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The TOIL computer code is described herein as it existed on
July T, 1967. The code has been in continuous development for one ‘year
and in its presentcd form has been applicd successfully by General Atomic
to the kind of protlems discussed later in this report., However, the de-
velopment and improvement of the code are vbeing continued, so that duplica-.
tion of results (o~ even close agreement) between problems run with the code
as published and the code as it existed either before or after this time

is not necessarily to be expected,

General Atoiic has exercised due care in preparation, but does not
warrant the merchaatability, accuracy, and completeness of the code or of
its description contained herein. The complexity of this kind of program
precludes any guarantee to that effect. Therefore, any user must make his
own determination of the suitability of the code for any specific use, and

of the validity of the information produced by use of the code,
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— - - A modification of the OIL code, to treat two different materials (two
equations of state) hes been formulated.

cenwin [ Fu s ancinae

One of the advantages that a lagrangian formuwlation has over an

Bulerian formulation is the ability and ease at vhich material interfaces

RN

cail be represented asnd propagated. Several approaches are possible for
following a material interface in an Eulerian formulation. Several inves-

tigators are following interfaces (material) as they move through the fixed

Bulerian grid. Others have combined Eulerian with Lagrangian formulation,

pC =SS

This scheme to be reported requires very little modification to the
OIL(l) code, Familiarity with the OIL code is assumed,

e TLI A, A e M s

There are four (4) regions or steps in the OIL code that require
modification for treating two different materials:

e p

(1) Meinteining an interface between materials which is

accomnlished by a mixed cell, in other words, the

interface lics somewhere in our mixed cell,
(2) Calcu ating the pressure in a mixed cell,

(3) The manner in which the change in specific internal
energy due to pressure forces only (PHL) is to be

distributed to a cell containing both materials,

(4) ‘the scheme in PH2 (the calculation of the transport
terms) of distributing the specific internal energy (the
total less the kinetic) for the cells containing both
materials.,

e Tt e

3 Item 1 raquires modification of the subroutine (PH2). The discussion
: will be éoncerncd with the radial direction of mass transport, the mass trans- t f
port in the axial direction being similar, Calculation of the masses that )
cross the fixecd Bulerian boundaries are performed as in OIL, however the
density p in &M = pu A At (W is the weighted velocity, A the area and
At is the time step) is calculated on the basis of the total mass in the i
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* cell, Thus, up to this point, we have calculated the mass fluxes, now we
must determine (for a mixed cell) how much of each material to move, Three

possible situations concerned with two meterials arise.

1, Materizl moving from a non-mixed cell to a mixed cell,

This presents no difficulty or modification.

Examplc (non.mixed to mixed)

Mass Tlow is from cell 1 to cell 2,

B = pt U A Ab

. N =
: oM = AM
Ni.=0
3
3 vhere pl = density of x material in cell 1,

s 2, Material moving from a mixed cell to a non-mixed cell is cal-
\ culatcd as follows: The acceptor meterial from the donor cell
3 is moved to the acceptor cell, If the flux is such that this
will rore vhan empty the acceptor meterial from the donor cell,

the excess is removed by assigning it to the other material.

Exemple (mixed to non-mixed)

T2
. v
; +  Mass flow is from cell 1 to cell 2,

AM = pl U A At where pl is the total density of both materials

in cell 1L if AM> M].'

T
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AM = Ml ’
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3
and
AMx = AM - M%
it AMg Ml
AM = AM
and
AMx-'-'Oo

3., Material moving from & mixed cell to a mixed cell requires some
modification in order to keep the material interface defined in
a single mixed cell, The prescription or recipe if you like,
is that each material flux is weighted by the fraction of its

mass to total in the acceptor cell, rather than the donor cell,

Example (mixed to mixed)

Mass flow is from cell 1 to cell 2,

M = ¥ T A At, where p- is the total demsity of both
naterials in cell 1, Then

MM = AM
X @ af
X .
and
e
M = s AM
* M2 4+ M2

X .

Note: the superscripts refer to zone number and the subscript

to material nunber,
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7.‘. Item 2 is the calculation of the pressure in a mixed cell, The
present scheme is to iterate on the volume occupied by each material until
the two pressures calculated are the same. The partial volumes of each

material are saved for use in (PHL).

Item 3 corcerns the change in specific iaternal energy for a mixed
cell due to pressure forces only in (PHL). The change in internal energy
for the entire cell is

dv 1 dru
AQ = At (VOl)P[’é*z--l'-I-:s‘r—-] .

The changes in specific internal energy for each material is propor-

tional to the dersity of each material, or

AQ 1

A, =B L |
s * f If.}.c..;.fil.:._.
{ . f Ll-f
T and
s A 1
1 ML =T F i w
X Lo
’ £ L.t

vhere (x) and () refer to the two different materials and f is the
factor to multiply times the volume of the totel cell to calculate the volume

occupied by (x) material,

CoAN ORI

Ttem 4 derls with the specific internal energy due to the transport

o

terms, The specific internal energy for each material is proportional to

the specific totnl. enexrgy of that material (the total specific energy of the

(i TR

cell plus that which is transported in less the amount transported out).
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AB. = M I+-——%~—-—-—
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B

; 1
5 AE =M T Lu‘é‘-f

L J

Where the (~) tilda refers to the velocities and specific internal encrgy
after (PHL),
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MX = AMx

)]

tot2l mass of cell plus that which is transported in less the
amo.nt transported out for the x material,

similar term for the dot material,

]

W L am

Then the new internal energy for the mixed cell is

= -
Q= A?. * OB - % Ui+l

+ v121+1) (AMx + AM.) .

Thus each material then has the following specific internal energy

. AE
In+l X Q

X AMx AEx + AE.

ntl B, Q

. AM. AEx + AE.




. TEST PROBLEMS

The first test problem was & comparison with SHELL (a two-material
particle-in-cell code), A right circular cylindrical projectile of density
three times that of the tavget impacted at a velocity of 1 x lO6 cm/sec
into a semi-infinite target. A separate equation of state was used for

each materiel,

Pigure 1 displays the position of the projectile relative to the
target. An (x) signifies that this cell was the original projectile, a
(dot) signifies larget material and an (M) signifies that the cell is mixed

(contains both materials),

Figure 2 is a similar plot for the TOIL results, The position of
the material int:rface, as indicated by the M's, is in good agreement be-

tween the two codes,

- The total positive axial momentum in the grid as a function of
time is displeycd for the two codes in Fig, 3. The ~ 6% difference at
late times is co.sparable to the differences calculated between SHELL and

2)
OIL.(

Figures It and 5 display pressure versus position along the axis

into the target. The position of the shock front is in good agreement,

A comparison with the one-materiel Eulerian code (0IL) was made
using TOIL for an aluminum right circwlar cylinder impacting at 2.6 x 10
cm/sec on a semi~infinite aluminum target. The same density and some ecquation
of state was used for both the projectile (right circular cylinder) and
the semi-infinite target. One would expect some differences due to the

ﬁ method of transporting mass from a mixed to & non-mixed cell.,

Figures 6 and 7 displey the position of the projectile relative to
the target, TFigure 8 displays the total positive axial. momentum versus

time for the comparison,

Figures 9 and 10 display pressures versus position along the axis
for the two different times. The agreement is very good, considering the

times are slightly different,
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A spherical hot source problem was performed using two materials
with the TOIL ccle and compared with a spherical version of the SPUTTER

(a one-dimensional Lagrangian code).

Figure 1l indicates the original mixed interface between hot and
cold materiel, and Figs., 12 and 13 displey the meterial interface as a
function of time. The sphericity of the material interface is indeed en-

couraging,

Figure 1k is the pressure wersus position (radial or axial from
TOIL) for the cc.iparison between TOIL and SPUTTER. The near agreement,

again, is very encouraging.

Additioncl test problems are being calculated, In addition, several
calculations fo DASA have been successfully performed using the TOIL code,
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