1a=TT 3 M V=1 1~ TTA I IMA=I b = TIF by
—— SONC-t1,-F7F) SUle=TTRlegvn )7 (NCLET, 000D ( 2, 1, S)e5F 1)
03A8 FVI20 Lo d)eiTT200m2eGVIL,l=10d) $TFaoLMesLV Lyl d=t)=T1Tho0YIoGV(L, -
11e0ed)=TI30NMIOCV (Lol Jel)oCVEN I=1,J0 112 ( TTH>MB=TTCOOMC )
[ 2¢GVE L 14 Lad=1) {TTICANMN-TTACQARA) GVt L To L, Jet 1o (ITToOMT+T TR OMR )
' 3eOVILaI=1od=b 1o LITLoDVL eTIGA0MCI 4GVIL e Lo ddm(UR Lol o dDSVELEL, J)®
' GSFIJMEL.=TTL)ODME e (E.~TT2)e0¥24 (), ~TT8)e0NBe (1. =TTLI*ONLO{ L. -TTG)®
SUNMGe (La=TTOI80MOZ (L, =TT 1) ¢DML= (Lo =VT3)oIMI-( 1. =]TA)=UMA=-(1.-TIC)®
' GOMC= (1. =TTT}eOMT=(1.=TTR)SDUR) )/ (VCLLL, JIvDRE2, Lo d eSF1J)
4 0329 FEC20100)=(TY200M2%GCE Lo l=10J) ¢ TT4STUGGE (1,1, J-L)=TTIDM1*GE(L,
HEeLa JD=TT3vDUICGE (11 JoLIsGEL N, T-1,de1)o(TTRY D A-TTCoNNC)
20GEL Lo T, 0-100(TTDONMD-TTA*OMEY—CEll,I#1,Je1)*LTTToOMT+T Tko QMR )
J SPGEULel=1a =)o UTTLODML oTTORENUEI 4 GE R 1o} {ORE Le T4 )*VOLLL, J0
ASELIALLa=TTAISDAGHET.2TT2)00P2 011 -V TRI2OMBE (L, ~TTLI®DMLO (] -FTG)0
SDMG4 (1. -TTOI*OMD-( L =TT 1)4NMI-E1~TV3}*DOMI=({1o=TTAISOMA-L L. ~TTC)®
] 60MC (1. ~TTTISOUT={E.~TTRI®OMRY I/ IVELLL SISDRI201,J)SF LI}
0320 JE_{ADSIFULZ 1400} WLE, EPST) FU(2,1,J)20,
03el IF {48SIFVI2,1,0)) LE. EPSI) CO TC LIV
' 0192 FVW2sFVi2.1,0)092
10393 GO T0.1131
©039% 1130 Fvv2sc, B .
' 039% I3 FHE2.1.300FEL2,1,30=.5¢1FUI2,1,J)902¢FW2)
0326 TE ACP LY 0101 00) 4500/ 8KDNP UL 0=1,J) EQaUs o AND.DRIL, Lo del) EQs
R 10..AM0.0R(1,1,4-1).E0.0.) CALL VACUUMIRME AN,DX)
] 0307 25 CCNTINUE
. 03°8 RETURN
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FIRTRAN IV G LEVEL 19 PLOTS DAVE « 72173 19711747 PAGE 0001
0001 LSUBRCUTINE PLOTSETB,1E,JB,JE,OX, AT TIME N, IW,JD,10)
0002 OIMERSICN OR(2¢137422) FUL24137,224,FVI2,137,22),F12,137,22),
1FEL2,027,22),7CH2,137,22)0,PP (2,137,220, P02,037,22),6602,137,22),,
. 26U(14137,220,6Y004137,22),6101,137,22),6E11,137,22),T4P(2,137,22},
3SYAL22),5XB(22),SYD(22).VOLI137,221,51(223,CPB122),8V{137,22),
SCSX(137,22) 405X 13T, 220,C5Y1137,22),08Y(132,22) ,AS¥(1317,22),
SISX1137,22) .
0003 DIMEASION PDRI2,137,22),PRR12,137,22),PTHPI2,137,22)
0004 COMMCH QR FULEV F L EE,TCoPPo Py BEyGUIGY G Lo GE THP 1S Y8 1SXB, SYE QL
: 1ST,CPB.AV,CSX, 05X, CSYDSY,RSYs Z5X,CLe02,03,040M,1 43
9905 SGR=1.E¢06
0106, TORx1.0F+08
0007 18N [R-1
0009 1F (N.EQ.1) MN=2
0009 1F.(NEQ. 2) NMa) -
0010 DO 77 Jeyn,JE
0011 DO 77 1=1RN,IE
0012 TECFUINGL,J)  oNEW O, _AND._OR(Ls1,J) SEQe _Ou) _FUINt =0,
0013 TF {FVIM 1.J) NE. O. .ARO. DR(L,1,J) LEQ. Us} FYIN, g
0014 POSIA, 14 J)=DR(N, I, J)*TIR
CIE) PRHIN Lo dd2tARIM, 1,0 sBVIT,J)LISPR
0016 PTMP (N, 1,01=THP(N,1,J)/1C000000.
0017 PORIAN I, M =FUINT,J}/TOR
0018, . _.PBBINN, T, J)EVIN, T, /TCR - —
o019 7T COUTINLE
0020 WRITY (8,AG)
0021t 84 FCIVAT (LMD, ' DISTRIBUTICN__CE__YEVPFRATURE_IN_SHOCK TUBE*) —
0022 - 00 &4 T=l8n,1€
0023 WRITE (6,63) (PTMP(Nel,J)sd=JdB,JF)
0024 66 CCNTINCE | | e — e
0025 53 FOSMAT (1HD.33F4.2)
0026 WRITE 16,45)
e 0027 85 FOUMAT (140, Y OFRSITY, VALUESS) .. . —_
0024 00 65 I=188, [
0029 WRITE (5,63) (POR(Ns14J)4J50B, ) L
0030 _65.CONTINVE . . . - —es . .
0031 WRITE (6.Pb) .
0032 A6 FOPMAT (1M, *MAGNETIC FIELD OISTRIBUTIONG)
0033 0D 66 IFIBNGIE. L ... —_
0034 WHEITE (Ahd) (PAR(N, 1) ,JaJB, JE}
0035 46 COMTINCE | .
—_—-10036. . WRITE (6,06) T et R
0037 85 FRMAT (110, *U-CIMPONENT. '}
. 0028 DA 45 1=IRK,1E .
0039 . .. WRITE (5,53) {POR{NUN, 11 J)d=dBJE) . . . - —m .
0040 55 CONTTAUE
0041 WRITE (4,76}
D042 . .96 FOUVAAT L1N0, P V-COMPONENT V) _ mar e it e e ememmn e e e am—— e — e —
0043 00 S6 1=IAKITE X
onss i 16553) (PRIINNG T4 ) edodli o JF)
P 1+13.1 b CunTIALC C e e e ———— e i e ca—— + e e s oo e« m
0046 5 (110,26F5.2)
2067
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“To001 " 7 T TSURRAUTING VESENSTTN CR o MP Y FUN S F UL GUP UL oh VI FVIL GV TS GVIG L oKy
e, aw)
e 0002 DIMENSION DRU2413742204FU(2013 79020 4FVI26037422),F 11241374220, -

LEFL24137,22)4TCH2, 137,2200PP{24130,2204P12,137,200 8K12,1374220,
26U L 213742204 GVIL 137022056100 0137422) 0 11013742200 04P12,137.22),
ISYA(2140X0022 8, SYRI221 VIR ULINT,220,ST0220,CPn{oid VI 220,
SACSXE 1374223 00SKE 1370220 ,C5Y0EI 0220057 0137,22) KSYLLIT220,
5ISX1137.22)

0003 L CNMMON OF FUS Y F L aFERTC PP P (0 GUG GV GT o UL (TMP o SYA , §XR, SYis V0L, — e
1STeCPA BV ESX DSXCSY DSY,RSY, 2SN .01 o02,U3,0s oMyl ed '
0004
L0005 _.___._ : R
0006
0907 can0.
. 0009 DRRSCR (L1410 ) e e
. 0009 DRL=CR(14T-14J)
ooto ORT=DR(1elodel)
. oott : PRA=NR(L 4 1,3-10, __, A -
s 0012 IF(DREY.I¢1.9) .EQ. O.) GO TO 1
0013 60 TC 2 .
0914, L CCNTINUE - .
0015 FULL Il d)FULL, 14J) : .
016 FVELoI4L0dd=FVIL, o) : L
0017... GULL T #Ladd=GULL,T44) »‘ -
0ote TCOLoi¢lad)aTClLy 0 od)
vale DRR=ER{L41,4)
SRR 1o JVSS——- I .+ ) ¥ EAT. oo -
0021 TFIDRU1,I-14J) +EQ. 0.} GO TO 3
. 0022 GO YC & . '
. 9923 3. CONTINF . . ..
0024 FUllel=1,sJ92FUC1s1,3) T
0025 . FVELol=10J)sFVILs T, 20
Q926... . GUILilrlad)zGUILelsd)
X 0027 TCULel-1,J)=TClEs10d)
. 0028 DeL=CR{1414J)
. 0029 4_CONT INVE .
] 0020 . IF (CREL.1.J%1) .EQ. O.) GO 1O 5
! 0031 GH TN &
0932 5 CONTINUE
0013 FULLylsd0l)eFUlLLT 4 J)
0034 FVEL T JelI=FVIL,1,Jd) ) cot . . .
0035 GVIL oV e Jel)=0V 100 ed) . —
. 0036 TCILo1oJel)=TCUL,14d) ; .
' 9017 BPT=OR{1s1¢J)
0038 - 6_CONTIRVE : :
0039 IF {CR(1sT14J-1} .EC. O.) GO TO 7
' . 0040 S enTC 8
oC4l T_CONTINUE
0042 FUGLyloJ-11=FULLs T4
0063 . FVElolod-1)=FVILet o3
D044 G¥llaled=)zGVIL.Lad)
) 0045 TCOLolad=1)eTCl Ly T4d)
0 0046 DRB=CR(14+14J)
8_CONY INUE
FURSFULY:T+1.d)
. FUL=FULLeT=-14J) : .
B s .
* 3 . B
. L
R FNRYRAN fV £ LEVEL jeo viscos QATE = 72172 18740423 . PACE 0002
0050 FUT=FUlL.1,J+1)
0051 FUBSFUI1,T4J~1}
DoOS2__ - FYR=FY(1.12Y,.0])
00%3 FVL=FVIL,I-1,J)
0054 FVT=fVilaT,Je1)
L0055 L FVB-FY(1,1.d72) : -
0056 GURIGU(LeToJ) .
0057 GULEGUIT 41-1,4) - .
. 0359 GMY2CVELolodel) -
0059 GVBatVilsT4J-1) . R . '
0060 TCR=TC{L,M ¢k, .
L..0061 JCL2TCH1al=10d) .
0062 TCTaTC(L o ,041)
0063 TCH=TC Lol 0u-1)
n064 LE_LARSY(52J).EQ,, RSHL'I-J.)L..ANDL(RS_YCLLLJO-&S.YIL 1sd}).AND,
BEZSXC1 001 oFO.ZSXUT o4 L) FAANDLI2SXIE4d) EQLLSall,J=~10)) GO TO 59
0965 TF { CSY(141,J) .GT. 0. -AND. OR(1,1+1:Je1) oEQ. 0. JAND. RSYI1,J}
- 2.GT.. DSY{181,41).60_T0 11 . —_—
0066 TF ¢ CSYC1el ) JGT. 0. LAND. ORU1,141,0-11 .EQs O. <AND. RSY{1,d7
1.6T, CSY(lel.J}) GO TO 12 .
0067, GO.TO. 41 :
0068 11 CONT INUE
0069 FUR afFULLo 1ol d)o0SYLToLd)eFULToT,JI*IRSYLIJI-DSY(T¢1,0))) . .
e b /RSYOL, ) ) . _

FVR stFVI1oTe1,31eDSY (1ol J0ef V(L I 31%TRSY (T,

DSY T+ 1,000 -
LRSSV, ) .

e 00T L OFR S(CRUL T, JI0SY ULl ) ORI L, I 0 (RSYATVD=0SYLI¢l. )
i } /RSY(].J)
0072 . TCR =(TCEL 1ol JI®0SY(Io1a ) eTCULy by JIS(RSY L SI-DSYIIoLod)})
R ——— 1 13 1§ P .
2073 LF (vp €0, 1) 6 TH 41
004 GUR =(CULL. 141, J0*0SYLI+LaJteGUIL, 1, ) {RSY(1,J)-DSY(Te1,43))
. 1, /R5Y.U14JL .
0075 41 CONT INUF
0076 | TF (€201, 1¢2,J) .EQ. O. JAND. OSY(JelosJel} .GV, CSYIIsJ¢1} .AND. . -
: ADSYOLe Ly g=1) oGTe  CSYCLLImLA) 6N_T0 12 -
‘ . 0077, CO TC 42 : ;
: 0078 12 CONTIAUE
0079, FUR _2AFULL 14200 ) nq0SY{1oLaJel)=CSY (L d2 L) ¢EULL s eladtn

LEDSY (101 e 0=k )=CSY (1o d=130eFUlL o 0ol otNSYLT, ) eCSY (1, J01)0CSY (T,

20-11-0SYITo1,301)=DSYCLel d=1) DI/ZFSYEN,J) .

FVR S(FV{1olo Lot 1=OSYITIol,IsI=CSYIT,Jel)IsEVIL, Lotyd=l)e o -
BEOSYITodad=t)=CAY UL, d=l)dorVEL ol o dbs AR5V (T, 0beCSYELauel boCSY T,

. . 3 20-11-CSY (1ol 3010=DSYLI41,J=1) DI/RSYLT, )

. YR 11§ e 1 YT O P N T WL TS T R PN R N R S N S PR R LY F U Y P AR TR
1EOSY AT 0 1au=I=CSY UL, u=1) JORELG T2 )= ERSYEL,)eCSYLLeael oS (T
20-10-DSY 101,00 10=DSY(1e1,3=1111/0SY(1,J) .

e DORZ. e TCR IO T L de LD DS I L s LI=RY U, el e TCHL ol 0= 1) .
LUDSY (1000 J=13-CSVE 1o d=1100TCH 410 d 1 (SYE T, J)oCSYIE, JPLIsCSY(T,
: 20-11-0SY(1o1,0080=0Y 0101, 0=1) D1/RSYLI,J)

———-0090_____

0983 | IR GFQ, 1) GO T a2
00R4 CLGUEL Lo L, del bn (DS YULeT s 01 0=COY (10 3ot T1IoGUlT T o Tndaits
' . LEOSY CEOlad= 10 eCSY L Lod=L1aGUE Lo Lo d e (USYLT o) aCSYTITadel)eCSY (L,
e e i .. 231008 v(l-l.un-rsvlln.)-nn/uvll.n . e e e e st e
' voes i 42 Cout s

ALLEA 17 tEv e Tefod) JFOL Do oaND. PSYUToL 0ol ) oUT. COYET 001} "o AN,




FORTRAN lV 4 LEVEI. 9 visens DATE = 72173 168749723 . PAGE 0003 ]L;3
TTTTTROSYC N1, 310 ESTEY (1,051 €A TE 14
GORY GN TC &)
[ 1.1 T - 164 CONTINVE . . e e e
009 FUR c(fULL 1o, Jo10v NSV ETel 00l ' UTLa Lo d3O(RSYIT,J}
BeCSY Ul del1-0SYCTIe 1 e l))I/RSY (L, 0) .
0070, . LFVR B RV b el Jel o tnSYQlet, Jel vl SY {1y e l))eRviL Lo d)OlRSYIL,J) s
10CSY LTIl I=DSYUT o1 e LI I/RSY L, 0)
0094 ORR s(NICETaTelodo b 1o IDSYIRelaSel)=COVITaJoLIIeDREDAEIDIOURSYIL,I)
e EOCSYEL ol )-DSY{Te LedelD/PSYIT I} . —
0092 TER =(TCI T olodel e (OSYOLel, Jeld=CSYL, 2olb)eTClL, (RSY (1420 ’
. LeCSY T o1 1-NSY{To . dr1III/RSY(L,0)
Q09N __________IF (PP .¥O. 1) GO TM &Y
0094 CUR e (SULLoTelede lIetDSY(1el,ded=CSYUT,J0 T eGULT ol s a1STRSY (1,3}
' 1eCSY(10Jo1)-DSY{ Lo Ladel3DI/ASY (T4 d)
L0088 . 43 CONTIMUE .. . - C e -
0096 LE (OR(1.T¢1,3) L£Q. (1V1,3011 LEs €S¥il,a01) <AND.
’ SYLTelad-1) LGT, CSYUL, -n) cO TC 15
009y _ GO YO &% L .
0098 15 CONT INUE
’ . 0099 L FUR olFUTTetelod-110tDSYITelod=1)-CSYITad=1D¢FULL oL oJ}0IRSY(L,J}
- LSCSY (Lo d=1)=0SY (1o 1.-1D)1/RSY(1,J), . .
o100 FVR alFV{1a1el,d-11"(0SYIIe1,0-1)=CSY( Vel d)®(RSTI1,4) A
' 1eCSY LT, 0-11-DSY{Tel, J=1)1)/KSY (T, J) :
e 010 BPR E(DRC1 D) S D (DSYLIN = 1)=CSY T, m L L) SOR(Y o La I )R IRSY (1) -
: LeCSYITed=1)-DSY(Iel,d=21)1/RSY (1,0}
. ' . o102 TCR =UTCIL TeleJ=1)21DSYiTol d=1)=CSYUTed=11)eTCILolodI®IRSY(T,J)
- 1eCSYC1,J-10-DSYTLe L d=1 1) }/RSYA1:3 42 : : —
0103 IF (¥P _EQ. 1) GO TN 44
' 010 GUR =1GUILaT+1sJ=100(0SYIIed,J=1)=CSY(1ad~1))GUIL,T4JI®(RSY(1,J)
: P TTmm—— 143 4§ PRI RIS AR ER PSS RRVARS 47 FE N I = -
n10s 44 CONTINUE - -
v ‘o106 - IF € CSY(1=14J) «GY. Os 4AND. OR(T,0=1,0~1) .EQ. O. .AND. RSY(I,4)
s 14GT..CSYII=143)) .GC.TD 16 .. -
o107 . 1€ € CSYUI-1,J} JGT. O. 0. CRI1¢I-14Je1) .EQ. O. oANDS
. ' 1.6T. €SY(I-1,41) GC TN 1&
' 10109 60 70, 45 .
0109 16 CONTINUE .
' oi10 FUL w(FULLol=To )CSY(T=1,JbeFULT T, *IRSYLTII-CSYII~1,J00)
- 1_ZRSY{L.J0
0111 FVL (FVIL, L4 0)RCSYTT-14J14FVIRyhoJ)o(RSY{L,JI-CSYLN~1,400)
' : 1 /RSYUL,J)
0112 MLg..-mR LTl dd 2 CSYLT=000 8NP L Lo Lo JA2IRSYA L1 )mCSYAl=10 900 )
1 /RSYUT.J)
' - ot13 TOTCL EUTCIL M T=LaS) S CSVLT=1, 00 0T CU Lo Lo d D MR SYELJI-CSYLI= 1,30} )
1 _/RSYLI.J)
ot1a. . IF (MP .EC. 1} GO TN 45
' Y131 1 GUL =tGUIL ol=14J)%CSYIT=14J)eGUILoRed)SIRSYIL,JI=CSYITI=2,d00)
_ L /RSY(1,)
o116 45 CCNTINUE T : N
' s oony 1F (CRO141-1,d) .EQ. O. AND, CSY[1=1,4¢11 .GT. OSY{I,Jel) .AND,
1CSY8I=1ed=1d . Gla CSYLT0J-LE) GO YO 37
ol1R GO TO 46
) ot19 17 CCNTINUE
: 0120 FUL ®{FULL,T=1,08100(CSYUI=1,001)=0SYIT,d¢1)0eFULL, l=14d-1)%
. BUCSY (1-bod=10=DSY (1, J=1))eFUCL 1, D)0 (RSYLi,J)eDSY( 1, Je2)eDSYTT,
' L 23mN=CSYUI=1aJe 1) =CSY{I=14J=11 1) /RSY L1 od}
1 .. :
. , . ) .
. ' , .
FNRTRAN IV G LEVEL 19 v1scos DATE = 72173 18749/23 " PAGE 0004
0121 FVC eTFVIL ot 1de 0% (CSYII-1,J¢L)-DSY{T,J4L))sFV(L,0-Lyd=11"
: NECSY Q4L 03wk p40SY L Lo =2 ) J¢FVIL o1, J0O(RSYI 1,00 ¢DSYL1,Je1)e0DSYCT,
. 2921 EC8Y 62100 L)=CSY(La10d=1 003 /REY(Lad) .
0122 ORL =N T4 [vFRJoLI*{CSYII-1,J¢ EI-CSY (1, Jo1))¢DRIL,T=1sdm1)®

LECSYUI210 0~ 04NSY ULy J—1 ) 1eDREL 4T o JI*URSY{ T o JI4DSY{ Lo el }eDSYLT,

2J=302CSY (I-T4 341 )=CSY(1-1,0-10 00 /7RSYiT, 0}

0123 v TCL o(TCHLeT=14J01 )ECSYUE-1,3e1)=CSY LI, Jel1)oTCI1ol-0,d-104
LECSYUT=1oJ-10=0SY I TeJ-1DFeTClL el JI*(RSYLL,J)¢0SYLL1,J01)+0SY (],
20-10=CSY U= 1a 4 10.2CSY 1= 10021 L L) ZREYET0d)

0124 IF (WP .50, 11:60 10 &6 g
0125 GUL ={GUELsI=EiJo 117 (CSY(I-1,J41)-CSYLT,Jel))oGULL,I-14J-1)%
- JUCSYA120 030 0=08Y 002 d=1 D 140U o La 1210 SYLL 2 d) tRSY(Lede) ) e0SY (s
24~ |n-c<v1|~l.Jo|)-cSVll-l.J VIIZRSY(T,d)

0126 46 COMTIMUE . -\
0127 1€ _{CR{L,1~ x.J) FeEQe Ol AND L CSY L1219 1) 50T S Y (1oL}, AND,_

- 1icsytt-103-1) EL BSNHJ-H)‘GD L13 L PR NI N ) B
0128 - GC YC AT '+, A D S LR N B BT PO PO M RIS R
0129 18 CANT INUF-

ot3o FULYS{FULLL T-Tideldv(CSYiT~ l.JOIIJDSYCllJ‘llllFU(I-l.J)'(RSVII-JI'
1eDSY LT+ de1)=-CSYII-12D¢ L)) I/RSY UL I) |
0131 EYLLelFVilot=lodel)otCSYL] l:J’l)_DSY(b..L.LU'FYtha-U_l‘!SV“-“
T11eDSYITodel)-CSY{L=1,0010107PSY LT 0}
0132 ORL sUDRET U<l oJo1)*tCSYIT=S10%1)=0SYLT0UCLDIOORIL,TIIILRSYILJ)
1eDSY (1,1 )-CSYLI=1,Je1 00 0/PSY (T, 00, e .
D133 . TCL =ITCU . I-LodoldotCSYLi=-Lianl)-R8vi T el 1) e¥e IV ERSYIT W D)
14DSYULodel) rsvtl-l.Jollnllvsvll.J)
0134 [F_»(Fp .‘.q.ll, Gn TO.AT: ot p bty ML g e llll,
0115 'GUL -((u(l.l-l.Joll-(csvcl 1edeld- usvtI.Jolll-cutl.l.Jltcksvll.J)
LoDSY LT J el )2CSYEl=lodo L) IARSYLL )" Sreerttoth et
0136 47 . CONT INUE _* O
0137 1F (CRU1L 1-13] o1 JaND. TSY U=, e 1) .LE. DSVII.JOI) +AND.
. . 1CSYET=1,0=2) 46T DSY(L,J-1) G TQ-19 '+ it A,
0129 . : .60.1C. 43
0139 . 19 CONTINUE
0140 FUL =(FULL, 1= r.J-l)-(csv(I 1ed= ll‘BSVIl.J*l))OFU(l.IlJl'(RSV(l.Jl
. 140SY{Tod=1)-CSY{ 11, 0= ) /RSY T, 30 .
0141 FVL = (FV(LoT~1od=112{CSYE1=1,J=10-0SY(T,d=1106FViLel 309 (RSV(T, Ul
T IeDSY U1 J=1)=CSYUE=140=1}))/RSY (14D
D142 ORL_24NR8La1=~1odol Jo(CSYII-1y 0oL 0oV Lad=1 ) 1¢DRIL o Lo LOLRSY A Lo d)
LeDSY (1ad=t)=CSYTI=1,d=1111/0SY (1, d)
0143 TOCL =(TCE 1=1,0=1000CSYOT=0,d=10=DSYCIed=11)eTCIL 1o JI®LRSY (], 4)
1eDSY [ 4J-1)-CSY{T=1,3-11}}/RSY (1, I}
0146 TF (VP LFO. 1) GN TN 48
0145 . GUL =(CUEL o=y =100 (CSYLI-140-11=DSYCTod=1)DeGULL o1+ 3)0LRSYIL,J}
. ) - 140SYL1Jd-11-CSYLL-00d-1020/P5Y {10 J) .
0146 - 48 CONTINUF .
0147 TF € OSX{T4J01).GT.0..AND,DRLL o 1=1,J¢10.EQ.0..AND,2SXI1,J).CT,
1I0SX{ 1, J0 1)) G IR 20 .. e
0148 1F 1 DSXE14dv1) LGT,0..AND. D ESXIT d) . GTS
. INSXE1.Je1)) GO TP 20
e Q149 60 TC 49 [
0150 20 CrnTINUF
, o151 FUT s 0FI L, 1 de L o0SXUT dvLIoFULL 1o d)(ZSKIToJ)=DSKEL s 101}
R ArZAE TRIN] e e e e ®

(22 =I'V(I.I.J'l)"‘$KlI-JOUO‘Vll.l.J)‘(lSX(I-Jl OsX Uty
v 2Isxten
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O TN T A T TN

pace 0005 | l}l}

Tolsy’ CORT C0a 1L T DO DSA(T IeTis0RTT
1 72SKU1,9)
e 0154 L __.".]TCY"(TC(loI-J‘l)‘DSXll.J'll!l(ll-lJJl‘lle(l-J)-DSXlan!Jl)l.-
7ISX01,4)
0153 IF (¥ LE9. 1) GO TN 49
R J— JGYT SEEVEL, 1, el LaDSXLLad o LLOGVE L Led) SHLSKUT 0 J1Z0SKALIA 1Y) )
; 1 728X, N
ols7 | 49 CONTINUF
TET: Rep— L 1 L TIPS PRI §RY L PTOPRY. T .DSX(l'l-J'll.G!.CSx(IOI.JI.AMD-
L0SXT1-1,Je 1) LGT.CSXUI=14J}) G0 1C 21
0159 G0 1C S0 .
O TUY, DR 2L CONTIAGE |

oLAl FUT =R TS T TISAS X T I v - CoXIToTod) 1o FOIT o =1, 0011 ¢
BOOSXET=10J01)=CSNEI-1od)oFULL T, 3000ZSXE 1o ) oCSXELoL0I)e
20X I=100)-0SX{ 1010 do1)-0SX0I~ LeJe 2D I/CERLTVI) .

0162 FVY m(FVUL 1ol Jr1)oiDSXI 10, 0ol d=COXUIotod) ) iEVIL inlydoide
LIOSXET=1o 0 b)=CSXET=LodDIsEVIL 1o d)o(ZSKU1,3I0CSXUTo, 000

RESXCI=1,0F=0SX(To1 I )=DSXOI=1,J¢13V)/LSAl14))
4 0163 DRT =(DR L1 1ol et )o(DSX(I0l, Jel)=CSXEIoL ) )iOR(L,T=1oa01)
TIDSX(T=2edel )=CSXET=1sd))eP0L 1400025400 d)-CSXENE1,U)e

205K = e dhrUSXUIO L o Je 1} -OSX{T-1odo P D/2SXCLV 3D ..

oles TCT {TCElaTolodel)e(OSXETOL,Jel)=CEXUTOL s d))eTClLsl=1sd0l)e
LEDSXEI-Lod el )-CSXCT=1 oD DoTCUL o Lo JBOUISKU T4 J)ECSRETOL D)

20SX{ (=10 J1-DSX(1 0Ly Je1)=ISKAT= Ty Io 1VVIZLSXAL0 . o
o16% < IF (WP FC, 1)} GN TN 50

0186 GVT SIGVEL 1o Lo Jel P (USIUTL JeLI=ESRLitLodidrLVidal=loarlly
LECSXL1=1,J¢1)-CSXUI=0ydD}oGVLLalsddellSAL IeJ)eCSXlItLadle

s 205X 1=14J)=DSXU101 4001}~ DSX(l-l.J'l)llllell.Jl
ale67 S0 CONT INUE

— O JF (CRULsT4JeL) EQ.0LLARDNSXE 101 U] )_.(J,_.,CSAII‘J 1) AND, -
LOSX{t-t,J¢1) LLE.CSX(I-1,J)) G2 1D 22
- o16e . G0 TC 51
0170.... < 22 CONTINUE. .
olrt Fut '(FU(Inl'l-J‘ll’(nSX(ltl.Joll CSXUTelsd))eFULL, S W d)e
LEZSXUT o JIeCSX{Tel s J)=DSAIIs1,Je1}0)/72SX{N4d)
012 FYT.SUFVILal el Jel ) (OSX{Telad s 1 }-CSXCIoLyd))ebVILaladl® .
. . . TUISRAT (JIeCSXUT#), U)=DSX{Teladel DI 2SKEELJ)
' 0173 DRY =iDRIN,I41LoJe L) (OSXITel,Jel)- folI‘l.J)l&OK(I.I.J)'
JLLSELL s JI4CSALA Lo d)=DSRELS 10 I+L}DA/2SRILI}
0174 TCT ={TC Lot elydol}*(OSXIItlJel)~ CSX(IOl.J)I'YC(l.I.J)'
l(lSl(l'JlOCSX(IOI.J) NSX(Iel, 04111 )/2SXIL I}
LTS, 1€._(¥P FO. 1} GO TN St .
0178 GVT w(GVIL,delbds1dei0SXtis0, T 01V eEvii, T, d1
. LOISXEY o JdeCSXtTPL o U)- DSXII&I.J'I))I/ZSX(I.JI
o121 . S$1_CCNYTNUE
0178 “IF {CRALeToJtl) EQeO.oAND.OSX{I1012J01) LE.CSXITI®LsJD)aAND.
- lDlel-l.J#l) «GT.LSXII-1,0)F GN TC 23
0179, 6o_v¢e 52 _
otr0 23 CONTINUE .
olal . FUTS(FULLoT-1,0¢1)®(DSXUT=-1,J¢11=CSXLI-1oJ)IeFUlLsTsd) L
125X0 10 J0eCSX{I-10J)-DSALT=, 0 1)) ) 228011, 9)
o182 FYToEFVEL e 1= Jel ) NSXtT-1.0¢ LI-CSX{T-1sJ)DeFVIL, 3, 0008
. ° TZSXU Lo ddeCSXtI~1,J0-DSXEI-1,J¢ 1)) )72SRII4J)}
303 ] NRT=(NRCT1-10Je1)®tDSX{T-1,d¢1)=CSXET=-0pJ))eDREN, Ty )0t ——
) VZSXE TN eCSXUT-10 )OSR 1-1,J0 1) 11/ 25X, d)}
otss . TCTo {TCI eI~ s del }o(DSXIT-1ode B)-CSXLI- l-Jl)OYCll.I.Jl‘(
1]
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F2SXU L) eCSXU =10 J)-DSXUI-L.0¢1)})/25XIT. )
o1as IF (P .FO. L} GO TO 52
Q186 (ARSI WO REIUITINCI PRES S LI SRS PN BRI TS PE PWI L1
1ZSAUToJIeCSXU -1 403 -DSXt1=1ee1}}}72SX(L4d)
o187 ‘82 CONTINUE
D188 IE. A_CSXL1edz1d. GT_ 0..AND.DBJJ.L_L;J—_L)-ED-D,._;AND_.LS.KU_:.JMGY. S
) K 1ICSX{1.d-132 GN T - -
olre 1Pt CSxit,u-1) .GV 0..AVD.CR(1.I01.J 1),€0.0.. AND.ZSXET,J1. 0T, Y
1CSXL1s9=10)_GQ_TD_24
0190 GO TC 53
o191 . 24 CONTINUE
L. 0}92 lFl/JBs=(EuLL.J_.J_lJ._CSLUnJ_l)°FuLhJ_L.ll_LL$uLIU_L§K.LL|J_UH
. 2Satt.J}
0193 FVB ®(FVUlolod-102CSXIEoJ~10oFVI1oTed)2SXTII$II~CSXITo0~101})
1_/7ISXLL1.2) - :
0194 DRB ={D(131+J=112CSX{1eJ=1)¢DREL,E.II*ILSXETiII-COXELoI-100)
1 7ISxt1.J)
0195 JCA_ =(TC(leLod= l)‘Cqu;J.U”.C(lJh.IL_iLSX.(L-Jl =CSXALed=1010).
1 /715xt1.0)
0196 IF (PP LFO. 1) GO YO 53
a1ny GVB_26CY Lol o dzlLoCS X1 ad= IR 0G VL Lo Lo ROLZSXID e B-CSXAL0d=10) 2
1 725%xi1. )
¢ ..o oles 53 CONTINUE
0199 T, ACR{1L, 14dm100€EQe0u  ANDLCSXE T8 1 9=1),GTo0SXL1¢1, ) cANDLCSX(T=10d
1-1).6T.08X(1-1,41) G0 TO 26
' . o200 Gr TC 5¢
Q201. 26 CONTINLE
0202 - FUB =(FULL1¢leJ=-1)0(CSXtTI®*1sS-20~ DSX(IOl-JDIOFU(l.l-l-J-I)'
¢ TACSXET=140-1)=DSXUI=T14I0¢FULL 1o ) L2SXULJ)eOSKXLTOL D)0
- 20SXE 17 Ladi2CSXtTel,Jz1)=CSX{1=1,J-1000/2Sally )
0203 FVB S (FVELoTo L, d-1) (CSX{Tel, d=10-DSX{T1o1,J))sFVITolm1,0=1)¢
i LECSXUT=0ad=1)-DSXCI=1ed P oFVIL T o0V *LLSKE T D) 4DSXI101,000
. DS 1= e J)0SXUI Lo d=L)~CSXCI= 10 d=1 00V /LSXLT 4. ..
0204 OKB 2(DRCL,ToLod=L10(CSALIPt I=1)=CSXtI414))s0RENI=1sd~L)®
¢ ‘e . LECSXEI=1,0=10-0SXEI=1,J3)e0R (1, ToJ) (2SXE1oJ)eDSXIIs1,J)0
‘ i ADSXUT=1g JI=CSXITe} pd=1)-CSXET1=0yJ- IV /ISXEE,d) . .
. 0205 TCB ={TCC oIl od-1)e{CSXUIel,J=1)=CSXUIsledd)eTClL,I=1, 010"
' BECSXUT=14J=13-0SA0T=1s 0D eTCLLalodIo0ISALToJ}eOSXITOLd)e
. 205X I=1o d)=CSXC1 4L o d= 1 =CSXLI= s d=RDII/LSKETWI)
0206 1F {¥? ,€Q. 1) GO TN 56
' 0207 TGVE mIGVIL Tl J-1 )0 tCSALTN U~ 1)-DSKXEIrl o) beCVILol-1,0-10e
LEESXA1=1od-13=ISX0U=15J))eCViN 41,00 17%A0 14000 )SXI el 0}
. NSAET=1+ D) ~CSXTI41ed-1I=CSXUT=14d=-1DD2/725A11,J} .
' .- 020R 54 CCNTINUE
. 0209 IF (CRULsi2d=11eFQ0.cANDCSXL T 0= ll &J.U&lll'l:JlglNﬂg
. 1CSXT-14J=1) LE.OSXLE=-1.J}) GN 1D 27
: o210 GO TC 55
0211, 27.CONT INUR
0212 FUB SLFULE T el d= 1o s x (el dm U T-Rsx e 1V 03 TeF0OT T 100 %
] . 102SXMT4J)oDSXETel  J)-CSXUTOl,0-120D/25X414d)
0213 L FVD EUFVOL el J- DS CS Ol U= 1 -CSX el eI ) eENEY, L]
BEZSXET I enSXOTo), J)=CSXUTelad=10201/2SX(1,Jd) B
] 0’14 DPR iR L Lol J=1 ) tCSXETLad 1=Kt Tl oS )IeDRILSE4ID®
S £ 4 3.7 8 PR ARTH NS P TN YA T TS DY RS B R RN AT S| . . e s
a2s T TN O R N N e S I I R N I R I e I A
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021h 1F tre JED. 1) GO TA 99
on? GVB mUCVITole) d=1 00 (CSX{Teta =-11-0SXLIvEodbbeCViLtalod)®
— e LEZSXEL 094 0SXUT Lo JI=CSKIToLad=1)D)/2ZSXtL0A) .. -
0’18 5% CONTINUE
0219 IF (ORULa14J-1) FO.0..AND.CSXUI¢L J-1).LE, osxllol.Jl.ANn.
e e LCSXUE=10d= 1) G DSXAIT eI G0 TC 28 e e e e e —_
o0 Gl T 56
0221 28 CONTINUF
Q222.. FUBR (FUTLs [=20d-0d 20CSXITsled=10=FSXLT-1odb)efUt o leddol,
. LLSXET o JPe0SKUTI=14J)-CSX{1=1, 3= 13D/ /8XULs 3D
0223 FVBS (FV{lololod-1)o{CSX{E=od=VI-NSXLT=boJ)DeFVIL, Todbet
—— e o LISXUTe heDSXU L= J)=CSX U= d=1) 022 /SKLL ) N
0226 | DRO= ADRETe D=1 410 P(CSKET=1,0= 11 =CSXEE=10 20 2eDRILL TSIV
1LSAT Lo d)o0SXET-101-CSXET=1,d=1)D3/2SXM10d)
0225 TCORATC N, [-10d-1201CSXII-1edm1=TSXt1=1e ) )eTCLLaLedio]
V2SXETo ) oNSXE [=1403-CSXUI=12d=1VD/LSACL0d)  ~
0226 ©IF twP LEQ. 1) G 10 56
0221 GVHT GV T=1od=1) (CSXUT=2sd=1I=TSX(1=140) )00V {1efeJ2%¢
. PZSXUTod1oNSXC =10 )=CSXIL=1eJ=13D2/2SXLEsJ)
032A 56 CUNTINGE
0229.. 1F (RSY(IaJ1aGTLOSYII*14d) +ANC,.. (‘SY(I'I-JI.M.Q.“_A&D. DRL1aLeLs
14-1).GY.0..8ND.ORE L, 14J-1).€Q.0.) G 7D
0230 Gn 10 S7 .
0231, . 30 .CNNTINUF . _ e —— .
0232 FUR S{FULL180sd-119(RSYIT,JI-0SY(T#1,JI)eFULL,101,J)8DSYLLIS1,0))
1 /NEYEr. a1
021). FVR, MUEVE 1ol elod=122 (RSY (L )=0SY 1100 o 2] eENS 1ol edad )20SY (L0 1sL)) ——
. 1 /RSY(1,0)
0236 DRR =(DR(T.1¢1eJ=1 1" (ASY{1,00=DSYLI¢1,JIV¢ORILoT¢1,J)00SYILP1.I))
e 1./RSY(1,d). — e
0235 TCR =(TCIL fol0dm ll'(RSV(I.J) CSV(UI.JHHC(l.l'l.Jl'DSVllOl.JH
. 1 /RSYLL. I}
0236, - 1F.t%P. .€2..11.60_10.57
0237 . GUR o(GULITetsd- 1)'lnsvll.J)-csvtl~l.Jl»oou(l.lox.Jl'OSVIIol.J)D
. 1 /RSYUL. )
0238, ST CCNTIMUFE Ju—
0239 TF (28x¢( SGT NSXITodet) JAND . DSXUTede1)aGT o0 s ANDJORETTI-1, 0000
1.6T.0. .ANDLOR {14 (=1,J).EQ.0.)G0 TC 31
024Q 601058
0241 . 31 CONTINUE
022 FUT =(FULTol=14J¢1)0 (ZSX(T,01=DSX{1,0¢2) ) ¢FULL Tod0L)®
L OSX LI Jel2IA2SXUT 4D,
0243 £VT -lPVll.l-l-J*l)'llSl(l.J)-DSXlI.Jvl))vFVII.l'Jfll‘
“ L OSX(LeJe1))/2SXET4J)
——D 254 - DRE s{CRELyI=lvJel 2of2SX0Lad)=0SKILed e 1)EeORIL L Jel) e
o 1 DSXUT43¢11/2SXET 4 J)
0245 . TCY =miYCIloI-1,Jo10*(ZSXILsI=DSX{T,00})eTCILsTsdel)e
1_NSKLL2I¢1)/25%(1 )
0246 TF (FP .FQ. 1) GNP TO 58
0247 . GVT = (GVILaT-1,J¢1 08 (ZSXIT,3=0SX(1,J51009CGVITaTodek)
. 1.OSKAI,J08)2L25X110))
. 0248 58 CONTIANUE
0240 1F (RSY{1¢J).GT.DSYI141,J).AND, DSYIT¢LsS).GT. 0..AND.
JUK(L o1 0]y a9 RiLelsds)).00.0.) GO VO &1 .
2250 GO 10 €1
0251 . 61 CONTINUE ’
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0252 FURS (FUCLa T2, S0 )0{RSY {1, J)=DSY(Te1,J))4FULLe1+1,0)00SYiT¢1,3))
. 1/RSY (L.}
0283 FVR=(EVE1, 10,001 18¢RSYLLad =DSY e ad))sEYELoleRs ) eDSY LIl ed)
1/RSY(T1.3)
0234 DRR«(CRILsTol¢Jed IO IRSY (T, I0~ "SVIIH.JIHORH.I'I JIe0SYIle1,:0))
1/RSY(1.+J]
0255 ‘. !CR-(1((l-lOI-JOI)'(RSV(I.J)—DSV(l'l.Jll'YClhlﬂ.Jl'stlIbl.Jll
: 1/RSY (L o)
0256 == GUR_(Gull;l_laJ_ll_iESJJlaJl.ni!il&l;dll_ﬁullllvl‘Jl'DSY(lol.J)l
L/RSY (1 ¢}
0257 -’81 CONTINUE
- 0258 1E (lSK(l-_.L)-.G.'...ﬂSA!I-J'll.l"E-_QJ_llLJ_u_.QIoQuANL.M-hl-J’U .
. 1.GT.Co o AND.OR{ 1,1 +1,J).£0.0.) GO 1C 62
0259 G0 TC 82
0260 $2_CONTINVE
026t . qu-|Futl.lol.Jolltllsx1L.J)-osxtl.Joll)orutl.x.Jolltusxll.J01)1
N 1725%X41,3)
0262 FVTE (FVE Lo tle del 22 {2SXALLL=DSX{TaJe L) ¢EV IR PLads ) eDSA( Ty I 1))
. 17251 .00
0263 CDRT= (DR 141, Je1 10 ZSXIT,d)=DSXEEeJe1D)oDRILIT 1 Jo1IODSXITod01))
2/28%81+J)
0264 TCTe (TCA1To 1901 3# (ZSXETod1-DSXITods 11D #TCC1,100¢ 1) *OSKI Lo d #1010
1725%X11.J)
026% GVImOVEE ool o d el 12 (2SXT{sJ)=NSX e Jel}IeGVEL, ], de1)80SXIL,3000)
. 1725%1143)
0266 82 CONT INUE
D201 TE_(RSY(T0J)aGToCSYIR-10pd) e ANDL CIYS 0d)20T 0. 2 AN0
. TOREL . E-14J%1).GT.0..AND.ORE1, 1S ¢1).EQ. .l 60 T0 63
0268 Gn Te ey
0269 63..CONT [NUE :
0270 FULE (FUL L I-14J¢1 3% IRSYIT o JI-CSYLI=1,003¢FULL,1-1,J00CSY(1=1.J})
. . 1/RSY(1.J)
0271 - FVLr (FVELaloladelbOfRSY (o)) CSY Ioledh)2FY Lo l=2addoCSYil=00d))
K 1/RSY(L D)
0272 DRLE IDR(L o I=L e J¢+LI*(RSY(ToJ )~ CSVII-I.JIHDKII-I Lo JIeCSYLI-1.+40)
— 1/785Y (1.0}
0213 TCLRATCILoT-1oJ el ) OIRSY LS =CSYIT=1,00)¢TCLL I=-1,J10CSYLI~10J))
1/RSY LT o)
0274 GUL-(GU(l-Ll.;J'U‘lFSHl.JJ_.CSY.Ll_l-Ju._.GUlld_L._.u_CS.Y(l 1l
1/RSY (1 4J)
0215 83 CONT INUE
0276.. 1F, (RSY(T4d) oGV CSY(I=1,J1AND. CSYLI-1yd}eGT.0..AND,
. 10RE1ot=14d=1)4GTa0. cANDLDREL 1 vJ=1).EQ.0.) GO TO 8¢
. 0277 cO 10 A4 :
e 0278 o 86 CONTINLE _ — RS,
0279 FULS (TN, (=1, SYULaJI=CSY{I-14 ) eFUtLl =101 *CSYLL-1400)
. 1/RSY (L. J)
0220, FVLO{FVE Ly o d=0 08 (RSY IR ) SYTml  JD e FVUial ol J2OCSYLI=1,J)) -
CL1/RSYLT I
oze1 DRL=Z (0P 1 Lo T-10d=1 1% ERSY (T4 d1=CSY(I-1, 01 eUR(LoL=1sJ)eCSYLI-1sd))
VA K ASENE N

(PSY (L,

TCL=4TCEL )
L/RSY (1,00

snl-x.Jnuc«n.'l-l..n'csu|-|.Jn

0283 L GUUTIAUCL T T dm L ST L SN CSY L S e GU L Lo dh 2eSYLT- 1,000
LrsYEtagl .
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$F A2SXITedbaGV.CSXUL, -0 AND, CSXE10J=1).0T 00 AND,
IOREL o041 03=10.GT00..AND.DRITSE®140}.0Q.0.) GU TO 65

- GO YC 85 ...
&5 CONTINUF

FUB® (FUC L ToLod-1 3o 0Z5XILJ)~ CSK(I.J-II)OFU(I'IqJ' yeCSxil,o-1)1}
L2sxe1.00 .
FVOaCrvil Tel, goliotzsx(r
1/725xt1.4}

—CSI(l-J-.!HOfV(l.l-J-I)‘CSlII.J-lll

. 02720.. Dll"=l!‘“(l.HhJ-l)‘!le(l-J)-CSK(LnJ-l)hD&(lnl-J-lL‘Cilll.J-lH -
1/72SX¢10d) '
029% TCH= (TCHRat 010 0=110LLSXUN oS CSXLTod=11doTClR el odm1)oCSXITad=1])
R MISKEta) .
0292 GVB= (VI LT E, J-T1 T2 EX Lo ) CEXTTad=TI PGV I T oTod=TH 9€SRI o d=i 0}
(V253 YR NT)
—020) @S CUNTINUE -
0294 1F A2SX0T0 a1, 6TLCSXUT, J-1) AND . CSKITsd-10.GT30, cAND oORE Lol -1y d=10
1eGT00a2NDLOREL,1=14J).EQ.0.) GO 10 32 -
0295 . 60 TC 159 . .
. 0296 32 CONT INUE
. . 0297 FUB alFUIL 1-10d=13e0ZSXIT.J0-CSXIE,dm l))lFUI!.l.J LIeCSXi1,d=10)
” L /I5Kt1. 40
0298 . FVA =(FVILLToT, 9o UIS QS A (1, 018X (T2 d=107 $FVILsTsa-108CSR1 9= m .
. 1 725xt1ed) : .
0290 DRA -(C'H:-l 2Ladm i) otZSX(1 ) CSX(Lad=1 ) 80R{ v Lo U'CSX(I'J 1) i .
1 /2SRi1ed
03n0 TCH SUTCELaT=3ed=10002SXM10I1=CSXI0oI=11}oTCENelsdm124CSX{T1d=1})
1./ZSX(1ed) - >
. . - oIm - tF (MP FO. 1) GO TO 159
' 0302 GVA =t CVILot=10d-102(ZSXETad)=CSXUTod=1) IeGViLlolod=110CSXI1,J=1))
: e 1 7ISxit, )
0103 159 CONTINLE
0308 . IF (1 JtE. I4) GO T0 777
0305.. : I8 00 o6VeJM) Kaz)__ —
0326 1F tJ LE. J¥) K=l g
. L 03?7 CIF (RSY{T4J).GT.CSY(I-1,J).AND.CSY (I~ 1.J).cr o..AND.ua«l.l.J k)
P 1.6T 000 AND2SXL1sJ-KLsFQ.0,)_GC_ IC_ O
0308 GO 70 102 .
' 0309 T 101 FULS(FUELT=14J1%CSYCI=14J)¢FULLoT=1,J-KD® (RSYI1,JD-CSYLI-1,00))
1/RSYL1.J)
0310 FVLEIFVILal=1odI*CSY(T=103)¢FVILLI=14J-K)®(RSY(1,J)-CSY(I=1,J0))
1/RSY (143)
0311, DRLEANR(T 4 1zlad ) 2CSY LNzl oJ)0DREN 10 s J=K)PIRSYL 10 ) )=CSYIT-1,00))
1/RSY LT+ )
.o0M2 TCLATCLL o T=10d)oCSYIT=100)oTCEoT=1,J-K)®(RSYIL,3)~CSY(I=1,0)0)
J/RSY 1400 -
0313 GUL-lCU(l.l-l.Jl'CSVll-l.Jl'GUll.l-l.J-K)‘(RSV(l-Jl-CSV(I-l'JlIl
. - 1/RSY (109}
034 102 _1F (RSYI1.J1.GY ,DSY{14143) AND.OSYIT0109}oGTe00 ANDDREL L yI-K)
1.GT.0. . AND.25X( 1, J-K1.£Q.0.) GO 7O 103 -
ons . GN TC 104
Qile. 103 FURs, (FUllle_..Jl'DSYIl’hJ)‘FUlld'l._J_sl_lR.SV_(L:J)_D___ll'lr-””
L/RSY(1,44)
(318 FVR= (VL Te2od)0DSYEI01,J00FV L, 8010 -k DO (RSYIT,J)-DSY( 141,00}
J/RSY AN 4) . _. —
0318 DRR® INR(Le1¢1,4)*0SY(
1/RSYLL 4 J)
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0319 TCR®(TCIRoI41, 00 DSYII#10D)eTC UL o014 J-KI®IRSY(EoJI-OSY (I e1sdd})
1/RSY (T30
0320 ' GUR= G120, JI*DSY(To10d)oGULL el d=K)®{RSFIL,0)=0SVITeLedI 1D
1/RSY (1,4)
0321 104 IF (CSYUIS14J0KILGT.LSYIT,J¢K) JANDLCSYIT,JoK}.GT.0..AND.
I0RELe Lot o), GT.OUAND X1l d) EC.0.1 GO _TO 105
0322 . GC TC 106
0923 105_gua-(ru«1.|o|.Jon»-(osthol.Jon)-t:v«|.Jox»;orUIx.lol.J)-(nSVII.J)
1CSYLLodeK)=0SYLLeLoUeK))I/RSY.(1eJ) .

0324 FURS (FVIL1alol o JeRIS(OSYLTOL s JeK)I=CSYTTJ¢KIDeFViLoTo1 s J)I®IRSY(L,J)
- 10CSY (T odoKI=DSY{Te1,0ex)II/RSY (T4 I)

D328 ORR2AOR(Lelely JERISLOSY Lok JoK) = CSVLL:J_!UJ_DRUJJ_ILJJ_(_LHl-n
. LLn LSCSY LU, JeKI-DSY{To 1, JeKIII/RSY LT, U0
0326 TCReATCLL o141, JeRISIDSYII0L, JoK)— (sv(|.Jonn)~7c11.101.J|-(Rsvtl.J»
- 14CSY AL I2KI=NSYLLC L, J4k DI I/RSY (1400 .
0327 - GURE(GUIL 141  2eRI=IDSY LT o1 J0K)-CSYEL JoRDIOGUIL, Io 1, JI*(RSY(T a2
1oCSYIT ¢ JoKI=DSY(101,JeKIII/RSY T, J)
0329 106, 1F..(J GT._JM) GO TN 778
0329 IF (25XCToJ1.GT.DSXEL,Je1). NS (10001067, o..nNO.Dﬂtl.lol.J)
1.67.0. .ANDLRSY([+1,J).EC.0.) GC TC 107
0330. GO..ID._1C8 - -
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