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SOLA-DF: A "OLUTION ALGORITHM FOR NONEQUILIBRIUM TWC-PHASE FLOW

by

C. W, Hirt, N. C. Romero, M. D. Torrey, and J. R. Travis

ABSTRACT

A numerical solution algorithm, SOLA-DF, is
presented for the solution of gas-liquid mix-
ture dynamics in two space dimensions and time.
The two-phase system is described by a set of
mixture equations plus a relation describing the
relative flow of one phase with respect to the
other. In addition, the algorithm contains
models to represent the interphase exchange
rates of mass, momentum, and energy for water-
steam mixtures.

s INTRODUCTION

Fluid dynamic problems involving multiphase mixturcs occur in abundance in
nearly all branches of engineering and technology. VYet the ability to theoret-
ically study these flows in wore than one space dimension and with time-depend-
ent behavior has only recently evolved.l’2 For many applications it is unnec-
essary to solve complete sets of mass, momentum, and energy conservation equa=-
tions for each p'nase.3 For example, when the two phases are moving together,
4 mixture momentum equation can replace the individual momentum equations, or
if the phases are in thermodynamic equilibrium, it is unnecessary to keep two
energy equations. When small deviations are expectad from equilibrium or equal
phase velocities, it is possible to introduce correction terms into the mixture
equations without having to increase the number of equations. It is the latter
approach that is considered in this report.

In the next section a theoretical formulation is described for a two-phase

mixture using one variation of the so-callad "drif ux" approximat.-u.



These equations are formulated for two-dimensiona! planar or axisyvmmetric co-
oreinate systems. All constitutive relations and equations of state are rela-
tively simple models designed for water-steam mixtures. These relations have

been used successfully for many important applications arising in nuclear reac-

tor safety studies.s They should not, however, Le used indiscriminately. For

other applications, consideration should always be given to their suitability
for the temperature-pressure ranges of interest snd to the possibility that ad-
ditional physical processes may be needed in the basic theoretical description.
In any case, it is emphasized that the comstitutive relations used in this re-
port may be easily changed without alt ~ing the basic numerical solution algo-
rithm that forms the heart of the SOLA-DF code.

The solution algorithm used in SOLA-DF has evolved from algorithms used in
earlier codes in the SOLA series. The orizinal SOLA code6 was designed for
problems involving a single, incompressi.ie fluid in a fixed region. The
SOLA-SURF code6 is an extended form of SOLA that allows for the inclusion of
free surfaces. SOLA—ICE,7 the third member of the family, was designed (o
handle single-component, cop « le fluids. An implicit solution method is
used in SOLA-ICE so that, in addition to shock and rarefaction dominated flows,
it can also treat very low speed (incompressible) fluid flows. All of these
SOLA codes are available from the National Energy Software Center, 9700 South
Cass Avenue, Argonne, Illinois 60439,

lae SOLa=DF code is a direct descendent of SOLA-ICE. It utilizes linite~
difference approximations with respect to a mesh of equal rectangular cells
covering the flow region of interest. A semi-implicit formulation is available
4s a user option so that large time steps can be used in many circumstances to
reduce proolem run times.

The solution algorithm also has an option for one-dimensional computations.
In this case the mesh is limited to one column of cells, and derivatives of de-
pendent variables normal to this column are automatically suppressed bv the
sectting of a large mesh-interval in the normal direction. Futhermore, for one-
dimensfonal computations of flow in pipes there is an option for a two=phase
flow pipe friction model.

In addition, SOLA-DF is formulated with a variable, denoted by A, repre-
senting the "thickness" of a mesh cell. That is, in a one-dimensional compu-
tation the volume of a cell of length Jy is Afy. In two-dimensional computa-
tions the volume of & cell of width &8x and height Sy is Adxdy. The presence\'
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of the A quantity provides SOLA-DF with many useful features. For example, in

one-dimensional appplications a varisple A can be used to model nozzles or
other pipe area changes. If A incr:ases as the square of the distance from
the bottom of the mesh column the: the equations reduce to a one-dinensional
spherical system that couid be used to study spherical bubbles or explosive
flashing processes.

In two-dimensional applications a variable A may be used to represent flow
through a two-dimensional duct of slowly varying th! "ness. [he use of zero
values of A in selected mesh cells provides a convenient means of including in-
ternal obstacles in the flow region. In particular, a cell with A = 0 will al-
low no flow across its boundaries. Axisymmetric coordinates are generated by
having A increase linearly with distance from the axis. In the present versicn
of SOLA-DF the A-quantity must be constant in time. However, it would not be
difficult to introduce time-dependent corrections so that flows in flexible
pipes and ducts might be modeled.s

In constructing SOLA-DF some consideration has beern given to providing
subroutines for most of the important or controversial constitutive relations
and for the equations of state for each phase. Thus, changes in these quanti-
ties can be made with relative ease. Although the code was developed on a
CDC-7600 computer, ANSI-Standard FORTRAN has been used throughout to facilitate
its use on other computers. This does not apply, however, to the output sub=-
routines used in the code for graphic display purposes. A list of these sub-
routines and their functions is provided in Section IV for those users who have
access to graphic display systems and wish to convert them to their system
routines. All calls to graphic output routines can be avoided by inputing a
plot time larger than the requested problem time.

A sample problem is discussed in Section V to illustrate the type of re-
sults that may be obtainad with the SOLA-DF code. The results of chis test prob-
lem are presented in detail rco that new users may check that their codes are run-
ning correctly.

A listing ot the code and its subroutines are provided in the Appendix.

Two SOLA codes.5’8 which were referenced above, offer complementarv capa-
bilities to SOLA-DF and deserve an expanded explanation. A variatien of SOLA-DF

is contained in SOLA-LOOP, which is a one-dimensional network code.” The

SOLA-LOOP program is designed to handle systems of one-dimensional components
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courled together through junctions. Variable time steps may be used in differ-
ent components, and provisions are available for defining trips, breaks, valves,
and other transient features. SOLA-FLX consists of SOLA-DF coupled to a three-
dimensional shell code.8 This combination may be used for problems involving
coupled fluid-structure interact’ons in which the structure is a cylindrical
shell. Following the basic procedure used in SOLA-FLX, other types of struc-
ture models could be coupled to SOLA-DF.

II. EQUATIONS AND CONSTITUTIVE RELATIONS

The drift-flux equations describing the dynamics of two-phase fluid mix~
tures have hLec¢n cast in maay forms.9 In the present case we choose as depend-
ent variables the mixture density p, the macroscopic vapor density pv, (vapor
mass per unit volume of mixture) the center-of-mass velocity u = (u,v), and the
mixture specific internal energy I. Important auxiliary variables are the void
fraction 9, the relative velocity between phases u = (ur,vr), and the mixture
pressure p.

A. Equations of Mocion

In terms of the chosen dependent variables, the basic two-dimens innal
drift-flux equations used in SOLA-DF are

the continuity equations,
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the momentum equations,
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In these equations, the independent variables are time t and coordinates
x,v. The exchange functions for mass and momentum are I" and K, respectively.
Subscripts v and L refer to properties in the vapor and liquid states while a
superscript zero refers to microscopic quantities. The gravitational accelera=-
tion is denoted by g = (gx,gy).

The quantity A is the time-independent "thickness' of the flow channel.
That is, A Ax Ay is the volume associated with an area 4x wide and Ay high. In
addition to representing variable area ducts, we may use suitably defined A
values to represent cylindrical coordinates (A = x, the circumferentialL area
per unit azimuthal angle) or obstacle regions (A = i)

To complete these equations a variety of comstitutive reiations must be de-
fined. It is in the definition of these relations that considerable caution
must be exercised. The choices made are governed by the applications for which
the code is intended. The best choices are those that can be tested against
suitable experimental data. Even with careful testing, however, the prejudices
of different researchers often lead to different constitutive relations. In the

following we describe one set of simple constitutive models that have been used



in the initial development of the SOLA-DF, SOLA-FLX, and SOLA-LOOP codes. These
models should not, therefore, be taken as invariant features of these codes.
Instead, the codes are to be thought of as skeletons offering numerical solution
algorithus that will work with a variety of constitutive relationms.

B. Void Fraction

The volume of vapor per unit volume of mixture, that is, the void fraction
5 is defined through the relation

Cs Equation of State

In the present formulation of SOLA-DF the equation of state is assumed
to be a relation that gives pressure as a function of density and internal ener-
g8y. Although fits to steam table data could be inserted in the equation-of-
state subroutin., for developmental purposes we have chosen to use a much sim=-
pler approach. When the void fraction is below a small, predetermined value,
8 < Bc, (typically 9c * 0.005) the fluid is assumed to be a pure liquid with the

equation of state

where a is a representative speed of sound in the liquid phase and Py is chosen
(see Eq. 2.6) to ensure pressure continuity between the pure liquid and two=
phase states when § = Bc. In the two-phase region, 8 > 9 » the mixture pressure

is equal to that of the vapor and is given by the polycropic gas equation,




In the code these equations are combined into the single equation
p=(y~-1) ovIv/e +a" 0, (8 8) (

8-{f 6 > 8
* [
where 8 =
B 1f 8 < 8 .
c ¢

4
For saturated conditions we have found that v = 1.07 anc az = 10 cmzlmaz ofier
reasonable approximations for many veactor safety problems.
D. Vapor and Liquid Internal Energies

In the equation of state and in the relative velocity convection terms in
the internal energy equation, it is necessary to have separate values for vapor
and liquid internal energies. Because the basic dependent energy variable is
the mixture internal energy, a separate prescription must be given for unfold-
ing the individual phase energies. Two prescriptions have been used. In one
the phases are assumed to be at equal temperatures. In the other, the vapor
phase is assumed to be saturited. For many applications there is little differ-
ence between the two assumptions, because the large heat content of the more
massive liquid phase keeps the liquid temperature nearly the same in either
case.

To implement either of these assumptions we approximate the temperature de-

pendence of the internal energies as

I =E +C(T =-T7)
v v v v o
(2.7)

I, » E
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where Ev and Ei are saturated internal energies at temperature To and C_ and

Cz are constants chosen to fit the steam table versus T curves in the tempera-

ture range of interest. TFor example, in the system of units g, cm, ms, K the
R 5497
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values !v = 2.506 x 104, Bz = 00,4174 x 106. Cv = 6,67 and Cl = 44,34 are good
approximations for temperatures up to about T = 550 K.

With these definitions, and assuming equal phase temperatures, the mixture
.emperature can be computed from the mixture internal energy as the solution
of the linear equation,

- 5 2.8
pl vav + °£IL (2.8)

When the vapor is assumed to be saturated its temperature and pressure are re-
lated by

0.223

T = 255.2+117.8 p . (2.9)

where in this expression p must be in bars and T in kelvins. Knowing the vapor
temperature it is then an easy task to compute the separate liquid and vapor
internal energies and liquid temperature using Egs. (2.7) and (2.8).

E. Relative Velocity

“n equation of motion for the relative velocity can be derived from equa-

tions describing a complete two-fluid model,lo given by
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and K is the interfacial friction coefficient.

The current version of SOLA-DF neglects all but the temporal term on the
left side of Eq. 2.10. Assuming the vapor is a dispersed phase of small bubbles
when @ is small, or the liquid is a dispersed phase of small droplets when 9
i{s large, we can estimate K from the drag or an individual bubble (or droplet)
times the number of bubbles (droplets) per unit volume, N. The result is

x-—°—§[c |ur|+1—2‘”] : (2.11)

where

B = r:-' Yy = ‘_::(1-‘5)-2-5 fOl’ '5 < 1/2

4

g, =18, ve v e for 85172 .

Cd is a drag coefficient (generally of order unity), S is the cross-sectional

area per unit volume of bubbles (droplets) with radius ro,

zéi and r = r 1f 858 <1/2
|

S =
- )
3 1=5 - A
——7——1 and r = »_ 1if 7 > 1/2
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and v is the kinematic viscosity. The average radius is related to the number
density by the expressions

1/3
R (z%%) for 9 € 1/2
= 1/3 (2.13)
5y -é;ﬁ- for 8 > 1/2 .

The bubble number N is often assumed to be a conscant independent of space and
time. This, of course, is an approximation that will not work when preferential
nucleating sites are desired. Although N must be estimated for each calcula-
tion, as described in the next section, a locally variable N car sometimes be
estimated in terms of a critical Weber number.

F. Phase Transitions

The form of the phase change model embodied in I' is crucial if nonequili~
brium effects are to be correctly predicted. The model we describe here is
still under development and is not yet sophist® -aced enough to be used as a
predictive tool without some adjustment. Nevertneless, this model has proven
useful in numerous applications and its presentation here illustrates the
types of considerations necessary in the development of such models.

Defining q as the interfacial heat flux, a simple energy balance shows that

- 4z
=3

where A is the latent heat of vaporization and interfacial area 2 is related to

the bubble radius, r, according to Z = 38/r. The heat flux can be further de-
fined as

ek, - TO/R
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where r‘ is the saturation temperature and kl is the thermal conductivity of
the liquid whose bulk temperature is Tl. The length 1 characterizes the thick-

riss of the thermal boundary layer over which the liquid temperature changes
from its interior, bulk value, Tl’ to the value Ts assumed to exist at the two-
phase interface. ‘Thus,

ey (Ty = T2
r= V) . (2.14)

For a single, nontranslating bubble growing in an infinite fluid region,

it has been shownll that R = lc. where

Ao . -1
c L o A :
v

In this expression r is the instantaneous bubble ‘adius, which is defined later.
When the bubbles are translating with respect to the surrounding liquid

with speed, U, then 2 = lu. and Moalem and Sidemanl2 give the general expression

. B
e Re, Pr ’

where Reb = 2rU p:/uz is the bubble Revnolds number, Pr = Cluszz is the liquid
Prandtl number, and 1, is the liquid shear viscosity. As the relative speed U
~

increases, the length Zu rapidly decreases below the value of 1c' which represents
stripping away of the thermal boundary layer by relative flow. In an attempt
to smoothly combine both these effects, we have defined 1 as the reciprocal

average of these limiting characteristic lengths,
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Equation (2.14) with £ defined by the above equation is a vapor generation
rate that includes both finite heat conduction and relative velocity effects.
However, the model still requires the definition of r and U.

If we know the number of bubbles per unit volume, then we can calculate
the average bubble radius by Eq. (2.13) and use rer . Unfortunately, the
numbet bubbles generally does not remain constant in a dynamic flow envi-
ronment oecause bubbles larger than a certain size will break up. The maximum
stable bubble radius r, can be estimated in terms of a critical Waber number

"c’

oW
c (2.16)

0.2 =
2azU

where 0 is the interfacial surface tension. The value of W is often taken as

4 for turbulent flow conditions.13 Thus, we define r as eqﬁal to the minimum of
ro and r, and reserve N as an input parameter that defines the initial number
of nucleating sites per unit volume (or more correctly, the minimum number of
bubbles).

Finally, the relative speed U could simply be set equal to the magnitude
of the average relative speed Igrl between phases, but this wouvld not account
for local turbulent fluctuations that have been averaged out in the definition
of g, Fluctuations in 4 can locally strip away the individual bubble thermal
boundary layers and break up large bubbles. To account for such local effects
we define

u | +
<

(%)

U= ju| (2.17)

where u is the mass averaged mixture velocity and ? is a parameter. The 3 tornm
accounts for turbulent fluctuations. We might cxpect 8 ro have a magnitude

of 0.1 or less because large turbulent velocity fluctuations are often observed
to have magnitudes as large as 10% of the mean velocities. In general, the
best value of 2 must be determined by comparisons with experimental data.
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Again, it should be stressed that the vapor generation rate described above
is preliminary and needs to be critically tested against a wide variety of sit-
uations before it can be recommended for general use. Nevertheless, this model
does embrace, as special cases, the models used by many other investigators and
it has produced good results in several different applications.

G, Pipe Friction

In one-dimensional applications involving flow in pipes it is desirable to

have a mocCel for pipe wall friction. SOLA-DF contains a subroutine, PFRIC for

this purpose. This subroutine is only called when the one-dimensional option
(DIM = 1) is set in the input data list, and only when the pipe radius, RPIPE,
is initialized to a nonzero value.

Flow losses arising from wall friction affect the momentum and energy of
the flow through the terms fvis is in Egs. (2.3) and (2.4), respectively.
The pipe friction model fv contained in PFRIC is based on the Armand two-

is
phase flow friction multiplier and uses the Colebrook approximation for the

and W
v

single-phas¢ friction factor

£ N .f{”‘_ (1-9) s u2 (2.18)

vis o 7p P
L

=0

©

Here the friction coefficient f depends on the relative roughness (k/R) and the
Reynolds number Re = 2uR/v2,

f=a+bRe  , (2.19)

where

J0.225

a=0.026 (k/2. + 0.133 (x/2R) ,

Iy
.-

b = 22.0 (k/2R)° .
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¢ = 1.62 (k/2m)?*1

and R is the hydraulic radius. The guantity ¢TP is a two-phase friction multi-
plier

2

-1.75
Prp (1-8)

and p accounts for the eoffects of relative velocity

t

Vom0 [+ Gmp du fpul’lp .

The value of wvis is determined from the rate of change of the fluid

kinetic energy assocziated with the fvis flow loss.

III. NUMERICAL SOLUTION METHOD

Numerous schemes can be devised to numerically solve the equations outlined
in the previous section. Different schemes will have varying degrees of
accuracy, numerical stability, programming simplicity, flexibility for change,
and computational efficiency. Unfortunately, these desirable rraits are ofren
mutually exclusive. For example, the use of implicit differcnce equations to
achieve unconditional numerical stabilit ' can also vesult in poor accuracy and
generally requires more complex programming and more computer memory. Because
different applications require different mixtures of the desirable features,
the choice of an optimum solution algorithm can rarely be made. Thus, the
choice of a numerical solution procedure generally requires a halance to be made
primarily between programming simplicity and the flexibility for future evolu~
tion versus stability, accuracy, and computational speed. Inevitably, the
choice rests on the particular experience and prejudices of the developer.

In the SOLA-DF code an attempt has been made to keep the programming
simple and to use a limited implicitness. 1In all cases, point relaxation methods

have been retained in place of direct solvers for coupled sets of equations.

14
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Although point relaxation methods are generally recognized as simple, but in-
feri . .o direct metheds for linear equation systems, this is not necessarily
the case for nonlinear equations where iterative methods must be used anyway.
The point relax.tion method permits cornsiderable latitude for adding new fea-
tures, changing boundary co-ditions, varying time steps, and making other gross
changes in the basic code to adapt it to new applications.

Additionally, the code has been written in a modular form consisting of
numerous subroutines that isolate individual logical and phys':al processes.
This structure makes the present code particularly easy to modify and extend
for new applications.

A, Mesh Construction
The finite-difference mesh used for numerical solution of the above =qua~-

tions consists of rectangular cells of width &x and height Sy. The part of the
mesh that contains fluid is composed of IBAR cells in the x-direction, labeled
with the irdex i, and JBAR <ells in the y-direction, labeled with the index j.
This region is surrounded by a single layer of fictitious cells so that the
complete mesh is IMAX = IBAR + 2 by JMAX = JTaR + 2 cells (see Fig. 1). The de~
pendent variables are located within a cell as shown in Fig. 2: x=directed ve-
locities at the middle of the vertical sides, y-directed velocities at the mid-
dle of the horizontal sides, and all other variables at the cell center.
Finite-difference subscripting used in the computer code is based on the
convention that (i,j) refers to the center of the cell labeied bv (i,j) or to
the right or top boundary of the cell in the case of velocities, which are
located at those cell boundaries.
B. Solution Algorithm

A time cycle of calculation is broken down into four tasks. First, the
momentum equations, Eq. (2.3), are advanced explicitly using the previcus cvecle
values for evaliuating all contributions. Next an iteration is undertaken to
replace the pressure used in the first task with advanced time values. An
iteration is needed because the advanced pressures depend on the velocities
being calculated. This part of the cycle contains the main implicitness of the
numerical scheme. The pressure iteration permits sound waves to propagate more
than one mesh cell per cycle. In fact, this scheme is a variant of the ICE

1

4
technique,” which may be used for very low speed (incompressible) flows as well

as for high-speed flows containing shock waves and rarefactions. The third
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Fig. 1. GCeneral mesh arrangement. Fig. 2. Arrangement of finite differ-
Fictitioys boundary cells are ence variables in a typical
shaded. mesh cell.

task in a cvzle is to update all other dependent variables. Finally, the fourth
task consists of dart o.¢put, time step controls, and bookkeeping operations.
For a purely explicit calculation, the iteration making up the second task
may be omitted by setting the input number IMP equal to zerc.
1. Explicit Updacing of Velocities. Befc.e iu: »ducing finite difference

approximations for the momentum equation, Eq. (2.3), i+ 1is first written in the

equivalent differential form,
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This form is a carryover from previous codes in the SOLA series. Its advan-
tage is that “n+1 and vw.'1 are calculated directly rather than (pu)"*l and
(Dv)u*l. The disadvantage of this equation is that it i{s not in conservation
form so we do not get rigorous conse -ation of momentum in the difference ap-
proximation. When percentage changes in dependent variables from one cell to
the next are not large this nonconservation form of the momentum equations
should not cause any problems. In general, it would probably be a good idea
to monitor the total momentum of the system in order to have a check on the «.
curacy of Eq. (3.1), but this has not been included in the present version of

| the code. The difference equations used to approximate Eq. (3.1) are
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where U, . and 01 ' are the explicit guesses for u: } and v {. respectively.
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In ali cases, the boundary values of cell-centered quantities will be defined by
linear interpolaticu, as for p used above, unless otherwise noted. The indexing
ip this equation looks uncentered but recall from Fig. 2 that u  and v,

3
vJ

) N 1
refer to the velocities at the boundary between cells { and i+l and j and

j*l, respecrively. The convective fluxes are defined as
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The pnraantsr'a appoaring in the convective fluxes is used to give a variahle
amount of upstream differencing. When a is zero the approximations reduce to
the usual centered differenced form; however, this is known to result in an
unstable algorithl.ls When a is unity the approximations are the so-called
donor cell or fully upstream (or upwind) difference expressions, which are
stable provided fluid does not convect through more than one mesh cell in one

time step. In general, numerical stability 's expected (see Ref. 15) when o
is chosen such that

P ~ o A
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For the cell boundary areas, we do not use a linearly interpolated value, but
instead, prefer a combined geometric and arithmetic average, e.g.,
b MR 70
-
b, T A9

Y -

Ayt T T

This choice has the convenient feature that Ai 4 vanishes when either Ai 3 or
L] - s
Ai,j+l is zero.

2. Implicit Pressure Calculation. In this part of the calculational cycle

the n level pressures appearing in Eq. (3.2) are to be replaced by approxima-
tions for the n+l level pressures. This is done by solving for the pressure in
each cell that satisfies the implicit equation

F=yp-~- f(E, SV, i) =0 ,

where f£(p, Sv, I) is the equation of state evaluated using

5=0"/(1 +#D) |,

2 =0 %a+D) |,
v v




| raai S S

n
i.;“-Lnn . (3.4)
P
and D is an approximation to cell volume change per unit volume,
6t |_3 _3
D= A [3: (Au) + 3y (Av)]
A[Gx (A1+1:,j Ui T Aty "‘1-1,3) :
+ - (A ., v - A v '
5)' 1.,3¥ 1,3 i’j";i i,3-1
The n+l level velocities must be used in evaluating D; that is,
n+l e 28¢ n n
u = S T - (p -p - D + p ; J- (3.6)
bl e (et 7Py ,g) Tess T Tadly Tlas TR
and
n+l 28t n n
v = - ( - - s ) . (3.7)
i, Yi,3 (gi’jﬂmi,j) Pi,i+1 p1.14»1 Pi.j pi.j

Because the n+l level velocities depend on p the implicit nature of Eq. (3.3) is
obvious. The pressure that satisfies Eqs. (3.3)-(3.7) is not quite pn+l

»
because convective fluxes are omitted from the estimates of the new densities
0, Sv. and energy I. It would be equal to pn+1 if the remainder of the equa-
tions were in Lagrangian form. The difference is not gigniricant, however, be=-
cause the iteration is always trying to drive p to its equation-of-state value
every cycle. 1In this sense p is a stored variable and is not identically equal

to the equation-of-state value unless the iterations are omitted and an explicit
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calculation is used. It is important to note that densities and energies are
not actually changed during the iteration, because Eq. (3.4) is only used to
estimate the new values. To obtain a solution of Eqs. (3.3)-(3.7) a local
Newton-Raphson procedure is followed. For this purpose an estimate is needed
for 3F/3p in each celi. In SOLA-DF, first guesses for these values are computed
by a numerical differentiation. This is done at the beginning of each cycle
and the values stored. Orce the iteratica h.s started, new values are computed
and stored after each iteration. In summary, the following steps are performed
for a single cell (i,j):

a. compute D according to Eq. (3..) using the most updated values of u

and v from Eqs. (3.6) and (3.7),
b. compute 0, Ev. and I from Eq. (3.4),
¢. evaluate the equation-of-state function and calculate 8p = - F/3F/3p),

d. replace pi.j by pi,j - épi.j' and R B RL Vi,j’ and vi,j-l by

2 8t §p

1,9 " Y, * Gx(pi’j+p1+1’j) >

u

- & - 2 8t &p
i-1,j i-1,} 6x(oi_1 j+ai 3

) ’

o - 2 8t 8p

- - ’
i’j ivJ sj(yi,jwigj"'l)

and

2 8t 8p
1,1-1""1,3

v == v

1,51 '1,3=1 = Sy(p )

This {teration process is continued until all celis satisfy the convergence test




where € is typically equal to 0.001.
3. Updating of Remaining Variables. After the implicit portior of the
cycle has been completed new time values for the remaining variables are readily

computed. The mixture demnsity changes only by convection,
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Quantities on the right side of Eq. (3.56) are evaluated using n level values for
0 and the available n+l level values of u.

The mixture energy equation is next approximated by
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For this formulaiion the boundary convective fluxes are approximated by
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The pressure work term in Eq. (3.9) is approximated as
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Quantities on the right side of Eq. (3.9) are evaluated using n level values for

Ps P, and I while n+l lr7el values are used for uy j? Py i and the overall di-
» »

visor oi j* Finally, the vapor density is updated as
,

n+l
(ov)i'j = (°v)1.j + 8t [-FRU+ T ]

1,3 , (3.10)

where

1 ) [ ]
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and

The i-% boundary flux is obtained by replacing i with i-1 in the above expres -
sion. In a similar fashion,
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where the j-% boundary flux is obtained by replacing j with j=1 in the above
equaticn. The vapor velocities used in these expressions are defined as

(“v)i p %t ("z)w”j (“r)i’j/"ﬁ-kd ’

’

with a corresponding expression for the i-% boundary obtained by replacing i
with i-1, and

with a corresponding expression for the j-% boundary obtained by replua.ing j
with j-1.

Some care must be taken with the way the vapor source tewm ', is approx-
‘mated. When the mixture is not at equilibrium and the relav tion rate is fast,
[ can be large. Under such circumstances Eq. (3.10) may be numerically unstable.
To aveid this the densities in I' should be evaluated at level n+l. For general
formulatios of I' it is usually necessary to use an iterative technique to solve
Eq. (3.10). Such an iteration is provided in subroutine PHCHR for the ' given
by Eq. (2.14). There is, however, another more serious problem that can arise
when phase transitions are important. Because the effect of I is included at the
end of a cycle of calculation, its influence on the pressure, and hence the dyna-
mics, is 2ot accounted for in the implicit pressure iteration. This means that
some inaccuracies can be introduced in the propagation of compression and rare-
faction waves when significant phase change occurs during a single time step.

“u addition, a large phase change may also drive the equation-of-state pressure
far from the valu: arrived at in the pressure iteration; so that excess!ve
iterations may be ‘equired to solve the implicit equation in the next time cycle.
In extreme cases the iteration may not even converge. The above problem can b:
eliminated by using sufficiently small time increments, St, but in some cases
this may lead to long computing times. A better solution that has been utilized
recently in the multidimensional code K-FIX (see Ref. 2) is to incorporate the T

into the implicit portion of the cycle. Basically, the idea is to include I in
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Eq. (3.4) for the estimated new time vapor density. Since this more complicated
formulation is not in SOLA-DF, the user should check his results for time step
dependence (accuracy) by performing a smaller time step calculation when neces-
sary.

Thermodynamic equilibrium calculations can be achieved by using a large
phase change rate or by replacing the vapor density equat’ “th a calculation
of the saturated vapor density and using an equilibrium equat.un of state.

The latter procedure is often preferable because it effectively puts I into the
pressure iteration.

Ci Boundary Conditions

Various types of boundary conditions may be used at the ends and sides of
the computational mesh. Prescribed velocities or prescribed pressurss together
with densities and temperatures may be used to represent inle. and exit condi-
tions. For example, a guillotine break in a pipe of a reactor system can be re-
presented by assigning the ambient pressure irn the contaz. ament structure to the
end of the mesh.

These boundary conditions are easily imposed by setting appropriate values
of the dependent variables in the fictitious cells surrounding the mesh. Five
kinds of boundary conditions have been specifically built into the code: (1)
rigid free-slip, (2) rigid no-slip, (3) continuative outflow, (4) periodic,
and (5) constant pressure. As an example of how to trea’ these boundary condi-
tions, consider the left boundary.

1. Rigid Free-Slip. The normal velocity component must be zero and che

tangential velocity component must have no normal gradient, i.e.,

foxr all 1.

The variables p, p, and I are treated the same as v.

2. Rigid No-Slip. Tae normal velocity component must be zero and the

tangential velocity component at the wall must also be zero, i.e.,



for ali j.

The variables p, p, and I are treated the same as for a free-slip boundary.
For both of the above rigid boundary conditions, the designated conditions
are imposed after each pass’ through the mesh during the pressure iteration.
3. Continuativ: Outflow. Continuative or outflow boundaries always pose

a problem for low-speea calculations, because whatever prescription is chosen
it can potentially affect the entire flow field upstream. What is needed is a
prescription that permits fluid to flow out of the mesh with a minimum of up=-
stream influence. In this code we have used a continuative houndary condition
that involves setting, for the left boundary, for example,

for all j§.

These conditions, however, are only imposed after applying the complete momentum
equitions (3.2) and not after each pass through the mesh during the pressure
iteration. During the iteration the normal boundary velocities can vary with
the changes in pressure, as any interior velocity component. The treatment of

O, Py and I is the same as (u,v).

4. Periodic. For periodic bcundary conditions in the x-direction, the

left and right boundaries must be set to reflect the periodicity. This is
easiest when the period length is chosen equal to (IBAR-1)8x. Then the boundar

condition for the fictitious cells on the left are
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In this case these conditions are imposed after applying Egqs. (3.2) and after
each pressure iteration.

5. Constant Pressure. When constant precsure is prescribed at a boundary,

the fluid must stream freely inte or out of the specified pressure region, i.e.,

u, S T P , for all j.



The variables . and I are treated the same as v.

Boundary conditions similar to those for the left wall are used at the
right, top, and bottom boundaries of the mesh. Of course, the normal and tan-
gential velocities at the top and bottom boundaries are v and u, respectively.

For convenience, the SOLA-DF code has been written so that any of the
above boundary conditions can be automatically imposed by setting input numbers.
The appropriate input number for the left wall is designated WL, where

1, rigid free~-slip left wall
2, rigid no-slip left wall

WL = 3, continuative outflow left wall
4, periodic in x (provided WR = 4)
5. constant pressure left wall.

Similar input numbers are used for the right boundary (WR), top boundary (W),
and bottom boundary (WB). Clearly, when periodic conditions are desired in a
given direction, both boundaries in that direction must be assigned wall numbers
of 4.

D. Internal Obstacles

To increase the usefulness of the basic code, internal obstacles may be
inserted within the fluid region. Internal obstacles with rigid boundary con-

= 0.0 for the desired
i,]

obstacle cell. The code is equipped to handle these simple obstaclas by means of

ditions can be taken into account by simply setting A

the INPUT stream; however, if a more complex internal obstacle treatment is de-
sired, the user must provide additional coding at the end of the boundary condi-
tion routine BC.

E. Variable Time Steps

SOLA-DF contains provisions that allow the use o different time steps of
integration. The time steps are determined by numerical stability requirements
and other user-specified conditions. TFor numerical stability the time step is
limited by the flux criterion that udt/4x < 174, urSt/Sx < 1/4, vit/3y < 1/4,
and vri:/éx < 1/4. The minimum time step determined according to this criterion

is then increased or decreased by 1%. The direction of this adjustment is deter-
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mined by the relative ease of the previous time integration of the system. If
fewer than five system iterations were required, the time ster is increased,
otherwise it is decreased. The time step determined by the above methods is
never allowed to be greater than the user-specified maximum time step DELTMX.

IV. INPUT DATA, COMMON VARIABLES, AND SUBROUTINES AND GRAPHICS OUTPUT

The input data, COMMON variables, and subroutines and FORTRAN functions in
SOLA-DF are listed and described in this section. While the input quantities
are tabulated and defined separately, they also pjear in the COMMON variable
lists and are identified there simply as an input juanity. These descriptions
of the input and COMMON variables are necessarily brief but hopefully will as-
sist in relating the nethodology, described in Sec. III, to its implementation
in the code. The units the code was written for are g, cm, ms, K with pres-
sure in bars.
A. Input Data

DEFAULT FORTRAN ALGEBRAIC
VALUE SYMBOL SIMBOL DEFINITION

1.0 ALPHA a Parameter that determinas the
amount ‘of upstream diffcrencing
in the convective flux terms.
Equal to one gives full donor
cell differencing.

4 2

1.234 % 10 ASQ a Square of the speed of sound
for the liquid phase.

10“ BUBN N Representative bubble (or
droplet) number density per
cm3, used in phase change and
interfacial friction model.

0.50 CDG Cd Drag coefficient used in the

interfacial friction model.

F4)



44,34

6.67

1.0

1.0 x 10~

1.0 x 10

1.0

1.0

0.0

34

DELT

DiLT™MX

DELX

DELY

DFVEL

DIM

ECL

8t

o

Coefficient of the linear term
in the liquid internal energy

function.

Similar to CHL but for the

vapor energy function.
Deline coordinate system;
cylindrical (CYL = 1.0) and

Cartesian (CYL = 0.0).

Starting time step for the
calculation in ms.

Maximum time step in ms.

Cell length in em - radial length

in cylindrical coordinates.

Cell length in cm - axial length

-n cylindrical coordinates.

Program control parameter that
determines whether the rela-
tive velocity is to be calcu-
lated (DFVEL = [.) or set to
zero (DFVEL = 0.)

Problem dimension: (DIM = 2.0)
is a two-dimensional problem
and (DIM = 1.0) is a one-di-

dimensional problem.

Coniant in the liquid internal

-

ener.y Juuc “ion.

=L




2.506 x 106

1.6 x 10”8

1.6 x 10

1.76 x 104

0.001

1.0

0.07

0.0

0.0

10.0

EDL

EDV

ELRT

EPSI

ETEM

GAM1

IBAR

v

(y-1)

Similar to ECL but for the

vapor energy function.

Ratio of the thermal conduc-
tivity to the specific heat
for the liquid.

Ratio of the thermal conduc-
tivity to the specific heat
for the vapor.

Latent heat of vaporization.

Pressure iteration convergence

test parameter.

The liquid and vapor phases are
maintained at equal temperatures
if ETEM = 1.0 whereas if ETEM =
0.0 the vapor temperature is
maintained equal toc the saturat-
tion temperature at the local

pressure.

Parameter in the equation of

state.

Gravitational acceleration in

the x= or r-direction.

Gravitational acceleration in

the y- or z~direction.

Number of active computa-
tional cells in the x=- or

C;;directipq.ﬁ
JiE L8V

L%
w



l.o

10.0

N@ NAME

l.o

P
o
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NAME

PBC

PHCH

PIN

PLIDT

PRTDT

RADIUS

Program control parameter whose
values determines whether an im=-
plicit (IMP = 1) or explicit
(IMP = 0) solution method is
utilized.

Number of active computational
cells in the y=- or z-direction.

80-character problem name.
Relaxation parameter for the
calculation of &p in the pres-
sure iteration. A value of
OMG = 1.7 often improves the
rate of convergences for low

Mach number fl.:.s.

Constant pressure boundary

condition in bars.

Parameter whose value determines
whether phase change is computed
(PHCE = 1) or omitted (PHCH = 0).

Initial pressure condition in bars.

Time intervals between

plots in ms.

Time intervals between prints in ms.

Inner radius of an annulus in cm.

Pipe wall roughness.



0.958

0.0

00008

373.0

0.001

0.0

373.0

10

3.0 x 10°¢

2 x 107%

ROL

RPIPE

SGWN

TC

THC

TWFIN

Ul

VELMX

VI

VISL

VISV

\J 2'

Micruscopic density of the
liquid in g/cm3.

Pipe radius in cm.

Product of the liquid surface
tension and the critical Weber
number.

Reference temperature for
liquid and vapor internal

encrgy functions in K.

Void fraction below which the
fluid is treated as pure liquid.

Initial void fraction condition.

Initial temperature condition
in K.

iime when the problem is com=-

plete in ms.
Initial u velocity in cm/ms.

Normalizing velocity for wvelocity

plots in cm/ms.
Initial v velocity in cm/ms.

Kinematic viscosity of the
liquid.

Kinematic viscosity of the

vapor.




e e —

1.0

l.o

1.0

1.0

WB - Parameter that specifies the
boundary condition for the
bottom boundary.

WL - Parzmeter that specifies the
boundary condition for the
left boundary.

WR - Parameter that specifies the
boundary condition for the
right boundary.

WT - Parameter that specifies the
boundary ccndition for the

top boundary.

Following the NAMELIST data INPUT, the user has the option of defining

rigid interior cbstacles. If no interior obstacles are going to be defined,

cne blank card must follow the NAMELIST data INPUT defined above.
First Card After NAMELIST INPUT: N@ (Format I5)
N@ = Number of interior ob-tacles. If NP # 0, N additional cards are read;
i.e., there is one card defining each obstacle.
NO Cards Following the Above Card: IB@B, IE@B, JBPB, JEPB, (Format 4I5)
IB@B = total number of §x cells, including the fictitious boundary cells, to
the left side of the obstacle.
IE@B = total number of &x cells, including the fictitious boundary cells, to
the right side of the obstacle.
JB@B = total number of 8y cells, including the fictitious boundary cells, to
the bottom side of the obstacle.
JE@B = total number of &y cells, including the fictitious boundary cells, to
the top side of the obstacle.
B. COMMON Variables
FORTRAN ALGIBRAIC
SYMBOL SYMBOL DEFINITION
ASQ . Inpac Juantity
CDG Cd Input quantity
38 c 79 é&"«;
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CHL
CHV
CYL
DELT
DELTMx
DELX
DELY
DFVEL
DIM
ECL

JJ

yd

"

Input quantity

Input quantity

Input qubntity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Initial total energy of the liquid state
Initial total energy of the vapor state
Initial total energy of the two-phase mixtucre
Input quantity

Input quantity

Total energy

Input quantity

1.0 - ETEM

Iteration logic control flag

Input quantity

Indexing variable

Total pumber of cells in the x~direction (in-
cluding fictitious cells)

IMAX - 1

IMAX - 2

Index of the first cell in the x-direction
whose centered quantities are computed
Index of the last cell in the x~direction
whose centered quantities are computed
Counter for the number of iterations between
junctions and components to achieve conver-
gence during one system time step

Indexing variable



JM2
JPB

JPT

PBC
PIN

PNV
PT
RDX
RDY
RG
ROIL
ROLV
ROI2

ROL
ROT
RPIPE
RVIL
RVIV

RVI2

1/8x
1/8y

P

Total number of cells in the y-direction (in-
cluding fictitious cells)

JMAX - 1

JMAX - 2

Index of the first cell in the y-diraction
whose centered quantities are computed
Index of the last cell in the y-direction
whose centered quantities are computed
Input quantity

Input quantity

Input quantity

Temporary presc~are var able

4/3 m N

Temporary piessure variable

Reciprocal &x

Reciprececal &y

Input quantity

Initial total density of the liquid state
Initiz] total density of the vapor state
Init’ . total density of the two-phase mix-
ture

Input quantity

Temporary total density variable

Pipe radius in cm

Initial vapor density in the liquid state
Initial vapor density in the vapor state
Initial vapor density in the two-phase mix-
ture

Temporary total vapor density variable
Input quantity

Input quantity

Input quantity

1.0 - Sc

Input quantity

Temporary void fraction variable

Temporary void fraction variable

™
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VISL
VISV

WB

WL

WR

WT

A(1,0)
BETA(I,J)

E(1,J)

EN(I,J)
ITITLE(K)
NAME (K)
P(I,J)
Q(1,J)

QL(K)
RO(1,J)

RON(I,J)
RV(I,J)
RVN(I,J)

u(1,J)

un(I1,J)

UN(I,J)

v(1,J)

VD(I,J)

wW(I,J)

a7/ap) "}

i,]

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Input quantity

Thickness of a mesh cell

Recriprocal derivative of the pressure func-
tion

Time n+l specific internal encrgy

Time n specific internal energy

Two=-word array used by LASL plotting package
Input quantity

Pressure

Two~dimensional array used by LASL plotting
package

One~-dimensional used to set up plotting

Time n+l mixture densities

Time n mixture densities
Time n+l macroscoric vapor density
Time n macroscopic vapor density

Time n+l center-of-mass velocity in the x~
direction

Time n+l relative or drift velocity in the x-
direction

Time n center-of-mass velocity in the x-direc-
tion

Time n+l center-of-mass velocity in the y-direc-
tion

Time n+l relative or drift velocity in the v-
direction

Time n center-of-mass velocity in the v=direc-

ticn



bl
3

XC(X) - One-dimensional array used by LASL plotting

package
YC(K) - One-dimensional array used by LASL plotting
package
C. Subroutines and Graphics Output
BC Implements specified boundary conditions.
DRIFT Calculates the relative velocity between pnases.
E@S Calculates the equation of state.
PFRIC Calculates the effects of pipe friction.
PHCHR Calculates the phase change rate
PITER Determines cthe n+l pressure and velocities by an iterative
procedure.
TSTEP Calculates the variable time step and the iteration parameter
BETA(L,J).

Installations without graphics capabilities should delete lines SOLADF.613
thru SOLADF.698. to eliminate film writing and plotting commands. Installa-
tions with graphics should have routines equivalent to those listed below. A
brief description of their function is included.

In addition the FORTRAN WRITE(N,XX) has special meaning under LASL operat-
ing systems. Its use results in printed data being sent automatically to the

system graphics fils,

ROUTINE COMMENTS
ADV Advance film
CONTRJB Produce contour plots
CONVRT Convert problem coordinates to plotting coordinates
DRV Draw a vector
FRAME Draw a frame
LINCNT Tosition film line counter
SPLOT Standard plotting routine
Vs EXAMPLE PROBLEM

To verify the proper implementation of tie SOLA-DF code on a users com~
puting system, the following example problem is included. A schematic of the

problem geometry is shown in Fig. 3. two-phase equilibrium mixture of steam

and water (void fraction = 0.329, temperature = 557.1 X, and pressurs = A8.0
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Fig. 3. Schematic of the computing mesh for the example problem.

bars) flows through a nozzle before exiting into a region of constant pressure =
10.0 bars. The flow, which begins from rest, is calculated until a steady
state is achieved. The input data that specifies the problem is presented in
Table I. The second part of this table shows a listing of the A(1I,J) array,
which in this case (cylindrical coordinates) merely represents the radial dis-
tance from the center line to the center of the mesh cell. Note that obstacle
cells set A(I,J) = 0. The data that cecifies the initial states in the com=
putational mesh is printed in Table 11 as the CICLE = 0, TIME = 0 solution.

The solution after 1000 time steps or ls is given in Table JTI to provide the
user with the transient solution check. The steady state solution is 4000 time
steps or 4s and is given in Table IV. Velocity vector plots are presented at

1s and 4s in Figs. 4 and 5, respectively.

VI. SUMMARY

A description has been presented of a new computer program, SOLA-DF, for
the solution of transient, one- and two-dimensional, two-phase flows. The one-
dimensional formulation includes a variable area treatment. The fluid dynamics
is described by a nonequilibrium, drift-flux formulation of the fluid concer-
vation laws. An effort has been made to use relatively simple numerical solu-
tion procedures and modular programming in order to provide a framework rhat
can be easily modified and adapted to different kinds of flow problems. 1In
addition, a limited amount of implicitness is used to relax excessively restric-
tive time step limitatior3 encountered in purely explicit integration methods.
Even though the SOLA-DF code has a simple structure its flexibility offers ca-

pabilities for treating a wide range of two-phase flow problems.
P
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TABLE I
EXAMPLE PROBLEM INPUT DATA

SOLA-OF EXNPLE PROBLEM LIRSS Ny |

ALPHMA= | . DOOCOE+00
ASQ= |, 124T70E 0™
BUBN= | .C0000E+02
COG=  5.00000€E-0!
CHL= % 3N0LC <01
CHv=  6.570C0E+00
CYLe |.0C000E+00
DELTe  %.00000€-03
OELTMX= | .00000E-03
OELx= 2.20027E-01
OELYs %.817S3E-0!I
OFvEL= 0.
DiM=  2.00000€E+00
ECL= %, I7™™OOE+03
ECv=  2.50700E+0v
EDLe  |.46600E-08
EDve  6.00000€E-07
ELHi= |.78000€+0%
EPSI= | .00000€-0%
ETEMe | .00000E+00
GAMi=  7.00000€-02
OXxe= 0.
Cve Q.
| BAR= 10
[P 1. 00000E +00
JBAR= 30
OrG= | .00000E+00
PSCe | .00000E+0!
PMCHe | . 00000E +00
PiNe  §.80000€+01
PLTDT= | .000C0E+00
PRTDT= | .000C0E «00
RADIUSe 0.
RO=  3.68000£-03
ROL=  7.%I9C0E-01
RPIPE= 0.
SGkiNe  8.00000€-0%
TCs  3.73002€+02
TMC= 5.00000€-03
THIN= 3.29000€ -01
TiNe S.S7100F«02
TWF IN= | .00000E+01
Ule 0.
VELMX= 2. 00000€+00
Vie 0.
VISL= 2.%C000€E-06
ViSve | .23000€E-0%
- S
- 1
e 1
WTs S



AREA
0.
0.
0.
0.
0.
Q.
0.
0.
0.
0.
0.
0.
.
0.
0.
.
0.
0.
0.
0.
0.
0.
0.
0.
0.
9.
0.
0.
0.
0.
0.
0.

-

- e e e e e e e e e e e e e S S e e e e e e e e e

L N0E-01
L 10E-01
. 10E-01
. 10E-01
. 10E~01
L10E-01
. 10E-01
. 10E~01
.10E~01
. 10€E-01
. 10E-01
. 10E~01
LIngE-01
.10E~01
.10E-01
. 10E-01
. 10E-01
L 10E-01
L 10E-01
. 10E-01
.10E-01
- 10€E-01
. 10E-01
L10E-01
JA0E-01
.10E~01
.10E-01
. 1OE-01
. 10E-01
.10E-01
L 10E-01
L10E-01

3.30€-01
3.3€-00
3.30€-01
3.30€-014
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-0!
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-91
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-0!
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€-01
3.30€E-01
3.30€-01
3.30€-0:
3.30€-01

5.950€-0!
%.50€-01
. S0€-01
5.50€-01
9.50€-01
S5.50€-01
9.50€E-01
5.50€-01
S.50€-01
S.50€-01
Z.%0€-01
S.50€-01
5.50€E-0:
5.50€E-01
5.50€-01
S.50€-01
5.50€-01
S.50€E-01
5.50€-01
5.50€-01
5.50€-01
5.50€-01
S.50€-01
5.%50€-01
S.50€E-01
$.50€-01
5.50€E-0!
5.50E-01
S.S0€E-01
5.50€-01
5.50€-01
S.S0€E-0!

JQﬂdﬂdiddddddﬂﬂdddddddddﬁiﬂdd#dﬂ

TABLE I

. T0E-01
.TOE-01
.ME-01
.70€-01
.T0E-01
.TOE-01
.T0E-01
.T0E-01
.T0E-01
.T0E-01

70€-01
70€-01
TA&~01
T70E-01
J0E-01

.T0E~01

70€-01
J0E-01
TE-01

JT7%E-01
.T0E-01
. 70E-01
.T0E-01

T0E-01

.T0E~01

70E-01
70E-0!
TOE- !
70€-01
T0E-01
70€-01

. 70€E-91

(con't)

.21E+0C
-21E+00
.21E+00
-21E+00
.21E+00
.21E+00
.21E+00
.21E+00
-21E+00
.21€+00
.21E+00

.21E+00
.21E+00
.21€+0C
21E+00
.21E+00
.21E+00
.21E+00
.21E+00
.21E+00
.21E+00
21E+00
.21E+00
.21E+00
.21E+00
.21E+00
.21E+00
.21E+00

PR X - 1~ § - e

A S - F - F - B - B e

-M3E+00
MEE00
.“3E+00
L43E-00
w300
.43E+00
JM3E+00
.43E+00
LM3E-00
N3E-00
JM3E-00

M3E-00
JM3E+00
LS3E.0C
.N3E+00
M3E-00
w300
.43E-00
L“3E+00
M3E-00
M3E+00
N3ES00
JM3E+00
.w3E-00
LN3E+00
JM3E+00

“3E+00

SS3E+00

[T R —————————— e T L - § R

.65E+00
.65E+00
.65€+00
.65E+00
.GSE+00
.65E+00
.65E+00
.G5E+00
.G5E+00
.GSE«00
.G5E+00

e=g +00

.B5E+00
.65E+00
(SSE+00
.65E+00
.65E+00
.65E+00
.G5E+00
.65E€+00
-65€+00
.65E+00
.65E+00

S5E+00

.65E+00
.G5E+00
.GSE~00
.BSE~00

- e e - - 0000000000 0C0O0O00

.@TE~00
.GT7E+00
.97E~00
.@TE-00
.@TE+00
.B7E+00
.8TE+00
.@7E-00
-§7E+00
.B7E+00
.87E-00
LG7E-00
.GTE-00
.@7E+00

87E+00

.G7E+00
.G7E+00

Nm{uy\nmNNNNNNNQN"NN?OOOPPOQOOcopgo

-09E~00
. 0SE +00
.0SE+00
.0SKE~00

09E+00

.0SE+00
.QSE~00
.09E+00
.0SE+00

0SE~00
09K +00
0SE+00
0SE+00
QSE+00
C9E+00

.09E+00
.0SE~00

CLUOLOLOOLOOOOODODLODODODOODOODDODOODDOOO
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TIME=

TABLE II

EXAMPLE PROBLEM INITIAL DATA

CYQLE=
v

DELT= 4.00000E-03
P RO
6.80000€+01 S.09973E-0!
6.80000£+01 S.09973-01
6.80000€+0! S5.0997X¥ -01
6.80000€+01 5.09973-01
6.80000€+C1 S.09973X-01
6.80000E+01 S5.09973E-0!
6.80000E *01 $.09973-C!
6.80000€+01 S.09973X-01
6.80000E+0! $.09973E-01
€.,80000€+01 S.09973E-01
6.80000E+01 5.09973-01
6.80000€+01 5.09973E-01
6.80000E+01 $.09973-01
6.80000E+01 S.09973E-01
6.80000€+01 S.0997X-01
6.900LE+0! 5.09973E-01
6.80000E+01 $.09973-01
6.80000€+01 S.09973-01
6.80000€E+0! $.09973E-0!
6.8000GE+01 S.09973-01
6.80000€+01 S.09973-01
6.80000€+01 $.09873-01
6.80000E+01 5.09973E-C1
6.800C0E~0! 5.09973€-0!
6.80000E+0! 5.09973E-01
6.80000€+01 $.09973-01
6.80000€+01 5.09973E-01
6.80000€E+01 $.0997%-01
6.80000€+01 S.09973-01
6.80000E+01 5.09973-01
6.80000€+01 5.09973-01
6.80000€E+01 $.09973E-01
6.80000E+01 5.09973-01
6.80000€+01 $.0997%E-01
6.80000E+01 S5.09%73E-01
6.90000€+0! . 09973E-01
6.300C0E~01 5.09973-01
6.80000€+01 $.0997X -01
6.80000€+01 S.09973E-01
6.B0000E~01 $.09873E-01
6.80000E+01 $.09973E-01
6.80000€+0! S.09973E-01
6.80000E+01 S.09973E-01
6.80000E+01 $.09973%-0i
6.80000C+01 5.09973-01
§.80000€+01 S5.09973E-0!
6.8000CE+01 $.09973E-01
6.80000E+01 $.09873E-01
6.80000E+01 S.09973X-0i
6.8C0C0E+01 $.09973K-01
6.8CJ00E+01 S.09973E-01
6.80000€+C! S.09973E-0!
€.800C0E +0! $.09973-01
§.800C0E+0! S.09973E-01
6.80000E+01 $.09973E-01
6.80C00€E~0! 5.09973E-01
6.80000€+01 S5.09873E-C1
§.800C0E+0! S.09973%-01

=

e.

™
3.29000€-01
3.29000€-01
3.29000E-01
3.29000C-01
3.29000€-01
3.29000E-01
3.2900C€-01
3.290C0€-01
3.29000€-01
3.29000€-01
3.29000€-01
3.29000€-01
3.29000€-01
3.29000€-C1
3.2S0C0€E-01
3$.29000€-01
.29000€-01
.29CL0E-01
29000€-01
.29000€~01
.2900CE~01
.29000F ~01
.290C0E-01
.29000€-C1
.29000€-01
.29C00E-01
.29000. 91
.29000€-01
.29000E -0}
.29000E-01
.29000€-01
.29000€-01
.29000€E-01
.29000€E-01
.29000E-01
.29000€~01
29000E-01
29000E-0!
28000€-01
.28000€-01
.29000E-01
.29C0CE-01
.29000€-01
.29000E-01
. 29000€-0!
.@90C0E-01
.29000€E-01
.29000€E-01
.29000E-01
. 29000€E-21
.29000E-0)
.29000€E-01
.J9000E-01
.29000E-0!
.2S000E-01
.29000E-01
.2900CE-01
.29000€-01

e I T o P P P O P P P P O P P P P R P P R ™ ™)

Fl=

TEM
5. 57053 +02
5. 5705302
5.5705X -02
5.57053 02
5. 57053E+02
5.57085 02
5.57053E-02
5. 57053E +02
5.57053 02
5. S70%3€+02
5.57053E +02
5. 5705302
5. 57053 +02
5 57053 +02
5.57053€ +02
5. 57053 +02
5.570%3E+02
5.57053E+02
5.57053E+02
5. S7053E 02
5.57053E+02
%.570C3E+02
5 STDSIE+02
$.57053E+02
5.57053E +02
5. 570%3E+02
.57053E+02
.S708X ~02
ST0S3E+02
57053 «02
.87053E+02
57053k 402
57053 -02
.STO83E (2
.5705E 02
.S7053E 02
S7053K «02
7053 «02
$7053E+02
.S7053E+02
570802
37053E 02
S7053E+02
.S7083E <02
ST083E <02
SINSIE 02
.S7053E+02
.570%3E+02
.ST053F <02
S7053E+02
.S7053E+02
ST7053E «02
.57053E+02
5708 E 02
.57083E+02
.S708E+02
S$7083E <02
. S70%3E 02

BARACGARAARAOAAPRARARRBARARRAD AR ARO

6.800C€+01
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TABLE I (coqf:) A

6.80000E +01
6.80000€+01
6.80000E+0!
6.80000t +0!
6.80000E-0!
6.8000C€+01
6.80000€+01
6.80000E+01
6.80000€+01
6.80000€+01
6.80000E+0!
6.8C000E+01
6.80000E+01
6.80000E+01
6.80000E+01
6.80000€+01
6.80C00E+01
6.80000€+01
6.80000€+01
6.80000€+01
6.80000€+01
©.80000€+01
6.80000E+01
6.80000€-01
6.80000€+01
6.80000€+01
6.8000CE+01
6.80000CE~-Q1
6.80C00E+01
6.80000CE+0!
6.8000CE+0!
6. 80000E +0:
6.80000€+01
&.80000E+01
6.80000E+0!
6.80000€-0)
6.80000€+01
6. 80000E-01
6.80000€E+0!
6.80000€+0i
6.80000E+0!
©.80000E+01
6.80000€+01
6.80000E+01
6 8002CE+0!
6.80000€ +C1
6.80000€+0!
6 9CCC3E-0!
& 3CC00E-01
6.800C0E+01
6.80000E+01
6.80000€E+0!
6.80000E+01
€.80000E+01
6.80000E01
6.8000CC+Q!
6.80000€+0!
6.80000E+01
6.80000€+01
6.80000E+0!
6.30000€+C1
6.90000€+0!

$.09973%-0!
5.0997X-01
5.0997% -0
5.0997% -0!
5.0997%-01
5.0997%-01
5.0997%-0)
5 097X -01
§.09673X-01
%.09973% -0!
$.0997X~-0!
5.09973-0!
5.09973%-0!
5.09973%X-01
5.0997%X-0!
5.09873%~01
5.09973%-01
5.09973E-01
S.09973-01
5.0987% 01
S.09973%-0!
09873k -01
09873 -0!
09873 -01
0997 -01
0S373E -C!
.0997E-2!
.09973-0!
Q9S7XE-0!
09S73E~0!
09873k -0)
09G73E-01
09873 -0!
09873 -0!
09873E-0!
.09973-01
09973E-01
09873 -0!
09973 -0!
.0997X-CI
.0987X-0!
09873 -0
09973E~0!
09%73E-01
987X -01
0eS7X~21
09973 -0!
09873 -01
09973 01
L997XE -0
09973E-0!
09573€-01
.0987X-0!
0987X-01
997X -0!
09873 -01
0987301
L0987E-0)
CesTxE -0
09973 -01I
09873 0!
09973 -0

uwuuuuuuuuuuuuuumamuumuuuuuuumuuuuuuuuuua
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3.29000E-01
3.29000€E-C1
3.29000€-01
3.29000€-0!
3.29000€-01
3.29000€-01
3.29000€-01
3.290C0E-01
3.29000€-01
3.29000€-01
3.29000€-0!
3.29000€-01
3.29000E-01
3.29000€-01
3.29000€-01
1.29000€-01
3.29000€-01
3.29000E-01
3.29000€E-01
3.23000€-01
3.29000£-01
3.29000E~-0!
3.29000€-01
3.29000E-01
3.29002€-01
3.29000€E-01
.29000E-31
.29000E-C1
,&9000€-01
.29000E-01
.29000€-01
.29000E-01
.29000€-01
29000E-C1
23000E-01
.2900CE-0!
.29000€-0!
.29000E-01
28000E-C1
29000€-01
.29000E-0)
.29000E-C1
,29000E-01
.28000€-0!
.29000E-01
.29000E-01
29000€-01
.29000E-01
29000€E-0!
&scoce-0!
29000€-C!
.29000E-01
29000€-01
29000€-01
.29000€-0!
29000E-0!
.29000€-01
.290C00€-01
.29C00E -0
2900CE~0!
.29000E-01
3.29000E~01

S.5705XK 02
S5.57053X «02
S.5705Z <02
$.570%3€ 02
5.57053E 02
$.57053E+02
$.5705X ~02
S.57053+02
%.57053+02
5.57053% «02
5.57053E~02
5.570S3E 02
5.570S%k 02
5.57083% 02
5.57083 02
S.S70SXE 02
S.57053 02
$.57083E 02
5.57053¢ 02
5.57053k «02
5.57083-02
5.57093+02
$.5705% ~02
5.570SXE 02
$.57083E 02
S.S7053E +02
5.57083E+02
$.57083E+02
5.57053 -02
5.57053€+02
$.S7083E 02
9 57083 +02
$.57053E-02
S.9705kE 02
5.97083 02
3.57083+02
$.ST0SX 02
$. 97003 02
$.87093€+C2
$.97083E+02
S.57083K «02
5705302
57083k .02
S7CSXK +02
.S705 ~02
57083E+02
3709302
S70SF <02
570S3XK 02
.S70%3E+02
S705K 02
S7083E 02
S7083E 02
S$7083L 02
S7053E <02
STOSIE"2
S7083E-02
.STOSXE~02
.= 1083E+02
.S7083E+02
[37083E 22
.S7CS3E~02
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TABLE II (con't)

6.80000€ 0!

6. 80000E 0!
$.30000E+01
6.80000t 0!
6. 800C0E+0!
6.80000€+0!
6.80000E+01
6.80000€+0!
6.80000€+0!
6.80000€+0!
6.80000E+01
6.80000E+01
6.8C000E+01
6.80000E+01
€.80000€+01
6.80000€+0!
6.80000€+01
6.80C00E+0!
6.80000€+0!
6.90000E+01
6.80000E 01
6.80000E+01
6.80000E+0!
6.80000€+01
€.80000E+01
6.80000€+0!
6.80000€E+01
6.8C000€+0!
6.80000E+0C!
5.80000E+01
6.80000€+01
6.80000E+01
6.8C000€E+01
6.80C00E+0!
6.80000E+0!
6.8000CE+0!
6.80000€+01
6.80000E+01
6.80000E+C!
6.680000€+01
6.80C000E+0!
6.80000E+C!
6 B0000E+0!
6.80000€+0!
6.80C00E~0!
6.80000E+0!
€.80000E-0!
6.80000€+01
6.8CC0CE+D!
6.500C0E+0!
6.80000E~0!
6.80000€+0!
§.80000E+0!
6.8000CE-C!
6.80000F 01!
6.80000E+01
6.800C0€+-0!
6.80000€-01
6.80000£<C!
6.80000€E+0!
6.80000€+0!
6.8000CE-0!

5.09873X -0
5.09973E-01
5 0987 -0!
$.09873-01
$.09973%K-01
$.09973E-0!
$.0987%X-01
S$.09873%-01
$.09973E-0!
$.09973-0!
5.09973E-01
$.09873-01
5.0987%X -0!
$.09973-01
$.09873-01
$.09873%-01
5.09873¥-0!
$.09973%-01
5.09973-01
0997301
.0997XE -0}
09973 -0!
0987X%-C!
09873E-0!
0997X-0!
.09873E~01
0987 3E-C)
09873 -0!
.0997X-C!
.09873X-0)
0987 -0!
987X -0
.Q9973E -01
09873 -0
09S7XE-0!
09873E-0!
09973X-01
L97XE-0!
.09973E-01
09873 -0!
09897301
09973 -01
09873 -01
.09973E-0!
L0987 -0!
09873X -0
987X -2
097X -0!
0987301
0987 X -0!
09873 -C!
09973 -0
,09873E~C!
09573E~01
09973k -01
09973 -01
09870
0997321
.CO973E-01
Q9870
L0987~
29873 - 0!

MAPRRARBAAABARRARRER AR AR DRDAU DGR RND DGO GD

E'SOuCC ot
.29000E-01
S000E-01
.<S000E-C!
.29C0CE-0!
.290C2€-01
.29000E-01
.29000€-01
290C0E-01
.89C00E-01
.89000E-01
.290C0E-01
.29000€E-01
.2900CE-01
.29000E~C1
.29000€-01
.29000E-01
29000€-0!
290C0E-0!
,29000E-0!

,29000€-01
.250CCE 0!

29000E-0!

.@900CE-01
.28000€ - "1
'a‘ﬁv

,’QC"'E', 1

280C0tE - ‘_7.

£9000E-0
.23000¢E - Gl

2900CE-01
2900CE-01

.289000€-01

.290CCE-01

$.570S3;E~C2
S.6708X 02
5.5’05! *02
5.27053E 02
5.57083 02
5.57083E-02
5.57083€-0¢2
$.57083%k 02
S.S70%3E .02
§.57053E-02
$.57083k+02
$.570%3 02
$.S7053E 02
87083E 02
.S7083E G2
.ST0S3E 02
S7053kE-02
S70S3E 02
JST083E+02
S7083E-02
S7083E +02
S703%K »0c
5708302
5708302
ST0S3E <02
.S7CSIE L2
.S7053E 02
S70S3E«02
S7083E-02
57053 02
ST083E+02
570%3E-02
87083 +02
STeS3E+CC
.S7083E~02
S7083E+02
S70S3E~0e
.S7053E-02
S7083€~02
S7083E~02
57053E-02
S7083E 02
S7083E-C2
STCS3E-C2
$7053E »02
STOS3E <02
B70S3E-02
S7CS3E 02
SV0S3E 02
ST0S3E -0
.87083E-02
37053802
STCS3E+C2
5708302
ETnE2 ~

-
g*n‘

STOS3E L.
ST+l
R7083E .02
S7083E G2
.S7C83E+52
S7083E~02
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TABLE II (con't)

6.80000E+01
6 BOCC0E«01
6.80000E «0!
6.80000k +01
6.80000€ *01
6.80000E+01
6 SC000E+01
6.80000€+01
6 80000E+0!
6 BOCO0E0I
6.80000€+01
6.80000E+01
6 80000E~01
6.80000€+0!
6.800C0€+01
6.80000€+0C!
6.80000E+0!
6.80000E-01
6.80000E+01
6.80000€+01
6.80000E+0!
6.80000E~01
6.8000CE~0)
€.80000E+0!
& 80000E+0!
6.80C0CE~C!
6.80000E+01
§.80000E+0!
§.80000E+0!
€ .80000E+01
6 800C0E«0!
BOCQOE+Ci
.80000E+C1
.B00CCE+D
.80CC0E+C1
,800CCE«0!
.BOCCOE 0!
.80000E 0!
.BOOC2€E-]!
B000CE~CI
BOQUCE+D!
BCO0CE 01
S00C0E+U.,
.BS0CRE D!
.BOCORE 0!
B000CE~D
O00CE <01
S8J50CE+0!
22000C «01
.BOCCOE+01

A sas

DGOOQO‘OGGOQQOOOOQDOO
W

g 9500"5“3\
§.80C00CE~D!
&.900008+0
$.8C50CE-0!
8.80000E+0!
8C000€-2!
800CoE+N!

PR
8CO3CE#D |

AnAmE LA
30C2CE-0!

PEANE O
800CCE~C1

~
800008 +0!

uvmwarmm

i 1

W

5.0997X-0!
S 09973-01
5.09973 -0!
5. 0987 -0!
5.09973E -0
$.09973-01
$.09973€E-01
%.09973€-01
$.09973€-0!
5.09873-01
5.09973-01
$.09873€-01
$.09973€-0!
5.09973E-01
$.0997% -01
$.0997£-0!
$.09873€-0!
$.09873E-0!
5.09973E-01
L09873E-01
09973E~0!
09973E-0!
09973 -C1
09973 -0!
09973E-C1
.09973E-0!
.09873E-01
09s73E-0!
.09973E-01
0C973E-0!
09873E 01
09873E-0!
09973E-0!
09e73E-01
.09873E-01
.09973E-0!
.09973E-01
09973 -01
09973 -0!
CISTIE-0I
09873E -0
.C9873E-0!
VWI‘GZ
09973 ~01
.09873E-01
09973 -0
99?‘35-: i
0973 ~-0!
.09973E-0)
u’ﬂ’x-fl
09873E-21
98 3E-0!
09873E 01
0987301
29373E-21
09e73E-0!
09873E -0
‘\m‘!‘g-c 3
2397 -0!
4%"3{-21
29871
- v

um_unumq-u-g;uwuqumnuumauuuuugnquuuauuag&uuuuuuuuua

I

:‘ 'r-(}

.£9000€-01
. 28000E~01
.29C00E-01
.28000€-C1
00E~01
Q0E-0!
00€-01
02E-01
Q0E-0!
00E-0!
v

-
?.
=1
S

§§§§§!

)

=01

§§§§

.29000€-01
.29000¢ - 0.

¢
o
3
86

39000(-0!
.29000€-0!
.29000€-01
.29000E-2!
.29000E-01
mﬂﬂf'-.
29200E-01
29000E-01
29003E-0!
29000€-0!1
23C00E-3!
2900CE -0
.29000E-0!
2900CE~C!
,89007%€-01
29 U0E-TI
.290720E-01
2900°%-01
.290C0E-01
28003E-01
29000E-01
2900Ct -01
290C0E-01
29000€-01
29000E-01
.2900CE-0!
29C00E-LC)
.29000€-01
29000E-01
29000€-01
29020€-01
29000€-01
.29000E~C!
230002-0
a‘:'ﬂﬂs- '
290C00E-C!
29CC0E-C]
29000€-0!
239070E-C!
2500CE-T!
290008 -3!
S9000E~-T!
280008 -0

%
R

-4ummmuuwuuuuuuumuuwuwuuuuuuuuuwuuuuuuuuuuuuuuuuuuuuubuuuu

W W

3
g
!J'.

$.57093E «02
§. 5708302
S.570%3E 02
5.570%3K -C2
$. 87983 02
5. 97083€-02
$ S7083K +0c
§.87053C+02
S S70%3E 02
5. 57093602
$.57053%K 02
5 S7053€«02
5. 57053€+02
$.570%30+02
. 5708302
$.570%53€+02
5. S7083E 02
$.57053€+02
%.57053E02
$.97083 02
S7C83E-02
570S3E«C2
870538 -02
570838 02
SICSI 00
083502
ST08EC2
57553(‘02
5‘7“7"14‘

5":;35»:
ETOEIL 02
§70S3€ 402
§7083E «02
(57083E+02
§7083E+02
§7083 02
8705302
S°083E 02
ET0E3E.02
S70S3E 02
§7083E+02
<

““1-’ 02
-

uunuunmuouuuumwmuuuuaauumam

-------

857053k +02
ST0S3E 02
&5 S22

BTORI LN
- fwa s

Stierc.cs
ST0%3E02
87083E-22
SI0R 2T 52
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TABLE II (comn't)

0 6.80000€+01 $.09973% -0, 3.290C0€-01 S.5708X 02
c. 8.80000€ -01 5.09973E-01 3.29000€-0! S.57083E +02
0. 6.80000E+0! S.0997X -01 3.29000€-01 $.57083C+02
0. 6.80700t +01 $.09973€-0! 3.29000€-C1 S.57083€ <02
e. 6.8C00Q€+0! 5.09973€-01 3.29000€-01 5.57093E+02
0. 6.80000€+01 $.09973%K -0! 3.29000€-01 $.57083€ 02
0. 6.80000E+0! 5.09873€-0! 3.29000€-01 S 570%3E+02
0. €.800CCE+0) S.09973K-01 3.29000€-01 $.57053€+02
0. 6.80000€+01 $.09973€-01! 3.29000E-01 $.97053E 02
0. 6:80000E+C1 % 09973E-01 3.29000€-01 5.57083E+02
e 6.80000E+0! $.09573K-01 3.29000€-01 $.57053E <02
8. 6.80000E+01 $.09973E-01 3.29000E-0!1 $.57093€+02
0. 6.8C0000€E~C! $.09973€-01 3.29000E-01 S.57CS3k 02
0. 6.80000€+0! $.09873E-01 3.29000€-01 5.57083€-02
0. 6 .800C0E+C! 5.09973E-0! 3.29000€-01 S .57053E~02
c 6.800007+01 $.08873€-01 3.28000€-0! $.57083K 02
g. 6.80000 $.09973E-01 3.29000€-01 S.57083€-02
0. §.80000€+0! $.09973K-01 3 29000€-01 S.57083€«02
0. 6.80C0CE~0!1 $.09973E-01 3.29000€-01 S.97083E+02
0. 6.80000E 01 S.09873E-01 3.28000€-0! $.57053€ 02
0. 6.80000K«01 $.09873E-01 3.29000E~0! 8.570%3€-02
0. 6.80000€+01 S.09973€E-Cl 3.29000£-01 $.570%3€+02
0. 6.8000NE+01 $.09973E-01 3.29000€-01 $.570%3€-02
c 6.80000.+0! 5.09973€-0! 3.29000E-01 €.57053E-02
9. 6.80000E+01 $.09973€~01 3.29000€-01 5.57053€ 02
c. €.80000€+01 $.09973€-01 3.29000€-01 S.57053E+02
0 6.90C00E~C! 5.09873E-01 3.29000€-01 S.57053E+02
2. 6 B00C0E+2! $.09973€-01 3 .29000€-0! S.97083E-02
0. €.80CC0E+01 $.098973E-01 3.29000CE-01 $.97083€«02
Q. €.8200CE~0: 5.09973E-01 3.2900CE-C! $.S708% -02
0. €.80000C+0! 5.08873X -1 3.29C0CE-01 S.57083E-02
8. 8.80000E+31 S.09973E-0) 3.29000€-01 S.87083€ 02
e. 6.80000E+01 S.09873E-01 3.29C00E~01 S.570%93K .02
) 6.80000€+01 $.09973€-01 3.29000€-01 3.870%3E-02
0 6.80000E+01 $.09973E-01 3.29000€-C1 S.57083K 02
0. 6.80000€+31 *.09973€-0! 3.29000E-01 S.57083E~02
0. €.80000€+0! S.09973E-01 3.28000€-01 $.570S3E-C2
8. 6.80C0CE+0! $.09973€-01 3.29000€-0! S.57093€-02
0 6.80000€+01 S.09972E-C1 3.29C00E-0! 8.57083€+02
0. 6.80200E -0 5.09973E-01 3.29000€-01 S.S7083€ 02
0. 6.80000€+1! 5.09973E-Q1 3.29000€-01 5.57033E 02
0. §.8C000€E~G! 9.09973E~01 3.2900CE-01 $.57053E+02
0 6.87000E-0! S.09973E-01 3.29000€-01 $.870%3E+02
e. 6.€ J0C0E+0! S5.00973€-01 3.29000€-0! S.87083E-02
Q. 6.80000E+01 S.09973¢ -0 3.29000€-01 $.97053€-02
2 6.8200CE+0} 5.09973E-0! 3.29000€-01 $.87083€+C2
9. 1.000C3€-01 S.09973E-0) 3.29000E-0! 5.87083€+02
el 1.0C000E+01 5.09973E-01 3.29000€-01 S.870%3€-02
0. 1.0000CE «0! 2.09973%-01 3.28C00€-01 S .S7083E+02
) ! .DOCCCE-D1 %.09873E-01 3.29000E-0! S.97053E 02
e 1.00CC0E+01 S COX-C1 3.2800C€-01 S.570%3E-02
g. 1.C0CCOE+Q! 9. 09973 =21 3.23C00E-0! S.S7083E-02
& 1.00C00€E+0! $ 09973 -2 3.29C%0E~-0! S.870%3E-02
3. 1.00000€E+01 %.09973E-0! 3 29000€ 01 $.870%3€+02
0. 1 .00CQ0E 0! $.09973E-31 3.2900CE-01 S.870%3E+02
g 1.0000CE~0!1 S.09973€-01 3.29000€-01 S. 8708302
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TABLE III

EXAMPLE PROBLEM SOLUTION AT CYCLE 1000

TiME« 1.00000E+00 CYCLEe 1000 DELY= 1.00000E-03
v Y L RO
0. . 93786E-01 ' B0CCOE+0! $.0997X-0I
0. “.8239% -0! 8.80000€+01 S.00973K-01
0. . 9033-01 6.80000€+01 S.09973E-01
0. “.8702€-01 €.80000C+0! S.0997%-01
0. . BN719E-01 6.80000€+01 $.09873X -01
0. “.81693€-01 6.80000€+01 $.09973X-01
0. “.78S24E-01 6.80000€+01 S.09873E-01
0. “. 78658E -01 6.80000€+01 S.09973-01
0. % T307SE-01 6.80000€+0! S..97X-01
0. . TN2ENE-D! 6.80000€+0! 5.09973%-01
~3.086177 03 “ P66 18E-0! 6.77802E+01 S.09430€-0!
=4 .53113%-03 “.93957€-0) 6. 77904E+01 . 09S5E-01
~5.8661%-03 . BMETIE-O! 6.780%8€ +01 S.09%63E-01
-6.62983 -03 “.83680E-01 6.78280E+01 S. 0953 -01
~6.72538£-03 “.62199€E-01 6. TBINE0] S.09801E-0!
-6.16831€-03 “.80673-01 8.78737E«01 S5.09661€-0!
-5 . DME8SE-03 Te2%2E 01 6. THAEHE Y01 $.09717€-01
~3.5/8969€-03 T8072E-01 6.7915%E+01 S.09764E D1
~1.76983-03 ». T7M0E-01 6.79298E+01 S.09797E-01
0. . T6819E -0 6.79356E£+01 $.09814£-01
~4.51694£-03 Y. B0%wE-01 6.76420€+0! $.09087E-01
-6.69533X-03 “.80647E-0) 6.76565E+01 5.09123-01
-§.70128€-03 . B0TTEE-01 6.76783E+01 $.09177E-01
~9.87953-03 “.80902€-01 8. TI0TE+0! S 092vIE-0!
-1.00729E-02 “.80991E-01 6.7TMIZE0! $.09333-01
~9.28277E-03 “.91023-0! 3.TTI6BE +01 S.0921E-01
-7.63261E-03 . 80999E -0 6.78101E+01 S, 0950%€E-01
~5.3156E-03 “.80933E -01 6.78IP3E +01 S.0957X-01
-2.68320£-03 “.90876E-01 $. 78%e4E~0! 5.09623-01
0. “.80837E-0) 1. 7H686E 01 5. 096%8E -01
4 .29691C-03 “.79990€-01 & 760S2E+0! S.09995E-01
~6.422846-03 .B0399E -01 6.78172€+01 S.0902%€-01
-8..337¥ -03 “.90978E-01 8.783%5E+01 $.09070€-0!
~9.69201€-03 “.81890€-01 6. TBE02E+01 $.09132€-01
-1.00098E -02 . BWesE-01 6.76892€+01 S.0920%€-01
~9. Pe0EE-03 “.83153E-01 6.77201E+01 5.082°0CE-01
=7.7883%-03 4. 83TSXE-0I 6. TINGSE+01 S.093W™E-UI
“5.w81vSE-(3 “.84208E-01 6. TTMTE+0! S.09+18E-01
-2.77887E-02 “.BeS0%E-0! 6. TTSRSE+0! S.09%60€-01
0. 4. BNEMSE-O) 6.78018E+01 S.09%83E-0!
-3.40798E-03 “.91%27E-01 6. 78329 0! 5.09064£-01
~5.161C7E-03 .81 -01 6.78381E+01 $.09077E-01
-6.88357E-03 “+.82%82x -0! 6.TBMNEIE-0! $.09097E-01
-0.05020€-03 “.9338X-0! 8. TBSETE+01 S.08'2%-0!
-8.463EE-03 4. BMN2TIE-O! 5.76691E+01 S.091.%€-01
-8.029867E-03 “.95:960-01 §.76822€+0! S.091887-01
~8.76CTeE -0, “. 8804 TE~0I 6. TBSNSE+0) $.08217€-01
~ . 82939 -03 4. 887-7E-01 6.7704SE+C1 S.092:3.-01
~2. 96130603 “.§7236E-01 6.77123+01 S5.09261E-01
0. . g7vax-o1 6.77161E+01 S5.09271E-01
-2.4983% -03 “.82%576E-0! €. TBHE3E +01 S.089099E-01
-3 8146803 “.8290%€-01 6. TBNeNE+0] %.0%092€-0!
5. 1 3B9E-03 . 8322£-0! 6.76%01E+01 %.09C82¢€-01
~6.08687E-03 . BMIN0E-0! 8.78337E +01 5. C9086E-01
8.9 157E-05 “.9%5013%€-01 6.762%52€+01 5.090%SE-01
-6.15%89€-03 “.9%970€-01 8.7815£+01 5.09021E-0!
-5.2368X -03 “.38903E-0! 6.76093E+0) $.00998E-01
-3. 759903 .. @7eTE-01 8. TS9B3E+01 S.08973E-01

=

1.91839€+00

™
3.29000€-0!
3.29000€-01
3.29000€-01
3.29000€-01
3.29000€-01
3.29050€-01
3.29000€E-01
3.29000€-01
3.29000€-01
3.29000€-01
3.2971%€-01
3.29881E-01
.29831E-01
29BESE-01
. 2MESE -0
.29 10E~01
29338E-01
.2927T¥.~01
29231E-01
29209 -01
.30166E-01
.30118€E-01
.30047E-01
.22 52E-0)
2301
.29726E-01
.29817E-0!
. 252%E-01
29460€-01
2:™ZTE-01
30288E-0!
302MTE-OI
30187E-01
.30107E-0!
.30012€~01
L2981 1E-0!
. 298 1%E~01
S973X-01
.CIBTE-Q]
. CIBNNE D)
.30198E-01
.30179€-01
.30153-01
301 18E-01
30077€-01
.3003%€ -0
.2999E-01
.29960E-01
29938€-01
. 2982%E-01
. 301%0€-01
.301%6E-01
.30172€-0)
.20193€-01
.30221€E-01
. 30253 -01
30288€-01
. 30315E-01

t .,,'j "51':§5w

Fil= 6. 66668€+01

TEM
5.570893K «02
5.57053€ 02
5.57053% «02
9.57053E 02
5.57053K 02
$.57083%X 02
S.570%3E 02
5.57083K 02
8.5705XK 02
.S7083E+02
ST0MGE 02
.ST7049E +02
.S7050€+02
.S70%0E+02
.57050€+02
.S70%1E+02
.S7081€+02
.57081E+02
.ST70%1E+02
.S7052€ +02
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.283TE-01
2%53E-0!
A 3198E-0)
.99387E-0!
ET0E-D]
29000E-3!
.29000E-01
.%03e8E-0!
,0863E-3!
“Ce8iE~0!
382%7E-01
3886cE-0!
3e32%E-01
32971€-0!
32038E-C!
29002E~01
28000E-0!
¢ 3237€-0!
SuESe£~0!
S3615€-01
s195%€ -0
SC3E8E-01
w300E-01
«+3230E-0!
“S2ieE-01
290C2E-01
29200E-01
E75weE-0!
§72706-01
E6«12E-C!

-65288E -0

muxnq,uummmmppmmwgpmwmmmomwu44@@0000«40-444¢04-J

5 39230€+02
5.39214E+02
$.57053% +02
5.57053C+02
5.57083E-02
5.57053E 02
5.57093K 02
5.57083E 02
5. 339B0E+02
5.33397E+02
$.33193E+02
5.32981E+02
5.57033% 02
5.570%53E~02
§.57053E+02
5.57053C+02
5.57053€+02
5.570%3E+02
5. 26654E~02
5.2612%E-02
5.2%0%8€ 02
$.23076E+02
25687€ 02
I4S10€-02
.37887E 02
.38290E+02
.8T0S3E+02
S5T0S3E 02
2L73BE~08
20310€+02
19TWEE .02
LA9178E+02
1S833E 02
.23 19E-02
2T30E02
28723k 02
.S7083E+02
§70%3c+02
, 189 TSE+02
163237 «C2
. 1BegSE+02
16642E 02
.1 T7288E-02
1B131E+G2
1874BE+02
1913%€-02
70T 02
57083k~
13228E 02
AIZITE02
1ISTIE-Q2
13383E .02
14387E+02
14728E~02
(eS2sE .02
1=887E+02
. STOSIE+02
STORIEL2
A02CIE*C2
£.10330E-02
198570

15833€E+C2

ﬂtntlw\ﬂtlLI\’I.lltl$lUllltltl!I!.ILDt’l’ﬂ!l('(’ﬂﬂ(’l’u@uuﬂﬂt’l‘t’

inan



R B T —

T ——

—

COD IOV NN OWD IDNE WY —OOD IO

BErEACEr BB BB BB FIABBYYYYNYYYYARARERN

OCODIPDE N OWMD PP E D~

-omm.zmmuu'v:

28192€-01
.03106E~01
8021 7€ -01

. 12902€-C1
. 30814€E~-01
.3723%E-01
. 266 3E-01
B981SE-01
088 14E~01
29820€-01

55952601
L438678E-01
. 1909%E-0!
.90883€ -01
809 1E-01
. 30672€-01
. Owa08E -0

24 .54€-31
9131 1E~C"
“E908E 0)
Q7883 -01
TS6TIE-01
TTS60E -0
95693 -02

-J-ruum—-f-.o.o_o—-muuum-ooa—-utucamoao-to

.07173E-01
-61900E-C)
,09M3E~01
.B766IE-Q!
36996E -01
. S0268€ - 01
63843 -02

CODOOUOO0O000GOUM~NRN—---—-0OO0O0

1.13137€+01
1.038%5E+0)
1.00021E+C!
9.30407E-00

J41%00E+01
.41081E+0!
.40S73E <01
.39675E+0!
.30903E+01
.240ST7E-01
.21198E+0!
.<OM30E-01

B195BE +01
.81 780E+0!
B133E-0!
60733 01
.S%272€+01
J4S2TTE D1
eTIEMESD!
LeBESVE D)

.SMBM0E -01
-SB37C+01
(DB #01
.938TE D
89290€ -0
B5658E +01
BMI8SE+01
83778E+01

SS7EE +01
SOESEE 01
S9318E+01
S888TE+0)
.SS385E+0!
SS2TIR+0)
S1701€+01
S1395€ 01

SS763E 01
SI586E -0
59318E+01
S888TI 0!
SE30%5E +01
SE773E+01
.SI1TCIE~O!
S1395E -1

CbfINNNNNN'\JWOONNﬂJNNNNNOOf‘—--——-—-—90-———-—-—-—-00-————-.——-..!:;5

3.2245%K 0!
3.23218E+01
3.23275E+01
3.23%51%-01
6.80000E~CI
6.8000CE+0!
2.98823E+0!
2.98055E+01
2.99707E+01
3.00676E 01
3 01%30E+01
L01B%SE+D!
.020%eE+0!
020BOE +0!
.BCO00E+0)
.B0000E 01
. TSWTTE 0]
L7851 3601
TSTSHE D)
76153E 01
TEWOTE 21
.T6ETEE+0)
T6577E -0
L7865 01
. B000CE+0!
.8C000E+01
LW4SEeE«01
SeeaZ2IEsT]
“eIBIE+0)
wale 3GE 01
w3286 -0
w4 1930+3]
M| 0BE+C]
L4%0BT7E+0!
.80000E+C!
BOCOOE+D!
(S 30E+01
.992%2€ -0
Y IBE+D!
- IBBE~0!
.IBEUBE+) .
Dk
. SB826%E «01
.98I8EE-DI
.B0000E +0!
8CC00E=0!
COCR0E Q1
.Q00CCE~G!
.NCCOCE DI
0000CE +C1
0O0GCE«D!
J00CCE~D
000C0E -0}
00000E+01
.000C0E 01
.BOCCOE«Ct

'-——-Gl00NN!\NU'_UNNNQQNQNNN!\‘NNC.““H

wn b s (P3P e v -
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TABLE III (con't)

. 16029 -01
. 18364£-0!
- 164 14E-01
. 1639%€E-C1
.09973E-01
.09873E-01
.02983E-0!
03219E-01
-0396M4E-0!
.0w07SE-0)
O 0E -0
-0uSSeE-0!
.QwST0E-01
LOwSe3E-C)

09973E-C1

.09973E-0)

HITTSE-C2
12228E-02

-13310E-02
. 1S96E-02

16276E-02

. 1SBSCE-C2

IS TeE-02
1S199€-0¢2
09973E-0!
09973E-01
67776E-02

B87210E~02

66998E -02

.67288E-02
.B6326E~-C2

6501 1E~02
6w 1862€-02
63776E-~02
09973 -0!
09873 -0!

.80S27E-02

73818602
732436 -02
78731602
7717E-02
884 1£-02
TES0E-02

.21 1E-02
.09973E-01

09973E-C!
S0198€-02
8951 7C-0¢

.B&760E-02

88350E-02

ATV 02

87138€-02
865, ~L3
8695 1E-02
Ce873E-Ci
09973E-Ci

8.80780E~0!
B8 . B0%83E-0!
8.80051E-0!
8 7908E-01
8.78953€ -01
8 78sa2zE -0l
8. 78803 -01
B 788+3%-0|
3.29000£-01
.29000E-01
(GBS 19E-01
95-60E-01
. 98323E-01
25084E-01
LIM082E 01
5022€-0!
295081E~01
951 15E-01
.89C00E-0!
. 29000E~01
132%3E-0!
1332.£-01
1328E-01
.13312€-01
[ 3 3E -1
13603E-01
43N 3E-0)
1 376%E~01
.29000E-0!
S9000€-01
.3887%E-01
ISISSE -0
36027E-01
36089E-01
I8S7SE-0!
36usTE~0!
3gs588€-0!)
385wl -0
29000E~-0!
29C20E -0
3%728E-3!
3819€-0!
L33 0E-01
TeBECE-01

o

OO

.38 iet
351~
e~
28000E~

-,y

29000 ~01

L el nwtouomwmgwm-uwgawmm-ouuwmmmmmomuuopmomap

§.1i112€+02
S 11383 +02
5. 11391€+02
5 1luwe2Es02
§.57053E+02
5.57053E+02
S.08762E 02
C6828E + 02
OBGEME +02
07IeSE-02
.07305€+02
07w02€+02
Q7SEE +02
.S7083E-02
.ST083E-02
.0@319E-02
.C2327E~02
.023BLE-02
.02w60L «02
.02817€-02
C2SSeE +02
.025S3E 02
.C2%80E-02
.E7053E+02
57053€ «02
L SB00BE L2
. 9E980E .02
IRITOE 02
.983986E ~C2
FE3ENE 02
2EJIGE+T2
W32 1E+02
FEI15E+C2
.ST083E 02
$70%3E-02
85883t -C2
85637€+02
E280CE-02
SSSESE 02
(ES9S0E-02
.B8420E .02
HSITEE <02
983I57L .02
ST0S3E+02
57083€E+02
SE2z8E 02
@B ESE-02
861 32E-02
.onilBt- 02
8680857 +02
B80T
SECS.E~QE
S6033T+02
ST0S;E 02
ST083E+02
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TABLE IV

EXAMPLE PROBLEM SOLUTION AT CYCLE 4000

TiME= % .00000E+00

Y

88329 -0%
.2130%€-0%
.I5231E-08
.G7STEE-0%
.T28B3E-05
.00%891E-0%
. 99226 -0%
.S903EE -0%
.28071€-0%

L1STE-0S
JWWZTTE-0S
L2121%E-0n
CPeIEIE -0
. 33BS6E -0
. 19218E-0%
LB -0
. 38978E-0S
L TNSE -

bdolbubbdbliocoeponoee

tepbdiild

. 120965 ~C+
LGS0TE -0
. | 3868E -0
(w088 1E-O™
METNE-Om
LTI E-OM
CTIBM3E-0M
2R3~
.09572€-0%

Lobilbhhdl

(BEMGSE -0
. TOOSME - DM
.B2TE~OM
. 10885E -0n
L18219E-0M
LBME51E-0n
. 15589 -0
201 -0
. 1098TE~0%

belthddd bl

. S3556E -0
. OSNEE -0
JWSITEE-0%
BeITE-0
.50320€-0n
.93060€ -0
STI2BE-0
0071 7€~

IR T T ¥

v
8.50350€-01
8.60322¢-C!I
8.60290€-01
8.60229€-01
8.801TE-01
9.60121E-01
@.80077E~0!
8.60043-0!
9.60021£-01
8.8001 1E~01
8.60C80€-01
8.60080€-01
8.80006£-0!
8.5%99% €01
8.%9992¢ -0
8. 598 IE-01
8.5979%€-01
8.5 ™EE-01
8.59720€-01
8.59708E-01
8. 5964 8E-01
8.59614£-01
8.5956%E-0!
8.99503-01
8.5 IeE-01
8. 59388E -01
8.55306E-01
9.582%7E-01
9.58225£-0!
8.58208€E-01
8.%9128E-C!
8.58082€-01
8.5901 E-01
8.58933 -01
8.5983% -01
8.5 -01
5. 58859 -01
8. 58589 -0
8. 595 0€-01
8.5%8%516E-01
8.58721E-01
£.58656E-01
8. 58%50€-0!
8. 58%03X-01
8.%82%0€-0!
9. 549089 -01
8 STMIE-O!
6.57820€-01
8.57T3%E-0!
6.57882€-01
8.%879%€ 01
8.58853E -0!
3. S8MTSE-JI
9.58152€-01
a8.57831E-01
8.5730% -1
8.57206E-0!
8.56962¢-01

!"‘“
kL
tﬁ%&#ma N

CYCLE= w000 OELTe

o
6.B80000E+01
6.80000E+01
6.80000E+01
6.80000€+01
6.80000€+01
6.8000CE+0!
6.80000€+01
6.80000€+0!
6.80000E+01
6.90000€+01
6.8032€€+01
6.80323K +01
6.80333€+01
6.80332¢ +01
6.80334E+0)
6.803T7E~01
6.803%0€+0.
6.8032E+01
6.803v0E+01
6.803v%E 01
6. 806TE+01
6.8067SE~0!
8.8067GE~01
6.30679E+01
6.80682€+01
6.806886E+01
6.850689E+01
6.80652€+01
6.8069E +01
6.80695E+01
6.51038€+0i
6.81038E+01
€.810%0€+01
6.810%1E+01
6.81083E«0!
6.81045E+01
6.81047E+01
6.8.0%8E+0!
6.910%SE+0!
6.810%0€+01
B .51409E+01
§.81409E+01
6.81%08E+0!
6.8140TE+0!
B.81408E+01
.BINOMNE«O!
BIv03E+01
.B1402€+01
LBI0IE~D)
.31900E+01
.B176BE+0!
81766E+01
81783 0!
21 TSSE 01
B1TSIE 01
LBITeEED!
LB1ITNEE-0)
5.81737E+0!

1.0GO00E 03

L]
S
S
S
S
S
S
S
S
5
S
5
S
9
L]
3
E]
S
S
S
E]
S.
S
S
S
]
S
9
S
S
S
S
3
S
S
]
S
S
]
5
3
S
S
S

RO
.09973-0!
.09973E-01
.09973E-0}
.09973E-01
.09973X-0!
.0997X -0
09973 -01
097X -01
0997 X -01
09973X -01
100S~E-01
. 100SHE-01
L 1J0%+E-01
. 100SME-01
. 10095€-01
. 100%6E-01
.10096E-01
. 10057E-01
. 10057E-01
. 100%6E-01
.10139€E-01
.10139€-0!
.10138E-01
L101%0€E-01
L101%1E-0!
. 101%2E-01
. 101+2E-01
L1010
L101%sE-C1
L101%4£-01
.10228€-01
.10226€-01
. 10229€-C1
.10229%€~01
. 10230€E-01
10230€-0!
. 10230€E-01
.10231E-01
. 10231E-01
L10231E-0)
. 10320€-01
. 10320€-01
.10319€E-01
.103189E-01
L10319€E-01
.10318E-01
18316E~C!
.10318E-01
.10318E-01
.10317E-01
. 10w08E~-Q!
. 10%CTE-CI
. 10W07E-01
., 10%06E-0!
1ON0eE-D!
. 10%03E~-01
. 10%02€-01
. 10%00E-01

Fe

2.68191E+00

™

3. 29000€-C1
3.29000£~01
3.29000€-01
3.29000€-01
3.22300€-01
3.23000€~01
3.29000€-01
3.29000€-01
3.29000E-01
3.29000E-C1
3.28994€-01
3.289893E-01
3.28893%-01
3.20892X-01
3.28892€-01
3.20881E-01
3.28890E-01
3.28889% -0!

3
3
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3

28809 -0!
28see -01
288X -0l
28781€-01
29781E-01
28780€-01
2077E-01
2977801
287TTE-01

3
3
3
3
3.29776E~0!
3.
3
3
3
3
3

2977 -0!

.COTTSE-0)
. 2OBBME-01
. 2966E-01
.29B63E-01
.29BG3E-01

. P8ESX -01
.20681€-01
.28861E-01
.29BBCE-01
. 2BB60E-01

2BBB0E-0!

.COSMeE-01
. COSMNE-D1
. STBeE-CI

2OTE-01
20%MEE-01
284SE -0
29548E-01
29%46E-C1
2958E-0!
29%+6E-01
20427801
20428E -01
202X -01
28%30E-01
28 32E-01
S INE-DI
204 36E-0!
SONITE-DI

Fie

6.8302%E+"1
TEm

S.57083E+02
5.57053E+02

-
S

5
5
S
s
s
s
S
S
S
S
]
S
9.
S
S
S
S
3
-]
S
S
S
S
k)
S
S
-]

.ST0S3E 02
.57053E+02
57053 +02

S7083E+02

57053 +02
.570% €+02

5708302

.S705X +02

S1053E 02

.57083E 02
.57083 +02

.57053E+02

]
S
]
s
S
S
S
]
S
5
S
S
5.570SXE+02
S.
S
S
S
S
]
S
S
]
S
5
S
S
S

STCSIE+02
.S70S3E~02
.S7053E+02
.S7053E+02
.ST0S3E +02
.STOSHE 02
.S70%€+02
.S70%E+02
.ST70%E 02
.S70SME 02
.570%E+02
.S70%€ 02
.S705+€+02
S570%«E+C2
.570%vE~02
.S70%ME 02
.ST0%MES02
.ST0ME 02
.S70%E 02
.ST0%ME 02
.S70%mE«02
.S7CSME 02
.S70%E+02
.ST0%SWE«02
.S7095E«02
.S7055E+02
.ST0%BE 02
S705S€-02
.370%5€+02
.57095E+02
.S70%5E+02
S70%5E-02
.ST70SSE~C2
.S708SE+02
ET0ESE N2
S709%E L

.ST095E <02
.ST055E+02
.STOSSE 02
.S70SSE+02
.S70SSE 02
.ST0SSE-02
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-2.02382€- 0%
0.
-6 WBS1wE-0n
-9 60232€ -0
-1.25038E-03
=1.421R2E-03
-1.450%% -03
-} .33780£-03
-1.10028€-03
=7.70210€-0%
=3 884326 -0
c.
-1.3%278€-03
-2.00217€-03
-2.5989E-03
2. MTIE-03
-3 00098E-03
-2 . 76123%-02
-2.26852€-03
-1.58371€-03
=7, 978%2€ -0
0.
~2.928%1E-03
-4.31812€-03
~5.58677E-03
-6.31365-03
-6.909186E-L3
-5 883+ -03
4. B2169E~-03
«3, 3658%£-03
~1 .69 -03
0.
~6.4S9™E-03
-2.49851E-02
=1.22368E-02
-1.ITSNEE-C2
~1.387™E-02
-1.26701E~C2
+1.0337-02
=7, 1 9BNE-03
=3 616=0E-03
0.
-1 .473R2%E 02
-2.1+983E-C2
-2, TEN2E-02
-3.098%52¢-02
~3.0%321E-02
~2. TS |8E-02
-2.22890E-02
~1.53961C-02
=7.709eeE-03
Q.
-3.47938E-02
-5.012%E-C2
-6.31510€-02
-6.80715€-02
-8.7660E-0F
-5, 0C6FBE ~L2
= BTTE-02
-3.27%522¢-02
-] .830C1E-02

0

8.96791£-0!
8.56708E-01
8. 5983%€ -0
8.895 %£-01
8.59036€-0!
B S8+ I8E-01
8.57716E-01
8.5700%E-01
8.563%3E-01
8.5%818€-0!
B S5uwesE-01
9.9525g€-01
8 .62326E-C!
8.6220+£-01
§.81143€-01
8.59776k -01
8.58238E-0!
9.56876E-01

.ES170E-01
.68795E-01
.B37w6E~01
.50336E-0!
.SESISE-Q!
S3803€ -0t
S128%E~-01
w9532 -01
~886350€-0!
8.90232¢€-01
8.86378E~0!
8.80837E-0!
8.738:7€-0!
8.56087E-01
B8.584S7E-0!
S1636E-01
“E168E -0
42CIE-01
“0%S27E-0!
. 37135€-01
27%34E-01
1~ 1%58E-01
9T -C!
T96BeE -C1
828G IE-Q!
L TE3IE-O!
. 35768E-0!
2787 -0!
.23813€-01
,Ge381E-C0
C2S0eE~0C
N672E-0!
S1088E-0!
oe99sE -0
ToWeSE-Q!
3E178E-OI
13615€-0!
o 301E-01

8s82i8E-3!

~HDOOO0000eOO0o0

WD Ww0w -

€ . 8173%E+01
6.81732€ 01
6 82099 01
6.82095¢ «01
6.82090€E+01
6.8208%E+01
6.82076E+01
6.82067€+0!
6.82059€ +0!
6.820%52€+01
6.8204TE 01
6 . B20w4E«0!
6.8239% 0!
6.82396E+0)
6.82331£+0!
€ .B238ME~0!
6.8237%€+01
6.82367€+01
6.823S3E 0!
6. 82353E+0!
6 BE3w3E-0!
6.823%7€+01
L8287 01
.8287SE «0!
.BS67CE~0!
.B2SE3E 0!
.B2ESSE-01
.B2E4BE+0)
.B26=2€+01
.B2B38E 21
B2E3SL+01
.BEE3NE 01
L8291 ~0!
.B2S1SE-0)
B9l IE~Qi
82907 +0!
823C«E+01
B280IECI
8299%€+0!
82838 +0!
.B2e98E+01
B28S8E -1
B20eSE.01
83088E 0!
.B3071E~D
23087€ 0!
83 10%E-CI
B3i21EC1
B3138E-C1
8219TE0!
.@3i155€+01
83:15€€+01
829G8L -0 !
B3CeCE-01
83083E-01
831571
8322%€+0!
8325CE~L"
BIZTE0)
SI332€.01
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.0523SE+~01
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.15930€+01
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NSIWTE-02

60758E -0
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.B1819€-02
.63%g1E+02
.Bw 1BE 02
. B8B6E +02
/S7083E-02
-S70S3E+02
Se330e+02
.S4089E +02
S6358€-02
.SB8B2SE «C2
.60287E~02
B61155E+02
51580€+02
B193+E+02
S7093E+02
9708302
S56%CE~02
S83I7TE~GR
STNEE+02
.S7973E+~02
SBHSE « (12
S873CE~02
S88+8E~02
S9034E+02
57083E+02
S7083E +02
SEE4TE 02
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*COMDECK . COMDK

C
COMON ¢+ SOLT 7
LA (e7.62, BETAI27.82! .
SITITLE @), NAME (10,
3 (82!, RO (27.82),
WRVN (27.82), v g7.82.
Sv 27.82), vO 27,821,
6rc 1R2)

C
cOoMMON 4/ SOL2 7/
1453, coG., [
SOELX, DELY. =
Elv. gl12. ELWT.
WwriLG, GAM] | i1,
SiPR, ITER, o,
eP,T., oMG . PeC.
TROX, RDY, RG,

QoT. RPIPE, RVIL.

arc Tl T=C |
1vIiSyY wE , .

FORTRAN IV Listing of the SOLA-DF Code

APPENDIX

s63°"

oWy,
ECV.
EPSI.
IMAX ,
JMAX,
PIN,
ROIL.
RVIV,
THIN,

127.82),
27.82!,
27.82).
127.82).
27.82),

cvL,
&0 .
% 38
M,
M1,

PMAX
ROIV,
RViZ2.,
THT™,

LASL Code: LP#-0772

EN (27.82), Core
Q 27.82:, Cor O
Ry (27.82!. COMDX
UN (27,821, COMDX
XxC 2, COMx

CELT, DELTMX, CoMtx
EDV. -9 { N oM
ETEM, ETEML, CoMOw
M2, 1P, CoMDx

PNV, I COMOK
ROI2. ROL , CoMOx
RVT, Sowi, COMOx
THI, VISL ., COoMOK

VO AP E -~

o ng oy
g ==

V

e‘.




*DECK , SOLADF

PROGRA | SOLATINPUT, TARE 1 0= INPUT . QUTRUT  TAPES=OUTRUT

*CALL COMDx
C

OIMENSION 2C11D)

j -
EVCAL (X:=EC

VeCHVe (X=TC)

ELCAL (X!sECL «CHL* (X=TC)
SATTI(X)=255.2+117.8%%*+0.223
SATRPIX)=( (X-255.21/117.8)0% 4B

NAMEL IS8T /
1 ALPHA
eCYL .
301im,
“wEPS! .
5/,
vOIN,
TRYIPE,

BT IN,
I Sl

aOn

DO | 1=1,3%
Aljr=0,
DO 2 1=1.27
e xC'11=0,

0O 3 I=|.82
3 yCitli=Q

-

SET DEFALLT

OO

ALPHA=] |

SOLDA 7
ASQ, BUBN

OELT. DEL T™MX, OELX,

ECL., ECv.
ETEM, GAMI
JBAR, NAME

PLTOT, PRTOT, RADIUS.

SGWN TC.

. ox,

COG, CHL,
OELY. OFVEL .
- B, EDvV, ELHT,
oY
oMG PeC PHCH,
RG

T™HC . THIN, TIN,

vi. VELMX , ¥i, VIS, visv,

. C ol

<18

VALUES

ASQe | 23NE +u

BUBN=| T+
C0G=0.5
ChHU=v . 3%
CHyss 87
CylL=1.0
OFVEL = 0.0
CELT=] . 0E-%
DELT™MX= | .CE
DELx=1.0

g

DELYs] .

CiMe2 0
ECL=s. I TNE >

+3

3

ECve=2 SCBE v4

ECL»| BE-B
EQvs=! BE-T

ELMT=] TBE »»

| EPS1=0.00!

-

o0 o

Wl

curis OUT THE DATA AND CONSTANT STORAGES

™~

—OD®IDPE Y-

WD IPDTF W -

n fy
w Y ==

EUREPIRNCESBRYRRY

L Yy

£ 4

+
v

.
=



DO

o

66

NAME (1)=10M *NO NAME*

OMG=] .0
PEC=1.0

PHCH=1 .0

PiN=1.0

ALTDT=0.1
PRTDT=0.1
RADIUS = 0.0
RG = 0.0
ROL=0.558

HPIPE =

0.0

SGWN=8 . 0E -4
TC=373.0
THC=0. 00!
THIN = 0.0

TINe373.
T IN=| .

)
Evn

Ul = 0.0

VELMX=2.

0

vi = 0.0
VISL=3 0E-6
ViSv=2 CE~%

W=
W=
=
wi=]

READ AND W I TE

READCIC,

WRITE (D,
WRITE(Q,
WRITE(S,
WRITELS,
WRITE (S,
WRITE S,
WRITE (3,
WRITES,
W TE
WRITE
WR1TE
WRITE
WRITE
WRITE!
“RITELS,
WRITE 2,
WRITED,
WRITE(S,
WRITE 9,
WRITE S,
WRITED,
WRITES,
RITES,
WRITES,

O OO WO D

S0LDA)

S01) INAME(]L) , I=]1,]

S6% ) ALPWA
101%) ASQ
1080 3UBN
10%%) CCO
1090) CHL
108%) CWv
930) CYL

920 DELTY
890 DELT™MX
910 DELX
915 DELY
1030 OFVEL
880! DOiMm

11001 ECL
1095 ECY
H11%) EcL
11107 EOV
11207 EumT
33%) EPSI
102%) ETEM
1010 GaM!
M0) Ox
M5 OY

WRITE(9.900! !BAR

WRITEIS,

1629) i

WRITE(9,.905) JBAR

INITIAL INPUT DATA

SGLALF -1
SOLADF &0
SO ADF 6!
SOUADF &6
SOUADF €3
SOLADF B
SOLADF 6%
SOLADF 66
SOLADF 67
SOLADF 63
SOLADF 69
SOUADF 70
SOLADF 71
SOLADF 7
SOLADF 73
SOLADF T
SO ADF ™
SOLADF 76
SOUADF m
SOLADF 78
SOLADF 73
SOLADF 80
SOLADF gl
SOLADF a2
SOL ADF 82
SOLADF 2
SOLADF 85
SOLADF a5
SCLADF a7
SOLADF a2
SOLADF 83
SOLADF 30
SOLADF S
SOLADF Se
SOLADF 3
SOLADF e
SOLADF *x
SOLADF *
SOLADF ?
SOL ACF e
SOLADF el
SOLADF 100
SOLADF 101
SOLADF iQ

SOLADF 103
SLADF | O
SoLADF 109
SO AL 1086
STLADF 187
SOLACF oE
SOLADF 3
SOL ADF c
SOLADY I
S ADF iie
SR ADF 113
SO alF L]
XA ADF 1%
SAATF 118




880
890
300
905
910
9is
20
930
935
™0
= -]
950
95%
B0
5
970
975
980
98S
290
995

1000

19U
160S
1010
T Ll

(L0 o=

1020
1C2%
1028
1030
103%%

P ONG

-~
1045

1080

WRITE (9,980 OMC

WRITE(S,1028) PBC
PRITE(D.103%) PHCH
WRITEID,1130) PIN
HWRITE(C 97%) ALTDT

WRITE S
RITEIS . 12%)
wWilTE!S, 1070
WRITE(S., 104
WRITC (19,1065
WRITE(S, 1080
WRITE(D,110%)
WRITE(D, 10800
WRITE(S, 11O}
WRITEIS, 113%)

370) PRTDT

RADIUS
RG

ROL
RP I PE
SGWN
1c

THC
THIN

TIN

WRITE(9,965) TWIN

WRITE(9.950)

Ul

WRITE(S,960) VE.MX

WRITE (9,985

vl

WRITES, 1080 VIS
WRITE(S,107S!) VISV
WRITE(S,100%) w8

WRITE(D,.990) WL
WRITE13,995) WR

WRITE9,1000) WT

FORMAT (10X, 10H
FORMAT( 10X, 10M
FORMAT (10X, 10H
FORMAT (10X, 10
FORMAT (10X, I0M
FORMAT (10X, 10M
FORMAT (10X, 10mM
FORMAT (10X, 10M
FORMAT (10X, 1OM
FORMAT (10x, 10M
FORMAT (10X, 10M
FORMAT 10X, 10w
FORMAT (10X, 10H
FORMAT1 10X, 10M
FORMAT (10X, 10M
FORMAT 110X, 10M
FORMAT 10X, 10w
FORMAT (10X, (O™
FORMAT ( 10X, 10m
FORMATIIOX, 10M
FORMAT 10X, |

FORMAT (10X, 10K
FORMAT (10X, 10m
FORMAT (10X, 10mW
FURMAT({IOX, I0H
FORMAT 10X, 10~
FORMAT (10X, 10M
FORMAT (10X, 10M
FORMAT (10X, i0M
FORMAT(0x, 100
FORMATIOX. 10w
FORMATIION, 10M
FORMATIIOX, 10M

OliM=
DEL TMX =
|BAR=
JBAR=
DELx=
OELYa
DELT=
CrL=
EPSi=
Ox=
CY=
Ui=
Vis=
VELMX=
T IN=
PRTCTs
PLTDT=
OMGs
ALPwAs
. =
=
WTs
=
CAM| =
ASGs
[P =
ETEMs
PEC=
yv’E-'
PuCie
THC =
ROL =
BUEN=

+IMEAE.
JAPEI2.

N5
+ 19
JAPE2
JPEL2

JPEIR2

JAPEI2

JPELS.

, 151
15
+ 1'5)
18}

4

53

wIPE]
JAPED

ARAA N

1Y) ;\: l"u m ix}mmiu}u;u
MR R

-1
9

5

.5)
JIPEL2.
JAPEL2.
JPEL2.
JAPEL2.
JdPELE.
.5
JdPEL2.
JIPELS,
SAPEL2.
JAPEL2.
JAPELR.

-1
-1
-1
5)
-1

)
%)
-3
)
5)
-1}

S)

yud W

\™ ADINRIA

Y '\'m..iu'\iuaﬁ

"
i

[ B
Hig
119
iel
ice
123
1™
188
126
127
122
129
130
131
132
133
i
i

136
137
138
1338
140
1wl
w2
1«3
e
1S
186
18
1-S
150
191
152
153
1S
159
156
197
158
199
160
181

67



105 FORMAT(,0x, 10M COG= [IPElI2.%) SOLADF 178
1060 FORMAT(IOX, 10M SuWN= IPEI2.5) SOLADF 176
1065 FORMAT (10X, 10M RPIPE= ,[IPEL2.5) SOLADF '
1070 FORMAT (10X, 10M RG= ,IPF12.5) SOLADF 178 |
1075 FORMAT (10X, 10 VISV=s IPEI2.95) SOLADF 179 |
1080 FORMAT (10X, 104 VISL= ,IPEI2.5) SOLADF 180 |
1085 FORMAT (10X, 10M CHv= _IPEJ2.95) SOLLDF 181 |
1090 FORMAT (10X, 10M CHL= ,IPEI12.%) SOLADF 182 |
1095 FORMAT (10X, 10M ECv= [IPE12.%5) SOLADF 183 |
1100 FORMAT (10X, 10m ECL= ,IPEI2.%) SOLADF 18%
110% FORMAT (10X, 10W TC= ,IPE12.9) SOLADF 185
1110 FORMAT (10X, 10M EQv= IPE12.95) SOLADF 186
1115 FORMAT (10X, '10M EDL= ,IPE12.%5) SOLADF 187
1120 FORMAT(IOX, 104 ELMTe _1PEI2.5) SOLADF 188
1125 FORMAT(10X, (OM RADIUS= ,I1PEI2.5) SOLADF 189
1130 FORMAT (10X, 10M PiNe _[IPE(2.5) SO ADF 190 |
1135 FORMAT (10X, 10M TIN= L1PEI2.95) SOLADF 191 |
1140 FORMAT( 10X, 10M THIN= _IPEI2.5) SOLADF 192
S FORMAT (BX, IH] ,7X, 1HJ, 12X, 29U0D, | 7X ,2HVD, 18X, 2HRY) SOLADF 193
10 FORMAT (SX,12,.6X,12,5%,1PE12.5,6X,E12.5,6X.E12.%) SOLADF 194
IS FORMAT(IM1) SOLADF 195
801 FORMAT (1M1, 10A10,7/7) SOLADF 196
Yy FORMAT(6X, THCYCLE= 15 BX 4NTD= IPE12.5,.8X 4H 2= ,£12.5, SOLADF 197
1SX ., SHITER= %) SO ADF 198
45 FORMAT(10AB) S ADF 199
46 FORMAT( 1M+ BOX 2WT= 1PE!ID.3 4X BHCYCLE=, I%) ADF 20e
47 FORMATISX, IMI WX, I1HJ, 12X MU, 12X, 1NV, 17X, |HP, 14X 2RO, 14X, 2HTH, y 201
119X, 3HTEM) 3 SOLADF 202
48 FORMAT(SX,12,3%,:2,5%,1P£12.5,3X,E12.5,3x,£12.95,3%x,£12.5,3x,E12.5, SOLADF 203
15X, E12.%) SOLADF 204
Y9 FORMAT (2X ,BMITER= 15 7X . BHTIME= ,IPE12.%5,3X, THCYCLE= 1%, SOLADF 205
14X BHDELTe E12.5,4%X,3F= £12.5 .4X +wF = E£12.5) SOLADF 208
c COMPUTE CONSTANT TERMS SOLADF 207
IMAX= [ BAH+2 SOLACF 208
JHAX= JBAR+2 SOLADF 208
M= MAX~] SOLADF el0
JH = MAX - | SOLADF 211
M2 = MAX -2 SOLADF 212
IM2= | MAX-2 SOLADF 213
ROX=1.0/DELX SOLADF 2%
ROY=1.0/DELY SOLADF 215
< CONTOUR PLOT, SETTING UP VARIABLE VALUES SOLADF 218
XC(1)=0.0 SOLADF 217 3
DO 1S le2,(M] SOLADF 218
XCUl)=»DELX*(FLOAT(]1-1.9%) SOLADF 219
15 CONTINUE SOLADF 220
NNX =~ [BAR SOLADF 221
YC(1)=0.0 SOULADF 2e2
D0 20 Je2, Ml SOLADF 223
YCI{J)I=DELY®* (FLCAT(U)-1. %) SOLADF 22%
20 CONTINE SOLADF 22%
NNY=- JBAR SOLADF 226
NIX=27 SOLACF 227
NTY=82 SOLACF 228
N0 SOLADF 229
| MNe-; .0 SOLADF 230
| IMXe=1.0 SOLADF 231
| OLZ=0.0 SOLADF 23




2C=1.0 SOA ALF S3%
DMPxsDELX* (FLOAT! (BAR SO ALK o
ODMPY=DELY* (FLOAT I UBAR ) SOLADF £
IGRD=0.0 SOLADF 2%
NTITLE=D SOLADF =3 rd
XLABEL = | MX SO ADF g )
YLABEL = | WY SO AF 233
NXLBL =] SO ADF 0
NYLBL=1 SOLADF ™I
LONG= | BAR*DEL X, SOLADF S
HIGH= JBARDELY SO ADF M3
1YBv916 SO A e
IFILONG.LE. (1. 1395611011057 TC 30 SOLADF 25
IXL=0 SOLALY e

[ XR=)022 SOUADF ™7
1YT=316-H1Gm* 1 022/LONG SO ALF 28

GO 10 33 SOLADF G

30 X=LONG*'-50/H10H SOLALF %0
1 =81 -Xx SOLADF 251
IXR=5]1+x SOLADF &2
1YT=186 SOLADF 53

33 CONTINE SOLADF 2%
VELMX | =AMIN] (DELX ,DELY) /VELMX SOLADF o5

c INITIALIZE NUMERICAL CONSTANTS SOLADF 56
TWPRT=0 . SO AlF 57
TWPLT=0 SOLADF %8
T=0. SO ADF 59
ITER=Q SO ADF Q
CYCLE=0 SOLADF %1
NEX=0 SALADF 26

1P a2 SOLADF 263
IFid .EQ.S11PL=3 SOLADF o]
|PR= 4] SOLADF 65

IF R .EQ.5) |PRa M|~ SOLAF o656
JPBa2 SO ADF 257

IF (W8 .EQ.S) FB=3 SO ADF 268
PTs M| SO ADF 269
IFINT.EQC. S PTa M) -1 SO ADF 70

c INITIALIZE PHYSICAL CONSTANTS SO ADF 271
IFIDIM.LT. 1. SI10ELX=] . 0E*10 SOLADF eve
ETEMI=] 0-ETEM SOLADF 71

THC =) . 0-THC SO ADF e
PNVEBUBNY | | BE8 SO ADF 7S
TC2=2.0°TC SOLADF 278

C INITIALIZE AREAS SO LDF s
D0 53 Js|, MAX SOLADF T8

00 83 =1, ., MAX SOLADF 79
AL, J)1e] O=-CYL*CYL*(RADIUS-DELX*1FLOAT(]1=1.81 SOLADF 290
IFelEQ.1 . AND.WL.LT . 3)AC]  Uis0.0 SOLADF 28
IFt] EQ. IMAX AND .WR LT . 30AC] . U1=0.0 SO ADF 29
IFIJ.EQ.1.aND . WB.LY . 31411 . L)=0.0 SO alF eul
IFIJ.EQ. JMAX . AND WT.LT. 304 | ., J1=0 O SO ADF o

53 CONTINLE SOLADY s
C DEFINE SPECIAL AREAS SO AlF e
READL10.2!0!) NO SO a0F B
210 FORMAT 4 1S) SO ADF S
IFINC.LE . 0!GO TO 216 SO ALY 2y

OC 218 K=| ,NC SOLACF T




REAC(10,210) 1808, |1E08, B08 . £08
00 211 JeBL", EC3
DO 211 [(=1808,1E08
21 ALl u1=0.0
215 CONTINKE
216 CONTINE
WRITE (19,2201
220 FORMAT(IM], I3 AREA AWAY )
DO 230 Js|,JMAX
e MAX e | -y
230 WRITE(9,22%) (AL],J), i a], IMAX)
2% FORMAT(IM L 1201X,1PES.2))
WRITES.23%)
235 FORMATI 1M1
INITIALIZE VARIABLES
DO 36 U=, MAx
OO 56 e, IMAX
Ul Jisyl
Vi) . Jisy]
WDl ,JrevDIL] ,J1=0.0
IF(THIN.LY.T™CIGO TO 3B
I ATHINLT.THCIIGO TO 3B
VAPOR STATE (P, T)
TH=THIN
EVT-EVCALITIN)
RVl JI=RYIveTH*PIN/ (GAM]I*EVT)
ROl , RO IVaRVI]  Jie(] . 0-THI*ROL
EtT JIsEIVvaiRVI] JIEVT«(ROI] . JI=RVY] JII*ELCALITINI )/
IROLL I
GO TO “0
36 CONTIME
TSAT«SATTIPINY
EVSAT=EVLAL (TSAT)
IFITHINLLT. TRCICO 70 38
SATURATED STATE (P, T
RVI2=RVI] , JIsTHIN'P N/ (CAM] *EVSAT)
ROIZ=RO( | ,JIwRYi| ,J)*1].0-THINI *ROL
El12=€( 1, JIe(RVI] , JI*EVSAT# (], 0-THINI *ROL*ELCAL (TSAT) I /RO(L . N0
GO TO w0
3B CONTINE
LIGQUID STATE (P.T)
EVSAT=EVCAL (TIN)
PSAT=SATRITIN)
RVI] , JIeRYVILaTHC*PSAT, (GAM] *EVSAT)
TH= (PSAT-PINI/ (ASQ*ROL 1+ THC
RO(] ,JIsROILRVI]  J)o(].0=-TH)*ROL
E(l JIsEl oAV JI*EVRATe (| O-~TH!I*ROLCELCAL (TN /RO, J)
WO CONTINE
ETeEil . N
ROTeRO( | N
AVTeRVI] , J)
li=]
S
CALL EOS
Pil,J)1ePT
S6 CONTINE
CALL BC
G0 TO %02
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STARY CrCio

59 (ONTINGE

TER=Q

FLO= IMP

PHAX=0.0

COMPUTE TEMPERARY U AND v

DO 70 Js2.MI

DO 70 1=2.1M]|

Ul =00

AB=2 0%AI] JI*ALL=]1 D)

IF1AUB.€EQ.0.01CG0 TC 60

AUBR=(A(]  JieAl]le] J)I/AB

FUX=0 . S*ROX* (UNTT, JISIUNIY*1 DI =UNTT=1,J0)
I-N.MMBS(WH.J)H(mtlol..n-a.D';.N(l.Jlowtl-l.JH)
FUY=ROY/8.0*1 (WNLL JIeUNETol JISUNLT  J=l)eWNLT*] J=1))

ToOUNT L Je ) =UNCT,J=1 D)

S-ALPHACASS (VNI 1, JIeWNI1+] JIeWNI], Jel)eWNile]l J= 1)

TN Jol =2 . 0°UNCT JIsUNIT ,J=110))

VDT=0.5¢(VD(1 J)+VDUI=] JV)*(ALL, JISALT  Je1 )/ (ALT  JisAl]  Jel))e
1AL]et  JI%ATTel  Jel )/ tATLe]  J)sALLe] J*1)))

VOB#0 .50 (VD1 ,J=1)eVD(]e]l J=1))*(ALL J)*® AL, J=1V/1AL]l  J1e
IMI.J-I’HM!'I.JNA(IOI..J-ll/uthl.JHMl'l.J-llll
RURSD.S*RVN( [+1 . J)I*(RONTI#]  JI=RWN(T+], 011730 1+1.J)

LUD]  JIslDLLe! JI)*Alle] J}

AL 0. SeRYN( L, J) * (RONG T, JI=RWN(T ,J1 ) /RONLE, 22 0UDiT -, Jr«Uotl . Jdn
1eALL N

RUC=0 S'LDII.J)'(RVNII.J?'!POW!..J)-R‘N!l,.]n,ncrul__nomuol J1e
TLRONI1+1 , JI=RVN( 1«1 JN/RONLL=] )1
WUY'OAE'tDll.J'llNRVNll.JO\A‘\ROWI.JOXI-‘?\N(l.J‘lH/WH.J‘U’
lRVNHO!.J'll'(RCNll’l.JOll-ﬁVNlIOI.JOIHIﬁm(lOl J*l))
M'O\S’wt!.J'H‘!RVN!l.J‘l"(QCN'X.J’“’“W‘l.J-ll'Im‘(l.J'l)‘
IRVNI o1 . J=1, 2 (RON(1+1  J=11=RVN(1+1,J=1 11 /RONLI*1,J=-11)
rw-nm-cmxnwwwwu.antlox.Jnou.m-Asswuamw«l..n-
WD) . J1 ) -RA(UDI=1, 20 +U0(,J) ) =ALPHASABS (RUL) * (UD(T=1,J)-
ap«|_Jn1oﬂovttvDYOtM.nuYHM_MuBS(vDT)uu-wh-
m'!uoﬂxt-&MOABSWwH(M-M)nz(nou,.noﬂmlox..n)
viSx=0.0

ULl JIsUNLT )1 +DELTe (2 0'(91l.J!—P(lOl.JH'mX"ﬂOH.Jl'QO(IOI.JH
| +OX-FUX=FUY+V | SX~-FDU!

60 CONTINE

vii.J1=0.0

AVB=2 DAl , JI®AL]  Jel)

(FLAVB.EC.0.0)G0 TC 65

AVBR= (A(]  JieAll J*1))/AVE
’VX-RCX/G.O’HL.N(!-I.J°‘.NLNH.J’II*LNH-I.J)‘\NII.JH'
JIWVNITel , JY=UNI1=1.0) )=

SALPHACABS (LT 1=1 , Jr 1) oUNIT Je LI sUNLT=1  JIehi]  J0e

ZIVNLIe)  J1=2.0%V N1 JYeWLI=1,J0)})

FVYsQ SeRDYS (UNI]  JI®IWNIL  Jeli=WNI] J=1})~

|ALPHASABRS LVNI T, JI 1o IVNIT  Jo 1) =2. 0°WNL] [ JieWNI] ,J=1 1)

JOR=(0 . 5% (LD ]  J1sUDt T Je1)) " TALT, JI®ALL) IV LALT  JIeAlTe] Ui )
LeAll Jel)oA(]e]  Jol )/ LALL, JelieAtlel  J*l1))

UOL=0.5¢ (LD I=1,J0eUD11=1,J%1 1) ¢ tAL] , J)*ALT~1,J)/TAL 1. JleAt]=1 . JV)
ToAL] JeLIoALI =1  Jo1 1/ LALT  Jel)*Al]=1 J*10 )

"y T=0 S'RWM.Jo!:NROMI.J-U-GVMi..)olnmouI.wll"mtl..no
IVD(L . JeliteAc]  J*1)
RVB!C.5‘9VNtl.J)"m‘HI..‘i-"VN&X..JH“VCNH.J“HOG.J‘U’VC'!.Jll
1eALl . D)

manIRIAL

w ﬂih, “ N '
0@ Biﬂl ‘.sﬁeﬁu I“Al
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o

RVR=0 . SovD( 1+ JI®IRYNII*] JI®(RONII»1 , JI=RWNIis] JI)/RONILe] Jie
IRVNE L&l Jel)*(RON(T®] Jel1=RYNIIe]l  Jel 1 I/RONt o) Jel )

RVC=0 . SeVD( ! , JI*IRYNT] , JI®(RONI] QI =RVNIT,JII1/RONG]  JieRWNL]  Jo) e
TIRONCT ,Jel 1=RYNC] , Je 111 /RONT . J*1 )

RVL=0 .5*VDI =1  JI®IRUNI]=1 , IO (RON( =1  JI=RBWNI1=1 , JIN/RON( =1 J)e
IRVNIT=1 ,Je 110 MRONIT=1 , Je 1 1=RYN( =), Je 111 /RONLL =) Jel 1)

FOV=AVER® (ROX* (UDR* (RVC +HVR 1 «ALPHA*ABS (UDR ) v (RVE -RVI ) ~UDL * (RVL +RVE
1i=ALPHACABS (UDL ) * (RVL-RVC ) 1 +RDY* (RVTS (VDI |, JIeVDI] ,Jel) 1 »
CALPHASABS (RVT )¢ (VDI( ] . JI=VOI(] . J* 1) 1-RVB* (VD] , J=11e¥DIL] J) )=
JALPHACABS IR/BI (VDI , J=11=VDI1,JI 1117 IRONT]  JI*RON(] . Je1 )

viSY=0.0

VET L JIsUNT L (JISJELT®(2.00(PL] , JI=Pi] ,Js1 )1 1°ROY/IRCI] , JI*RO( 1 ,J*1 1)
[ *GY -FWX=F Yy SY-FDOV)

65 CONTINE

70

230

ADD PLIPE FRICTION
IFIRPIFe.EQ.C.C.OR.DIM.OT.1.%G0 T 70
I1sl]
sy
CALL PFRIC
CONT INLE
CALL B
CONTINUE
HAS CONVERGENCE BEIN REACHED
IFIFLG.EQ.0.100 TO 00
I TER= | TER~1
IFt'TER.LY.S0)00 T0 2%%
NEXCNEX .|
IFINEXL.LT. 1000 GO TO »00
T=100000M0000.0
g 10 802
COMPUTE UPCATED CELL VELQCITIES U,V
CONT INVE
CALL PITER
CaLL 8C
GO 10 2%0
CONT INUE
COMPUTE UPDATZD QUANTITIES RO. E.RY
7 w800 Je2..M!
JO 4830 1.2, 1M
WAt ). EQ.C.0100 TO «%0
ABR=2 . 00A1T  JI%at]+] JI/ (A f=1
ABL=2 . 0*Atl] ,u SAll=1 . JI/ ALY Vel L= U0}
A :
-

S

ABT=2.0%a(] D)%) Js 1
AES=2 Oca(] JI*al] J=ti/1
CENS'TY EQUATION

VLRU( ! . JI1 =001 L JIS(RYNIT,JIeRYN(#] . JIVT/(RONIT,JI*RONfJel ,J11
WLsUl =]  N=UCITI=1 ,Ji*IRUNI=] JIeRYNI]  J1)/IRONI =1, J1eRON! T ,J)1
WTevI ], Ji=VDIT DN IRUNI]  JI=RUNTT  Je ) 1) 7 (RONIT ,J)+RONT ] . Js) 1)
BV  J=1 =20  J=1 1 TRUNI]  J=1)«RYNI! JIV /7 IRONT]  J=11eRONT ]  J1)
IVESU L, JIsUD S L JISIRONG | L JI*RONII»]  JI-RUNI!  JI=-BWN(T+] , JI )/
1IRONI[ . JIoRONE J o] [ J)

UVL=UT I =] o JielDi I [ JICIRONI 1= . JISRONI ] . JI=FYNIT=1,.J1=-RVNIT,J) )/
JIRONI =1 . JIsRONI T J1:

UVTSVil . JIeVDI] (JICIRONI | .JISRONT] ( J=o11-RWNi | , ) =RVNI]  Jel 1)/

FIRONT I L JIeRONI | [ Jel )

VBVl J=1)eVDI T J=1 10 (RONT! ,J=11+RONI ]  JI-RUNIT J=11«BYNI[ J) 17
PIRONIT . J=11eR0ONI | . J

FLR= L ARYIRON | [ J1=Ryni ., NeRONI {1  J1-RUNL»1 J) ' «ALPHA®ABS (LR *

w07
«28
=09
“i0
“li!

w2
“!3
“livs
-5
“i6
“i7
«i8
“19
w20
wel

“23
L]
wes
“s
w27
“e8
“wes
«30
“3
w32
432
“ 3
“3%
w38
“37
«38
w33
el
.l
e
el
e
s
wah
a7
e
e
w50
-1
wse
w53
S
wes
“58
LWeT
w58
w59
L]
LN
+E2
“63
w5




TIRONT T, JI=RYN( 1, JI=RON(1#1, JieRVW™I1e] Ji) ) *ABR
FLLeGALS (RONIL =1, JI=RWNII=1 JisRON(] )V =RWIT.J) FeALPMACARS AL
TIRONGL=1 , JI=RYN( I =1 JI=RONI T, JI+RYNI] , J1 1) SABL
FU“&LY”RCNH.J'-M!I.Jion.)oil..)oln-hw'Q,J-n»ouh\um-,‘.'n
TIRONG ]  JI=RYNIT  JI=RONI]  Jel 1eRWNL]  Je 1)) Lo ART
fL.‘(tL.'l”Gl!.J-H-Mll.J'HOﬂOUI.Jl-ﬂW!I.JHODLM'AkaLLB"
LIRONG ] . J=1 1=RVNI( ]  J=1)=RON( 1, JIsRVNI] . J) 11 *ABB
rn-cuvn-mwu..nmun...moa;m-uslmmm(x..n-
IRVNE L], J)11)%ABR
FVL® (UVR® (RVNI 1 =1, JIeRVNI 1, J) Ve ALPMAABS (UVL ) ¢ (RWNI [ ~1 . J) -
IRVNGL . JY)  ABL
FVT'(WT‘(M(I.J'OM(I.JOIHOALM'ACSlUVf)HMII,Jv—
IRYNIC L, Je 1)) ) *ABT
FvBe (UVB* IRVNI]  J=~11+RWNI(L . J) JoALPHACABS (UVB) S IRVNI] ,J=11~
IRYNT] . J1) ) *ABB
JPOATE RO
RO, JI=RON(] ,J1=0.JeDELT*( (FLR-FW—FLL-FVU-Roxun_hrvr-rLa-
IFVBIsROY I /AL o
ENERCY EQUATION
ROEC=RONI( 1 ,JI*ENLT  J)
ROER=RON! [ +) ,JI*ER: 11 N}
ROEL=RON( =1, JI®ENII=1 0}
ROET=RON( |, Je | 1°ENIT  J*1)
ROEB=RON( | ,J=11*ENI]  J=11
IF(ETEM.GT.0.5160 TO 425
TVC=SATT 811, ,J1)
IVF=SATT(PI]+],J))
TVL= "ATT(P(]=1,J))
TVT=S, TTIPL]  Jel )
TvB=SA T(PI] J~1))
GO TC »+.'C

W38 TVCsTC e EC-RONT |, JI*ECL = nir |, J) *LELV-ECL ) 1/ (RONTT ,JI*CHL»
IRYNCT , Jre(CHV=-CHL 1)
TVR=TC+ (ROER-RON( 1 ¢, J) SECL-RYN( 1+1 , J)1* LECV=-ECL )/ IRONT [ »] J1*
JCHL*RVNG L #] , J1*(CHY=-CHL I}
TVL=TC» (ROEL ~RON( 1 =1 ,J) SECL-RYNI [ =1 , J1 o (ECV-ECL) Y/ (RONt1=)  Ji®
ICHL*RYNI [ =], JI*ICHV-CHU )
TVT=TCe (ROET-RON( |, Jo ! }SECL=RVN(] Jo 1) *(ECV-ECL) )/ (RON( ] Jet)e
ICHL*RYNI T  Jel 10 (CHV=CHL) )
TVB=TC+ (ROEB-RONI 1 ,J=11%ECL -RUNI(1,J=1)*FECV-ECLT) (RONIY, J=119
ICHL*RYNI |, J=1 12 (CHY=CHL 1

430 CONTINLE
REVC=RYNIT |, J1*EVCAL ( TVC)
REVRsRYNL [ +1 ,J1*EVCAL (TVR)
REVLERVNI =] ,JI*EVCAL ITVL !
REVTSRYNI L Je 11 *EVCAL ' TVT)
REVESRVNL ] . J=1 1 sEVCAL ( TVE)
RELC=ROEC-REVC
RELR=HOER-REVR
FELL=RCEL -REVL
RELT=RCET-REVT
RELB=ROEB-REVE
FRER®(Q .5 1UVR® (REVC+REVR) +ALPRACABS (UVR) * (RPEVC-REVR)
1+ AR (RELC*RELR) »ALPHA* ABS {LLR ) * (RELC-RELRI | S ABR
FREL=0.S¢(UVL*IRE L eREVC i *ALPHA®ABS (UVL ) ¢ IREVL-REVC 1+lLL*
lEWLL‘”ELC"‘LM‘ABS'LLL"\QELL"ELCA ) *ABL
?EET-G.‘:"w‘a‘Y'<ﬂ£vC~9E'vY'!-ALP~A'ABS-Jv'-'aﬂt‘."_«ﬂ(.""-.l." RELC.
IBELT) +ALPHACABS I "1 TRELC-RELT! | ¢ABT

WA A
W ADF
SO ADF
SOLADF
SOLADY

SOL ALY
SOL AP
SOLADF
SOLADF
SOLADF
SO AlF
SOLADF
SOLADF
SO ADF
SO ADF
SOLADF
SO ADF
SO ADF
SO ADF

SOLALF
SOLADF
SOLADF

SO ADF
SOLADF
SOLADF
SOLADF
SOLALF
SOLADY
SO ALK
SO ADF
SOLADF
SO ALK
SOLADF
SOLADF
S ADF
SOL ADF
SOLADF
SO ADF
SO AlF
SOLADF
SO ADF
SOLADF
SOLADF
SO ADF
SOLADF
SOLADF
SOLALF
SOLALF
SO ADF
SOLADF
SO ALF
SO ADF
S AlF
SO ADF
SOLADF
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e
"
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B e i o

FREB=0.5¢ (LUVB* (REVB*REVC | s PHACABS (UVB) * (REVB-PEVC) » LB (RELE

IRELC) »ALPHACABS (LB *(RELB-RELC ) ' *ABB

FELS(RDX* (FRER-FF  1«RDOY (FRET-FREB) ) /AL )

FPUs=P(| JI*t(ABROLI] , J1=ABL*J’ 1+ ,J) 1 *RDX~(ABT VI Ji~
IABB VI . J=111*ROY . AL . )

Th= (ROL*RYN( |, J)=RONI T, 01 ) /ROL

THeAMAX] (TH, THC)

THeAMIN] (TH, THC1)

TH|=ThH

IF(THI.OT.0.9) THl=] 0-THI

Wi RB=ITHL ANV)I**0 333
CKN=Q  SoCOG* ( (UD ] , JIoUDI] -1 ,J1)002eVDI]  JIoVOI]  J=11)0221420.5

1+12.0°VISV/R8

FDIS=0.25°CKN® (0. 3TSeTHI/RB V¢t (UDI] D)ol [ =1, J11oe2eVDI]  J)e

IVDUI J=1))ee21eR0L],J)
FOPs=P( |  JI®i LI(RUNI]  JISRN(I=] , JI=RON(] , JI-RONL]=] ,J)*

12.0°R0OL !/ (ROL*2.01=(RVN(T , JI*RUNI =+ [ JI)/IRONt ] [ JISRONI [*] , J)01)*

1 ABR

A0, J = IRWIT=] JISRVNI] , JI=RONI[=] ,JI=RONL] ,JI+2 0*ROL1/(2.0°

BROL V= IRVNI =1, JI#RWN] I Z7IRONIT=1 ,JI+RONI T, J1 110D 1=, J)
ZeARL ) /DELXe

WICIRUNLL  JI*RVNI ] , J*11=-RONC!, J1=RONT]  Jel 12 D*ROL )/ 12.0°ROL)
B (RYN/ [ JISRYNIT (Jo 1))/ (RONET (JIeRONC T, Je 102 )0WD1 |, J) *ABTY
S-((RYNI ], J=11

BeRWIL  J) =

SRONI | . J=1)1=RON(1 , J1+2.C*RCL) 712.0*ROLI-IRWNI 1 , J=l | eRBUNI ] ,J1 1/
TIRONG]  J=11+RONTT  JIiievDil  J=11*ABB) /DELYI 7ALL ,J)
ENERGY DIFFUSION

TEMsENIT . Y

TEMRSENT [ »] ,J)

TEML=EN [-1.0)

TEMT=ENI ! u*})

TEMB=EN(] ,JU~1"

THR= (ROL*RVNIl+] )1 =R0NLL#] ,J7 1 7ROL

THR=AMAX | (THR, THC)

ThRsAMIN| (THR THC L)

THL= (ROL*RVNI [ =] [ JI-RONI ] =], J)1) /ROL

THL=AMAX ] (THL  THC Y

THL=AMINT (THL , THC L)

THTaIROL*RYNI | . Jel 1=RONI | ,J*| 11 /ROL

THTEAMAX | ( THT  THC |

THT=AMIN] (THT , THC 1)

THE2 (ROL*RYNIT | . J=11=-B0N11 . J~1 1) /R0L

THE=AMAX | (T8, T=C)

THE=AMINI (THE, T=C )

EKRe) .S (EDV* (TeTeR 1 +EDL ¢ (2, 0-TH-THR ] | *A9R

EXTe] [e B0V TheTmT 1 oEDL (2, 0-TH=-THT ! ; sABT
EXL=0.S* (EDVS I TmeTrL 1 EDL* 12 . 0= Ti=TiL 1 1 SABL

EXG=N Se (EDVe (TheTuB) «EDL* (2, 0-TH-TigG! 1 488

DIFEs (ROXSROXY (EXR* ( TEMR=-TEM| T * I TEM-TEM
+ROYSROY ¢ (EXTo(TEMT = TEM! ~2KB* ( TEM-TEMB ALl d

LUPCATE ENERGY

Et] . JIntROEC*DELT* | ~FECFDIS+FIPDIFE#FPw) ' /RCI T | )

VAPOR DENSITY EQUATION

ny‘(l'dl.n}b‘( 1 _QI-I_YOC'EO CYR-F (1 *Q0%s FyT=F /8 »

IRDY /AT (J)

RV JI=AMINI (R}, J! .80

Avi] JIi=AMAX] 1RV ] 0

SOLADF
SOLADS
SOLADF
SOLADF
SOLADF
S~ ADF
SULADF
SCLADF
SOLADF
SOLADF
SOLADF
SOLADF
SOLADF
SOLADF
SOLAD

SOLADF
SOLADF
SOLADF
SOLADF
SOLACF
SOLADF
SOLADF
0L ADF
S0L ADF

300 ADF
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S
93%
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832
S
Sw1

S
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Cee
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Ssb
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ee>
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c PHASE CHANGE SOLADF 581
IF(PHCH.LT.0.5)G0 TO 4500 SOLADF 582

1=} SOLADF 583

JJ=J SOLADF Sav

CALL PHCHR SOLADF 585
“S00 CONTINUE SOLADF 7
CALL BC SOLADF ba7
4500 CONTINUE SOLADF 588
c COMPUTE DRIFT VELOCITY SOLADF s83
IF(DFVEL.LT.0.%5)6G0 TO S02 SOLADF S90

CALL DRIFT SOLADF 591

£00 CONTINUE SOLADT sse
CALL BC SOULADY 593

502 CONTINUE SOLADF 59
PRINT AND PLOTY SOLADF 595
IF(T.GT.0.)G0 TO S03 SOLADF 596

CALL LINCNT(1) SOLADF 597
WRITE(12,45) SOUADF 598

S03 CONTINUE SOLADF 599
Cc DEF INE OUTPUT QUANTITY F AND F1I SOLADF 800
Fe0.0 SOLADY 601

INZ =\ SOLADF 602

J=20 SOLADF 603

00 S05 .+2.5 SOLADF 604

505 FeF+RO(1,J )OVII,J IO(FLOAT(IN=]1.%) SOLADF 808
Fu2 0*F/INZ**2 SOLADF 6C3
Fi=0.34264°P(5,11)+0.65736°*P(5,12) SOLADF 807
WRITE(S,49)ITER, T ,CYCLE ,DELT ,F ,FI SOLADF €608
IF(CYCLE.LE.0)GO TO S10 SOLADF 608
IF(T.LT.TWPLTIGO TO S60 SOLADF 610
THPLT=TWPLT+PLTODT SOLADF 8il

510 CONTINUE SOLADF 612
C FILM LONG PRINT SOLADF 613
CALL ADV(1) SOLADF 6lv
CALL LINCNT(3) SOLADF 615
WRITE(12,49) I TER, T,CYCLE ,DELT ,F FI SOLADF 8186

CALL LINCNT(4%) SOLADF 617
WRITELI2.47) SOLACF 613

DO 528 Js=2.M! SOLADF 6'9

DO S2% 1=2,IMl SOLADF 620

THs (ROL-RO(1,J)+RV(] ,J)1/ROL SOLADF 621
D=ROY® (U] . JI=UL1-1,J)1+ROY*(V(] =V J=1))+CYL®(U(],J) SOLADF 822
1eUl1=1,00)7(2.°0ELX* (FLOAT(I)=1.95)) SOLADF 623
TSAT=SATT(P(],J)) SOLADF 524
EVT=EVCAL (TSAT)*ETEM|I +ECV*ETEM SOLADF 82%
TEM=TC+(RO(! ., JI®IEL], N =ECLI=RV(],J)*(EVT=ECL) )/ (RVI] ,J)*(CHV?* SOLADF 629
IETEM-CHL) +RO( 1 ,J) *CHL)! SOLADF 627
WRITE(12,48) (],.J,Ull., &, Vi1, ,PULT, N ROML,J),TH, TEM) SOLADF 628

525 CONTINUE SOLADF 529
CALL ADVI(D) SOULADF 830
CALL LINCNT(D) SCLADF 831
WRITE(12,49) I TER, T,CYCLE ,DELT . F FI SOULADF 832
CALL LINCNT(W) SOULADF 633
WRITE(12,5) SOLADF 83w

DO S28 Js=2,.M! SOLACF 63%

D0 S28 [=2.1MI SOLACF 536
WRITE(12,100(1,5,0001,J), Dil,J) RV}, J)) SOLADF 837

529 CONTINUE SOLADF 628




-~
o

VELOC!TY VECTOR PLOT SO ADF 633
CALL ADVI) SOLALF 640
CALL DCA!IIXL.IXR.IYT,I1YB.0. .LONG HIGH, 0.1 SOLADF (S
CALL FRAME(IXL.IXR,1YT.IYD) SOUADF 682
CALL FRAME(IXL,IXR,IYT,1YB) SOLADF Bn3
CALL LINCNT(81) SOLADF B4
WRITE(12.45) SOLADF 645
CALL LINCNT(B1) SOLADF =5
WRITE(12.%€. 7 .CYCLE SOLADF &7
D0 S3C J=2,.mM! SOLADF 648
DG S30 1=2, M| SOLADF 643
XCC=DELX* (FLOAT(])~1.5! SOLADF 650
YCC=DELY* (FLOAT(J1~1.9) SOLADF 651
UVEC=(U =1 . JIsUt ], J) )0, . SeVELMX] +XCC SOLADF 65¢
VVEC= (VI J=1)eVi] , J1)*0.S*VELMX]+YCC SOL ADF 653
CALL CONVRT(UVEC. IUVEC.0..LONG, IXL , IXR) SOLADF 654
CALL CONVRT(VVEC.JVVEC . HIGH.0.,1YT,1YB) SOUADF 655
CALL CONVRTIXCC, IXCC,0..LONG. IXL, IXR)} SOL ALK 656
CALL CONVRTIYCC.JYCC MIGH.0..I1YT, IYB) SOLADF [¥
CALL DRV IXCC,JYCC, IUVEC, JVYVEC) SOLADF 6568
23C CONTINE SOUADF 659
CONTOURS PLOT STARTS SOLADF 660
NCO=0 SOLADF 661
532 NCO=NCO+1 SOLADF 66¢
DO S48 1=],iMl SOLADF 661
D0 S4% J=1 .Ml SOUADF Ao
GO T0I533.534,.535,536,527.560! ,NCO SOLADF 6ts
B33 QU] , JisRO(]+] J*]) SOLADF 566
GO TO S0 SOLADF 667
E34 Qi JIsEile],de1) : SOLADF ££8
GO 70 S«0 SOLADF 665
S35 Q1. JisPlle] J=l) LA ADF 670
GC TO S0 SOLADF 671
838 Gil . =RViIel Jel) SOLADF 672
GC TQ SM0 SOLADF €72
S Qi JI=(RL-RViI=] , J*11=ROTI+1 ,J*1))/ROL SOLADF ETw
5«0 QL tysQUl  J) SOLADF 87%
S CONTINUE SOLADF 676
CALL LINCNTIB1) SOLADF 877
WRITE(12,4S) SOLADF 578
CALL LINCNTI8I) SOLADF 679
ITE(12,%86)7 ,CYCLE SO ADF £80
GO TO (%83 .55, .55%.8586.%57) .NCO SOLADF 68|
883 [TITLE!11=[0HRC CONTOUR SOLADF 682
GO TQ 558 SO_ADF 683
S84 [TITLE(11=0E CONTOUR SOLADF o5
50 TC 559 SOLADF &8%5
565 ITITLE(] 1=0MP CONTOUR SOLADF 586
GO TC 558 SOLADF 7
855 {TITLE (1 =10mWRY CONTOUR SOLADF 88
o0 O S88 SOLADF 85
B5T [TITLE(11=9WV0OIT FRAC SOLADF 630
559 CONTINUE SOULADF £31
IFU1BAR.GT . 130 TC 560! SOLADF 832
CALL SPLOTII.JBAR . YCI21 . L (2).42,1! SOLADF £S93
o0 1O 83 SOLADF £
SE01 CONTINUE SOL ADF B89:
CALL CONTRUBIXCI2) [NNX YO I2) NNY O NZX N2 NC.2MN, M L2 . 2C, SOLADF 5%

uuﬁww Wik uaéi‘“-




c

c

c

c

1DMPX . DMPY, "GRO, ITITLE NTITLE . XLABEL NXLBL , YLABEL NYLBL)
GO TO 532
S60 CONTINUE
JONG PRINT
IF(CYCLE.LE.G) GO TO 565
IF(T.LT.TWPRTIGO TO %80
THPRT=TPRT+PRTOT
565 CONTINUE
WRITE(S,3%)
WRITE(S, Y ITER,T CYCLE ,DELT.F.F1
WRITE(9,47)
DO 575 J=2,.M|
DO 575 1«2, IMI
TH=(ROL-RO(],J)+RV(] ,J))/ROL
TSATSATT(F(] ,J))
EVT=EVCAL (TSAT) *ETEMI +ECV*ETEM
TEM=1C *(RO(T , NMEC] , N=-ECL)=RV(]  JI*LEVT=-ECL) I/ (RV(] J)*(CHV*
IETEM-CHL)*RO( 1 ,J)*CHL)
WRITE(9,48)(1,J,Ull,J) V(1,0 ,P(],J),ROCT,J),TH, TEM)
575 CONTINUE
SET THE ADVANCE TIME QUA " [1i "% [NTO OLD ARRAYS
S80 CONTINLE
DO 600 J=! ,MAX
00 600 =1, IMAX
UNCL, iUt 0
VNI D)=Vl . ))
RON(],J)=ROT=ROI! ,J)
RYN(] ,J)«RYT=RV (] ,J)
EN(I  JI=ET=E(],J:
IFLIMP.GT.0.5)G0 TO 600
Ii=]
NNLN
CALL EOS
P(l,J)=PT
600 CONTINE
ADMST TIME STEP
CALL TSTEP
ADVANCE TIME T=T+DE. T
IF(T.CT.TWFINIGO TO 350
TeT+DELT
CYCLE=CYCLE*1
GO TO 58
650 CALL EXIT(I)
END

- " " s " e e s wowwowow [/ ®momemEE s EEE ==

SUBROUT INE BC

*CALL COMDK

c

SET BOUNDARY CONDITION

EVCAL (X)»ECV+CHV* (X-TC)

ELCAL (X)=ECL+Cr* (X~-TC)
SATT(X)=2%5.2+117.8%X*+0.223
SATP(X)=((X=-255.2)/117.8)%%% 8
DO 140 JUs2, M1

wau b

SCOLADF
SOLADF
SOLADF
SOLADF
SOLADF
SOLACF
SOLADF
> LADF

697
638

700
701
702
703

708
706
707
708
708
710
771
ne
713
71
7185
7.6
717
718
719
720
721
722
723
724
2%
726
727
728
729
730
731
732
733

-

735
”

37
738
739
740

Twl
T2
743
Tus
Tu5
T8
Te?
Tuq



102

10%

it
122

RO(1 . J1=RO(2,0)
RVl . JisRV(2 . N

Rl . N1=P(2. .0
ENl . =€12. N
RO(IMAX , J)=RO( 1M1 .J)

RV IMAX, J)=RV (M, J)
PUIMAX, J)=P([M],.J)
ECIMAX J)=E (1M1 . N

GO TO (102.10%,106,108,106" .M
Ul1,Ji=0.0

Vil =y .

GO TO 111

Uil,J1=0.0

Vil J=s=vig . J)

GO TO 111

IF (K. .EQ.5)P(2,0)=FBC
IF(ITFR.GT.0.AND.FLG.GT.0)G0 TO 111
Uil Jisye.n

Vil , Jisyie,J)

GD TO 111

Ut Jisytire,

Vil , =viiMe, )

RO, J)=RO' 1M2,J)
RVI1,J)=RVIM2.J)

Pl Ji=PiLIM2 . N

Etl, Ji=sEriM2. )

GO T0 111

GO TO (122,124.128.,128, 128) .WR
utiM  J)=0.0
ViIMAX , Ji=ye M1 . U)

GO TO 1%0

UtiMl . J)i=0.0
VIIMAX, J)==V (M1, J)

GO TO 140
IFUAR.EQ. 5P IMI,J)=PEC
IFUITER.GT.0.AND.FLG.GT.CIGO TO 140
U(lHl.J)-UllHE.J)'HlFE-!J/HHI-U'CYLNI‘O-CYLH
VIIMAX , Ji=sVIIML )

GO TO 140
UtiMl , =yi2. 0
VUIMAX , Ji=V (3 )
ROUIMAX, J)=RO! 3, J)
RVIIMAX , Ji=RV(3, J)
PlIMAX J)=P (3 )
ELIMAX, Ji=E1(3,. )

TONT INLE

D0 180 (=2, M)
RO(!,1)=RO(] .2}
RVi!.1)sRY(],2)
Ptl,11=Pt ] . 2)

1N (1.

RO(I , MAX)=RO( ], M1
RVI] ,JMAX ) =RV (] ML)
Pl , MAX) =P UML)
E(T.MAX)=E (], J-ll

GO TO (15° 1%, o SR
vil,. M 1=0.0
.4 ‘?’A '*-\‘ O . .

Ul , Max)i=yt], P

Ui

#38334333

§d

SEELE

g

791



154

156

158

161
172

180
182

GO T0 161

vil, M i=0.0

Uil MAX)==Ul] M1}

GO TO 161

IF (WT.EQ.SIPL] , M1 =PBC
IFCITER.GT.0.AND FLG.GT.0'G0 T0 161
VT MVl M2y

Ui, JMAX) =U] . M)

G0 10 161

VL. Misvi],2)

Ul , MAXI=U( ], 3)

RO, MAX)=RO(] ,3)

RVIl . MAX=RV(],3)

Pl . MAXI=P(],3)

Etl, MAX)=E(] 3

GO TO 161

GO TO (172,1T4,176.178,176) .48
vil,11=0.0

ULl 1isytl . 2)

GO TO 180

vtl,11=0.0

utl, 1r=s=gi] . 2)

GC TO 180

IF (WB.EQ.51P(] ,2)=FP8C
IFCITER.GT.0.AND.FLG.GT.0)G0 TO 180
vil,l=vi(l].,2)
Utl,1isucl .2

GO TO 180

Vil Lisvil,J M)
Utl,lisutl,J Me)
RO(1,1)=RO( | . 2]
RVIL,. =RV ] ., M)
PLl,11=P(] M2}
E(l,.'=EC1,M2)

CONT INLE

CONT INUE

SPECIAL BOUNDARY CONDITION
DC 188 i=2,IMl
Pi].2)=PIN

utl,.2)=0.0

utl,Mi=0.0
IF(THIN.LLT.THC) GO TO 38
IFITHIN.LLT.THCL) GO TO 32
Ryl . 21=RVIV

RO ,2)=ROIV

E(l.21=ElV

GO TC 188

RVIl.2'=RVI2

RO(| .2)=RQ(2

gL, 2)1=g£12

G0 TO 188

Rvil.21=RVIL
Rutl , 21=ROIL

E(l.2)=EiL

CONT INLE

RE TURN

END

Pe@m il

i)

0 oy
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SUBROUT INE CRIFT

*CALL COMDK

C CALCULATE RELATIVE OR DRIFT VELOCITY
EVCAL (X)=ZCyeCHY® (X-TC)
ELCAL (X) =sECL+CHL*(X-TC)

SATT(X) =255 2+117.8¢X*+0.223
SATPIX 1= ((X~258.2)/117.8)*%4.48
00 S000 J=2,.M1
DC S000 =2, M}
IF(Atl,J) .EQ.0.0)50 TO %000
TH=(ROL-RO( 1, J1+RVI] ,J))/ROL
IF(TH.GT.THC . AND.TH.LT . THC1)GO TO 9700
Uil ,Ji=vDl],J1=0.0
GO TO S000
S7C3 CONTINLE
THl=TH
IF(THI.GT.0.9) THI=| . 0-THI
Y800 RB=(THI/PNV)esQ 333
UON=LD!t |, 1
VON=VD( |, )
AREA=Z Q*TH| /RS
NUC=V]SL
IF(T%:.G67.0.5)NC=VISV
NUASNUC/ ( .0=~THI)*e2 58
LOO'CELT"I.G"PQ.-E.O'THHRV(l,.,'nnw1»1_J;)1-Roxoeptxo),J»-
IPLl,J)
IFlatl«1.2).€0.0.0)U00=0.0
VOO=DELT*(!.0/ROL-2 COTH/IRVIT [ JIsRVIL ,Jo 1)1 1 SROY* (P( ], Je} )~
P10
IFTAL] . J*1).EQ.0.0)VDO=0.0
UDM=(UDt L, J)i*e VDI Ji1ee2) 980 Se1 . 0E-10
IKPM=DEL T ?5°APEA°'ROH.J2~RC::~I..u)"a/:(Pvtl.J)Mri-l.Jll°
VIRO(L , ROt [} ,I=RVI ], J1=RV(1+].J} )}
WPM-DELNQ.ES'AP{A-'QLH:.._;)vauf;,Jo!':HE/:(RV(:,J)-R\.‘H,J.:n-
VIRO(T . JIROI] ,J*LI=RVIT , JI-RVI] Jo1 ')}
SOE0 LDMT =0
UKP=UKPMS (COG*UDM+ 1 2. C*NUA/RB) / T
VKP=VKF?" e (COG*UDM+ 12. 0*NUA/RB ) / TH1
USHT,J)sUD !, )= (UD T J) $iKPoLD! | w1 =UDO=UDN) 7 ( |, OeUKP + IKPM*COG
1oUD ] . J1ee2/UDM)

VOUT.J)=VDIL, Ji= VD1, J) sVKPOVDI 1, J1 ~VDO=VDNI 7 { | . Do VP +VIPM*COG
L VDT, Jyee2/U0M)
UOM=+ (UD1 |, Ji%e2eVD(],J) 0621990 801 . 0E-10

IF(ABST (LOMT-UDM) / (UDMT +UDMI1 ) .GT.0.01 160 70 w950
S000 CONTINLE

RETURN

END

SUBROUT INE EOS

COMDK

EQUATION OF STATE ROUTINE
EVCAL (X ) =ECV+CHV [ X-TC )
ELCAL (X =ECL «CHL* 1 X=TC)

i P 0@? G T
LI VY |
-y

7 .
o
f,.
f

SOLADF
SOLADF
SOLADF
SOLACF
SOLAZF

I LEE LRSS FEREEE

S FEFEEES T

8

902
903

907
S08
909
9:0

911
S12
913
Sy

s

[ .

T




SATT(X) =288 2¢117.8X*+0.223 SQL A

SATR(X)w( ( X-255 . 2)/117.8) **4,48 SOLADF
TH=THTM= (ROL +RVT-ROT ) /ROL SOLADF
IFCTHLLT  THC ) THTM=THC SOUADF
ETEMT=ETEM SOLADF
IF (TH.GT. THC1 1ETEMT=1 .0 SOLADF
TEM=TC+ (ROT*(ET-ECL)-RVT* (ECV-ECL ) ) 7 (RVT® (CHY-CHL ) +ROT oCHL | SO ADF
IF(ETEMT.LT.0.5) TEM=255 .2 SOUALF
PT=PTT=GAM| *RVT* (ECV+CHV* (TEM ~=TC) )/ THTM+ASQ*ROL ¢ { THTM=TH) SOLADF
IF (ETEMT .GT.0.5160 TO 6300 SOLADF
PCC=117.8°GAM] *RVT sCHV/ THTM ' SOLADF
PT=PTT+2.0°(0.223°PCC)**1.287 SOL ADF

6250 PIG=PT SOLADF
PTA=PCC*PTGe 0. 223 SOLADF
PT=PTG+ (PTT+PTA-PTG) /7 (1.0~0.223*CTA/PTG) SOLADF
IFLABS( (PT-PTG)/ (PT+PTGI) .GT.0.011G0 10 6260 SOLADF
PT=AMAX! (PT,0.0) SO ADF
IF(PT.GT.0.0)60 TC 6300 SOUADF
WRITE (39,6200 SOLADF

6200 FORMAT (SX, 1HJ, 12X, 2% (, 12X, 3HROT , 1 X . BRVT, | X . DHET) SOLADF
WRITE(9.6263)11,...,PT ROT . RVT.ET SOULADF

6263 FORMAT (6X,213,5%,1PE12.%5.6X,.E12.5.6X.E£12.5.6X,E12.5) SOLADF

6300 CONTINLE SOLADF
RETURN SOUADF
END SO ADF

l.lln...lt.t.:![//l/--lllut'-n--s:s
SUBROUT INE PFRIC SOLADF

*CALL COMDK SOLADF

c FIPE FRICTION ROUTINE SOLADF
EVCAL (X i =ECVeCHV* (X-TC) SOLADF
ELCAL (X)=ECL+CHL*(X~TC) SOLADF
SATT(X)=255.2+117.8°X*+0.223 SOLADF
SATPIX )= (X-258 2)/117.8) vy 4@ SOLADF
1=11 SOUADF
VAI=ABSIVI] . J)) SOLADF
IF(VAL LT EPSIIGO TO 80 SO ADF
THeTHI=(ROL*RVI] , 1 -RO1] . J) ! /ROL SOLADF
IFITH. LT . THC ) THa THC SOLADF
IF(TH.CT . THC ! ) THeTIC ) SOL AL
CHI=RVIL ,JI/ROET . JI*() . 0+(ROIL,JI-RVL] , J1I/ROIL, JIOVOIE] .V /V L. Jbt SO AL
REN=2 O*RPIPE*ABS (VI ,J) ) /VISL SO aoF
RCR=0.S*RC/RPIPE S A
FLA=0 . 026°*ROR**0.225+0. 132+R0R SOLADY
FLB=22 . 0*ROR* 0 . 4u SOLADF
FLC=| .B2*RCGR**(0 .| 3% SO ACF
FLC2= (FLASFLB/REN®*F L) SOLADF

PHIS=] .07(1.0=THI**] . 75 SOL ADF

ENS
Si~
S8
919
S0
2
3

s

Se7

930
931
93
933
9
a3s
33
937
938
939
0

$

-

3393898

$8 3

!

81



FLC=FLC2*(RO( ], JI/ROLI*(1,0-CHI 1242 0/RPIPL*PHIS SOLADF I3
PLCT:2.0-DELT*FLC SOLADF E 2
VUL, JIsSIGNIL .0, V] J))e(=]1.0+11.0+2.0°FLCTVAl i¢¢0.5)/FLCT W AT kS
EE=0. 25 (VA *e2-v(] J1**2) SLADF 96E
Etl . J=E(] ,J)+EE SOLADF 967
Et],Js1)=€(],Je1)+EE SQLADF 968
60 CONTINE SOLADF W
RE TURN SOLADF 970
END S ADF 971

% & = 3 ¥ * "R 8 " % 8 = » = ® /J//// %8 % & = -, 88 = 8 ™ I =2 = m 3 ®

SUBROUT INC PHCHR _ SOLADF a7
*CALL COMDK SOLADF 973
c PHASE CHANGE ROUT INE SOLADF 7

EVCAL (X) =ECV+CHV* (X-TC) SOLADF 9%

ELCAL (X)=ECL +CHL* 1 X=TC) SALADF 976

SATT(X) =255 .2+117.8%x*+0.223 ' SOLADF 977

SATRPIXI=((X-255.21/117.8)°*4.48 SOLADF 978

I=l! SOLADF 979

J=JJ SOLADF 980

RVT=RVO=RV(| J) SOLADF E SH

ROT=RO!1 ,J) SOLADF E

ETegE(l .0 SOLADF 83

THl=The (ROL -ROT-RVD) /ROL SOLADF o

IF(TH.LT.THC.OR.TH.GT.THC 1160 TO S000 SOLADF XS

IF(TH.GT.0.5)THi=] .0-TH SOLADF E s

VAVE=Q. S (IUL1  JIsU( =], J) )ee2e SO ADF €7

LIVEL  Jievi] J=l111992) 000 .5 SOLADF BE

VDA/E=Q .St (LD . J1sUDIL=1 . Ji 1002+ (VDI] , J)eVD1]  J=11)19002)0e0 § SOLADF ;\BS

VTB=VDAVE+D. | *VAVE SOLADF 350
Wel0 RB=(TH|/PNV)Iee(, 322 SOLADF ECN

FPEWN=SUWN/ (ROTeVTBe 2+ 0E-10) SOLADF E =

RE=AMIN] (RS RBW) SOLADF = =L

AREA=3 O*THI/RB SOLADF e

TYAP=SATT(R(] .U} SOLADF F

EVT=EVCAL (TVAP) *ETEMI +ECVETEM SOLADF 396

TLG=TC+ (ROTSET-RVOSEVT - (ROT-AVD) *ECL ) / (RVL*CH, *ETEM (ROT-RVD ) *CHL SOLADF g7

TLC=AMAX] (TLQ.256.0) SO ADF 98

PEAT=SATE( TLQ) SOLADF 295

EVEAT=EVCAL I TLQ) SQLALF 1C00

RSAT=THeOSAT/ (GCAM *EVSAT) SOLADF 1001

IvEL=0 SOLADF 10Ce

RBETA=| . QE-S*R0. SOLADF 1003

[RVT=0 SCLADF 1 00%

RTOT=(RSAT+RVQ) /2.0 SOLADF 00S

RET=ROT*(ET-ECL) SOLACF Q06

RCH=ROT* T SOLADF 007

CEC=CHV ' ETEM-CHL SOLADF 1GCB
c START (TERATION SADF 1009
“4i2 CONTINE SOLADF 1010

RYT=RYVI],J) SOLADF i3

1=} S ADF 912

J=J SQLADF 13

CALL EQS = W-%s




TVAP=SATTI(PT)
EVTM=EVCAL (TVAP) *ETEMI +ECV E TEM-ECL
TLQ=TC+(RET-RVT*EVTMI / (RCH+RVT*CEC)
ELTBL=(1.0+] .31 *ROL*TH/RTOT*CHL /ELHT*ABS [ TLG-TVAP)
1+(0.637*VTB*RE*ROL/EOL 1 **0.%1/RE
RATE=DEL T (ELTBL*ARCA/ELHTE L *CHL* (TLG-TVAP) 1*100.0
RVEG=RVT-RVO-RATE
IF (ABS(RVEQ/RTOT).LT.0.001):G0 TO S000
IRVT=|RVT«|
IF(IPVT . GT.2%)6G0 10 S000
IFUIRV, 2G. 1 )1SRH=SIGN(] .0 ,RVEQ)
IFLIVEL 20 1160 TO waie
IF(RVEQ.GE .. .0)G0 TO W15
C SEEK BOUNDS
FMN=RVEQ
RVMN=RV (] . J)
IF(SR4.GE.0.0)IVSL=1
RVI1,JI=AMINI (RVT+REETA ROT)
IFCIVEL .EQ. 1RV ,J)=0.5* (RVMNeRVMX)
REBETA=2 D*RBETA
GO TO w412
4415 FMX=RVEQ
RVMX=RV (] ,J)
IFISRH.LT.0.00 IVSL=]
RVl J)=AMAX!| (RVT-RBETA.0.0)
IFCIVEL .EQ. 1IRVI] ,J)=0.5° (RVMN-RVMX)
FRETA=2 . 0*RBETA
TO wai2
- T NTINUE
WVERGE BOUNCS
IFIRVEQ.LT.0.01G0 TO w2
P ITP=RVT-RVEQ* (RVMX -RVT 1 7 (FMX-RVEQ)
Fr.'=3VEQ
RVMX=RVYT
Rvi]l . JIsRVTP
IFIRVTP LT RYMNIBY LT, J1=0. 5 (RYMN+RYMX )
GO TO w12
422 RVTP=RVT-RVEQ* (RVT -RyMN |/ IRVEG=FMN)
FMN=RVEQ
RVM.=RYT
Rvil.,JI=RVYTP
IFIRVTP . GT . RVMXIBV I |, J) =0 SeiRVMN+QyMX)
0O TO ww12
5000 CONTINVE
RETURN
END

N

S & % 5 & =T % 8 2 3 ¢ S ® ® = fii = = & 2 # & % & ®» = s

SUBROUT INE PITER
¢ PRESSURE | TERATION ROUTINE
ALi COMDK
EVCAL (X)) =ECVsCHVe(X-TC)
ELCAL (X)sECL»CHL* 1 X=TC}

SATT(X) 2285 2+117.8%x°°0.223

SOLADF
SOLADF
SOULADF
SOLACF
SOLADF

1019
icie
1917
1018
1C19
1620
1021
1022
1023
10
10295
1026
1027
1028
1029
1030
1031
103
1033
1034
1035
1038
1037
1038
1039
1040
10%}
t1ou2
10%3
et
1CwS
1046
1047
108
1049
1050
1051
105
1093
i0
1095
1056
1057
1058
1099
1060

1061}
1062
i0E3
1| OB
| AR

LR™ =)

1065



vy

vy

&~

SATRPIXI=t I X=-288 21,117 Bi*va 4l S ADF i

FLG=0.0 SOLADF 106
00 300 J=,B.PT S ADF 1069
00 300 1=1PL, 1PR SO Ay 1e7C
IFrac! ,Ji . £EQ.0.01G0 TO 300 SO ADF 1971
ABR=2 C*AL] Ji*Atf+l JI/LALT JIsAll=] J)) SOLADF io7e
AR 22 0°AI1] . JI1*AI]=1 . JI7LAI]  JisAtl=],J)) SOLAlF 107
ABT=2 0°Al] , J1%AL]  Jel)/1AT]  JisAl] Jsl ) SO ALY IC7=
ABE=2 0°AL]  JYsAL]  J=11/7(AL]  JIeAL]  J=1)) SO ADF 107
PMAX=AMAX | (PMAX . P(],J)) SO ADF 1078
SM=-{ . QE~IC SOL ADF om
ICT=0 SOL ACF 1cTe
XxMx=1,.0E+10 SOLAlF 1079
¥MN=0.0 SOL ADF 1080
PBB=0.0 SO ADF 108!
PE=RP(] ., SOLADF 1082
D= (ROX* (ABRU( | , JI=-ABL*UL1~1,J) )1 +ROY*1ABT* Vil J)~ SO ADF 1083
1ABBeVI] . J=11 )1 *CELT ALl WD SOLADF 108
DMAX=ENL] ,J)*R011,2)/PB SOLADF 108%
D=AMINI (D .DOMAX) SO ADF 1086
D=amMaAX!(D,-0.99) SOUADF 1087
ROT=RON/ T, J17(1.0+D) SOUADF 1088
RVT=RYI] S/ 1.0+ SOUADF 1089
ET=ENI[ . JI=PIL]  JI*Q/ROL] ,J) SOLADF 1090
il=] SOLADF 109!
JJjsJ SO ADF 1092
CALL EOS SOLADF 1293
S=P5-RT SOLADF 109
IFLICT.NE . CIBETAL] . Ji=(PB-PBB) 7 (5~8M) SOLACF 1095
PL1 ) =PE-BETAL] ,J1*S S ADF 10986
IFIS.62.0.0/00 TO 282 B SOLADF 1097
M =PH SOLADF 1098
IFIPUL,J).CE . XMOPL] ,J) =0, S XM XMX) SO ADF 1099
G2 TO 286 SOLADF 1100
KMx =P8 SOLADF 1101
IFIPIT],J) .LE NPT  J1=0. . S¢ i XMNXMX ) S ADF 1102
CONT ! SOUADF 1103
DELPsR1] ,J1-P8 SO_ADF 110
(F1ABSIDELP) .LE.EPSI*PMAX) ICT= 00 SOUADF 110%
iFiaBR.EQC.C.0:00 TC 270 SO ADF 1106
Wil Jrsui] , Ji+2.0°CELT*ROX*DELP/ (RCI ] ,JY*RO1 [+1 ,J1) SO ADF 1o
FlaBL .£C.0.0100 TC 272 SOLADF 1108
Jil=1 Jisytle]  JY-2 CORDELTOROX*CELP/ (RO I+ (JI1+RO(L . 2D SOLADF 1109
iFTABB.EC.2.0100 T0 2™ SOLADF 1110
v J=1revi] g=1 12, 0°DELT*ROY*0ELP/ (ROt [ ,J~11+RO( | .Ul SOLADF 111
IF1ABT .EQ.0.01C0C TO 278 SOLADF 1112
VI, Jrevi]  J1e2. 0*CELT*ROY*DELP/ (RO, -RO(] . Jel i) SOUADF 1113
COMTINUE SOLADF 11te
SM=S SOLADF 1115
Peg=Rg SOLADF 1118
ICT=ICTs SOLADF 1317
IFICT. Q. 10:08 TO 208 SOLADF {:'8
FLG=1.0 SOUADF 1119
¢C 70 60 SOLADF 1120
CONTINLE SOUAlF 12
RE TLURN TOLADF i2e
END SQOUADF 1123
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*CALL

618

% 8 = *“ = 38 . 8 = s ® = 2 2 8 //{// = % 8 2 &8 8 3 £ 3 = ® %

SUBROUT INE TSTEP

CoMOx

VARIABLE TIME STEP AND [TERATION PARAMETER ROUTINE
EVCAL (X) =ECVeCHV* (X-TC)

ELCAL (X)=ECL+CHL* (X-TC)
SATT(X1=295.2+117.8*X**0.223
SATRPIX)I=((A=295.2)/117.81°*4%.48
OuMx=0vMx=| . 0E-10

DO BiS =2, 1M1

DO 615 J=2.mi

UOM=ABS (UDI( [ ,J1)
VOM=ABS (VD( ! ,J))
UMMsABSI(U] ,J3)

VMM=ABS (VL] ,J1 )

DUMX =AMAX | (DUMX ,UDM, UMM)
DyMX=AMAX | (DVMX , VDM, vMM)

DuUMx =4 QeDUMX

DVMX =4 . 0 *DVMX

Dt™™Y=| .01
IF(ITER.QT.S10T™MY=0.99
OELTO=DEL T*DTMY
DELT=AMINI (DELTC . DELX/DUMY .DELY/DVMX)
DELT=AMINI (DELT ,DEL TMX ]
RELAXATION FACTOR

DO 620 [=IPL,IPR

00 620 J=P3 . PT

IFtar], 0 .€0.0.0:50 TO 620
ET=E(l. O

ROT=RO( .0

RVT=RVII.J)

Ii=]

SN

CALL EOS

PTO=PT

DELPs~-EPS| *PTOTHTM*RO( | . J}
URsk CODELT*ROX*DELP/ (RO ] ,JIeROI (o1 [ JIVOAL] [ JI®A(]+] N}
TLACL, JYeAL L) J))

IF(ACL=1 . J) . ES.0.0'UR=0.0

-
ULs= . 0*DELT*ROXDELP/ (RO1 T=1 ;J1+RC1 ]  J)VeAlT [ JI%A0T~]  J}/

JLAL] (JieAl]l=], J})

IFiAall=-1,J).€C.0.0).=0.0

Vish QeDELTSROYSOELP/ (RO JieRDI I  Je 11 1%AL] ,JIALT ,Usl )/
LTACE . JreA 1,J%1 1

IFLAL] . J*1) . EQ . C.8ivT=(0.C

VBu~iy GeOELT*ROYSDELP/ (RO ,J=11+ROIT JVISAT] (JI*AL]  J=])/

1CALD (JEeAL] . J=11)
IFLALl,J=1).EQ.0.0:vB=0.0

ODT=DEL T (ROX* (LUR-LL 1 «ROY7* (VT-vB) 1 7AL] ,J!}
ROT=RO(1,J)7(1.0+0T)

RYT=RVI! J17(]1.0+0T)

ET=E(] ,J1=PTO/ROI 1 . J) 0T

l1=!

JisJ

il
] )/
~ L

SO alF
SaLALF
SOLADF
SOLADF
SOLADF
SOLADF
S ALF
SALADE
SOLADF
SOUADF
SOLADF
SOLADF
SOLADF
SOLADF
SO ADy
SOLADF
SOUADF
SOL ADF
SO ADF
SOLADF
SOLADF
SOLADF
SOL ADF
SO ADF
SOLADF
SOL ADF
SO ADF
SOLADF
SOLalF
SOLADF
SOUAZE
SOUADY
SOLALF
SO ADF
SOUADF
SOLADF
SOLADF
SO ADF
SOULADF
SOLADF
SO ADF
SOLALF
SOLADF
SO ADF
SOLADF
SOLADE
SO ADF
SOLADF
SO anF
SOLADF
SOLACF
SOLADF
SOL AL

o
wn
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