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SOLA-DF : A ''OLUTION ALCORITHM FOR NONEQUILIBRIUM TWC-PHASE FLOW

by

C. W. Hirt, b. 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 dinensions and time.
The two-phase sys tem 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 cass, nomen t um , and energy for water-
steam nixtures.

~

I. INTRODUCTION

Fluid dynamic problems involving multiphase mixtures occur in abundance in

nearly all branches of engineering and technology. Yet the ability to theoret-

ically study these ficws in Lore than one space dimension and with time-depend-
behavior has only recently evolved.L'?~ For many applications it is unnec-ent

essary to solve complete sets of cass, momentum, and energy conservation equa-
tions for each phase. For example, when the two phases are moving together,
a mixture cocentum ccuation can replace the individual nomentum equations , or
if the phases are in thermodynamic equilibrium, it is unnecessary to keep two
energy equations. When small deviations are expected from equilibriun or equal
phase velocities, it is possible to introduce correction terms into the mixture

equations withaut having to increase the number of equations. It la the latter

approach that is considered in this report.

In the next section a theoretical forculatica is describec for a t'ao- p h a s e
mixture using one variation of the so-called " drift-fluz" aparoximati ' :1.
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Thes e equations are formulated for two-ditensional planar or axisy= metric co-
orcinate systems. All cons titutive 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. They should not, however, Le used indiscriminately. For
other applications, consideration should always be given to their suitability
for the temperature-pressure ranges of interes t cnd to the possibility that ad-
ditional physical processes may be needed in the basic theoretical description.
In any case, it is emphasiaed that the constitutive relations used in this re-
port may be easily changed without alt -ing the basic numerical solution algo-
rithm that fo rms 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 ori;inal SOLA code was designed for
problems involving a single, incompressiste fluid in a fixed region. The

SOLA-SL'RF code is an extended form of SOLA that allows for the inclusion of
free surfaces. SOLA-ICE, the th ird member of the family, was designed La
handle single corponent, cor - le fluids. An implicit solution rethod is

used in SOLA-ICE so that, in addition to shock and rarefaction do=1nated flows,
it can also treat very low speed (incompressible) fluid flows. All of these

SOLA codes are available from the Sational Energy Sof tware Center, 9700 South
Cass Avenue, Argonne, Illinois 60439.

Iae SOLA-DF code is a direct descendent of BOLA-ICE. It utilizes finite-

difference approximations with respect to a mesh of equal rectangular cells
covering the flow region of interest. A semi-icplicit formulation is available
as a user option so that large time steps can be used in many circumstances to
reduce problen 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 by the
se tting of a large resh-inter"al in the normal direction. Fu th ermo re , for one-

dimensional computations of flow in pipes there is an option for a two-phase
flow pipe friction model.

In addition, SCLA-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 t' e volume of a cell of length Sy is ASy. In two-dimensional computa-a

tions the volume of a cell of width Sx and height Sy is ASx5y . The presence
ooi
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of the A quantity provides SOLA-DF with many useful features. For example, in

one-dimensional appplications a varitole A can be used to model nozzles or
other pipe area changes. If A incruases as the square of the distance from

the bottom of the mesh column then the equations reduce to a one-dimensional

spherical system that could 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. fLe 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 version

of SOLA-DF the A quantity mus t be constant in time. However, it would not be

difficult to introduce time-dependent corrections so that flews in flexible

pipes and ducts might be modeled.

In constructing SOLA-DF some consideration has been given to providing
subroutines for mos t of the important or controversial constitutive relations

and for the equations of state for each phase. Th us , changes in these quanti-

ties can be made with relative case. Although the code was developed on a

CDC-7600 computer, ANSI-Standard FORTRAN has been used throughout to facilitate
its use on other computera. Th is 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 these 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 th e type of re-
sults that may be obtain ed with the SOLA-DF code. The results of this test prob-

lem are presented in data 11 ro that new users may check that their codes are run-

ning correctly.

A listing of the code and its subroutines are provided in the Appendi:< .
Two SOLA codes, which were referenced above, offer complementary capa-'

bilities to SOLA-DF and deserve an expanded explanation. A /ariation of SOLA-DF
;

is contained in SOLA-LCOP, which is a one-dimensicral network code.' TSe

SCLA-LOOP program is designed to handle sys tems of one-dimensional car.conents

3DQ
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coupled tagether through junctions. Variable time steps nay be used in differ-
ent components, and provisions are available for defining trips , breaks , valves ,
and other transient features. SOLA-FLX consis ts of SOLA-DF coupled to a three-
di=ensional shell code. This combination may be used for problets involving
coupled fluid-structure interactf.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 drif t-flux equations describing the dynanics of two-phase fluid nix-
tures have been cast in maay forms . In the present case we choose as depend-
ent variables the mixture density p, the macroscopic vapor density p (vapor,

mass per unit volune of mixture) the center-of-mass velocity u = (u,v), and the
tixture specific internal energy I. Important auxiliary variables are the void

fraction 9, the relative velocity between phases u (ur,v ), and the mixture=

r r
pressure p.
A. Ecuations of Motion

In terms of the chosen cependent var tables , the basic two-dimens ional
drift-flux equations used in SOLA-DF are

the continuity equations,

( )
30 +1 j 3Acu + 3Acv j= 0T-

-ay) (2.1)-

:t A \ 3x
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and the internal energy equation,
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In these equations, the independent variables are time t and coordinates

x,y. The exchange functions for cass and comentum are T and K, respectively.

Subscripts y and E refer to properties in the vapor and liquid states while a
superscript zero refers to microscopic quantities. The gravitational accelera-
tion is denoted by 3 = (g og ).

The quantity A is the tice-independent " thickness" of the flow channel .
Tha t is, A dx ay is the voluce associated with an area ax wide end iy high. In

addition to representing variable area ducts, we may use suitably defined A
values to represent cylindrical coordinates (A = x, the circumferential area

per unit azimuthal angle) or obstacle regions (A = 0).
To complete these equations a variety of constitutive relations 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

:;ui tab l e experimental data. Even with careful testing, however, the prejudices

of different researchers often leac to different constitutive relations. In the

followinz we describe one set of :ircle constitutive models that have been used
,
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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 relations.

B. Void Fraction

The voluce of vapor per unit volu=e of mixture, that is, the void fraction
9 is defined through the relation

.

0 = [a - p + o /j/o?\ (2.5)\~ v &
.

.

C. 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-
gy . Although fits to steam table data could be inserted in the equation-of-
state subroutine, for developmental purposes we have chosen to use a much sim-

pler approach. When the void fraction is below a small, predetermined value,
9<9, (typically 9 = 0.005) the fluid is assumed to be a pure liquid with theC C
equation of state

+afa-c\p=p ,o \ c/

where a is a representative speed of cound in the liquid phase and p is chosen
9

(see Eq. 2.6) to ensure pressure continuity between the pure liquid and two-
phase states when 9 = 0 . In the two-phase region, 9 > 9 , the mixture pressure
is equal to that of the vapor and is given by the polytropic gas equation,

p= (Y - 1) 0 I .

v v

D
i\\c, a c i



>.

_

In the code these equations are combined into the single equation

1(0 - 0) (2.6)p= (Y - 1) 0 I /0 +a 0 ,

vv

0 if 0 >0
* l c

where 0 i=

O if 0 < 0'
.

i C C

2 4 2 9

a = 10 cm /=s~ oft'erFor saturated conditions we have found that y = 1.07 anc

reasonable approximations for many reactor 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 cust 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 assured to be saturated. For =any applications there is little differ-

ence between the two assu=ptions , because the large heat content of the more

massive liquid phase keeps the liquid temperature nearly the same in either

Case.

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

pendence of the internal energies as

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

(2.7)

I, = E1 + C,(T1 o
-T) ,

4 5

where E and E are saturated internal energies at tecoerature T and C andv g " o 7

C are constants chosen to fit the steam table versus T curves in th e tempera-g

ture range of interest. For example, in the systen of units g, cm, ns, K the

C7v,n
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values E = 2.506 x 10', E
y g 0.4174 x 10 , C, = 6.67 and C 44.34 are good= =

7
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,

pI = p I +oI (2.8).

vv i1
.

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

0"- 255.2 + 117.8 p '"3T (2.9),v

where in this expression p must be in bars and T in kelvina. Knowing the vap~or

temperature it is then an easy task to compute the separate liquid and vapor
internal energies and liquid temperature using Eqs. (2.7) and (2.8).
E. Relative Velocity

*

.a equation of motion for the relative velocity can be derived from equa-
tions describing a complete two-fluid model, given by

'l 3u 3u
., r 1_g,I f3u u

' I'u 2u + l (o, - c ) + v ," - v,
ot 2 ox r o c v v sy ,sy<

. - |

b- h-K "
uo o l ox o 0, rp D v(g yj

(2.10), .

I 3v 3v,
r 1=g,{' v

3v v

2v + I (c, - : ) +u ,'' -u, ,',

at 2c-
1 . -|

v r 0 4 v v ox c ax

[1 1 h 3n :
o o

, K v ,

' 0 C, r
\ D ,, O,)

av
y .

S

- . , . -

t



..

where u = u -u v =v -y
, ,

r v 1 r v R

pu +pu pv +pv
V V gL " " t

u= v= ,,

p p

p=p +p i
y g

and K is the interf acial 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 0 is small, or the liquid is a dispersed phase of small droplets when 0
is large, we can es timate K from the drag on an individual bubble (or droplet)
times the number of bubbles (droplets) per unit volu=c, N. The result is

d |ur| + 12v'
~

OS (2.11)C
K = 8u,1

, o.,
,

r

where

~, 5'

7(1-9) for o < 1/2s, =t, 9 =v
1

9 = l-9, = v 9' * for 9 > 1/2s .

1 v

C i a drag coefficient (generally of order unity), S is the cross- sectional
d
area per unit volume of bubbles (droplets) with radius r ,

3c
, ' and r if 9 < 1/2= r'anr oy

s( (2.12)
U1-91

and r = , if ~ > 1/2 'ar
d _ ?\1"

"
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and V is the kinematic viscosity. The average radius is related to the number

density by the expressions

[ 36 1/3
f r 0 < 1/2r ~

b (4nti)
- - 1/ 3 (2.13)
3(1-0)

f r 6 > 1/2rd" 4nN .
.

L e bubble number N is often assumed to be a constant 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 es timated 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 c= bodied in T is crucial if nonequili-
brium effects are to be correctly predicted. The mdel we describe here is
still under development and is not yet sophis t aced enough to be used as a4

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

2r1
A

'

where A is the latent heat of vaporization and interfacial area Z is related to
the bubble radius, r, according to Z = 33/r. The heat flux can be further de-
fined as

q = k(T. - T )/2.
,

4 s

'1
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where T is the saturation tecpiirature and k is the thermal conductivity of
s g

the liquid whose bulk te=perature is T . The length I characterizes the thick-g

r ass of the thernal boundarj layer over which the liquid temperature changes

from its interior, bulk value, T , to the value T assumed to exis t at the two-g

phase interface. '"h us ,

k,(T - T )Z
' 'r= (2.14).Al

For a single, nontranslating bubble growing in an infinite fluid region,
11it has been shown that 1 = 1 , where

c

~
-

4 =r
-- c;lT - T,13: z,

.

C 7 o A
0

L v .

In this expression r is the instantaneous bubble fadius , which is de fined later.

When the bubbles are translating with respect to the surrounding liquid
1with speed, U, then 1 = 1 , and Moalem and Sideman give the general expressionu

/ Tu,

z -r 1
u Re Pr '

b j

where Re = 2rU p /u, is the bubble Reynolds number, Pr = C,u,/k, is th e liquidb & c & 5 &

Prandtl number, and p, is the liquid shear viscosity. As the relative speed U

increases, the length I rapidly decreases below the value of E , which representsc
stripping away of the thermal boundary layer by relative ficw. In an attempt

to smoothly combine bcth these ef fects, we have defined 1 as the reciprocal
average of these limiting characteristic lengths,

1 1 1

(2.15.

< ,

e u

1 1
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Equation (2.14) with I 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 nucher of bubbles per unit volume, then we can calculate
the average bubble radius by Eq. (2.13) and use r-r . Un fo rtuna tely , th e

o
nu= bet bubbles generally does not remain constant in a dynamic flow envi-
ronment occause bubbles larger than a certain size will break up. The maximum

stable bubble radius r can be estimated in terms of a critical Webcr number
W'e

GW
cr = (2.16)w o2 '

20, U
t

where c is the interfacial surface tension. The value of W is of ten taken as
c

4 for turhulent flow conditions.13 Thus , we define r as equal to the minimum of
r and r and reserve N as an input parameter that defines the initial numbero u

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 |ur| between phases , but this would no t account
for local turbulent fluctuations that have been averaged out in the definition
of u Fluctuations in u can locally strip away the individual bubble th e rmal.

r r

boundary layers and break up large bubbles. To account for such local effects
we define

U- in I + liul <2.17),

where u is the mass averaged mixture velocity and 2 is a parameter. Th e 3 term
accounts for turbulent fluc tua tio ns . We might ag ec P S to have a magnitude
of 0.1 or less because large turbulent velocity fluctuations are often cbserved
to have magnitudes as large as 107,of the mean velocities. In general, the

best value of 3 must be determined by comparisons with experimental data.
\ ta.
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cub



-
.

.

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 emb race, as special cases, the models used by many other investigators and
it has produced good results in several dif f erent applications .

C. Pipe Friction

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

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

this purpose. This subroutine is only called when the one-dimensional option

(DlM = 1) is set in the input data lis t, and only when the pipe radius, RPIPE,

is initialized to a nonzero value.

Flow losses arising from wall friction af fect the momentum and energy of

the flow through the terms f and 'J in Eqs. (2.3) and (2.4), respectively.
s ,

The pipe f riction model f c ntained in PFRIC is based on the Armand two-
s

phase flow friction multiplier and uses the Colebrook approximation for the

single phast friction factor

1 b (1-9) (2.18)f
vis R ,o :TP ~1

= ' u .

"L

Here the friction coefficient f depends on the relative roughncss (k/R) and the

Reynolds number Re = 2uR/vg,

~C
f = a + b Re (2.19),

where

a = 0.026 (k/2.'0*~"~ + 0.133 (k/2R) ,

'

b = 22.0 (k/ 2 R) ,

n! o
'j j / /. IJ 13



.

*

c = 1.62 (k/ 2 R) ,

and R is the hydraulic radius. The quantity $ is a two-phase f riction multi-
TP

plier

2 -1.75 '

(1-9)=y ,

TP

and 9 accounts for the effects cf relative velocity

,

?=pv[1 + (p-p )u /pu]'/p .v r

The value of W is determined from the rate of change of the fluidg

kinetic energy associated with the f flow loss.-

vis

III. :.T'!ERICAL SOLUTION METl!0D

Numerous scheres can be devised to numerically solve the equations outlined
in the previous section. Dif ferent schetes will have varying degrees of
accuracy , numerical s tability , programming simplicity , flexibility for change,
and computational efficiency. Unfortunately, these desirable i:raits are of ten
mutually exclusive. For example, the use of implicit dif ference equations to
achieve unconditional numerical stabilit, can also result in poor accuracy and
generally requires more complex programming and more computer recory. Because

different applications require different mixtures of the desirable features,
the choice of an optimum solution algorithm can rarely be made. Th us , th e

choice of a numerical solution procedure generally requires a balance to be made
primarily becaeen progracning 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 !=plicitness. In all cases, point relaxation methods

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

la n e
')L l ;| |. ,-

'
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Although point relaxation methods are generally recognized as simple, but in-

ferf to direct methods for linear equation sys ten;, this is not necessarily

the case for nonlinear equations where iterative methods rust be used anyway.

The point relaxation method permits considerable latitude for adding new fea-

tures, changing boundary co .ditions, varf ng time steps , and taking other grossi

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 i :al processes.

This s tructure takes the present code particularly easy to modify and extend

for new applications.

A. Mesh Construction

The finite-dif ference ecsh used for numerical solution of the above equa-

tions consists of rectangular cells of width Sx and height Sy . The part of the

cesh that con tains fluid is composed of IBAR cells in the x-direction, labeled

with the index 1, and JBAR tells in the y-direction, Jabeled with the index j.

D11s region is surrounded by a single layer of fictitious cells so that the

complete mesh is D'AX = IBAR + 2 by J'!AX = JhR + 2 cclls (see Fig. 1). The de-

pendent variaoles are located within a cell ao shown in Fig. 2: x-directed ve-

locities at the middle of the vertical sides , y-directed velocities at the nid-

die of the horizontal sides, and all other variables at the cell center.

Finite-dif ference subscripting used in the computer code is based on the

convention that (1,j) refers to the center of the cell labeled by (1,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 Alzorithm
A time cycle of calculation is broken down into four tasks. Firs t , th e

momentun equations, Eq. (2.3), are advanced explicitly using the previous cycle

values for evaluating all contributions. Next an iteration is undertaken to

replace the pressure used in the firrt 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 o f th e

nunerical scSece. The pressure iteration permits sound waves to propagate more

than one cesh cell per cycle. In fact, this scheme is a variant o f th e ICE

technique, which may be used for very low speed (incenpressible) ficus as ell

as for high-speed flows containing shocP waves and rarefactions. The th ir d

:

. } ,' i **e g
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Fig. 1. General nesh arran;;ecent. Fig. 2. Arrangement of finite differ-
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task in a c" le is to update all other dependent variables. Finally, th e fourth

task consists of dar: oscput, tice s tep controls , and bookkeepin;; operations.
For a purely explicit calculation, the iteration making up the second task

may be omitted by setting the in put number I'IP equal to zero.

_l . Explicit L'ndating of Velocities. Befcce in'. 7ducing finite difference

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

e<;uivalent differential torm,

fu
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' v ))
[Ac o ) , [Ac c,-.

S1 +22 + u 1 |
"

CA 3y|(- #u v )l + v
'

3x + PA 3x ( rr Dy3t op r

1 h2 + g +1 f (3.1)- .

p oy y 0 visy

This form is a carryover f rom previous codes in the SOLA series. Its advan-

tage is that u"+ and v" are calculated directly rather than (pu)"+ and

(pv)"+ . The disadvantage of this equation is that it is not in conservation
.

form so we do not get rigorous conse ation of momentum in the dif ference 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 problets . In general, it would probably be a good idea

to conitor the total nocentum of the system in order to have a check on the < s

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

~

2(p - p 'I ' i )I'I iE =u +6t +a
1.j i,j fx(J +0 'x

. 1,j i+1,j)
_

+ f - FC" - FUY - FDU
visx

1,j
_

(3,2)
2(p , -p, )

-'31'I7 =v + 5t +g
' i,j 1 j +1)

' "i,j 1,j :>(a +2
,

.

f - FVX - F7Y - FDV+
,

visv- 1, j
_

n+1 n+1
where ~u, and ~v are the explicit guesses for u and v ,, respectively.

1,j 1,j... .,a

In all cases, the boundary values of cell-centered quantities will be defined by

linear interpolatica, as for c used above, unless otherwis e no ted. Tha incening

in this equation looks uncentered but recall f rom Fi;. 2 that u. '2s..

t,j.,

refer to the velocities at the boundary between cells i and itl me and;

j+1, res pectively . The convective fluxes are defined as
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]jb "
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1

FUX = 25x [u1.j(ut+1,j 1-1. j)-u

~ " "i,j ("1+1,j - "1,j "i-1,j I

1
vUY 85y [(v1,j i+1,j 1,j-1 + v1+1. j -1 ) (u1.j+1 1.J-l)
' +v +v -u

~ " "i,j i+1,j 1,j-1 i+1,j-1 I '"1, j +1 ~ "1,j "1,j-1

The parametcr a apparing in the convective fluxes is used to give a variable
ar.:ount of ups tream dif ferencing. When c4 is :ero the approximations reduce to
the usual centered dif ferenced form; however, th is is known to reault in an
un stable algorithm.15 b d'f de wohdons m de so- d led
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, nunerical stability 's expected (see Ref. 15) when a.

is chosen such that

-

a c,u 5t a c. , v St-u n, St v r vt r
.,

-t > max . . , , , , ..vX vy
.

gx c.
-

-

Le remaining flux terms are
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+ v _7,j)+ u _1, j . i,j)(vi+1,j[(u _1,j+1 + ui, j +1 +uFVX = g iii

- " "i-1, j +1 + "1, j +1 "t-1,j 1,j "i+1,j ~

1,j

+v_ )] ,

"2y "1,j 1,j+1 ~ "i , j - 1 ~ # ~

1,j 1,j-1 *
1,j i,j+1

.

1

6x [(UDR) (RVC + RVR) + c| (UDR) | (RVC - RVR) - (UDL) (RVL + RVC)FDV
A
T'

) [
- a | UDL | (RVL - RVC) ] +

1- RVT[v 'v I + al (RVT) | j v
i

,

! 1,j 1, j +1) ('i,j7 # #

T
1 - (RVB) /

) /
|-a|(RVB)||v +v v-v

1,j+1/ (#1,j-1 1,j) ( 'i,j-1##

~|
- "r i,j 1,j+1

*

.

where
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1. i+1} A
0 0, [v +v

# #"1.i+1 1.i+1 ,\ 1.i /- , andRVT =
p 2 1 j+1
1,j+1

p C v +v \

i.i 1.1 1.i-1 'i.ilV #

RVB = A '

2 i,j
i,j

.

For the cell boundary areas, we do not use a linearly interpolated value, but

instead, prefer a combined geometric and arithmetic average, e.g.,

2A A
i.i 1,i'l31,j+b , (A +A ' *

i,j 1, j +

This choice has the convenient feature that A , vanishes when either A or
1,j++s 1,j

A 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+1 level pressures . This is done by solving for the pressure in

each cell that satisfies the implicit equation

- (3.3)F = p - f(0, - -O=0O ,y,

where f(p, p 5) is the equation of state evaluated using,

3 = o"/ (1 + D) ,

"/ (1 a D)3 =0 ,v v

[ , e, .-e, ,3

b*)[ L [ ()



n
i = I" 2-- D (3.4),n

p

and D is an approximation to cell volume change per unit volume,

.

6t 3 3
.

,3x ( Au) + -- (Av)D . oya
,

6t
.

1

6x (A1+h ,j 1,j 1-h , j 1-1.j) ( 3. I,u -A u
A

-

.

+ -1 (A v - A . vcy 1, j +,1 1,j 1, j $3 1,j-1),
.

The n+1 level velocities must be used in evaluating D; tha t is ,

Eu =C ~ (c +1, +c ) (P +1,j - E"i+1, j 1 ,j + p"i ,j) /3.6)-pi,j 1,j ' '

if

and

n+1 2St n nv. (p -p p +p1,j)
v, . = (3.7)'] 1,j - (p, +0

.,j 1 1, ]. ) ' i , j +1 1,j+1 1,j
.

,

Because the n+1 level velocities depend on p the implicit nature of Eq. (3.3) is
n+1obvious. The pressure that satis fies Eqs . (3. 3)- (3. 7) is no t quite p

,

because convective fluxes are ositted from the estimates of the new densities
n+1-

and energy -I. It would be equal to p if the remainder of the equa-- p0, ,

,,

cions were in Lagrangian form. The difference is not significant, however, be-
cause the iteration is always trying to drive p to its equation-of-state value
every cycle. In this sense p is a stored variable and is not identically equal
to the equation-of-state value unless th e iterations are omitted and an explicit

_,

#
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calculation is used. It is important to no te that densities and energies are

not actually changed during the iteration, because Eq. (3.4) is only imed to
estimate the new values. To obtain a solution of Eqs. (3.3)-(3.7) a local

Newton-Raphson procedure is follcwed. For this purpose an estimate is needed

for 3F/Sp in each cell. In SOLA-DF, firs t guesses for these values are computed

by a numerical differentiation. This is done at the beginning of each cycle

and tha values stored. 0,cc the iteration t 2s started, new values are computed

and stored af ter each iteration. In summary, the following steps are performed

for a single cell (1,j):

a. compute D according t.o Eq. (3.5) using the cost updated values of u
and v from Eqs. (3.6) and (3.7),

b. cocpute p, o , and i from Eq. (3.4),
evaluate the equation-of-state function and calculate Sp = - F/3F/3p),c.

d. replace p by p + 6p , and u ,u ,v , and v by
4

2 St 6p

i,3 i,3 + 6x(pu = u ,

t,3+P +1,j)i

2 St 6p
"i_1,j " "i- 1, j ,

OX(P _1,j 1,j
+9

i

2 5t 6p
i,j " "i,3 + 6y (p +P1,3+t)

v ,

t,3

and

2 6t So
V =v ,

6 (Pi,j-1 "i,j)+^I,j-1 1.j-1 Y

This t reration process is continued until all cells satis fy the convergence tes t

P~ f O, E ., 5) | 'j a c ]i

,'
_ _

_I)p + f(;, ,,
'
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where c is typically equal to 0.001.

3. Updatine of Remaining Variables. Af ter the implicit portion of the
cycle has been completed new time values for the remaining variables are readily
computed. The mixture density changes only by convection,

.

I
~

n+1 St _.1 'i+h, j (p u) i+>;,j 1 2.j (pu)i n 3, -A| *
0 "C ~ A 5x e
1,j 1,j ,

~

t,j+g (C 1, j + ~ 1,j-b i,j-d+ A *

where

1
. .

1 j(01,j i+1,j ) + O ! u1, j ' i,j - O +1,j)
i

(Cu)i+h,j (0+0 '=- u
2 ,

i
.

.

.
.

(ou)1 ^.,j 2 1-1,j 1-1,j 1, j ) ,+ ct } u1-1,j | (0i-1,j 1, j )
=- u (a +c -0 *

,

.
.

.

1
.

(O v ) i , j. ','2 2 i,j 1,j i,j +1) + a | vi,j| (0
=- V (0 +0 -0

,
i,j 1,j+1), '

and
-

1(,:v) . . =- v (0 +0
1, j >f 2 i,j-1 i,j 4,j-1) & 2|v1,j-1| (o 1, j -1)J

-0 .

,
1,j

Quantities on the right side of Eq. (3.5) are evaluated using n level values for
p and the available n+1 level values of u.

The mixture energy equation is next approximated by

c I -

I
' '

i,j ,n+1 n+1 - FU - FV - FWK= +
,

"1.j i,j
"

f 2 2' I,
+ +",u +u + + W ,(3.9)s. t , j.

( r,-,j r,_, . r r vis*
, ,_.* -,; i , a, -,a

.
i . 3,

q
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where
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i 4,j (plu)i+b,j + |( ' (I - I, ) u' A +,FU = A

ox |
~

p v - r ,

i,j . i+1, j -

-

fp o
.

"
lI (I - I )u1-h , j (plu)1 ,j

-A ,

i p v 2 r
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i , j ,4 (PIV)1,j , +| (I - I,)v-A .

4 g 1, j ,,. _ }
o v x. r

_

For this formulation the boundary convective fluxes are approximated by

~

fao ~

,(p Iu) i+h , j + 1 v 2. (I - I )u
( p v 1 r i+,1, j

,

. . -

1
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,(pIv)i,j+ + (I

4 , T'z) i , j -*1
, and (O + (I - I )v |E r .

o v Ip v
rj f , j _q.

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

and the overall di-p, p , and I while n+1 level values are used for u ,p ,
y

visor p Finally, the vapor density is updated as.

(p )n+1 + St {- FRU + T1,j ] (3.10 )
v 1,j ( v)1,j= ,

.

where

. -

1 1

, le,g ,j (o u ) 1 ,5,j(o u )FRU = A
- A -A
6x vv vvg1 _,

.

1
A . (0 y) - A (o v )+ 6y _ 1, j +1 y v ; 1,j-5 y v _;,

and

1
. -

(p u ) (u ) (o )I'd + (p )=-

V V Vi+1 , j i,j . i+1, j -1

. -

+a|uv|1,j
- i,j i+1, j -
(p ) - (o ) .v v

The 1-5 boundary flux is obtained by replacing i with 1-1 in the above expres-
sion. In a similar fashion,

V V
, =hI [c(c v

+ ov
y , V , ,

1,j+5
o

( 1,j . gv 1,' 1, j +) _.

- -

+ 2|vy| [a \ - [o l
\ v) \ v), J

_

, .

,s
_

,J -, -
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where the j- boundary flux is obtained by replacing j with j-1 in the above
equatien. The vapor velocities used in these expressions are defined as

"v "1,j 2.

~

r)1 i+ ,j
'

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

.

"#
v 1,j 2 r i+b,j '

1,j

with a corresponding expression for the j- boundary obtained by repl ing j

with j-1.

Some care aust be taken with the way the vapor source te'm T, is approx-
imated. When the mixture is not at equilibrium and the relav tion rate is fast,
I can be large. Under such circums tances Eq. (3.10) may be numerically unstable.
To avoid this the densities in T should be evaluated at level n+1. For general

formulatio.s of T it is usually necessary to use an iterative technique to solve
Eq. ( 3.10) . Such an iteration is provided in subroutine PHCHR for the T given
by Eq. (2.14). There is , however, another core serious problem that can arise
when phase transitions are important. Because the effect of T is included at the
end of a cycle of calculation, its influence on the pressure, and hence the dyna-
nics, is no t accounted for in the implicit pressure iteration. This means that

inaccuracies can be introduced in the propagation of co=pression and rare-some

faction waves when significant phase change occurs during a single time step.
L addition, a large phase change ray also drive the equation-of-state pressure
far from the valu' arrived at in the pressure iteration; so that exc ess ive
iterations may be required to solve the implicit equation in the next time cyc le.
In extreme cases the iteration =ay not even converge. The above problem can b
eliminated by using sufficiently scall time increments, St, but in some cases
this may lead to long computing times. A better solution that has been utilized
recently in the multidirensional code K-FIX (see Ref. 2) is to incorporate the T
into the implicit portion of the cycle. Scsically, the idea is to include T in

23
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Eq. (3.4) for the es timated 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 on of state.
The latter procedure is of ten preferable because it effectively puts P into the
pressure iteration.

C. Boundary Conditions

Various types of boundary conditions may be used at the ends and sides of
the cocputational mesh. Prescribed velocities or prescribed pressures 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 it. the contr ament structure to the

end of the cesh.

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) cons tant 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 the

tangential velocity component auc t have no normal gradient, i.e.,

u =0 '

for all j.,

# #
1,j 2,j

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

2. Ricid No-Slin. Tae normal velocity cocponent mus t be zero and the

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

_. n- 29
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'0u =

|

[ for all J.
#1,j " ~"2,j

1

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 af ter each pass ~ through the mesh during the pressure iteration.

3. Continuative Outflow. Continuative or outflow boundaries always pose
a problem for low-speea calculations, because whatever prescription is chosen
it can potentially affect tne entire flow field upstream. What is needed is a
prescription that permits fluid to flow out of the tesh with a minimum of up-
stream influence. In this code we have used a continuative 5c u-dary condition
that involves setting, for the lef t boundary, for example,

"1,j ~ "2,j
l

l for all j.

# ~#
1,j 2,j i

These conditions, however, are only imposed af ter applying the complete momentum

equations (3.2) and not af ter each pass through the cesh during the pressure
iteration. During the iteration the normal boundary velocities can 'ca ry wit h
the changes in pressure, as any interior velocity component. The treatment o f
p, p , and I is the same as (u,v).

4. Periodic. For periodic beundary conditions in the x-direction, the
left and right boundaries cus t be set to reflect the periodicity. This is

easies t when the period length is chosen equal to (I3AR-1)6:.. Then the boundar
condition for the fictitious cells on the lef t are

30
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"1,j "IBAR,j )

"1,j "IBAR,j
"

i

D #0 " *

1,j IBAR,j

P*

P ,3 IBAR,j1

I /
I =

1,j IBAR,j

and on the right

"IBAR + 1,j "2,j }
"

'#"IBAR + 2,j 3,j
1

|

IBAR + 2,j 3,j /
r all j."U

P , .iP 3IBAR + 2,j

IBAR + 2,j 3j

In this case these conditions are imposed af ter applying Eqs. (3.2) and after

each pressure iteration.

3. Constant Pressure. b' hen cons tant precsure is prescribed at a boundary,

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

s, ?, p. T= =

1,j .,j oc

i

.

,5 for all j.u, . = u,
2] -,;

' , = v, .,

-,] a,j /

p' q7o ,,
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The variables and I are treated the same as v.s

Boundary conditions similar to those for the lef t wall are used at the
right, top, and bottom boundaries of the =esh. Of course, the normal and tan-

gential velocities at the top and botton boundaries are v and u, respectively.

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

{
1, rigid free-slip lef t wall

2, rigid no-slip left wall

KL = 3, continuative outflow left wall

4, periodic in x (provided WR = 4)

5. cons tan t pressure lef t wall.

Similar ir.put 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-
ditions can be taken into account by simply setting A = 0.0 for the desired
obstacle cell. The cede is equipped to handle these simple obstaclas by means of
the 15PL'T stream; hcwever, if a more cocplex internal obstacle treatment is de-
sired, the user cus t provide additional coding at the end of the boundary condi-
tion routine BC.
E- Variable Time Stens

SOLA-DF contains provisions that allow the use of different time steps of
in tegra t io n. The time steps are determined by numerical stability requirements
and other user specified conditions. For numerical stability the ti=e s tep is
limited by the flux criterion that udt/5x < 1/4, u St/6x < 1/4, vSt/Sy < 1/4,

r
and v S:/Sx < 1/4 The mini =un time s tep determined according to this criterionr

is then increased or decreased by l?;. The direction of this adjustrent is d e t e r-
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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 sten is increased,
otherwise it is decreas ed. 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, COSiON VARIABLES , AND SUBROUTINES AND GRAPHICS OUTPUT

The input data, COM510N 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 ap; ear in the COMMON variable
list s and are identified there simply as an input quanity. These descriptions

of the input and COMMON variables are necessarily brief but hopefully will as-
sist in relat.ing the methodology, 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

DEFAUI.T FORTRAN ALGEBRAIC

VALUE SYMBOL SfMBOL DEFINITION

1.0 ALPHA a Parameter that determinas th e .

amount'of upstream differencing

in the convective flux terms.

Equal to one gives full donor

cell differencing.

1.234 x 10 ASQ a Square of the speed of sound

for the liquid phase.

10 EUBN N Representative bubble (or

droplet) number density per
3

cm , used in phase change and

interf acial f riction model .

0.50 CDG C Dr g c fficient used in die
d

interfacial friction model.

33r - - ., c,
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44.34 CHL C Coefficient of the linear termg

in the liquid internal energy

function.

6.67 CHV C Similar to CHL but for thev

vapor energy function.

1.0 CYL - Define coordinate sys tem;
cylindrical (CYL = 1.0) and

Cartesian (CYL = 0.0).

1.0 x 10~ DELT 6t Starting time step for the

calculation in ns.

31.0 x 10 Di IMX 6t Maximum time step in ts.max

1.0 DELX 6x Cell length in cm - radial length
in cylindrical coordinates.

1.0 DELY ,y Cell length in cm - axial length
in cylindrical coordinates .

0.0 DFVEL - Program control parameter that

determines whether the rela-
tive velocity is to be calcu-

lated (DFVEL = 1.) or set to
zero (DFVEL = 0.)

2.0 DIM -

Problem dimension: (DIM = 2.0)
is a two-dimensional problem

and (DIM = 1.0) is a one-di-
dimensional problem.

4.174 x 10 ECL E. Contant in the liquid internal
ener;; C.u: .ian.

34
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2.506 x 10 ECV E Similar to EGL but for the
v

vapor energy function.

1.6 x 10~ EDL - Ratio of the thermal conduc-

tivity to the specific heat

for the liquid.

1.6 x 10~ EDV - Ratio of the thermal conduc-

tivity to the specific heat

for the vapor.

1.76 x 10 ELliT A Latent heat of vaporization.

0.001 EPSI e Pressure iteration convergence

test parameter.

1.0 ETEM - 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 to the saturat-

tion temperature at the local

pressure.

0.07 GAM 1 ('(-1 ) Parameter in the equation of

state.

0.0 GX g Gravitational acceleration in

the x - or r-direction.

0.0 CY g, Gravitational acceleration in

the v- or :-direction.

10.0 IBAR - Number of active computa-

tional cells in the x- or

[ib
33
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1.0 1MP - Program control paraceter whose

values determines whether an in-
plicit (IMP = 1) or explicit

(IMP = 0) solution method is
utilized.

10.0 JBAR
,

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

NJ NAME NAME - 80 character problem name.

1.0 OMG - Relaxation parameter for the

calculation of 6p in the pres-

sure iteration. A value of

OMG = 1.7 of ten improves the

rate of convergences for low

Mach number fi s s.

0.0 PBC - Constant pressure boundary

condition in bars .

1.0 PHC1 - Parameter whose value determines
whether phase change is computed

(PHCh = 1) or omitted (PHCH = 0) .

1.0 PIN - Initial pressure condition in bars.

L ' PLIDT - Time intervals between
plots in ns.

0.1 PRTDT -

Ti=e intervals between prints in s .

0.0 RADIUS - Inner radius of an annulus in cm.

0.0 RO R Pipe wall roughness.

36
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0.958 ROL p Microscopic density of the

liquid in g/cm .

0.0 RPIPE - Pipe radius in cm.

.0008 SCWN - Product of the liquid surf ace

tension and the critical Weber

number.

373.0 TC T Reference temperature for
g

liquid and vapor internal

energy functions in K.

0.001 IHC 6 Void fraction below which the
C

fluid is treated as pure liquid.

0.0 THIN - Initial void fraction condition.

373.0 TIN - Initial temperature condition

in K.

10 TWFIN - line when the problem is cct-

plete in ns .

O. UI - Initial u velocity in cm/ms.

2.0 VELMX - Normalizing velocity for velocity

plots in en/ms.

O. VI - Initial v velocity in cm/ns .

~f
3.0 x 10 VISL v Kinctatic viscosity of the

liquid.

-42 x 10 VISV v Kinematic viscosity of the
v

~

q gg vapor.

') l'\ L[y s
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1.0 WB - Parameter that apecifies the

boundary condition for the

bottom boundary,

1.0 WL - Parsneter that specifies the

boundary condition for the

lef t boundary.

1.0 WR - Paraceter that specifies the -

boundary condition for the

right boundary,

1.0 WT - Parameter that specifies the

boundary cendition for the

top boundary.

Following the NAMELIST data INPUT, the user has the option of defining
rigid interior obstacles. 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: N0 (Format IS)
NJ = Nunber of interior ob-tacles. If N0 / 0, N0 additional cards are read;

i.e., there is one card defining each obstacle.

NO Cards Following the Above Card: 1303, IE0B, JB03, JE0B, (Format 4I5)
1503 = to tal number of 6x cells, including the fictitious boundary cells, to

the left side of the obstacle.

IE03 = total number of 6x cells, including the fictitious boundary cells, to
the right side of the obstacle.

JBGB = to tal number of Sy cells , including the fictitious boundary cells, to
the botton side of the obstacle.

JE0B = total number of 6y cells, including the fictitious boundary cells, to
the top side of the obstacle.

B. CO.'O'ON Variables

FORTRAN ALG:BRAIC

SY' SOL SY"30L DEFINITION

ASQ a Inpat q uan tity

CCG C Input quantity

33 t 7e
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CHL C Input quantityg

CHV C Input quantityy
CYL - Input quantity

DELT 6t Input quantity

DELTMA 6t Input quantity

DELX 6x Input quantity

DELY 6y Input quantity

DFVEL - Input quantity

DIM - Input quantity

ECL E Input quantityg

ECV E Input quantity

EDL - Input quantity

EDV - Input quantity

EIL - Initial total energy of the liquid state

EIV - Initial total energy of the vapor state

EI2 - Initial total energy of the two-phase mixture

ELHT A Input quantity

EPSI c Input quantity

ET - Total energy

ETEM - Input quantity

ETEM1 - 1.0 - ETEM

FLG - Iteration logic control flag

GAM 1 (y-1) Input quantity

II - Indexing variable

LMAX - Total rutber of cells in the x-direction (in-
cluding fictitious cells)

D!1 - DLE{ - 1

D12 - DLU< - 2

IPL - Index of the first cell in the x-direction

whose centered quantities are computed
IPR - Index of the last cell in the x-direction

whose centered quantities are cocputed

ITER - Counter for the number of iterations between
junctions and components to achieve conver-

gence during one system time qtep

JJ - Indexing variable

'n
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JMAX - Total number of cells in the y-direction (in-

cluding fictitious cells)

241 - JMAX - 1

I42 - JMAX - 2
JP3 - Index of the first cell in the y-direction

whose centered quantities are computed

JPT - Index of the last cell in the y-direction

whose centered quantities are computed

CMG - Input quantity

PSC - Input quantity

PIN .
- Input quantity

PMAX - Tecporary press are var able

PNV - 4/3 r N
PT - Temporary pressure variable

RDX 1/Sx Reciprocal 6x

RDY 1/Sy Reciprecal Sy
RG k Input quantity

ROIL - Initial total density of the liquid state

RJIV - Initie3 total density of the vapor state

R0I2 - Init' _ total density of the two-phase nix-

ture
o

R0L p, Input quantityz
ROT - Temporary total density variable

RPIPE - Pipe radius in cm

RVIL - Initial vapor density in the liquid state

RVIV - Initial vapor density in the vapor state

RVI2 - Initial vapor density in the two-phase mix-

ture

RVT - Temporary total vapor density variable
SGWM - Input quantity

TC T Input quantity

THC 9 Input quantity

TiiCl - 1.0 - 9
c

THI5 - Input quantity

T!iT'! - Temporary void fraction variable
-

TH1 - Tenporary void fraction variable

'O
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VISL v Input quantityg

VISV V Input quantity

WB - Input quantity

WL - Input quantity

WR - Input quantity

WT - Input quantity

A(I,J) - Thickness of a cesh cell
~

BETA (I,J) (3F/3p)1,j Recriprocal derivative of the pressure func-

tion
n1

I +jE(I,J) Tine n+1 specific internal energy
1,

EN(I,J) I Time n specific internal energy

ITITLE(K) - Two-word array used by LASL plotting package

NAllE(K) - Input quantity

P(I,J) p Pressure

Q(I,J) - Two-dimensional array used by LASL plotting

package

QL(K) - One-dinensional used to set up plotting
n+1

P0(I,J) Tine n+1 mixture densities*

c. 31,

p"1, jRON(I,J) Time n mixture densities

RV(I,J) (p ) n+1 Time n+1 cacrosco-ic vapor density
v 1,j

RVN(I,J) (p )n Time n macroscopic vapor density,j.,

n+1
U(I,J) u Time n+1 center-of-mass velocity in the x-

direction

UD(I,J) (u )n+1 Time n+1 relative or drift velocity in the. :c-
r 1,j

direction

u"1, jUN(I,J) Tire n center-of-cass velocity in the x-direc-

tion
n+1

V(I,J) u Time n+1 center-of-cass velocity in the y-direc-
1,j

tion
-+1

VD(I,J) (u } "1,j Tite n+1 relative or drift velocity in the e-
r

direction

VN(I,J) u Time n center-of-cass velocity in the 7-dirac-
1,j

tion

t : *1.
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XC(K) - 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.
ECS Calculates the equation of state.

PFRIC Calculates the effects of pipe friction.

PHCHR Calculates the phase change rate
PITER Determines the n+1 pressure and velocities by an iterative

procedure.

TSTEP Calculates the variable time step and the iteration parameter
BETA (I,J).

Ins tallations without graphics capabilities should delete lines SOLADF.613
thru SOLADF.698. to eliminate film writing and plotting commands. Ins talla-

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 =eaning under LASL operat-
ing systers. Its use results in printed data being sent automatically to the
systen graphics file.

ROUTINE CO}C4ENTS

ADV Advance film
CONTRJB Produce contour plots
CONVRT Convert problem coordinates to plotting coordinates
DRV Draw a vector
FRAME Draw a frame
LINCNT Position film line counter
SPLOT Standard plotting routine

V. EXMIPLE PROBLE'4

To verify the proper implementation of the SOLA-DF code on a users con-
puting system, the following example pr oblem is included. A schematic of the
problen geometry is shown in Fig. 3. A two phase equilibrium minture of steam

and water (void f rac tion = 0. 329, temperature = 357.1 K, and pressur2 = 63.0

42
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G .Z=

[

P= 68. bars
P=lO. barsT=557.1 K

& = 0.329
C Dst 0C's

No 1

Obstacle No. 2

'v

t

Fictitious Cellsr

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(I,J) array,
which in this case (cylindrical coordinates) cerely represents the radial dis-

tance from the center line to the center of the resh cell. Note that obstacle
the in tial states in the com-Icells set A(I,J) = 0. The data that coecifies

putational cesh is printed in Table 11 as the CYCLE = 0, TIME = 0 solution.
The solution af ter 1000 time steps or is is given in Table ITI to provide the
user with the transient solution check. The steady state solution is 4000 time

steps or as and is given in Table IV. Velocity vector plots are presented at

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

VI. SDS!ARY

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 for=ulation includes a variable area treatment. The fluid dynamics
is described by a nonequilibrium, drif t-flux formulation of the fluid con:.er-
vation laws. An effort has been made to use relatively si=ple numerical solu-

tion procedures and modular progra==ing in order to provide a f ramework that
can be easily modified and adapted to different kinds of flow problems. In

addition, a limited amount of inplicitness is used to relax excessively restric-
tive time step limitation 3 encountered in purely explicit integration methods.
Even though the SOLA-DF ccde has a simple structure its flexibility of f ers ca-
pabilities for treating a wide range of two-phase flow problems,

r}} { 53
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TABLE I

EXA"PLE PROBLEM I?.7UT DATA

SQ.A-7 EXAtfi.E PRCG.EM Ql/D/79

ALPHA = 1.000COE*00
ASQ= 1.12%70C+0%

Bl.D+= 1. 0000M +02
COG = 5.00000E-01
CH.= % . 4 3%CCC *01

CHY= 6.67CCCE*00
CYL= 1.00000C+C0

DELT= %.0000CE-03
(ELTMX= 1.00000E-03
KLX= 2.20027E-01
DELY= 4.81753E-01

TVEL= 0.
DIM = 2.C0000E+00
ECL= 4.17%00E+03
ECv= 2.50'00E*0%
ECL= 1.4660CE-06.
EDV= 6.00000E-07

ELH;= !. 5000E*04
EPSI= 1.00000E-04
ETEM= 1.0000CE+00
GAMl= 7.00CCOE-C2

GX= 0.
GY= 0.

IBAR= 10
I PP* 1.CC0COE*00

M 30
CH3= 1.00000E*00
P9C* l.000COE+01

FHCH= 1.00000E*00
Pl* 6.80000E*01

PLTCT= 1.00000E+00
PR70T= 1.00000E*00

RADIUS = 0.
RG= 3.06000E-03

RQ.= 7.419CCE-01
RP!PC= 0.

50bN= 8.0000T-0%
TC= 3.730COE+02

TK= 5.00000E-03
THIN = 3.29CCOE-01

TIN = 5.571Cor+C2
TWi> t.00000E*01

Ut* 0.
VELMX* 2.000CCE*00

Wi= 0.
VISL= 2.5CCCCE-06
VISv= 1.230COE-04
4= 5
M.= |
Ldte I

WT= 5
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TABLE I (con't)

AREA ARRAY
0. 1.10E-01 3.3M -01 5.50E-01 7.70E-01 9.90E-01 1.2tt+0C I .43E+00 1. 6M + 00 0. O. O.

O. 1.10E-01 3.3M -On 5.5M -01 7.70E-01 9.90E-01 1.2tE*00 1.43E+00 1.65E+00 0. O. O.

O. l.10E-01 3.30E-01 5.50C"01 7. 7t E-01 9.90E-01 1.21E*00 1.43E*00 1.65E*00 0. O. O.

O. l.10E-04 3.3M -01 5.5M-01 7.70E-On 9.90E-01 1.2tE*00 1.43E*00 1. 6*E * C Q 0. O. O.

D. 1.10E-01 3.3M -01 5."0E-Oi 7.70E-01 9.90E-01 1.2tE+00 1. 4 3E * 00 1. 6*i + 00 0. O. O.

O. l.10E-01 3.30E-04 5.50E-Ot 7.7 M-01 9.9CE-01 1.2tE+00 1.43E*00 1.65C+00 0. O. O.

O. t.80E-01 3.30E-01 5.50E-On 7.70E-01 9.90E-01 1.2tt+00 1.93E*00 1.65E*00 0. O. O.

O. l.10E-01 3.30E-Ol 5.50E-On 7.70E-01 9.90E-01 1.21E+00 1.43E+00 l.6*E*00 C. O. O.

O. 1.10E-01 3.30E-01 5.50E-01 7.70E-OL 9.90E-Ol 1.2tE+00 1.43E+00 t.6*i+00 0. O. O.

O. l.10E-01 3. 3M-0 8 5.50E-01 7.70E-01 9.90E-01 1.2tE*00 1.%3E*00 1.6%+C0 0. O. O.

O. l.10E-08 3. 30E-01 * 5M -01 7.70E-Ot 9.90E-01 1.2tE*00 1.%3E*00 1.6*E+00 0. O. O.,.

O. l.10E-Ol 3. 30E-O t 5.5M-Ot 7.70E-01 0. O. O. O. O. O. O.

O. t . l tt-0 4 3.3g .01 5.50E-06 7.i M -01 0. O. O. O. O. O. O.

O. t. toe-OL 3.30E-Ot 5.5M-01 7.70E-Ol 0. O. O. O. O. O. O.

O. 1. l M-O t 3.30E-01 5.50E-01 7.70E-01 0. O. O. O. O. O. O.

O. 1.10E-08 3.30E-01 5.50E-01 7.70E-01 9.90E-01 1.2tE*00 1.43E+00 t.**E*00 1.87E*00 2.09E*00 3.
O. 1.10E-01 3.3M -01 5.50E-01 7.70E-01 9.90E-01 1.2tE+00 1.% 3E *00 1.6*i+00 1.87E+C0 2.CM +00 0.
O. 1.10E-01 3.3M -01 5.50E-01 7.'0E-01 9.9M-01 1.2tE*0C 1.4 3E +0C 1. 6*i + C0 1.8%+00 2.C9E*00 0.
D. l.10E-01 3. 30E-01 5.50E-01 7.70E-OL 9.90E-01 1.21E+00 1.43E*00 1. 6*E +0C 1.87E+00 2.09E+00 0.
O. l.10E-01 3.30E-01 5.50E-On 7.70E-01 9.90E-01 1.2tE*00 1.43E*C0 1.65E*00 1.8 7 *00 2.09E+00 0.
O. 1.10E-Ol 3.30E-01 5.5CE-01 7.7M-01 9.90E-01 1.2tE*00 1.43E*00 1. 6*E * 00 1.87E+00 2.09E+00 0.
O. l.t0C-On 3.30E-01 5.5M -Ot 7.70E-01 9.90E-01 1.2tE+00 1.4 3E *00 1.65E+00 1.8%+00 2.09E+00 0.
O. 1.10E-01 3.30E-01 5.50E-01 7.70E-O t 9.90E-01 1.21E*00 1.43E+00 I.65E*00 1.87E*00 2.09E+00 0.
O. 1.10E-01 3.30E-08 5.5CC-01 7.70E-01 9.90E-01 1.2tE*00 1.%3E+00 1. 6*.E +00 1. 8% + 00 2.C9E+00 0.
D. 1.10E-Ot 3.30E-01 5.50E-01 7.70E-01 9.90E-01 1.21E*00 1.4 3E +00 1. 6*i + 00 . 8% +00 2.C9E*00 3.
O. 1.10E-Ot 3.30E-04 5.5M-01 7.70E-01 9.90E-01 1.21E*00 1.4 3E +C0 1.65E*00 t . 0''E +00 2.0M+00 0.
O. 1.10E-Cl 3.30E-01 5.5M-01 7.70E-01 9.90E-01 1.21E*00 1.4 3E +00 1.6*E+00 1.87E*00 2.09E*C0 0.
O. I . lM-0 5 3. 3M -O l 5.50L-Ot 7.70E-Ot 9.90E-01 1.2tE+00 1. % 3E +0 0 i S*E +00 1.87E+00 2.09E*00 0.
O. l .10E-01 3. 30E-Ol 5.50E-01 7.70E-01 9.90E-01 1.2tE*00 1.% 2E +00 1.6*E +00 1.87E*03 2.COE+00 0.
O. 1.10E-01 3.3M-01 5.5CE-01 7.70E-01 9.90E-01 1.2tE*C0 1.43E*C0 1.65E*C0 1.8% +00 2.CM +00 0.
O. l.10E-01 3.30E-01 5.5% -01 7.7CE-01 9.90E-01 1.2tt+00 1.43E*00 1.65E+00 1.87E*00 2.C9E*C0 3.
O. l.IOC-01 3.3M -01 5.50E-01 7.7CE-01 9.90E-01 1.2tE+C0 1. % 3E +00 1. 6*E * 00 1.8%+C0 2.C9E*00 0.
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D
EXAMPLE PROBLEM INITIAL DATA

ITER = 0 TIME = 0. CYCLE = 0 CELT = %.00000E-03 F= 0. Fl= 6.800CSE+01
I J U V P RO TH TEM

2 2 p. D. 6.00000E+01 5.C9973E-01 3.29000E-01 5.57053E*C2
3 2 0. O. 6.80000E+0! 5.09973E-01 3.29CCCE-01 5.57053E*02
4 2 0. O. 6.80000E+0! 5.0997 X-01 3.290CCC-01 5. 57053E + C2
5 2 0. O. 6.00000E+0! 5. C9973E-01 3.29CCCE-01 5. 57053E +02
6 2 0. O. 6.80C00E+01 5.09973E-01 3.29000E-01 5.57C53E+C2
7 2 0. O. 6.80C00C+0! 5.09973E-01 3.29000E-01 5.5705'i+02
8 2 0. O. 6.80C00C+0! 5.09973E-01 3.29CCCE-01 5. 5*7053E * C2
9 2 0. C. 6.8000CE+0! 5. 09973E-01 3.29CCCE-01 5.57053E*02

10 2 0. O. 6.80000E+0! 5.09973E-01 3.29000E-01 5.57C53E*02
31 2 0. O. e.80000E+01 5.09973E-01 3.29000E-08 5.57053E*02
2 3 C. O. 6.00CCCE*01 5.09973E-04 3.29000E-01 5. 57C53E + 02
3 3 0. O. 6.8000CE*01 5.09973E-01 3.29CCOE-01 5.57C53E+C2
% 3 0. O. 6.8000CE*01 5.09973E-01 3.29000E-01 5.57C53E+02
5 3 0. O. 6.800CCE+0! 5.C9972-01 3.29000E-Cl 5. 57052E * C2
6 3 0. O. 6.GC000E+0! 5. 09973E-O t 3.290CCE-01 5.57053E + 02
7 3 0. O. 6.80COC+0! 5.09973E-01 3.29000E-Ot 5.57053E+02
0 3 0. O. 5.0000CE*01 5.09973E-01 3.29000E-01 5.57053E+C2
9 3 0. O. 6.8CCCCC+01 5.09973E-01 3.29000E-01 5.57053E*C2

10 3 0. O. 6.80000E*01 5.0997X-01 J 29000E-01 5. 57053E +C2
!! 3 0. O. 6.000CCE*01 5.0997X-01 3.290COE-01 5.57053E+C2
2 9 0. O. 6.8000CC+0! 5. 09973E-01 3.29CCCC-01 5.57C53C+02
3 9 0. O. 6.00000C+01 5.09373E-01 3.29000r-01 5.57053C+02

*4 % 0. O. 6.0000CE+0! 5.09973E-01 2.29CCOE-01 5. 57053E + 02
+ 5 9 0. O. 6.000COC+0! 5.C9973C-Ol 3.29CCCE-Cl 5.57053E+C2

6 % 0. O. 5.8CCCOE+01 5.09973E-01 3.2900CE-01 5.57053E*02
7 % 0. O. 6.0000CE+01 5. 09973E-01 3.29CCOE-01 5.57053E+C2
8 % 0. O. 6.80000E+01 5.09373E-01 3.29000. 41 5. 57053E * 02
9 % 0. O. 6.8000CE*01 5.C9973E-01 3.2900CE-01 5.57C52E+C2

10 % 0. O. 6.80CCCE+0! 5.09973E-01 3.29C0CE-04 5.57053E+C2
11 9 0. O. 6.0000CE+0! 5.09973E-01 3.29CCCE-Ot 5 57053E+02
2 5 O. O. 6.00000E+0! 5.C9373E-01 3.290COE-01 5.5705K+C2
3 5 J. 3. 6.80000E+01 5. C9973E -01 3.29000E-01 M.57053L+C2
9 5 0. O. 6.00CCCE+01 5.C9973E-01 3.29CCCE-01 5.57C5X-02
5 5 0. O. 6.800CCE+0! 5.0997X-01 3.29000E-01 5.51053E d d
6 5 0. O. 6.000CCE+0! 5.09573E-01 3.29000E-01 5.57053E+02
7 5 O. O. 6.80C00E+0! . 09373E-01 3.2900CE-01 5. 57053E + C2
0 5 O. O. 6.BC0COE+01 5. 09973E-01 3.290CCE-01 5.57053E+02
9 5 O. 3. 6.BCCCCE*01 5.0997I-01 3.2900GE-01 5.57C53E+02

10 5 0. O. 6.8000CE+01 5. 09973E-01 3.29CCCC-01 5.57053E+C2
11 5 0. O. 6.000CCE+01 5.09973E-01 3.29000E-01 5. 57C53E + C2
2 6 0. O. 6.80000E+0! 5.09973E-01 3.29000E-01 5.57053E+C2
3 6 0. O. 6.8COCOC+01 5. C9973E-01 3.29COCE-01 5.57053E+C2
% 6 0. O. 6.80000E+01 5.C9973C-01 3.29C00E-01 5. 57C53E +C2
5 6 c. O. 6.8000CE+01 5.09973E-01 3.29CCCE-01 5.57053E+02
6 6 0. O. 6.00000!+01 5.09972-01 3.290CCE-01 5.57053E+C2
7 6 0. O. 5.00000E*01 5. 09373E-01 3.2900CE-01 5. 57F53E + C2
0 6 0. 3. 6.80000E+0! 5. C9973E-C l 3.29C00E-01 5.5'05X+C2
9 6 3. C. 6.8000CE+01 5.09973E-Ol 3.290CCE-01 5. 57 C53E * 02

10 6 0. O. 6.00CCCE+0! 5.09973E-Ot 3.2GC00E-01 5. 57053E + C2
11 6 0. O. 6.000CCE+01 5.09973E-01 3.29000E-01 5. 57053E +C2
2 7 0. O. 6.80LOCE+01 5.09973E-01 3.29000E-01 5. 57053E + C2
3 7 0. O. 6.00000E+Cl 5. C9973E -01 3.29000E-Ci 5.57053E+02
9 7 C. O. 6.800COE*01 5.09973E-01 3.29000E-01 5. 57053E + C2
5 7 C. O. 6.8000CE+0! 5.09973E-01 3.29C00E-01 5.570".3E*C2
6 7 C. O. 6.80000E*01 5.09973E-01 3.29000E-01 5. 57053E + 02
7 7 0. D. 6.8CC00E+0! 5. 09973E-01 3.29000E-01 5.57052+C2
8 7 C. O. S.80000C+0! 5.09973E-Cl 3.2900CC-01 5.57053E+C2
9 7 0. C. S.80000E+01 5.09973E-Cl 3.29000E-01 5. 57053E + C2
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10 7 0. O. 6.800CCE+01 5. 09973E -01 3.29CCOE-01 5.57053E + C2

11 7 0. O. 6.80000E+Cl 5.C9973E-01 3.29000E-Cl 5.57053E *C2

2 0 0. O. 6.80C00E 01 5. C9973E-01 3.29CCCE-01 5.57C53E *02

3 8 C. O. 6.00000L*01 5.09973L-Cl 3.29000E-01 5.57053E * C2

4 8 C. C. 6.00000E*01 5. 09973E-01 3.29000E-01 5.57053E + 02

5 8 C. O. 6.80000E*01 5. 09973E-01 3.29000E-01 5. 57053E + 02

6 0 0. O. 6.80000E+01 5. C9973E-O l 3.2900CE-01 5.57C53E + C2

7 8 0. C. 6.80000E+0i 5. 09973E-01 3.29000E-01 5.57053E + C2

8 8 0 O. 6.80000E*01 5. C9973E-C l 3.29000E-01 5.57053E +C2

9 8 C. O. 6.80000E+0! 5.09973E-01 3.290CCE-01 5.57053E * 02

10 d C. C. 6.00000E*01 5. 0997 3E-01 3.29000E-01 5. 57053E +C2

11 0 C. O. 6.00000E*01 5. 09973E-01 3. 290COE-01 5.57053E + C2

2 9 0. O. 6.800CCE*01 5. C9973E-01 3.2900CE-01 5.57053E + C2

3 9 0. O. 6.8000CE+01 5. C9973E-01 3.2900CE-01 5.57053E + C2

% 9 0. D. 6.80000E+Cl 5. 09973E-01 3.2900CE-01 5.57C53E + C2

5 9 0. O. 6.0000CE*01 S . C9973E-01 3.2900CE-01 5.57053E *02

6 9 0. O. 6.80000E+0! 5. C9973E-01 3.29000E-01 5.57053E +C2

7 9 C. O. 6.00000E+01 5. 09973E-01 3.290COE-01 5.57C53E * 02

8 9 C. O. 6.6C0CCE*01 S . C9973E-01 3.29000E-01 5. 5705 3E + C2

9 9 C. C. 6.80000E*01 5.09973C-01 3.2 3000E-01 5. 57053E + 02

10 9 0. C. 6.80000E+Cl 5. 09973E-01 3.29COCE-01 5. 57053E * 02

11 9 0. O. 6.60000E*01 5. 09970E-01 3.29000E-01 5.57053E + C2

2 10 C. O. 6.00000E+01 5. 09973E -01 3.29000E-01 5.57053E + 02

3 10 C. C. 6.60000E+01 5. 09973E-01 3.29000E-01 5. 57053E * 02
* 10 C. C. 6.00000E+01 5. C997 3E - 01 3.29000E-01 5. 57C53E +C2

5 10 0. O. 6.80000E+01 5.CS373E C1 3.29000E-C1 5. 57053E + C2

6 10 C. O. 6.80000E+01 5. C 997 3E -01 3.29000E-01 5. 57053E + C2
7 10 C. O. 6.80000C+01 5. C 997 3E -01 3.29000E-01 5. 57053E + 02
6 10 0. O. 6.0000CE*01 5. 0997 3E-01 3.290CCE-01 5. 57C53E + C2

9 10 C. C. 6.80000E*01 5. 09973E -01 3.29000E-Cl 5. 57053E + 02

10 10 C. O. 6.00000E*01 5. 09973E -01 3.29000E-Cl 5.57053E + C2
11 10 0. C. 6.00000E+01 5. 09973E -01 3.29000E-01 5 57053E+C2
2 11 0. O. 6.00000E+01 5. 09973E-01 3.29000E-01 5. 57053E + 02

3 11 C. O. 6.00000E*01 S.C9973E-Cl 3.29000E-Cl 5. 57053E + C 2
w 11 C. C. 6.80000E+01 5. 09973E-01 3.23000E-01 5. 57C53E + C2

5 fl C. O. 6.80000E+01 5. 09973E-01 3.29000E-01 3. 57053E + 02

5 !! C. C. 6.80000E*01 5.09973C-01 3.29000E-01 5.57C53E*02
7 11 C. C. 6.00000E*01 5. C9973E-01 3.29000E-01 5.570t!E + C2
8 11 0. C. 6.60000E*01 5. 0997 3E-0 ! 3.29000E-C1 5.5705IC+02
9 11 0 O. 6.00000E*01 5. 09973E - C l 3.290CCE-Cl 5. 5705!E * C2

10 11 0. C. 6.80000E*01 5.09973E-Cl 3.29000E-01 5. 57053E + 02
11 11 C. O. 6.80000E+01 5. 09973C - 01 3.29000E-Cl 5.57053E*C2
2 12 0. O. 6.80000E+0! 5.09973E-01 '3. 290 C CE -01 5. 5705 3E + 02

3 12 0 O. 6.00000E*01 5. C 99' 3E -C l 3.29000E-01 5. 5705 3E + 02
w 12 0. O. 6 80000E*01 5.099'3E-01 3. 29000E-01 5. 57053E * 02
5 12 0. C. 6.80000E*01 S . C 9973E -01 3.29000E-01 5. 5705 3E + 02

6 12 C. O. 6.80000E*01 5. 09973E-01 3.29000E-01 5.57053E * 02
7 12 0. O. 6 80000E+T 5 . 09973E -01 3.20000E-01 5. 5705 3E * 02

8 12 0. C. 6 90000E*01 5. 0997 3E -C l 3.29000E-Cl 5. 57053E + C2

9 12 C. C. 6.80000E*01 5. 09973E - 01 3.2900;E-Cl 5.Li05 3E * 02
|0 12 0. C. 6.80000E*01 5. 09973E -01 3.29000E-01 5. 57053E +02
11 12 0. C. 6.00000E*01 5. 09973E-01 3.29000E-Cl 5 57053E+02
2 13 C. C. 6.00000E*01 5. 0997 3E -C l 3.29000E-01 5.5705 3E + C2

3 13 C. O. 6.00000E*01 5 . 09973E-01 3.29000E-Cl 5. 57053E + C2

13 0. C. 6.80000E+0! 5.09973E-01 3.20000E-01 5.57053E*02*

5 13 C. O. 6.800000+01 5 . 09973E -01 3.29000E-01 5. 5705 3E * '2
6 13 C. C. 6.80000E*01 5. 0 9973E -01 3.29000E-01 5.57053E+02

13 0. O. 6.00000E+01 5. 0997 3E -01 3.290COE-Cl 5. 5705 3E * 02'

0 13 C. O. 5.00000E*01 5.09973E-01 3.29C00E-Cl 5. ' 705 3E + 02
9 13 C. O. 6.60000E*01 5. 0997 3E -01 3. 29C 00E-C l 5.5'053E*02

10 13 0. O. 6.00000E*01 5. 0 99'3E - 01 3.29000E-01 5. 5705 3E + 02

11 13 0 O. 6.00000E*01 5.09973E-0. 3.29000E-Cl 5.57053E+02
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TABLE II (con't)

2 tw 0. O. 6.00000E*01 5. 09973E - 01 3.29000E-01 5. 5':5 3E + 02
3 1% 0. C. 6.00000E+01 5. 0997 3E -01 3.29000E-01 5. 5705 3E * 02
* 19 0. O. 5.80C00E*01 5. 09973E - 01 3. 29000E-01 5.5'05 3E + 2
5 14 0. C. 6.8000;t+01 5 . 09973E -C l 3. 29000E-01 5.57:53E * 2
6 1% 0. O. 6.80000E+Cl 5. 09973E -01 3.29000E-O' 5.57:5 3C * 02
7 Iw 0. O. 6.80000E+01 5. C 9973E -01 3.29000E-01 5. 57053E * 02
8 1% 0. C. 6.80000E+Cl 5.C9973E-01 3.2900 E-C i 5. 57053E * 02
9 1% 0. O. 6.80000E*01 5. 09973E-01 3.29000E-01 5. 57053E * 02

10 1% 0. C. 6.00000E+01 5. 099'3E -01 3.29000E-01 5. 5705 3E * :2
11 14 0. O. 6.00000C+01 5. 0997 3E-C l 3.29:00E-Cl 5. 57:5 3E + C2
2 15 0. C. 6.80000E+01 5. 09973E -01 3.29 0:E-01 5.57:53E*02
3 IS 0. O. 6.80000E+01 5. 09973E -01 3.29000E-Cl 5. 5705 3E * C2
% 15 O. O. 6.800COE*01 5.09973E-01 3.29000E-01 5.57053E*02
5 15 O. O. 6.80000E*01 5. 09973E-01 3.2900 E-01 5.57053E+02
6 15 O. C. 6.00000E+01 5. 09973E-01 3.29000E-Cl 5.57:53E+C2
7 15 0. O. 6.80000E*01 5. 0997 3E - 01 3.29000E-01 5.57053E+C2
8 15 O. O. 6.000COE+01 5.09973E-01 3.29000E-01 5.57:53E * C 2
9 15 O. O. 6.800COE*01 5.09973E-01 3.29000E-01 5. 5':5 3E + 02

10 15 O. O. 6.20000E+Cl 5.09973E-01 3.29:00E-01 5. 5705 3E + C2
11 15 0. O. 6.00000E+01 5. 0997 3E -01 3.290 CC-01 5.57:53E*02
2 16 3. C. 6.800COE*01 5. 09973E - 0 ! 3.29:::E-01 5.57053E*02
3 16 0. C. 6.00000E+01 5.09973C-01 3.29;;;E-01 5.57:53E+;2
% 16 0. O. 6.80000E+0! 5.09973C-C1 3.2900 E-01 5.57:5 3E-02
5 16 0. O. 6.80COCE*01 5. 09973E-C l 3.29000E-01 5.57:5 3E * C2
6 :6 0. O. 6.00000E+01 5.09973C-0! 3.29000E-01 5.57053E+:2
7 16 0. O. 6.00000E+0! 5.099'3E-01 3.29000E-01 5.57:53E*:2
8 16 0. O. 6.80000E*01 5. 09973E -C l 3.29000E-01 5.57:5'E :2
9 16 0. O. 6.00000E+Cl 5. 09973E -01 3.29000E-C1 5.5' 53C+:2

10 !6 0 O. 6.60000E+Cl 5. 09973E-01 3.2900:E-01 5.5 053E*:2
11 16 0. O. 6.800CCE+0! 5. 09973E -01 3.29000E-01 5.57C53E+C2
2 17 C. O. 6.0000CE*01 5.C9973E-01 3 ?900 E-Cl 5. 5' 5 3E * C2
3 17 0. O. 6.800COE+01 5. 09973E -C I 3.39:C E-01 5.57:53E*:2
% 17 0. C. 6.80000C+01 5.09973E-01 3.29CCCE-01 5.57:53E*;2
5 17 C. C. 6.80C00E 01 5.09973E-01 3. 2900;E-01 5.5705:E*02
6 17 0. O. 6.00000E+01 5. 09973E -01 3.29:00E-Cl 5.57053E 2
7 17 0. O. 6.80000E*01 5.09973E-01 3.29:00E-Cl 5.57053E * 2
8 17 C. C. 6.80000E+01 5. C9973E -01 3.29:00E-Cl t.5?:53E+02
9 17 C. O. 6.00000E*01 5. 09973E-01 3.29000E-01 5.57:53E C2

10 17 0. O. 6.80000E+01 5.09973E-01 3.29000E-01 5.57 5IE*02
11 17 0. C. 6.80000E*01 5. 09973E-C l 3.29000E-01 5.57:53E*02
2 18 3. O. 6.80000E*01 5. 09973E -01 3.29000E-01 5.5' 53E*C2
3 18 C. O. 6.00000E+Cl 5. 09973E -C l 3.29000E-01 5.57053E*C2
4 18 0. O. 6.80000E*01 5.09973C-01 3.29000E-01 5. 5':5:E + :2
5 18 0. O. 6.80000E+0! 5.09973C-01 3.2900 E-01 5.5~ 53E-:2
6 18 0. O. 6.800CCE+01 5.C?973C-01 3.29000E-Cl 5.57:53E 22
7 18 0. C. 6.00000E*01 5. 0 9973E -01 3.29000E-01 5.5 :53E + 2
8 18 0. O. 6.00000E+0! 5. 09973E - 01 3.29:::E-0! 5.57:53E-22
9 18 C. O. 6.80000E+01 5. 09973E -01 3.29000E-01 5.5':53E*:2

10 18 0. O. 6.800CCE+0! 5. 0997 3E -01 3.2900:E-Ol 5.57:53E+02
11 18 0. O. 6.80000E+01 5. 09973E -01 3.29000E 01 5.57:53E-:2
2 19 0. C. 6.80000E+01 5. 09973E -C l 3.29:00E-C1 5.57:53E*:2
3 19 C. O. 6.80000E*Cl 5. 09973C - C l 3.29000E-C1 5.5705IE+02
9 19 0. C. 6.80000E+0! 5. 09973E-: t 3.290 0E-01 5.57:53E+:2
5 19 0. O. 6.800:0E*Cl 5.09973E-0! 3.29: E-0: 5.57:53E :?
S 19 C. O S.0000;r+;g $ ,;gg7;g.;; 3.pg;;;t.;; 5.57:5y -

7 19 C. C. 6.800COE*Cl 5. 09973E -01 3.29:0:E-01 5.5'05.
8 19 0. O. 6.80000E*0: 5.099'3E- 1 3.250:0E-01 5.57:53E+ .
9 19 0. 3. 6.80000E*01 5. 0 99'3E - 01 3.29:::E-01 5 5':53E*::

:D 19 0. O. 6.00000E+Cl 5.09973C- 1 3.2900 E-01 5.5 :53E :2
11 19 0. O. 6.00000E*01 5. 0 9973E - 1 3. 29000E-01 5.57:53E*:2
2 20 0. O. 6.000:0E*0' 5.09973E-01 3.29 ::E-01 5.5 :53E+.2
3 22 0. O. 5.00000E*01 5. :997 3E-01 3.290::E-01 5.5':5 E 3.
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TABLE II (con't)

% 20 0. O. 6.80000E*01 5. C 99' 3C -C l 3.29000E-Cl 5.5':5 3E * 2

5 20 0. C. 6. 8000 E *01 5. 0997 3C-C l 3.29000E-01 5. 5705 3E * C2

6 20 C. O. 6.80C00E*C! 5.09973E-01 3.29:00E ! 5.57CSIE*:2
7 20 C. O. 6. 00000E + C l 5 C9973E-01 3.29 CCE-01 5. 57 T.5 3E * C 2

8 20 0. O. 6.60000E Cl 5.C997;E ^t 3.29000E-Cl 5 5':53E*:3
9 20 C. O. 6.6000;E*Cl 5. 0997 3E -C 1 3.2900;E-01 5 57:53E ^2

10 20 0. O. 6.00000E*01 S.C9973C-01 3.29 CCE-01 5 . 57 C 53E * 02

!! 20 0. 0 6.80000E+01 S.C9973E-01 3.29000E-Cl 5.5705?E*:2

2 21 C. O. 6.9C000E+Cl 5.C99'3E-01 3.2900:E-01 5 57:5?E *:2

3 21 C. O. 6.00000E*Ci 5.099'3E-Cl 3.29^::E-01 5 57053E* ?
% 21 0. O. 6.00000C+01 S.C9373E-Cl 3.29000E-01 5.57:53E*02

5 21 0. O. 6.80000E*01 5.099'3E-01 3.2900 E I 5 57:"3E*02
6 21 0. D. 6.80000E*01 S . C 997 3E - C l 3.29CO^E-01 5 57053E*02

7 21 0. O. 6. 00000E * C l 5. 0997 3E -01 3 29:00E-01 5 57053E*02

8 21 0. O. 6.0000^E*01 5.C9973T-01 3.2900'E-01 5.5705 3E * 02.

9 21 C. O. 6.80*00E*Cl 5. 0997 2E - 01 3.29:0:E-01 5.57:53E * :2

10 21 0 D. 6.80000E*01 5. C9973C -01 3.29 CCE-01 5.57053E*:2
11 21 0. O. 6.00000E*01 5.C9373E-Cl 3.290CCE-Cl 5.57:53E*:2
2 22 0. O. 6.80CCCE*01 5. 0997 3E -01 3.29000E-01 5.57:53E*:2
3 22 0. C. 6.80000E*Cl 5. C 397 3E -01 3.29:00E-01 5 57~53E*^C

9 22 C. C. 6 60000E*01 5.09973E-Cl 3.29:0:E-01 5.5'053E*:2
5 22 0. O. 6.00000E+01 5.099'3E-01 3.29"00E-21 5.5705 E*C2

6 22 C. O. 6. 80000E * 01 5.C9973E-Cl 3.290:CE-0} * 57'53E*C2
/ 22 C. C. 6.80000E*Cl 5. 0997 3E -0 ! 3.29:::E-01 5 5705 ?E*02

9 22 0. C. 6.60000E*Cl 5. C 9973E -01 3.?300:E wl 5.57:5 3E * :E
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2 23 C. O. 6.60000E*01 5 . 0997 3E - 01 3 2 0:^E-01 5 57:53E* 2
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5 23 0. 0. 5.6000CE+Cl 5.0997?E-01 3.29:0:E-01 5.5':5?E*02*
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TABLE II (con't)

6 29 C. c. 6.80:00E+Cl 5. C9973E -0 ; 3.29000E-01 5.57053E + C2
7 25 0 C. 6. 00^00E *01 5.C9973E-01 3.29C00E-0! 5. 5705 3E * 02
0 25 O. O. 6.00000E+0! 5. C7373E -01 3.29000E-01 5. 57C5 3E + C2
9 25 C. O. 6.0000^t+01 5. C997 3E -01 3.29000E.01 5. 5705 3E + 02

10 25 O. C. 6.8000CE*01 5.C9973E-01 3.2900CE-01 5.57053E+C2
11 26 C. C. 6.80000E*01 5.09973C-Cl 3.29000E-01 5. 57053C + 02
2 27 C. O. 6.80000E*01 5. 0997 3C - 01 3.29000E-01 5. 5705 3E + 02
3 27 C. C. 6.0000CE*01 5. 0997 ?E -O l 3.290^:E-01 5. 5705 3E + 02
% 27 0 C. 6.00000E*01 5.09973E-0! 3.290^0E-01 5. 57053E + 02
. 27 C. O. 6:0000^;+Cl 5. C 997 3E - 01 3.2900CE-01 5.57053E+02
6 2' O. C 6.80000E*01 5.09973E-01 3.290^;E-Cl 5. 5705 3E * 02
7 27 C. O. 6.800CCE*01 5. 0 997 3E -01 3.29000E-01 5. 5705 3E + 02
0 27 C. C. 6.000:0E*:1 5. 09973E -C l 3.29000E-01 5. 5705 3C + C2
9 2' O. G. 6.80000E+0! 5. 09973E - 01 3.29000E-01 5. 57053E * 02

10 27 C. O. 6.80000E*01 5. 09973E -01 3.29^00E-01 5. 57053E * 02
11 27 C. C. 6.00000'+01 5. ^ 997 3E -01 3.29000E-01 5.57053E*:2
2 29 0. C. 6.000 0 5. 09973E -01 3.29000E-01 5.5705?E*02.

2 29 0. O. 6.800^ C+0! 5. 09973E - 01 3 29000E-01 5.57:5?E*C2
+ 29 0. O. 6.8000:E*01 5.09973E-01 3.290CCE-01 5.57053E+ 2
5 29 C. O. 6.000::E+0! 5 . 0997 3E-01 3.29:00E-C1 5. 57^52E + 02
6 29 0. C. 6.82 ::E*01 5.099'IE-Cl 3.29000E-01 5.57:53E+02
7 29 C. O. 6.500^ E+Cl 5.0997?E-Cl 3.29000E-01 5. 570$!E * ;2

8 29 C. O. 6.90 C"E+0! 5.0997?E-01 3.29:00E-01 5 5705?E+02
9 29 C. O. 6.00000L+0! 5.09973E-01 3.29 ;;E-01 5 . 5705 3E + ^ 2

10 29 C. O. 6.900COE+0! 5.09973E-01 3.2900^C-01 5.5705?E*C2
11 29 0. C. 6.9:0 0E*Cl 5. 09973E - 01 3.29000E-01 5.57053E+C2
2 29 0. O. 6.9:000E+0! 5.099'3E-0! 3.2900CE-01 5.57:53E+02
3 C9 0 0. 6 8:::^E+Cl 5.09973E-01 3.2900:E-01 5.5705?E*02

29 0. C. 6.0000 E*01 5. 997?E-01 3.29000E-Of 5.5705?C+02*
,r
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9 ?9 C. C. 6.90 00E*01 5. 0 9973E-C l 3.29^ :E-01 5.57:52E* 2
9 29 C 0 6.00 0:E*:1 5 . C9973E -01 3.2900:E-01 5. 5705 3E * 02

10 29 C. C. 6.2000:E+ 1 5.09973E-01 3.290^:E-C1 5.5':5?E 02
!! 29 C. O. 6.8'00CE*01 ".^9972E-01 3.290C E-01 5.57^53E+02
2 30 C. O. 6.500:0E*01 5.09973E-01 3.29:0;E-01 5.57:53E+02
3 30 0. G. 6.80000E*Cl 5.09973E-01 3.290 CE-01 5 5705?E* ?
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5 3: C. O. 6.80 CCE+Cl 5.0997?E-01 3.23C00E ^1 5.5'0$?E+02
6 I: 0. O. 6.e:0:0E*01 5.099':E-01 3.29:00E-01 5 57^53E *:2
7 3: C. O. S.eCC::E. i e. 997?E-Ci 3.290::E-:1 5.57:53E.:2
8 30 C. O. 6.2 '000E 01 5 . 0 997 3E - C 1 3.29^0 E-01 5.57053E C2
3 30 0. O. 6.E ;0 E*:1 5.09972E-C1 3. 290:0E-01 5.57053E+C2

10 30 C. C. 6.6C^#E+0! 5. ?972C-21 3. 29: CE-01 5.5705?E+C2
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TABLE III

E.VAMPLE PROBLEM SOLUTION AT CYCLE 1000

ITER * 2 T !tf * 1.0C000E*00 CYCLE. 1000 CELT = 1.000CCE-03 r= 1.91639E*00 Fl* 6. 6E66aC +0 !

I J U V P RO TH TEM

2 2 0. 4.93766E-01 * 8CCCCE+0! '5.09973E-01 3.29000E-01 5.57053E + 02
.

3 2 0. 4.9238*(-01 6.80000E+01 5. 09973E-01 3.29CCCE-01 5.57053E+C2
4 2 0. 4.903%3E-On 6.000CCE+01 5.09973E-01 3.29CCCE-01 5.57053E + C2

5 2 0. 4.87702E-01 6. 8CC 0CC + 0 ! 5. 09973E -01 3.2900CC-01 5.57053DC2
6 2 0. 4.%719E-Ol 6. 80C0CD 01 5.09973E-01 3.2900CE-01 5.57053E + 02
7 2 0. 4.8169"A -On 6.80000E*01 5.09973E-01 3.29000E-OL 5. 57053E + C2

8 2 0. %.789& E-01 6.80000C+0i 5.09973E-01 3.290CCE-01 5. 57053E * 02

9 E O. %.7665aE-01 6.00000E*01 5.09973E-01 3.2900CE-01 5.57053D02
10 2 0. 4.75079E-01 6. 800CCD01 5.R973D01 3.29000E-01 5.57053D C2
Il 2 0. 4. 7429+E-01 6.000COE+01 5.C9973E-01 3.290CCE-01 0.57C53E+02
2 3 -3.0E41T 03 4.06618E-01 6.77802D 01 5.09+3CE-01 3.2971%E-01 5.570% K +02
3 3 -4.53tt3E-03 4.85957E-01 6.7790%C+01 5.09+55E-On 3.296 ale-01 5.570%9E+C2
4 3 -5.066t*E-03 4.9+97tE-01 6. '80*.4E + 0 ! 5. C9+93E-01 3.29631E-01 5.57050C+02
5 3 -6.62983E-C3 4.830a0E-01 6.78260E*01 5.095%3E-01 3.2956*l -01 5.57050E+C2
6 3 -6.7253K -03 4.82199C-01 6.79 9%E*01 5.09601E-01 3. 29+ 8T-01 5.57050DC2
7 3 -6.16631(-03 4.8C673E-Ol 6.7873'D01 5.09E61E-01 3.29* 10E-01 5.57051D02
8 3 -5.9 66*E-03 79252E-01 6.7996%E*01 5.09717E-01 3.2933CE-01 5.57051E*02
9 3 -3.5!86T -03 78072E-01 6.7915*C 01 5.0976%E-01 3 . 292'5F.- 01 5.57C5tE+C2

10 3 -l.76983E-03 %.772%CE-01 6.79298D01 S.C9797E-OL 3.2923tE-01 5.57051E+C2
il 3 0. % . 7Ea lT-01 6. 79 3*.E;E + 0 ! 5.0981%E-01 3.29209E-01 5.570*E +C2
2 % - * .5169+E-03 4.005++E-01 6.76*20E+01 5.C900X-01 3. 30166D 01 5.57097E+C2
3 % -6.69533D 03 4.806%'E-01 6.76565C+0! 5.09123E-01 3.30118E-01 5.G70% X +02
4 4 -0.7012K-03 4. 0077*.E-O n 6.76783D01 5.0917X -01 3.30C%7E-01 5 570%8E+02

* T + C25 % -9. Er7953E-03 %.60902C-01 6.7707%E+01 S.C92%9E-01 3.2?J52C-01
6 4 -1. 0072T-C2 4.80991E-01 6.7''e l2D 01 5.09333C-01 3.2Je+2E-01 m ' -02
7 4 -9.2827'C-03 4.81023E-01 3.7776EE + 01 5. C9+2 t t-O n 3.2972E -01 'C91 +02s

8 % -7.6326tE-03 4.80999E-01 6.'810tt+01 5.0950%E-01 3. 2% 17E-01 5.'''.% "*02

9 9 -5. 35+ 15CE -0 3 '*.80932 -01 6."'83P3D 01 5.09573D01 3. 2952*E-01 *''."..".+C2

10 4 -2.69320E-03 %.008%E-01 5. 78"A *D 01 5. 09623D01 3.29+60E-01 5.57CSCD C2
11 % 0. 4.8C837E-01 L 786a6E+01 5.096%E-01 3.29+27D01 5.57051E+02
2 5 -4.29691E-03 4.7999CE-01 b.76C".2 D 01 5.00995E-01 3. 3C29EE-01 5.570%7DC2
3 5 -6. 4229+ E - 0 3 .80390E-01 6.761729 01 5. 09025E-01 3.302% % -01 5.570%7DC2
% 5 -8.43373F-03 %.WO9'8E-01 6.'S35"E+01 5.0907CC-01 3.3010'E-01 85. 5704'D C2
5 5 -9.69201E-C3 4.81690E-Ol 6.76602D01 5.09132E-01 3.3010'D 01 5. 570%7DC2
6 5 -1.0CC%E-02 4.82w*C-01 6.Xa92D01 S.C920*D 01 3.300120 01 5.570%8D C2
7 5 -9. 3% C%EE-03 %.83153E-01 6.77201E+01 5.092"CE 01 3.2991tE-01 5. 570% K + 07
8 5 -7.7653:E-03 %.83'53C-01 6.77% 9EE+ 0 ! 5.0935*E-ul 3.2981*E-01 5.570%9E C2
9 5 -5.%81%*E 43 %.9+2C8E-01 6.77747D01 5. 09+ 16E-O l 3.29733C-01 5.570%9E+C2.

10 5 -2.7700-'E-03 % . 9+50*E-01 6. 77926E + 0 ! 5.09+60E-01 3.2967%C-01 5.570% T +02
11 5 O. 4.9+6%%-01 6.'801E +01 5.09+03E-01 3.296wC-Cl 5.5705CD C2
2 6 -3.4079E-03 % . 81 '2X -01 6.75329E+01 5.0906%E-01 3. 3019EE-C l 5. 570%"'E + C2

3 6 ~5.16127D0 3 % 819 *D01 6.75381E+01 5.C907'E-On 3.30179E-01 5.570i+7E+C2
4 6 -6. 0835X-03 4.825620 01 6."6%61U01 5.C909'E-01 3.30153E-01 5 . 570%"'D C2
5 6 -8.05C20E-03 4.83363E-01 6. 7656"'E+01 5. CS ' 23E-01 3.30118C-01 5.570%' D 02
6 6 -8.463%8E-03 4.9+271D 01 6."T49 t E + 0 i 5.091J4E-01 3.3007 E-Cl 5.*75 8E+C2
7 6 -0.C296'E-03 4.85196C-01 6.'Sa22E*01 5. 0910ti-01 3. 30 0 3*.E -01 5. 570* 8E * C2

8 6 -6.76C78E-06 4 . E60'+ 7E - 01 6. '69+"E + 01 S.C9217E-01 3. 2999.D 01 5.57048E+02
9 6 -4. 3293T-03 % . 067w"'E -01 6.7 70%% + 0 ! 5.C92%3L-01 3.29560E-01 5. 570%EE + C2

to 6 -2.46% 30E-03 % .8723CE-O t 6.77123D01 5.092 SIC-01 3.29936E-01 5.u?>0E+C2
11 6 0. 4.87%82 D 01 6.7716tE*01 5.C927tE-01 3.2992%E-01 5.570%8E C2
2 7 -2.99839D03 '+ . 82'576E-01 6.'6469E*01 5.09091 -Ci 3.30l*CE-01 5.5709'D C2
3 7 -3.8146K -03 4. 82905D01 6.764%D01 *l.MC92E-01 3. 30 l *BE -01 5.5709 7 +02
4 7 -5.135++E -0 3 4.83422E-01 6.76%01U 01 5.09082C-01 3.30172D 01 5.5709 % +C2
5 7 -6. 066"'4E -0 3 4.E%1%CE-01 6.76337D01 5.0906f4-01 3. 3019 3E-01 5.570%'D C2
6 7 -6. ++ 15X -03 %.850!*C-01 6. 762*.2D 01 5. 09C% *E-01 3.30221E-Cl 5.570%'E+02
7 7 -6.15"B9E-03 '+.8*97CE-01 6.75154E+01 5.09C21E-01 3. 3C253E-C l 5.570%7E*02
3 7 -5.2'I:6dC-C3 %.36903E-On 6. 7605X + 0 ! 5.0899M -01 3. 302ME -01 5. 570%"'E + C2

9 7 - 3. "'559+C -0 3 4 . 8T*C'D C I 6. ""5%3D 01 5. Ce973E-01 3. 30 31 *E-01 5.57 del +C2

WRf '%

h e<
d [j u
np ,.13

r ,1, , a
u s m

[
, %%:uy&m

'

"



.
.

TABLE III (con't)

10 7 -l 92290E-03 %.8829T -01 6.'589"E+C1 5. C97/i- 01 3. 30 3 3-'E -01 5. 57C*EE + C2
li i 0. w.8e-2 t-Oi 6. -*2,e:E * 0 i 5. 0Ee.eE - O i 3.303w9E-Oi 5.570 GE+ 2
2 0 - 1. 78 h 3E -0 3 w.83188E-0! 6. '5'*/l + C 1 5.08922E-01 3.30383F-C1 5.570w E +02
3 0 - 2. 68?+*E - 0 3 w 9 3291E-Cl 6.7* M 4_+C! 5.089 dE-01 3.35 00E-Cl 5.570*6E+C2
% 8 -3.57CCM -03 w.8b &E-01 6.75571E*CI 5.C88'M -01 3.30***E-01 5.570%EE+C2
5 8 e .15*/fl-G ? %.838dE-Cl 6.759 dC+01 S.C883%C-01 3.30* I'E-Cl 5.57CwEE+C2
6 8 -* . 3*29 3E -C 3 %.8%2%8E-01 6.75191E+01 5.08781E-01 3. 30*A8E -01 5.570%*E+C2.

7 8 -%.12117E-03 w.8%790E-01 6.?*35CE+0i 5.C872!E-01 3.306*'E-01 5.570%*i +C2
8 8 -3.%734 K-03 w.0536*E-01 6.7%70EE+01 S.C8EECE-01 3.30727E-01 5.57045E+C2
9 8 -2.46001E-03 4.8*B9 E-01 6."Nw91E*01 5.C860'E-01 3.30797E-01 5.570**E+C2

10 0 -l.266@E-03 %.EE29 1-01 6.79333E*01 S.C0567E-01 3.308% K -01 5.57CwwE*02
It 8 C. %.86492E-01 6 % 251E*01 5.Ce5-7E-Oi 3. 3:e7et-O i 5.5*Cw,E*Ce

2 9 -1.5625'l-03 *.B2%21E-01 6.'wl38E+Cl 5.08519E-0! 3.30913E-01 5.570*wE*C2
3 9 -2.27C*0E-03 w.8222K -01 6.N CE*l 01 5.C8501E-01 3.3093'E-01 5.570%*E+0?
* 9 -2.88179E-03 4.81959E-01 6. 73}EE + 0 ! 5.C8w?!E-01 3.30976E-01 5. 57> 3E * C2
5 9 -3.1876T -C3 *.8108 E-01 6.737%C+01 5.08%29E-01 3. 31 C 3'E -01 5. 57093E + 02
6 9 -3.16 W 3E-03 4. 81 * l EE-C I 6.73"53E*01 5.08373E-Cl 3.3t a5E-01 5.570*3E+C2
7 9 -2.86107E-03 *.8122%E-0! 6.733 2E*01 5.08310E-01 3.3:le9E-0! 5. 575 3E * 02
8 9 -2 31959E-03 4.91120E-01 6.73045E*01 5.052 WEE-;l 3.31272E-0! 5.570%2E+C2
9 9 -l .611 CT-03 w.8109tE-01 6.7291'E+0! 5.C9:99E-01 3.313*EE-0! 5.57>2C+C2

10 9 -0. C567 3E - 0* %.E1103E-01 6.72S-EE+0! 5.081*6E-Ci 3.31% >E-01 5. 570w 'E * 02
11 9 0. 4.8:12CE-C: 6.72*57E*01 5. C812%E - C l 3. 31933E -0 ! 5.570-lE+02
2 10 -1.9993Fi-03 % . 790 32E -01 6.71927E+0! 5. 079EEE-01 3.316*CE-01 5.57C*:E+02
3 10 2.89298E-03 4. 784 3 3E -01 6.7186Fi+Cl 5.07951E-01 3.31E61E-01 5.575 :E+C2
" 10 -3.5221*E-03 %.'56'E-01 6. 71 /67E * 01 5.0792EE-01 3.31693E-01 5.570*:E*02
5 10 -3.7672'E-03 9.76*7EE-01 6.'162SE+0! 5.07890E-Ci 3.31% E-01 5.57 3 :5.+02
6 10 -3.52901 -03 *.~5291E-01 6.71w*7E+0! 5.079,5E-01 3. 3179X-C 1 5.b7 30E+02
7 10 -3.08%1*l -C3 4.AlwfE-01 6.71293E*01 5.07794E-Cl 3.3:eEEE-01 5 *'039C+;2
8 10 -2.37'2CE-C3 *.73151E-01 6.71033E*01 5.07% 2E-:: 3.31935E-01 5.57C3K+0F
3 10 - 1. 579 3 3E -C 3 4.7237*l-0: 6.7:8%*E*0: 5.0'5 vE-01 3.31999C-01 5. 570 39E * C2

10 IC -7.599 E -C4 9.719'*E-01 6.707EE*01 5.0765eE-01 3.32 >5E-Cl 5.57039E*C2
11 10 0. w.71*9'E-01 6.70627E*01 5.076:K-01 3.3207CE-01 5.57032E+02
2 11 - 3. 3023*l-C 3 9.7-26EE-Cl 6.E9:31E*;l 5.07253E-01 3.?25cel -01 5.5703E +C2
3 11 -*.'w W i -03 w . 725 31 E -C l 6.690%E+;l 5.0~25wE-0: 3. 3257'E -C l 5.57035E*C2
% .1 -5.91393E-03 % 7:311E-v e.59:29E+01 5 . 072 37E -01 3.3259EE-01 5 3703SE*:2
5 11 -S . 36 7-E-0 3 *.67432E-01 6.629:0E+01 5.07213E-01 3. 32532E-01 5.5'03EE+C2
6 11 -S.0093*E-C3 4. 54 313E - 01 6.E3901E+01 5.07:80E-C1 3.3257-E-Cl 5. 570 3EE * 02
7 11 -5 255CEE-03 4.E1257E-01 6. Ee653E + C l 5.071*3E-01 3.3272%E-01 5. 570 3EE +C2
9 11 -*.CEfilE-03 4.525632-01 6.685C:L*01 5.0715E-Cl 3.3277-E-01 5.5703*E+02
9 11 -2.71230E-03 4 . *lMX -01 6.68365E+Cl 5.0'070E-01 3.3291K -01 5.57035E+C2

10 11 - 1. 3N* E- 0 3 9.5=93I-01 6.Ee2c2E+Cl 5.07 >-E-C1 3.3295-E-0! 5.5703*l *02
: 11 0. 4.5*20'E-01 6.682:8E*0: 5.C7030E-C1 3.329'2C-01 5.57035E*C2
2 12 -6.8'591E-C3 4. % 47 E-Cl 6.E5517E*01 5. 05 3" 9E -C l 3.33767E-01 5. 5703 : E * 02
3 12 -9.822SE-03 4.7 5 -lE-01 6. 6552'i + 0 ! 5.0EI52E-01 3. 3 37E*i-01 5.57031E+02
w 12 - 1. 22123E -C 2 %.64'w2E-Cl 6.6552CE*01 S.CS35;E-01 3.33'6'E-01 5.5703 E+C2
5 12 -1.31813E-C2 *.5'7:T -01 6.ES-99E+;l 5.06b2C-0: 3. 33777E -01 5.5703iE*02
5 12 - 1. 2%"lE - C2 * 5019:(-01 6.E5*3-C+Cl 5. C6329C -01 3.33' ME-01 5.57:31E+02.

' 12 -1.1162%E-C2 w. e 9wC-01 6.653e:E+Cl 5.053:M-01 3.33320E-01 5.57:3:E+:2
9 12 -3.76620E-03 w.36'53E-01 6.652'8E+0: 5.05299E-01 3.33S 7E-01 5.5703 E*C2
9 12 -5.G202*i-C3 w 3:391E-01 S.551 >E*01 5.05257E-0 3.33a76E-01 5.5730E+02.

10 12 -2.9215N -C3 w . 2o9:2E -01 6.65t W +0 5.062w9E-0: 3.33901E-01 * 5703;E*C2..

11 12 0. w.2'+30E-01 6. 6* "EE * 01 5.0523'E-01 3.3391*E-01 5 3703;E+C2
2 13 -1.*A T 'E-02 4.97533E-01 64' *I+Cl 5.:5236E-01 3.352332-0; '' . 570 0-E * C 2
3 13 -2.22cCwE-02 . 96278E-01 0 . l ?*l + C : 5 . *29 2E - 0 ! 3.3*2 2%E-01 5.570bE+02
w 13 -2.'5355E-02 * . N'6*l - C l 6.6122 E*01 5 0525-E-01 3.3*Z K-C! 5.5':2%C+ 2
5 13 -2.qE 5:E-72 w.5 ee:E-0: e.s:27-E.0: 5.:25eE-:: 3.25i9:E-01 e.57:sE.Ce
6 13 -2.9= 57E-e2 w.3995:E-Cl 6.513:9E*0; 5.;*2'X -01 3.351'6E-01 5.5702*E*C2

13 -2. * 7"3E -C2 4.23- SE-Cl 6.51335C+01 5. :*2SE -01 3.35:SK -01 5.5702wE C2
'

8 13 -1.91'2*i-02 w . 09?31 E - 0 ; 5.513:*i+Cl 5.05275E-0; 3.35:"E-01 5.5702%E*02
9 13 - 1. 256* E - 02 w ;0;ESE-0: 5.51253E 01 5 . 0*252E -C l 3. 35199E -3 : 5.57:2%E*02.

10 13 -5.;3007E-;3 3.W S9E-01 5.61:72E+0! 5.:*2wiE-01 3.3*2 2*i-01 5.57 2*E*C2
11 13 3. 3. 91232E - 01 6.5!ilwE+01 5.0522'E-01 3.252-5E-01 5. 57C2-E * C2
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TABLE III (con' t)
2 14 -3.55428E-C2 5.8E69 E-C l 6.562*3E+Cl 5.03376E-01 3.3689CE-Cl 5.57017E+C2
3 19 -5.150%*E-C2 5.652%7E-01 6. 5622?E + 0! 5.03968E-01 3. 3690 ! C-01 5.570:7E + C2
* 19 -6.429 fee-02 5. 3322%E-01 6.56273E + 01 5.03981E-01 3.3628%E-01 5.5701'E+02
5 19 -6. 057CGE-C2 %.91757E-0! 6. 56%* 9E + 0 i 5.0%C26E-01 3. 3682%E-01 5.57017E+C2
6 !% -6. 4% 257E-C2 %.47870E-01 6.5668CE+0! 5. 0% 86E-01 3.3674EE-01 5.57017E*02
7 14 -5.42459C-02 %.09690E-01 6.56861E+01 5.C*133E-01 3.366ENE-Ci 5.57018E+02
8 14 -4.06*29E-C2 3.7993*E-01 6.56 7 5C+0! 5.0915%E-Cl 3. 3E65EE - 01 5.57018E+C2
9 14 -2.6C222C-02 3.5G875C-01 6.56969E+0! 5.09161E-01 3.36647E-01 5.570 lee.02

to 1% -1.2258wE-02 3.%5302E-01 6.5696*E+Cl 5. 04159E- 01 3. 366% 9E -01 5.57019E+C2
Il 14 0. 3.339'IE-01 6. 5699 3E +C I 5.Cw15-E-0! 3.36657E-01 5.5701BE*02
2 15 -0.04607E-02 8.3:wtwE-Cl 6. 50994E + 0 ! 5.025B2E-Ci 3.3872%E-01 5.5700SE*02
3 15 -1.20053E-01 7.62558E-01 6.50949E+0! 5. C 259'E -01 3. 38705E -01 5.57000E*C2
% 15 - 1. 5 3270E-01 7.C6972C-01 C.5091LC+Cl 5. C 2589E-01 3.387:5E-01 5.57CCEE*C2
5 15 -1.63350E-01 6.01351E-01 6.51118E+0! 5.026*lE-01 3. 386* 7E -01 5. 57CC 9E * 02

6 IS -1.97525E-01 %.05506C-01 6.515CBE*01 5.C2793C-01 3.38513E-01 5.570:3E+C2
7 15 -1.19231E-01 %.00707E-01 6. 5198%E + C l 5.C2967E-01 3.3835 E-01 5.5701CE*02
8 15 -0.66769E-02 3. 405*6E -C l 6.52wS*E*01 5.02999E-01 3.?8189E-Ci 5.570llE*02
9 15 -5.4397%E-02 3.00008E-01 6.5292?E*Cl 5. 031 12E-01 3.38 27E-Cl 5.570!!E+02

10 15 -2.51312E-C2 2.75525E-01 6.53339E+01 5. 0 32 : 9E -01 3.37866E-Ci 5.57012E+02
11 15 C. 2.6*383E-CI 6.53559E + 01 5 . 0 32'6E -01 3.37811E-01 5.57012E + 2
2 16 -1.77715C-01 1.40477E+00 6.***03E*01 5.C;89EE-01 3 . * 0 9- 2E - C ; 5. 56952E * 02
3 16 -2.75205E-01 1.33491E*00 6.ww36EE+0! 5.CIC2-E-01 3.907'wE-01 5. 56 ?93E * C2
* 16 -3.71320E-01 1.tB822E+00 6 . wS 33?E + 01 5.Cll2?E-01 3.wC6*EE-01 5.5'CCCE+C2
5 16 -9.C6605E-01 9. 06923E-01 6.w6:06E+01 5.0129eE-01 3.w41?E-OL 5.5700:E+02
6 16 -3. 33130E-01 4.972%5E-01 6.w671GE*Cl 5.0!weSE-01 3.w;15 E-01 5.570:2E*C2
7 16 -2.51395E-Cl 3. 3E* B6E- 01 6.* 747 E*01 5.0168%E-01 3. 3 99:EE-01 5.57 :3E*:2
8 16 -1.75620E-01 2.459C5E-01 6.49309E+01 5.019;*E-01 3.3961CE-01 5 5': -E*:2
9 16 -1.07817E-01 1.95724E-01 6.*929'E+01 5. 02 : 63E -01 3.39275E-0: 5.5700EE+C2

10 16 -w . 92099E -02 1.66266E-01 6. 50 361 E + 01 5.02ww2E-01 3.323C9E-01 5.5'::9E 02
11 16 0. 1.53717E-Cl 6.5107:E+0! 5.C2527E-0! 3.36E55E-01 5.57:0 9E :2
2 17 -2.98EE9C-01 2. 90869C + 00 6. 337 38E + C l 4.587|lE-01 * 00?52E-01 5.5-EE9E+02.

3 17 -5. 2 32% 1 E-01 2. 96732E + 00 6.33641E+Cl %.5705-E-01 w 02532E 01 * 5-565E+:2.

4 17 -0.91956E-0: 2. 99'S ?E + 00 6.3-362E*01 w.5945:E-0! *.00'4:E-:: 5.!wf6;E+:2

5 17 -1.l*010E*00 P.64362E*00 6. 33362E + C l 4 7959-C-01 3.'709uE-0: 5.5553:E+:2
6 17 -7.1%797E-01 u. 6. w 3107E * C l 5.00531E-Cl 3.-tw2?E-01 5. 56996E + :2
7 17 -* . 55237E - 01 0. 6. w 50 C 2E * 01 5 01032E-Oi 3m 76-E-:i 5.5693sE+:2
8 17 -2 995d+E-01 0. 6. w S219E * C l 5.01352E-0: 3.* 3-:E-C1 5 5':::E +:2
9 17 -1.711C6E-01 0. 6.w71w-E*01 5.01597E-0! 3.-:02:E-01 5.57::IE*C2

10 17 -7.75216E-C2 C. 6.w235-E+C1 5.01915E-Cl 3. 336 '.2E -C i 5.570:-E+:2
11 17 0. C. 6. w9325E + 01 5.02 EEE-01 3.332*EE-:: 5.57::EE+:2
2 18 -0.6E567E-C2 4. 27947E * C 0 5.9656 E*:t 3.?755EE-01 5.13252E-01 5 *937 E+ 2
3 18 -1.05781E-01 %.30759E+C0 5.951-BC+01 3.7599'E-C: 5.!582wE-01 5. * s? ?E E * : 2
* 18 -6.50200E-C2 *.2799%E+00 5. 9243EE * C 1 3.72253E-01 5.2:999E-01 5 -895sE*:2
5 18 0. 3.BOww2E+00 5.87519E*01 3.59-95E-Cl 5.2470:E-:' 5 mEE-2E*:2
6 18 0. O. 6.9000:E*01 5. 033'IE - 01 3.230::E-:: 5.57:52E+ 2
7 18 C. O. 6.800::E*01 5. ?97?E-01 3.23:0 E-:1 5 5';52E*:2

9 18 0. C. 6 8 000E+Cl 5.093'?E-C: 3 29:::E-:1 5. 5' 5 ?E +:2
9 18 C. C. 6.6000 E*01 5.039'IE-01 3.23:::E- : 5 5':5?E*:2

10 18 C. C. 5.9:000E+01 5.:39'3E- : 3.29:::E- ' 5 57:53E+:1
18 0. O. E.9:0 0E+0! 5.:93'2E-01 3 23:::E-: 5 5':5?E*:2.

2 19 8.30592E-03 5.61365E+C" " 5"" 35E + 01 3.;'399C- 5. 95799E - L 5 ---19E+ 2
3 19 2.86174E C2 5.G2759C*C0 5.551*iE*01 3.1755'E-01 5.56-:!E-:: 5.-*3"E+0E
* 19 5.18300E- 2 5.594?wE+00 5.5*:-9E+0! 3 16229C-01 5.99:6?E-: 5 --252E + :2
5 19 0. 5.3:E35E+ 0 5.52962E*01 3. ; 5 3-IE-01 5.99-CIE- ' 5 --2 -E*:2
6 19 0. C. 6.S :::E+01 5.0997?E-:i 3 23 ::E-: 5.57 5?E *:2
7 19 C. 3 5.EC:::E+Cl 5. 099'?E - 0 : 2 29:::E-:1 5.5':5?E*:2
8 19 0. O. E.8::::E 21 5 :33'?E-:. 3.23:::E-1 5 5::5IE+:2
9 19 0. C. E.9 00;E+ : 5 09972E-0; 3.29:0:E-: 5 5':5?E+.2

10 19 C. C. E.9 :::E*01 5 07973E-:: 3.2 3 ::E-:' 5.5':5 3E :-
11 19 0. O. 6 600 :E* 1 5.093'?I-01 3.29:::E- 5.57:5?E-:2
2 20 5. l C297E-C2 ' . i E56 3E * : C .136'5E * :1 2 5915'E-:: 5. 5 3'33E - 0 ! 5.3325:: :2
3 20 7.03'89E-C2 7.203*IE*:0 5. ; 3';9E * :1 2.5325EE-C: 6.6351EE-:; 5. 332 3?E *:2
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TABLE III (con't)
9 20 7.64562E-02 7.22778:+CC 5.13135E * 01 2.67'75E-01 U.6*275E-01 5 39230E+02
5 20 0. 7. C9" 99E + C 0 5.12915C.Cl 2.6'-63E-01 6.d*E62E-01 5.3921*E+02
6 20 C. O. 6.9"C^:E+Cl 5.09973E-r. 3.29^CCE-Ci 5.57C5 3E + C2
7 20 C. O. 6.6 0:0E+0! 5 . 09973E -]! 3.29000E-Cl 5.57053:+C2
8 20 C. C. 6.0^0: E+01 5.C9973r-01 3.29000E-01 5. 5705 3E + C2

9 20 C. O. 6.50000E+01 S.C9973E-01 3.2900CE-Os 5.57053E+02
10 20 0. O. 6.90000E+01 5 . 0997 3E -01 3.29:00E-01 5. 5705 3E * 02
11 20 0. O. 6.00000E+01 5.09973E-01 3.29000E-Oi 5.57053E*02
2 21 I.w2057C-01 8.91352E+00 % .6790 E *01 2.2295EE-01 7. 2%5:2E -01 5. 33wGCE * 02
3 21 2.0l!3IC-01 3.07760E+00 w . 071 E 9E + C l 2. 22351 E-C l 7.25*CEE-01 5.33397E 02
w 21 2. 0776 3E -01 9. 3612CE * 00 4.65EEaE*C1 2.2096:E-01 7.27257E-01 5. 3319 3E + C2
5 21 C. 9.80E50E+00 w 6*211E*01 2.1957-E-01 7.2913CE-01 5.32081E+02.

6 21 0. O. 6.8000'E*01 5.09973E-01 3.29000E-01 5.57033E + 02
7 21 0. C. 6.8000CE*0: 5.09973E-01 3.29000E-01 5. 57053E + C2
0 21 0 O. 6.e:200E+0! 5.099732-01 3.2900;E-01 5.57053E*02
9 2 0 O. 6.600:0E+0! 5. 0 9973E -01 3.29' 0E-01 5.57C53C+C2

10 21 C. O. 6.60000E+0! 5.C9973E-01 3.2900CE-01 5. 57053E +C2
!! 21 0. O. 6.0000:E +01 5.C9973E-01 3.29:00E-01 5. 57 ^5 3E + C2

2 22 5.27337E-01 1.0167CE+01 4.16037E+0! 1.811C9C-01 7.9012%E-01 5.2565*E+C2
3 22 9. 5317EE -01 1.0250!E*01 4.14tC-E*01 1. 762 3'E -] ! 7. 93399C -01 5.2612%E+C2
% 22 I.E6567E+C0 1. 0 3179E * 01 w . 0625 ?E * 0 : 1.729CSE-01 7.9121"E-01 5.2505eE+C2
5 22 2. 95846E + 00 1.0209%E+Cl 3.9:i':E+0! 1.62515E-0: 9 Cw339E-01 5.23^7EE*02
6 22 1.II:79E*C0 4. 36015E * C0 3. 69CE 9E + C I 1.62:96E-01 9.0345-E-01 5 2568'E+C2
7 22 9.53*tSE-01 2.081*2E+00 3.699:6E + C l 1.95:0!E-01 7.57701E-Cl E 1491CE*02
9 22 3 19654E- 01 1.542E2E*00 3. Se75EE +C : 2.08:29E-01 7.397^7E-01 5.37957E+02
9 22 0. 1.wwC5-E ^0 3.53273E+01 2.07909E-01 7.3955-E-01 5.3829:E*02

10 22 C. O. 6.90 0CE+01 5. 0 9973E -01 3.2907E-01 5.5'05 3E + 2
i l 22 3. O. 6.90000E*01 5.09973E-Cl 3.29 00E-Cl 5.5 ?C53E + 0?
2 23 7 11971E-01 1.09;E6E-01 3. 79997E + 01 1.52297E-01 9.l'792E-01 5 . 20736E * 02
3 23 1.171:5E*0^ 1.C7527E*01 3.'E315E*01 1 5042wE-01 0.2:2^9E-01 5.2 3::C+02
w 23 : 7:29tE*C0 1.06688E*Cl 3.729'wE+0: 1.~e :3E-01 9.2333-C-01 5.:9'wSE*:2
5 23 2.137 ! CE * C 0 1.03790E+0! 3.5EJ62E*01 1.-56|EE-I 8.25437E-01 5.19:~eE+02

*
1. % vo.-c.- i 8 r,c..v.r. I a. . . :9.2 3r . .3o 23 . . .re. o. , r. . . - .m . - . - e sc . c. a 2 . . . .? .v c. . e, l

- ,
. . s- . c . .. .. ..

7 23 8 5:19%E-:: 4.E:56'E+00 3.$a3;;E+:1 1. 55:!;'. -01 8.131,9E - 01 5.234:9E + ^2
9 23 w .16 : 97E -C 3. 75-29E + 0 3 S*ll2E+0! 1. 5-795E -01 7.993a7E-;! 5.27-3:E+C2
9 23 C. 3. 5 3939E * 00 3. 5 96eeE + 0 ! :.S?25EE-01 7.9570wE-0: 5.29'23E+ 2

3.3-.s E.,1 a. 5. , -c .ir . r .3ie c3 n. O. 6 . a . m - - c. . ,1-
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TABLE III (con't)

6 2E 6. 29152E - 01 1.13137E+0! 3.22w59E+01 1.16C 25E -C l 8.6-329E-01 5. I l l l 2E + C2
7 25 %.C31CEE-C1 1.C3955E+Cl 3. 2 32 : EE * 01 1.1636*E-Cl 8. 63896E -C l 5. l l 323E + C2
8 26 1.G 21?E-Cl 1.C;;21E+G1 3 . 2 32'5E + 0 ! 1.16*1%E-Cl 8.6385;E-01 5.ll331E+C2
9 26 C. 9.9090'E+00 3.23513E+ 1 1.16?95E-Cl 8.6?871E-Cl 5. l l w* 2E + 02
10 26 0. C. 6.80000E*Cl 5.09973E-01 3.29:0 E-01 5.57C52E*02
11 26 0. O. 6.8000CE*01 5.C9373C-01 3.2900 E-01 5. 57C53E * 02
2 27 2.123:2E-01 1.4!wC:E+Cl 2. 9e623E * 01 1. 0299 ?E -01 8.9078:E-Ci 5.C6752E 02
3 27 3.3081wE-Cl 1.%IC81E+0! 2. 99:55E * 01 1. 0 3219E -01 8. 80-6 9E -01 5.C6828E+02
w 27 4.37235E-01 1.wC573E*01 2.997:7E*01 1.0356%E-01 8.80051E-C: 5.CE96-E+C2
5 27 5.266*IE-01 1. 33675E + C l 3.CC67CE*01 1.C4C79E-01 8.79-CwE-Cl 5.C7195E+02
6 27 w.EiG15E-01 1. 309: 3E + 01 3.Cl%3 E*Cl 1.0w4*E-C1 8.78952E-01 5. 07305E * C2
7 P ?.085lwE-01 1.29057E*01 3.01895E+C1 1.CwS52E-01 8.78622E-Cl 5.07*02E+C2
8 27 ! 2992:E-01 1. 21 l 96E + 0 ! 3.C2:52E+1 1.0-57E-01 8.78903E-01 5.07w56C+C2
s 27 0. 1.iCw3:E*01 3 C2:8:E+01 1. wS*3E-Cl 8 . 7884 9E -01 5.0747CE+C2

10 27 0. O. 6.8C^0CE*01 5.C9972E-01 3.29:0CE-01 5.5753E+C2
11 27 C. C. 6.8 CCCE+01 5.09373C-01 3.29:00E-01 5.57 52E*02
2 29 1.55952E-01 1. 61958E *01 2.75*77E+01 9.ll775E-C2 8.9551*E-01 5.02319E+C2
3 28 2. * 36'eE - 01 1.61'5 E+0! 2.'5513E+Cl 9.1222EE-C2 8.95-6:E-01 5.^2327E+ 2
4 29 3.1909+E - C l 1. 6139%E + C l 2.7575-E+01 9.1331^E-02 8.95323E-01 S.C235 E+ 2
5 29 3.9:B63C-01 1. 60'2 3E + 01 2 . 7615 ?E * 01 9.15w9EE-02 8.95:5+E-01 5. 0246:E *:2
6 29 3.5 981E-01 1.5*272E*01 2 7CwC'E+Cl 9.162'6E-02 8. 94 962E -C l 5.02517E+C2
7 29 2.3:572E-01 1.%3277E+Cl 2.755'EE+Cl 9.:595:E-02 9.95 2EE-Cl 5.0255-E+C2
6 29 1. 0* * C6E - C l 1. * 719%E * 01 2.76577E+Cl 9.1547wE-02 8.35081E-01 5.C255LE+:2
9 29 0. 1.wS62%E*01 2.756;-C-01 9 15199E-02 6.951!5E-0! 5.C252;E+ 2

1C 29 0. C. 6.9000:E+C1 5.C997?E-01 3.29:0:E-:. 5.57:53E * 2
28 C. O. 6.80:00E*05 5.C9972E-01 3.2900:E-01 5.57:53E + C2'

2 24 1. 2% . 5*E -01 1.949%^E*01 2.w*554E+Cl '.67'7EE-02 3.i?253E-:1 * 960 EE+C2.

3 29 1. 9131 1 E -C ' l . 94E 3'E + C l 2.**w21E+01 7.672::E-02 9.1232 E-Cl w.9599E*2.

23 2 . *E EC*{ C1 1.9w--2E+0! 2 ww?8'E+0: 7.EC339E-02 9. ! 2?-9E-01 * 9597 E+:2*

5 29 3.07963'-01 1.3337wE+ ; 2. w-w 3 3E + 01 7.67298E-02 9.;32 2E-Cl w . 9598EE - 02
6 29 2 7507'E-Cl 1.9925:E+C 2.--229E 0! '.5632EE-02 9 13-3+E-01 * 95 96-E * ^2
7 29 1.''56:E-01 1.?S652E* 1 2.**192E+:i 7.E5:llE-02 9 I?d ?E-:. * 259?EE+:2.

8 29 ' . 95E ?9E - 02 1.e+195E+^1 2.ww!CEE+01 7.6*162E-02 9.13712E-C; * G5921E* 2
3 29 - 1.83779E+01 2.w* 67E+0! 7 . E 3~ EE - 02 3 13 E-E-:1 . 353:5E+:2

10 23 C. O. 6.8000CE+C: 5.C9972E-0; 3.29:^2E-:: 5.57^53E+:2
11 29 C. C. 6.80;CCE+01 5.09973E-01 3.29:0:E-01 5.57:52E+:2
2 3 '.C7173E-01 2. 597E 9E + 01 1. 99- 3 E-C l 5.9:527E-02 3.256 5E-01 55Ee2E-;2*

3 2: 1.6190 E-Cl 2.5956EE*01 1.99252E*0' 5.79615E-C2 9.75359E ^1 * 856 3'E + ^2.

w 30 2. C95- 3E -01 2.59315E+01 1.clll8E+01 5 . 7329 9C -C2 3.26:2*E-C1 w C55:CE+ 2
5 30 2. 67EE I E -01 2 5888'E*01 > 385E+01 5.7973:E-02 9.?E 99E-01 . 65EE9E * :2
6 3 2. 36 7_(E -01 2.55225E+01 .9eE 3SE * 0 ; 5 . 77173E- 02 3.2327EE- ! *.E5-5:E* 2
7 3 1.50252E-01 2. 52'7 3E + 01 1.99w39E+C' 5.~56wlE-02 9.2E-E'E-0; 4.6542:E+:?
9 2 6. 6 384 9E - 02 2.51~::E+01 !.56255E+Cl 5.'+E5:E-:2 L 355E9C . 952'EE+:2w

9 30 C. ? 5!235E*01 1. 391 &iE * 01 5.742|:E-02 9 2EE--E ^' .3535'E+:24
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TABLE IV

E M PLE PR03LEM SOLL~rION AT CYCLE 4000

ITER = 2 T IPC = -4.00000E*00 CYCLE %CCO CELT * l.0GCOCE 03 F= 2.66191E+C0 Fl= 6.8302*E d1

I J U V P RO TH TEM

2 2 0. 8.60350E-01 6. 80CCOE + 01 5.090 3E-01 3.2900CE-Cl 5.57053E+C2

3 2 0. 8.60322E-Cl 6.8000CE*01 5.09973E-Cl 3.2900CE-01 5.57053E*C2

4 2 0. 8.60200E-01 6.BCC00E*01 5.09973E-01 3.29000E-01 5.57C*2E+02

5 2 0. 8.6022T-01 6. SCC 00E*01 5.09973E-01 3.2900CC-01 5.57053E+C2

6 2 0. 8.60174E-01 6.8CCCCC+01 5. 09973E-01 3.290COC-01 5.57053E*02

7 2 0. 8.60121E-01 6.800COE*01 5.09973C-01 3.23CC0E-Ol 5.57C53E+02

8 2 0. 8.6007't-01 6.80000E+0! 5.09373E-01 3.290CCE-01 5.37053E+02

9 2 0. 8.600%3C-01 6.8000CE+01 5. 09973E-01 3.29000E-01 5.5705 E+02

10 2 0. 8.6CC21E-01 6.80000C+0! 5.0903E-01 3.29000E-On 5. 57053E + C2

Il 2 0. 8.600llE-01 6.8CCCOE+0i 5.09973E-On 3.29000E-Cl 5.57053E+02

2 3 -2.88329E-05 8.6000CE-01 6.80325E +01 5.!C05*E-01 3. 2989+E-01 5.5705 X+C2

3 3 -4.2130*E-05 8.6CC5CC-01 6.8032% +0! 5.lC054E-01 3.29893E-Ol 5.57053E + 02

4 3 -5.35231E-05 8.60006E-01 6.80330E+0! 5.1JCS*E-On 3.29893E-01 5.57053E+02

5 3 -5.875'OE-05 8.5995LE-01 6. 803~a2r +11 5.lCC',*E-01 3.29892E-01 5.5?C53E+02

6 3 -5.72063E-05 8.59892E-01 6.0033%C+J1 ". 1005*i-01 3.20892E-01 5.57C53E+02

7 3 -5.00591E-05 8.5983%E-01 6.0033'E+01 5. l CC*EE-01 3.2989tE-01 5.57053E+02

8 3 -3. 8922E-05 8.5779"E-01 6.80P+CE+0; 5. l CO*EE-01 3.29090E-01 5.57CS X+C2

9 3 -2.590 3EE-C5 0.59"% E-Cl 6. 80342E +0 ! 5.lCC57E-Ol 3.29889E-01 5.57053E+C2

10 3 -l.25071E-05 8.59'20E-01 6. 0034*E * 01 5.lCC5% -01 3. 2239E-01 5.57053E+02

11 3 C. 8.".970% -01 6. 8034*E + 0 ! 5.lC05eE-01 3.29 E T -01 5.57053E+C2

2 4 -6.4157'E-05 8.596%8E-01 6.8067%C+01 5.1013T -01 3. cv 62E-01 5.57C5*E+02

3 4 -9.4*27X-05 8.5%1sE-01 6. 005''5E * 01 5.10139E-01 3.29701E-01 5.570**E+C2

% % -1.2121%C-0% 0 *9?.6*E-01 6.BC6TE*01 5.1013T-01 3.29791E-01 5.57C5%E+02

5 % -1.34952E-09 8.59503E-01 6.3067% +0! 5.10190E-01 3.28790E-01 5.5705*C+C2

6 % -1. 3385EE-0% 8.59+34E-01 6.8C682E*01 5.10t%1E-01 3.29779E-01 5.5705+E+C2

7 % -1.19218C-04 8.593&E-01 6.8C686E+01 5.lCl%2E-01 3. 297'T-O t 5.5705*E+C2

0 % -9.4464%C-05 9.5930ff-01 6.80609E+01 5.10l%2E-01 3.297''E-01 5.570*r+E+02

9 % -6. 3097E-C5 8.59257E-01 6.80692E+0! 5.1014 3E-O n 3.28774-01 5.570$*E+C2

10 % -3.14*S%E- 0.5922*E-01 6. 8069+E +0! 5.10twC-01 3.2977*C-01 5.5705*C+02

il 9 0. 8.59200E-01 6.8C69?E+01 5.101%C-01 3.297'*E-01 5 . 570*>+E + C 2

2 5 -1.120*EbC + 8.5912EE-C t 6.31038E+01 5.lC2?9C-01 3.29664E-01 5.570!vE*02
3 5 -1,6550'E-0% 8.59C82E-01 6.8103aE+01 5.10229E-01 3.29664E-01 5.5705%E+C2

4 5 -2,130EE-W 8.590l!E-01 6. 810% CE * 01 5.10229E-01 3. 29E6X-O n 5.57054E+C2

5 5 -2.%068tE-04 8.*A333E-01 6. 810% I C + 0 ! 5.lC22T -01 3.2960X-01 5.570**E+C2

6 5 -2.423%IE-0% 0.*J83E -01 6.010%3E+0! 5.10230E-01 3.'OES2E-01 5.57054E*C2

7 5 -2.19EN I E-09 8.58 % "l -01 6. 810%*E +0 ! 5.lC230E-01 3.29E61E-01 5.5705*E+02

8 5 -1.7754 3E-0% 0 . *RST -01 6. 810%'E + 01 5.10230E-01 3.29E61E-01 5.570**E+02
9 5 -1.22319E-W 8.58509E-01 6.8;C40E*01 5.lC231E-Ol 3.29660E-01 5.5705*E+C2

10 5 -6. 09572E-05 8.*A540E-01 6. 910% % + 01 5.1023tE-01 3.20E60E-01 5.570**E*02

11 5 0, 8.5e51E-01 6.8tC".0E+01 5.lC231E-01 3.29660E-01 5. 57 0**E + C2

2 6 -l . 0Eb%"E-04 8.*B73 t E-01 6.81409E+0! 5.1C320E-01 3.29S*E-01 5.5705'i+C2
3 6 -2.79C94C-0% 0.*R *K -01 6.81409E+01 5.!C320E-01 3.295%*E-01 5.*705*i+02
% 6 -3.62334E-04 8.*A550E-Ot 6.014COE+01 5.10319E-01 3.2954*E-Cl 5.5705*E+02

0 6 -*.lCaE'i -04 8.*&+C3E-01 6.8140'E+01 5.lC3tT -01 3.295%+E-01 5.57C55E+02

6 6 -9.18219C-0% 8.56250E-Cl 6.81%CEE+01 5.1031 I-01 3.295%*i-01 5.570**E+C2

7 6 -3. 85+651 E -0% 8.bdO99E-OL 6.81%0%C +0 i 5.1031 E -01 3.2GS*E-01 5.5705"l+C2
8 6 -3.155e9E-0% 0. 5'9* 1 C-01 6.31403E 01 5.1031E-C1 3.295%6E-01 5.57C*'i+C2
9 6 -2.20412E-0% b.57820E-Cl 6. 81% C2E +0 L 5.103:GE-01 3.29"*SE-01 5.57055E+C2

10 6 -1.!CM 'E-0% 0.57735E-01 6.8140lE*01 5.10318E-01 3.29S6E-01 5.570**i+C2
11 6 0. 8.57E92E-01 5.31%CCE+01 5.1031'E -C l 3.295-6E-01 5.570*5E+C2

2 7 -3. 33E'K -04 8.56'9T-01 6. 81750E + 01 5.1C*COE-01 3.29%27E-01 5. 5705*4 + 9

3 7 -4.955%9E-0% 0."A053E-01 6. 81?S6E + 0 ! 5. l C4 0'E -C 1 3.29429E-01 5.5705*.E+L

4 7 -6. 453'E-04 9. *O* 3*.E - J I 6.81'53E+0i 5.lC% 'E-Cl 3.29429E-01 5 . 57 0* *E + 02

5 7 -7.3432'E-09 8.*A l *AE-01 6.8t'*9E*01 5.10*CEE-Ct 3. 294 30E-01 5.5705*E+C2

6 7 -7.50320E-04 9.57831E-01 6. 81'53E + 0 ! 5.1S >E-01 3. 29% 32E-C l 5.570*5E+C2

7 7 -6.9306CE-0% 0.5'5C*i -01 6 . 81 'w E + 01 5.10*C3E-01 3.29%34E-Cl 5. 57 0* *E + C2

8 7 -5.7125*E-0% 0.57206C-01 8. 91'% 2E * 01 5.10w02E-01 3. 29+ 36E-01 5.57055E*C2

9 7 -4.0071'E-0% 8.56962C-Cl 6.8173'E+01 5.lC*00E-01 3. 29% 3'E-01 - 5.5705"E+C2
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TABLE I" (con't)

10 7 -2. 02 3B2E - 09 8.56791E-01 6. 81734E + 01 5.1CwCCE-Cl 3. 294 38E-01 5.57C55E+C2
11 7 0. 0.567C6E-01 6.01732t+01 5.10399C-01 3. 299 30E-01 5.5755E + C2
2 8 -6.wE51%C-09 8.59839E-O' 6.82099E+01 5.lC*89E-01 3. 29320E-01 5.57:56E+02
3 8 -9. 602 32E-09 8.5951*E-01 6.82095E+0! 5.109680-01 3. 29 321E-01 5.57056E+C2
% 8 - 1. 250 36E -0 3 0.59036E-01 6.B2 90E+01 5.lCw07E-01 3. 29323E-C l 5.57056E+C2
5 0 -1.w21FE-03 8.*a+1EE-01 6.8200wE*01 5.1Cwe6E-01 3.293252-01 5.5705EL+C2
6 8 -1.wSOU I-03 0.57710E-01 6.82075E+0! 5.10984E-01 3. 29 329E-0 ! 5.57056E+02
7 8 -1.33790E-03 0.57005E-01 6.82C67E+0i 5.lCw81E-01 3.29331E-01 5.57056E+C2
8 d -1.lCO29E-03 0. 5635 3E-01 6.82059E.Cl 5 .10* 7 9E -0 : 3. 29333E-C l 5.57C56E+C2
9

-

-7.7021CE-09 8.55818E-01 6. 82 C52E + C l 5.lCwi6E-Cl 3. 2933EE -01 5.57056E+02
10 6 -3. 08% 32E -04 8. 55**5E - C l 6.B20w?E+01 5.10975E-01 3.29337E-01 5.5705dE+02
11 8 C. 8.5525?E-01 6.B2 w*E*01 5.10976C-01 3. 293 38E-01 5.57056E*02
2 9 -1.35278E-C3 8.E292EE-Cl 6. 82399t' + C l 5. l C563E-01 3. 29223E-01 5.57:5EE 02
3 9 -2.00217E-03 0.6220*E-01 6. 82336E * 01 5.10562C-01 3.2822%E-C1 5.57 56t+02
* 9 -2.5909wE-03 9 . 6114 3E -01 6. B2391 E + 01 5.lC561E-01 3.25226E-01 5.57056E+C2
5 9 -2. 94 71+ E -C 3 8. 59776E -01 6 . 6232%E * 01 5. l C55 9E-01 3.26220E-C1 5.57056E*02
6 9 -3 . CC098E -03 0.56236E-01 6. 82 375E + 01 5.lC557E-01 3.2923;E-01 5.57056E+C2
7 9 -2. 7612 3E -C 3 8.566'EE-Cl 6. 82367E + 01 5.lC555E-C1 3.2S234E-01 5.5705EE*02
8 9 -2. 20652E - 03 8.552w8E-Cl 6. 92359E + 01 5.10553C-01 3.2523EE-01 5.57 5EE+02
9 9 -1.58371E-C3 0 5w079E-01 6.62353E+0! 5.10552E-C 1 3. 292 32E - 01 5. 5705EE *:2

10 9 -7. 9764 ?E -04 8.53263E-01 6. B2 3* 9E + 0 ! 5.10551E-01 3.252w E-Ci 5.5756E+C2
11 i G. 8.52953E-01 6.62!*'E+1 5.lC55 E- I 3 2924:E-Ci 5.575eE+:2
2 10 -2.92991E-03 8.70797E-01 6.B2579E+01 5.10632E-01 3.2913?E-01 5.5705EE+02
3 10 -*.31912E-03 8.69170E-01 6. 82575E + C l 5.lC62:E-Cl 3.2913*E-0! 5.57:5EE+02
4 10 -5.5e677E-C3 8.E6795E-01 6.6267E*01 5.10629C-C: 3.29135E-C: 5.57:5EE+:2
5 10 -6. 31365E -0 3 8.63766E-01 6. 82563E + C I 5.;CS2SE-Cl 3.29135E-01 5.57056E+C2
5 to -6. w C916E -C 3 8.E 33EE-01 6.B2555E*01 5.lC625E-Cl 3.29:41E-01 5.57:56E+:2
7 10 -5.99349E-C3 S . 56 L 15E -01 5.825-9E * 1 5.1052wE-C! 3.29143E-01 5.5' 5EE+C2
0 10 -* . 6216 9E - C 3 8. 53809E -01 6. 625-2E * 01 5.!O623E-;l 3 . 29 : -5E -: 1 5.57:56E+r
9 10 - 3. 3656wE-C 3 8.51294E-01 6. 52538E * 01 5.10622E-01 3.291*EE-01 5.5705EE 02

10 10 - 1. 59 * 3E -0 3 8. w ?" 3CE -C l 6 92935E+ 1 5.1062:E-0: 3.29:*7E-:1 5.5':*9E*:2
11 10 C. 8.w265CE-01 6. 625 3*E * 01 5.:C62:E-0! 3.29: E-:: 5.57:55E-:2
2 11 -6.*597 E-03 8. 9C232E-C i 6.623:5E+ : 5.1:59 E-C1 3.29:5EE-1 5.5':5'r* ?
3 11 -9.w9e5:E-C3 e 8e375E-ci e.ee9:5E.:1 5.:ce9:E-0: 3.e9:57E-:: 5.5 :5 E.:2
9 11 - 1. 22 362C -02 8.9:837E-01 6 . 829 ; 1 E * C l 5.!CS69E-Cl 3.29:5EE-C 5.5-^5'E :2
5 11 - 1. 3754 5E -C2 8. 732 : 7E-01 6.529^7E+0! 5.!OEeeE-Ci 3.2a 59C-:: 5.57:5 E.:2
6 11 -1.38794E-C2 8.66:87E-Cl 6.8290-E+C1 5.1C68'E-0! 3.25:E:E-:: 5.5':5 E*:2
7 11 -1.25701E-C2 8.58457E-01 6.829 1E*Cl 5.10EaEE-01 3.29:5:E-:' 5 57:5'E+:2
8 11 - 1. C 3 37 5E -C 2 8.5163EE-01 6 . 62999E * 01 5.1CEEEE- : 3.29 52E-C' 5 57:5 E*:2
9 11 -7.1946-E-03 9.*615eE-:1 6.82938E+Cl 5.:C525E-0! 3.28:52E-C1 5 5':5'E+:2

10 11 -3.616*:E-03 8.*2409E-01 6.8299eE+Cl 5.1:555C-0. 3.23:E2E-:' 5 57:5 E+:2
11 11 0. 8.* 527E-01 E . 5299EE +:: 5.1:5E5E-01 3 23:e2E-C 5 5':5 E+:?
2 12 -1.w?323E-C2 9. 37135E -01 E.93:w9C : 5.;;'22C-C' 3.292:3E-C' 5 5' 5 E*:2
3 12 -2. !w98 3E-C2 9.2754*E-01 6.33:59E*:' 5.;^725E-01 3.29T ^E-:: 5.5-^5 E-22

12 -2.74E*2E-C2 9. I' !5eE -01 6.9307:E* 1 5.lC'CEE-2; 3.290:EE-:t 5.57:5~E+:2*

5 !? -3.05552E-02 8. 9752 3E -C l 6.93:3 E-: 5.:0732E-C' 3.22^::E-:: 5 5 :5'E-:2
6 12 -3.0432:E-02 8.'9662E-:: 6. 6 3 : :-E + : . 5 : ~2EE-:: 2.E'9:CE-:' 5.5':5'E+:2

12 -2.75416E-C2 8.525 iE-C 6 83i2:E*:. 5.10'-:E-:: 5.2'99:E- . 5.57:5'E :2
8 12 -2.2259 E-C2 8.47531E-Cl 6.83135E*:1 5.10744E-01 3.2'995E-: 5.5':5'E :-

E*C: 5.:0~ E-:1 3.2 952E-:' 5 57:5 E+'9 12 - 1. 5 3 96 | E -02 0.357EEE-Cl 6.82: 4

10 12 -7 7294-E-:3 9.27~5'E-:: 6.83:55E*01 5 10'-BE-:1 3 2'973E-: 5. 5':5 E + ^d
': 12 0. 8. 2 32 : 3E-01 6.93:SeC+ ! 5 10'w9C-Cl 3.2'9~9E-: 5.57:5 E-:2
2 13 - 3. w'9 3EE -:2 1.:w98 E+00 6.8295?C+:: 5.:0~1 E ~1 3.23:3:E ~ ; 5.5':5'E+:2
- I3 . a . .a I .3%. r. _ . .3 . ase_.cr.-- D . a t. .- , . c . & =. .- o.r.a.- -

.t . w s - . c_ . . . a =. =.-.=. c. :oc.. _ , .wj s ..w - .. . - . --

!3 -6.3151^E-02 9 9:6'2E-:: 5 93 33E Cl 5.;; 3?E-: 3 2'959E-: 5 5':5 r+:2- t

5 13 -5. 90'15E -:2 9.5:045E ~! 6.63:5'E-:: 5 : ~~ 9E - 1 3 . 2' S' 9E ' 5 5 :5 E-:2
6 13 -6.~66:-E-:2 9.02995E-: E 93225E-0; 5. :: Ef E-T 3.2'95'E-21 5 5':5'E-:2

13 -6. C 6 95E -02 8.~0*-5E-01 5.9329:E+:' 5 .:'52E-01 3.2'93 E-: 5 5':5'E-:2'

9 13 -* . 'S'72E -02 9.3E:~5E-C1 6 . 93 3+'E + : ; 5.'C'96E-: 3.2'9:'E . 5 5~:5 E :2
9 13 -3.2~522C-02 S .13615E-:: 6 53392E+01 5 ;;5:EE-:: 3.2 9:3E-: 5.5':5GE- 2

. j- ., g:..-.r_-: - t..r._.*.. ; 3. . 0 , r . . , m...2.. .- 2.. 2 .- 4 - -. C- :;t... ...- e__r...:a
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TABLE IV (con't)

.4C602E-01 3.29172E-01 5.5705EE + C22 tw -0.39742E-C2 1. 32416C +C0 6.62**# +0! *

3 !* -1.1969:E-Cl 1.2*9%*E+00 6.83 68E+Cl 5.lC629E-01 3.2913EE-01 5.5705EE+C2
_

% .* -1.%9467E-01 1.17318E*C0 6. 8U919C + 0 i 5.10666E-GI 3.2906CE-01 5 57C57E*02
5 14 -1.58510E-01 1.06329C 00 6.83004E*01 5. l C712E-01 3.29029E-01 5.57057E*02
6 19 - 1.5C513E -01 9. 6E533E-O L 6. 8 320 ! E * 01 5.lC76CE-01 3.2796*E-01 5.57C57E +02
7 I4 -1.29e50E-CI 8. 00531 E -01 6. 83 3 awe + 0 ! 5.10805C-01 3.27905E-01 5.57050E+02
8 19 - 1. C i l 3 3E-01 8.l?t01E-01 6.83532E*01 5.lC891E-01 3.27856C-01 5.57058E+C2
9 14 -6.80%95E-02 7.65177E-01 6.8 3642E Cl 5.lC962E-01 3.27522C-Ot 5.57058E 02

10 1% -3.35472E-C2 7.3%172E-01 6. 83712E + 0 ! 5.10695E-01 3.27799E-01 5. 5705PC + 02'

11 14 0. 7.lB9I2E-D: 6. 837w 7E +01 5.10993E-01 3.27789C-Cl 5.5705EE 02
2 15 -2.C2274E-C! 1. 96855E + 00 6.80798C+01 5.10171E-01 3.29740E-01 5.5705%E+02
3 15 -2.906*BC-CI 1.0334:E+00 6. 8113*E + 01 5. l C25 3E-01 3.28631E-01 5.57059E C2
% 15 - 3. 5C912E -01 1.61242E+00 6.8:502E+01 5.103&eE-01 3.29w6CE-01 5.57055E+C2
5 15 - 3. 72796E -C 1 1.33:B2E+00 6.62197E*01 5.1051*E-01 3.25297E-01 5.5705eE*C2
6 15 -3. 3%55*E -01 1. C 5709E + C 0 6. 92912E + 0 ! 5.lCG65E-01 3.29099E-01 5.57057E 02*

7 15 -2.7%61wE-01 8.715EeC-01 6.83317E*01 5.107e9e-Oi 3.27927E-ci 5.57057E+0e
8 15 -2. C55 98E -01 7.43431E-01 6.83Ee7E+01 5.10879E-01 3.27908E-01 5. 57C56C +02
9 15 -1.3453*E-01 6.56946E-01 6. 8392SE * 01 5.!C93EE-01 3.27730E-01 5.57052E+C2

10 15 -6. 5255aE - C2 6.07'77E-01 6.8407E+C1 5.IC372E-01 3.2768vr-01 5.570590+02
!! 15 O. 5.93:21E-01 6. 99125E + 01 5.!C389E-01 3.2'66-E-01 5.57059E 02
2 16 -w . 5114 5E-0 : 3.w3172E+00 6. 7396 3E * 01 5.C y '3E-0: 3.3762*E-01 5.5678:E+C2
3 16 -6.93159E-0! 3.23160E*00 6. 74 9w?E + 01 5. 0vs 7 E-C l 3. 33129E -01 5. 56950E + C2 -t

% 16 -0.9:921E-C1 2.76253E * 00 6. 76395E * 01 5.C680!E-01 3.3 570E-01 5.57032E+C2
5 16 -9. 29 32*E - 01 1.??56*E*00 6.79*62E+01 5.09629E-01 3.2 M 2E-01 5.57:5:E+C2
6 16 -7.wl?90E-01 l.C6570E+00 6.9 2:5E+0! 5.10272E-Cl 3.296:6E-01 5.5705-E+02
7 16 -5. 56* 3GC - 01 7. 27581 E-01 6.8277:E+01 '. 1CE55E-01 3.291C2E-01 5.57057E+C2
8 16 -3.994-5E-01 5. 394 75E -01 6.e3709E*01 5.icee-E-oi 3.2 e::E-Ci 5 . 5,052E .C2
9 16 -2.w::*3E-0: w.316-CE-C: 6.9w2w2E+01 5.i 0:5E-01 3.2'629C ^. t 57:59E+C2

1: 16 - 1,1 -55 ?C - 01 3. 72565E -01 6. Bw S2 :E + 01 5.!!:52E-C1 3.2'5* E-01 5.5.^59C+:2
11 16 C. 3.w5032E-Cl 6. 94625E + 1 5.! 111E-0! 3.2'5:2E-0: 5.57L59E 02
2 17 -7. 57?33E -0 : 6. 363* SC + ] 6.463^6E+^: *.53+2:E-01 4. 6265E- 5.5-l:3E+CE
3 17 -1.317C5E+C0 6. 3aw :SC + ^ 2 6. w 3595E + 01 w.55*46E-0: 4.05447E-01 5.5*?21E+02

17 -2.09*19C+C0 6.25574E 00 6.511'7E*C1 56846E-01 *.0:592E-C: 5.5-*1E 02* *

5 17 c.5557;E*00 5.20296E*:0 6.561' E+ : w.71631E-01 3.52we:E-0; 5.53 wCE+C2
6 17 -l.56565C+00 0. 6.7580*E*01 5.0EGE9E-31 3. 3:w 32E-01 5. 57:* 3E + 02
7 17 - 1. 00 ?9eE * u: C. 6.813:5E+0! 5.10299E-01 3.26572C-01 5.57:5-E C2
8 :7 -6. 3 3%* BE - 01 0. 6.925-7E+01 5.10awSE-:1 3.27252E-01 5.57^56E+02
9 17 -3.68461E-C: C. 6.2w5:8E-01 5.7i92E-01 3.275-CE-01 5. 5'05 9E + 02

10 17 - 1. 66* 2LC - 01 0. 6. ew 9* 5E * 0 : 5.ll:9'E-01 3.2'wC3E-01 5.57C60E*02
!! 17 0. O. 6.95:07E*0: 5. 1225E- : 3.2725LE-01 5.5706:E+02
2 18 -2. 29677E -01 3.09" 2E+C0 5.75929E*01 3.--31*E-Cl 5.59753E-01 5 -666-E*C2
3 18 -2. 779 ^ 5E -0 ; 9.107' E+00 5.69*:EE-01 3 . 36 24 9E - 01 5.7^947E-0! 5 *50 0E+02

18 - i . 96 966E -01 8.917:5E* ^ 5.5759 E-01 3.2:756E-01 5.9:'35E-0: 5.w*757E+:2*

5 19 C. 7 7822GC+^: 5.39212E+1 3.::'9 E-01 6.193 5E-:: 5.429'4E+C2
6 .8 C. C. 6.B:^::E+0! 5.09972E- t 3.29:0:E-:: 5.57053E+:2
- j a. n. 3. e . e . .- . - r. , ., , -:s.,r.r.;v

- -- , pe, .r..,,.. e..e.. c., , 2
. . . = . . . .t. . .... ..

9 19 0. C. 6.6:000E*:1 5.09972E- : 3.29^ ^E-01 5.57^52E+:2
o. .g 6.u--.. r.,D,i

, r.:2. ,. . I 3.c:... .r...e , a.e.-.c.,r, 2i . v. . .. .. c . . . ..

:D IB 0. C. 6.9000CE+0! 5.C99'2E-Cl 3.29:0^E-31 5.57052E*02
11 19 C. C. 6 9000CE+01 5. C ?97 3E - 01 3.23:0CE-01 5.57^52E*02
2 19 ! . 5 3179E -: 1 1. : 6245E + C l 5.::579E*01 2.5652-E-Cl 6.7942:E-21 5.3 9-IE+C2
3 19 2.51099E-0: 1.15325E+ : . 96910C + :1 2.5:55EE-01 6.SE;12E ^' 5.2'24*E 02
* 19 2.9:967E-01 1.!!'3*E 01 .9:712E+:1 2.--50:E-01 6.9522:E- ! 5.2ES:2E*C2
5 19 0. 1.2235'E+0! 255-9E ^1 2.355i:E-01 '.:2699C-:: 5.257;5E+:2
.

,9 c . c . - .- r. + s t c.
, , ,

.-3-4 w. v. ,,.. ,t .

3.c-s.-. .. e . a. . - c. , t + . :-o 3 . t i . .. .i

7 19 C. O. $.9::::E+:1 5.:39'2E-0; 3.29^::E-01 5.5':52E*:2
: ,- , r. e. . c - - . . t , ,- .i a. .:.s.... .-

-, 3...2- - .,, e..m.-a., .c-. ,a w. .. t .. a . ... .. .

9 19 C. C. 5.S :2.E+ : 5. 09972E -:1 3.29^ :E-Cl 5.5':52E+:2
, - t.s .-.- *., , -ss-- -... 3. c- s.-- .c. a l , 5..,.,t+,.:.I- 19

- --

.t -i ... at . .. .s w. v.

11 13 3. .. :. :,
. .. . t . .... .-... ..i a.. .. ,. ,i 3 c:..-. ,1 a..e.-.;.,.,..,

2 20 2.88''3C-21 ' . --952E + : 33 56E+:! 1.333:'E ^! 7.52239E-: 5. 2 5 3'': E + :2*

3 2: 3.7296"E-0. .--935E+:t * 22:E:E+:' '.3229EE-:: '.55--3E-2. 5.2EE95E*:2.
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TABLE IV (con't)

w 20 3 M37*2E-01 1.w3396E+01 %.305*2E*01 1.9066*E-01 7.6750'E-01 5.2owCI+C2
5 20 C. 1.26139E Cl w . 3003X + 01 1.9965;E-Cl 7. 6e93,E - G i 5.292 r*E.0e
6 20 C. O. 6.9^;00E+C1 S . C997 3E -01 3.29000E-01 5.57053E+02
7 20 0 O. 5.90000E*01 5. 0997 3E-01 3. 2900 X -01 5.57053C+02
8 20 C. C. 6.90000E+0! 5. Co973E-01 3.29C00E-01 5. 57053E + C2
9 20 0. O. 6.80000E+01 5. C9973E -01 3.290CCE-01 5.57053E*02
10 20 0. O. 6.0000CE*01 5.C9973E-01 3.29000E-01 5.57053C+C2
11 20 0. C. 6.8 %CCE*01 5.C9973E-Cl 3.2900CE-01 5 . 57C53E + C2

2 21 4.w9766C-01 l.8?S'1E*0! 3.5527?E+0! 1.w3'5CE-01 8 2992CE-01 5.18817E+02
3 21 6.1 N51E-01 1.83*23E*01 3.632'*E*01 1.w242tE-01 0. 3 C5 3'E -01 5.19%95E+02
w 21 6.2CO87E-C: 1.9eSe2E Ci 3.c:o eE.Ci i.-Ce52E-Oi e.3e9iiE-Ci 5.ie:e*E+c2

5 E D 1.975*0E+01 3.5766+E*01 1.38532E-01 8.35527E-01 5.17570E+C2
6 21 0. O. 6.000:0E+01 5.09973E-01 3.29 20E-01 5.57053E*02
7 21 C. C. 6.000ZE*01 5.09973E-01 3.2900;E-01 5. 57C53E +:2
8 21 0. O. 6.SZ00E*01 5.09973E C1 3.2900CE-01 5. 5'05 3E + C2
9 21 0. C. 6.9 % ZE+0i 5.09973E-01 3.2900CE-01 5. 57053E + C2*

10 21 C. C. 6.90 E C+0! 5. 09973E - 01 3.290CCE-Cl 5.5753E + 02
11 21 0. O. 6.600CCE*Cl 5.C9973E-01 3.290CCE-01 5. 57^5 3E + C2
2 22 1. 2SEliE * C 0 2.2132 8 0! 2.9 N 75E+01 9.87 55E-02 9. 96133E -01 S.C5513E+02
3 22 2.36718E+C0 2.P567 B 01 2.78733E+01 9.*55>E-C2 0.9147E-01 5.0395:E+C2
4 22 9.57561E+00 2.3.e9 t+0i 2.Si35iE.0i e.e5-52E-:2 9.0i3-2E-01 5.0079eE+C2
5 d2 1.02996E+Cl 2.3''wlE+01 2.2309"E+01 7. > 36 E-02 9.2tCe"E-01 * 93457E*C2
6 22 7.~46*eE*CC 1.w*1EIE*Cl 1.518dE+Cl 4.19507E-02 9. 5* 595E - 01 w.7693;E*02

7 22 3.109*CE+CC G.65347E+C0 1.51we6E+01 3.99345E ^2 9. 57^<E -01 w.% 2% X -C2
8 22 S 63907E-01 %.5225wE*C0 1.55-55L+01 w.09213E-C2 9.56:WE-Oi *.74w:!E+C2
9 22 . 1.3329:E+00 1. 559 3X + 01 *.lC2CwE-C2 9.5586;E-Cl *.7wS >E+02

10 22 0. C. 6.80ZX+0! 5 09973E-Oi 3.29:0^E-01 5.57053E+C2
11 22 G. O. 6.80CCE+Cl 5. 09973E -C 1 3.29CZE-01 5 . 57^,53E * C2

2 23 2. 3225 'E * C0 2.521:!E+01 2.1393:E*01 S.45713E-02 9.2915:E-01 * 69967E*02.

3 23 9.2233CC+% 2.55*6'E*01 2. 0 3 : 6 3E + 01 E.02615E-02 9.3332 E -01 *.87--6E*02
w 23 7.1097 E+C 2.EEf*E *01 1.eE5 ME*01 5. 38329E -C2 9. < 979E -01 w.63321E*C2
5 23 1.07''!i+0: 2.6'25I+C1 1.E2:EEE*01 * wE51-E-:2 9.5177E-01 4.~54S:E*C2.

6 23 8 26 ! w 3E * C^ 2.095:6E+01 1.w*624E*01 3. 732ME -02 9.5:221E-Cl 4. 699 33E * C2
7 23 w.2:5 CE C0 1 4%e:E*01 1.51023E+0: 3.87wSEE-C2 9 *E6 XE-01 w.7:2c9E+:2
8 23 1.54~67E+C0 9 0238 T 00 1 553:7E*01 %.CEE22E-C2 9.54aE5E-01 9.72578E*02
9 23 C. w A52%E CD ! . *e7EE + C l * 07186E-C2 9. 56 3 3'E - 01 w.7321-E+:2.

10 23 C. 0- 5.800ZE*01 S.C9973E-0; 3.29:^^E-Cl 5.57:53E*C2
11 23 0. C. 6.6% ZE*01 5.02973E-01 3.29% E-Cl 5. 5705 3E + C2
2 29 3. CO29X + 0C 2.97:5X+01 1.56799E+0! * 2*74 3E-C2 9.54277E-C: w.?w< EE+ 2
3 29 5.155cf E * 00 2.9 Sa5E*01 1.* E 2E+01 2.9707CE-02 9 5'*7EE-01 w 'EC7E*C2
4 2w 7.99025E*C0 2.9"342E*01 ..w0157E+01 3 EE2S|E-02 9 ElC15E <1 w 69 3 E+C2.

5 2% 8. ?EE3X + 00 2. 66-6 3E * 01 1.32333E+0! 3.3E739E-02 9.543 5E- 1 w .E59 X+02
6 24 6.wC20EE* C 2.< 5?X+C1 1. 3595 X < ; 3.< 63-E-02 9.63552E-01 4.562'6E+C2
7 29 3.522o*C+C0 1 62292E*01 1.4729'E+Cl 3.'39"-E-C2 9.501'eE-C: w.69693E*C2
9 29 1. w %25E + C 0 i.2we5'E*:: . 52EN X +01 3.92:5-E-02 9.59: 9E-01 w 7139 CEC 2
9 2% 0. 7.5e52*C+C0 1.5*151E+0! 3.99%9EE-02 9 5'336E-01 *.72+C3E*C2

10 29 C. O. 6.9:000E*0: 5. 0997 'E - 0 : 3. 29:C CE -0 ! 5.57 53E+02
11 29 C. C. 6.9% :E+C: 5 099'3J-01 3.29% X-0: 5.57053E+C2
2 25 3.:45e6E+C0 3.:989'E*01 i .1933 :E C 1 2.98:29E-C2 9 E9'*3E-C: w 5!*:3E*C2
3 2" w. 75%2E C O 3.1632 3E + 0 i 4.161'5E+C1 2.8'29 2-02 9.699-6E-0: w . 6 %59E C2
4 25 5.9'17 E* 0 3. 00ES9E + 0 1.155-|E*01 2. 33221 E-02 9.'09:5E-01 4.59507E+02
5 25 5. '6222E + % 2. 95:EC < 1.1939'E*C; 2.3:2w?E-02 9.5951.E-C; 4 . 6 3 9"E C2
6 2" 3. X6*iE * 00 2. %5:3E * 01 1.31235E GI 3.23922E-02 3. ESS EE -01 - 5-37:E*02
' 25 2.3'S12E*00 2. >52'E*01 1.-2Cl3E+0! 3.5 9w E-02 9 51992E-0: 4.53!55E+02
6 25 1.13 33E +C 1.5::E5E* 1 1. -EE 15E C 1 3. 7 3<-E <2 9.E^^23E-01 w.5552X +02
9 25 C. 1. 0153aE * 0 : 1.-7 0EC: 3.909 7E <2 9.5925SE-C: 4 . 7143E C2
t, c ., C. C. c . c. - r . . c . - , .msmr_r1 3 cc. .- r. n 1 a. . c ~, . m. 7r_ . ,se
o

-

s .v 4 s _ .-.. -. ... -

c3 4 - b.=.,--. ,. . . . . . =. . . o.c- v r . .1 3 . -o. e. .- r_ _ n , a. . e. . =. ,. r . .- m.. s .. . s. . - .-.. e v.

2 25 2. 3512 3E + C 3. 2" M'E + : 9. 92* EE -5 2.363'SE-02 s . '5595E -; l *.5291 EC2
3 23 3 ir*Z -00 3.:9??'E+Cl I . 0129-E C 1 2.3329:E-C2 9.'52 8E-0! 4.5332 0 02
9 25 3.33N 2E+C0 3. C XeSE < 1 . :6-5*E C : 2.52-23E <2 9. 7383X -01 4.5522!E<2
5 25 2 . '2c66E + C 2.952V.E <1 15E~ 9E d : 2.'9:9EE-C2 9.'0973E-01 w.ta745E+02
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TABLE IV (con't)

6 25 1. 90987E * 00 2.650*-E+01 1. 2794 3E +C 1 3.136a iE -C2 9.67002E-01 9 . 53 : G IE * 06

7 25 1.3%C;3E*C0 2.1990 GE * 01 i.3561*E+01 3.3a37E-02 9.6*215E-01 %.66039C+02

8 PS 7. 30983E-01 1. 69% 20E * 01 1.388%EE+Cl 3.we997E-C2 9.63 07E-01 * . 67253E + C2

9 25 O. 1.239 t EE +0 ! 1.399E9E*Cl 3.53486E-C2 9.62w6aC-01 % . Sa036E + 02

to 2S 0. O. 6.80000E+0! 5. C9973E-01 3.29000E-01 5.5705 3E * 02

11 25 O. O. 6.00000E*01 5. 09973E-01 3 29000E-01 5.5705 3E + C2

2 27 9. 75137E-01 3.17932E+01 9.53500E 00 2.20091E-02 f . 773a7E- 01 *.502%*E+02
3 27 1.C3797E+00 3.12037E + 0 ! 9. 965* 3E * 0 0 2. 313:5E-C2 9. 76153E-01 4.52019E*C2
w 27 8.w9159E-Cl 3.C5162E+01 1.C6621E+0! 2.51114E-C2 9.7397EE-0! 4 . 55013E + C2

5 27 5.62177E-01 2.97166E*01 l'157*8E*01 2.775:5E-C2 9.71053E-01 * . 56629E + C2

6 27 5.86646E-01 2.7C868E*01 1.2w002E*Cl 3.C2w iE-02 9.6825"E-01 w.61819E*C2
7 27 6.2152?E-01 2. 3027EE * 01 1.3951?E+0! 3.17:52E-02 9.6662%E-01 4. 53591 E + C2

8 27 4.''5706C-Cl 1. 8u79Fi + 01 (.3C689E*01 3.239+eE-C2 9.65629E-01 9.64*18E+C2
9 27 C. 1. w2766E * 01 1.31**1E+Cl 3.2522*E-02 9.E5573E-01 %.64996E+C2

10 27 C. O. 6.90000E-01 S.C9973E-01 3.290COE-01 5. 5 ?O53E * C2

11 27 0. O. 6.00000E*01 5.C9973E-01 3.29000E-01 5.57:53E+C2
2 29 -2.2907CE-01 3.071+1E+01 1.0!!67E*01 2.33562E-02 9 . 75919E -01 . 52 33 E + C2

3 29 -w.49996E-01 3. C4 74 9E + 0 ! 1.C5235E*01 2.4519'E-C2 9.746**E-01 w . 5*099E + C2

9 29 -5. 99 99 5E-01 3. 02319E + 01 1.1096'E*01 2.60756E-C2 9.729:wE-Cl * .56359E C2
5 29 -*.%715tE-01 2.90 90E+0! 1.15781E+01 2.~721EE-C2 9.71082E-01 % . 55625E + C2

6 29 -6 . 8692"i - C2 2. 754E I E * 01 1.19633E * 01 2.9% 2-E-02 9.59696E-0; 4.50257E+C2
7 29 2.i?9:SE-01 2. 3 34 9dE * 01 1 21686E*01 2.9657;E-02 9. 68 32:E - 0. w.61:55E C2
8 29 2.36w 3E-01 1.97"92E*01 1.23:52E+01 2 . 5% 33E -C2 9. 56'- 5E - 01 w615a:E+02

.6:93-E+ 29 29 0. 1. 59187E + C l 1.235:9E 0 3. 1ww!E-02 9.6a363E-01 w

10 29 0. O. 6.80000E*01 5.29973E-01 3.29:00E-01 5.57053E+C2
11 29 c. O. 6.00:00E*01 5. C 9973E - C . 3.29:0 E-Cl * 5'C53E-02.

2 29 -7.C875BE-Cl 3.Cw776E+01 1.091CSE.Cl 2.5536-E- 2 9.73520E-C: 4.5565 E*C2
3 29 -9. 32277E -01 3.09627E*01 1.10781E+Cl 2.6 872E-02 9. '291 C E -01 w.56377E+C2
% 29 -9. 63:59E-01 3.;481EE+0! 1.1257;E+Cl 2.67C91E c' 9.72212E-01 w.57?wiE* 2
5 29 -6.70 52C-01 3.02%27E+C1 1.lwC56C+0! 2.72462E-02 9.71SI:E-Cl .579'5E*:2
6 29 -2. 3495 3E-01 2.62%32C+0! !. w952E*0: 2.'5807E-02 9.71236E- 1 * 59w9E <2.

7 29 8. 07452E-02 2.49196E+01 1.155 9E+01 2.''60-E-02 9 . 71010E -01 4.5373 C+02
8 29 1. 57163E -C l 2. 09?2E+01 1.1593 E*01 2.7eS3?E-02 9.70 25E-01 * 569-6E*C2
9 29 0. 1. 74 94 7E + C l 1.161w*E+Cl 2.7920:E-02 9. 70 955E-:1 .59 3-E+ 2

10 29 C. O. 6.80000E*01 5.09973E-Cl 3.290CCE-01 5.57:53E+;2

11 29 0. O. 6.8000^E 01 5 997 3E -01 3.29000E-01 5.57:53E*:2
2 30 -6.552 CE-Cl 3.1809:E+0! 1.1112:E*0: 2 _23a:E-02 9. 72'w5E -01 4.566*'E+C2
3 3; -8.050:-E-Cl 3.176 75E * 01 1. ! C e93E *C l 2.6235eE-:2 9.'2'w3E-01 .566 2E +:2
w 30 -7.74254E-01 3. l ?273E + C l 1.lCwwCE*01 2. E ! 99 3E-22 9.72792E-C' . 5552 9E + :2

5 30 -w. 9 3 386E- C l 3.13?+ 3E * 01 !.C98 3E*01 2.5 E96E-:2 9.'23:5E-01 . 56 37'E + :2

6 30 -1.I5231E-Cl 2. 3% I ! 3E + 01 1.03222E*C 2 . 5932* E -02 9.73:6EE-:: 4.56i'5E*:2

7 30 1.12993E -:: 2. 62255C + 0 ! 1. 09932E * 01 2.56-2-E-:2 9 73:6EE-Oi * 56 9-E*02.

8 30 1.63176E-Cl 2. 25 i 7wE + 01 1.05833E 21 2.39:1CE-02 173213E -: ' .54:32E+ 2
9 30 0. 1.5256:E*01 1.08798E+Cl 2 5'97tE-02 9 . '322 d E - C i - 55:' E+:2

10 30 0. C. 5.9000:E+0! 5. 9973E-:: 3.290 :E .i 5.5':53E-:2

11 30 0. O. 6.SCCCCE*01 5. 09373E -C l 3.29 ::E-:1 5.5'053E+^2
2 31 c. 3.18081E+0! 1.CCCC^E+C1 2.E23:EE-02 9.'2'5?E- ' 5E635E+:2
3 31 C. 3.17575E+Cl 1.0000:E+0! 2.5229 E ^2 9.'275:E-C. w .5660EE+:2

.t ----t
-

9. :-: - w-. . ,.t:: . . u.3* 31 0. 3.1 2,.._ i 1.,,,,.- *,1 2.c,.,,-t -ct . . - - -. st s --.

5 31 0. 3.13} 3E*01 1.00000E*01 2 6:520E-02 9 7292'E-Ci *.55I5 E*:2

S 31 C. 2. 94115E * 01 i.00:0CE*01 2.59255E-:2 9 '307-E- ! * 56:ESE*:2
'

31 C. 2.52255E*01 1. ::::E* : 2.59355E-:2 9.~3:7-E-01 - 55 SEC+ 2
8 31 C. 2.2517%E*01 1.CO:0:E*01 2.5'92:E-:2 9.73223E-01 .56:2EE+C2

9 31 C. .9256:E+C1 1.0000 E+0! ?.57 "7E-:2 3.7323'E-01 4.56:52E+:2.

10 31 c. O. 1.000CCE*01 5.099'3E-21 3.23 ::E-: 5.57:53E* 2
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1000 for the example problem. s000 for the example problem.
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APPENDIX

FORTRAN IV Listing of the SOL \-DF Code LASL Code: LP#-0772

* CCKC CK .CCKM C Cro.' !

C CCKK 2

SOLI / CCro, 3CCr MJJ '

1A (27.821 8ETAf27.621 E (27.82). EN (27.82). CCKA 4

21Tl!LE (21 NAT (10). P (27.821 Q 127.82) . CCKK $

3CL (62). PC (27.82). P't4 (27.621 Av (27.62). CCKK t;

''

WRiN I27.821 U (27.821 UC (27.62). tr4 (27.921 CCKK

57 827.821 VD (27.821 VN (27.82). XC (271 CCKK 8

6YC (921 CCK K 9

C CCKK 1C

C CP'MCt. / SCL2 / CCKE 11

1A50. CDO. CR. CHV. CYL. CCLT. CELIMX. CCr o, 12

2"C X . CCLY. ECL. ECV. COL, EDV E!L. CCro: 13

3E|V. E12. ELHT, EPSI. ET. ETEM. ETEMI. C ">O: 1.

'FLO. GAMI. 1I. I t'AX . IM!. IM2. IPL. CCrO' 15

SIPR. lier. JJ. J'AX. Jil . JM2. JF9. C73 16

6J3 T C*'G . PEC. PIN. PMAX. PNV. PT CCKK 17

7PG4 PC#. PG. RO!L. PCIV. PG|2. PCL. CCKK 18

SRCT PO I PE . Avit . Rv!v. Av!2. AvT. S M J. CCrO- 19

9TC. TK. THCl. THIN. THTM. THl. VISL. CCKk 20

I V I S's -8. 4. . aR. WT CCKK 21

C C Ct'Ck 22
C' O. 23l '.T E CE A CYCLE. r.5. r.L. nP. T J

PE AL *P. LONS. r.Ls. %C C C/9 &
C CCt'Cv 2b

uj

uawdhihn-
bm e

t-e . Q; v . a ~aa
.

.

.- ('_
Ok j ') '-

r
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* DECK ,50 ACT SOL A;f I

FOOCP A ; SOL A t IPPJT . T AH 10 = l PPJi , OUTPUT , T AFE9= CUTPUT i SOLADr 2
*C ALL CCefX SQL O 3

C SQL U 4

CIT NS!Ce4 ZCtlC) SOL A7 5
C S1AJ 6

EVCAL(X:*ECV+CHV*(X-TC1 S1A7 7

ELCAL(X1=ECL+CFt.'tX TC1 SCL AJ 8
SAiT(XI=255.2+117.8*X**0.223 SOL ADr 9
SATP(X1=((X-255.21/117.81***.48 SOLA7 10

C SCL ADF 1i
NAMELlST / SCLCA / SOLAT 12

1 ALPHA, ASO, BLC3J . CDG, CFL , CHV, SOLADr 13
2CYL, DELT, [[LTMX, CCLX, CCLY, CfVEL, SQL AJ 14

3D1M. ECL, ECV, ECL, EOV, E'.HT , SOL A:f 15

4EPSI. ETEM. GAM 1, GX, GY, 18AR, SOL ACf 16
SIMP, J AP , NAME, OM3, P9C, PHCH, SOL ADF 17
t'o!N, FLTOT- PATOT, RAOlVS, PG, PO., SCL A7 18
74?!PE, SGJ4, TC, THC, THIN, ?!N, SCL ACC 19
8 TWIN, Ul, VELMX, VI, V!SL, VISV, SOLACf 80
%8 , R., W. WT SOLACT 21

C SOLACf 22
C dm CUT Tef DATA ANO CONST ANT STC9 ACES SOLACC 23

CC 1 !=l.35518 SOL A7 2%

1 A(Ii=0. SOLACf 25
CO 2 !=1,27 SOLA7 25

2 xC'!)=0. SOLACF 2 -'

CO 3 !=1 S2 51A7 29
3 YC(1)=C. SOLADF 29

C 90L A7 I:

C SET CEF A ' T VALUC5 SCL U 31

C SQL ACT 32
ALPHA =I. SOL U I3

ASO=1.234E+* SOL A:s I4
BUEN=1.E+* 50L ACF IS
CCG=C.5 51 6 3E

Cri.= w .34 SOLAv I'

CWe=6.67 3CL ACT 72
CrL=1.0 SOL G 29
Cr,EL = 0.C A SOL G <

s* SOL A ( -;CELT =1.CE-* rs
CELTMx=1.CE-3

'

SCL U 43

<Ns.h
j

5a AC5' 4?CEL*=1.0
CELv=1.C ('.fy S^ LACT ,*

(m. ~f 'QVi'y
S1 U 45CIM=2.0

-

slo -EE :L =, .17-E 3
7e . . gjx SCtADrEC,=2.5:EE ~ ,

; Slo -E1= r sE.e
j. Sla ,,E: =1.eE.7 c

511.I I'C,MT*'. '6E** '
r

E P 5 ! = "j . C O : - ,) 5a G -'
.

ETE*=l.0 / 51 6 'a

CAM:=0.07
. ). 51 G '?

y Sao t-[yc 4. ,.a = :.c

. . }} bl y0.0
' '~y =

$.,3 "?
N,'-\ 1J '. 6;9f.a=10

'. N , 51 J ' - ':-P=1.0

_ - - - )
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NAttill=10H 'NO ?W1'* SR A[r 59
CPC=1.0 EOL A7 E0
P!E=1.0 SDL A7 61
PHCHal.0 SOL G 62
PIN =1.0 SCL AJ 63
PLTDT=0.1 SRA7 64
PRTOT=0.I SCL ACr 65
RADIUS = 0.O SOLA7 66
PG = 0.O SOLA7 67
ROL = 0 . S*.J3 SCL ACr 68
M' I PC = 0 . O SCLACr 69
SCM4 = 8 . CE -4 SQL A:f 70
TC=373.0 SOLAOr 71
THC=0.001 SCLACF 72
THIN = 0.0 SCLAOr 73
TIN =373.0 SCL AOr ?*.

TWF IN= l .E +9 SOL G 75
U! = 0.0 SCLAEr 76
VELMx=2.0 SCLADF 77
VI = 0.0 SOLACC 70
V I SL = 3. CE -6 SCL ACr 79
V:Sv=2.cE-w SCLADr 90
L6 = 1 SOLA7 e:
LL = 1 SOL G 92
M=1 SCLADF 83
WT=1 SOL G ew

C SCL G e'
C PEAO ANO re!TE INITIAL :".PUT CATA SOLA 7 86
C SOL G 8'

PEAC(lC.SOLOA) SOL & 03

C SOL G es
M:TEi9.90: ) (NA T :;.1=1.:01 SOL G 9;

WA|TE(9.905) AL:HA SOLAOr 91
WRITEt9.1015) A30 SOLACr 92
WR1TEt9. :501 ABN SOLA7 93
,.P ! TE ( 9.1055 ) C;G SCtACT 94
J ITEid.1092) CR SDL G 95
# |'E:9.lC951 C '-v SCL A7 95
WA1TEt9.9?O) Cvt SQL G 97
#1TEt9.92: ) CELT SOL A7 98
WRITEi].090) CEL*"X SOLACT 99
WAIT ~(9.910) CE_X SOL G 100
,FITEi9.9151 CE ''' SOL G ICI
PITE'9.1C30? Cr.EL SCL ADr ::2

4 : TE t 9.960 ) C|* SOL A7 103
4 1'Et9.|lCO) ECL S1 ADr ic,
JiTE;9.!C95) EV S1U :25
,.P ! TE t 9. ! ! ! 5 ) ELL SDL i_ ::5
PITE(9.ll10) ECV S DL G 'T

J ITE 9.1:20) ELWT EOL G CG
WRITE (9.935) EPSi EtG :9
WRITEi9.!C25) E*E* 51 G ::

ra!TE(9.101C) G A." SCL G
,R I TC ( 9.9 0 ) CX SLG .2
JITE(9.9'51 GY Si G ';3

#ITE(9.9001 : EAR SCt G ':4
WA!!E(9.lC20) I"P ^A U .:5_

nFITEt9.9:5) .9AP F_L acr 15
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S1 A7 i!~LalTE<9.980) OMO
SOLACT I18LalTEt9.lC281 PDC
SCL A7 l19

L91 TE t 9.10351 FHCH
SOLA7 120balTEt9.11303 PIN
SOL G 121

WR I T E I S' . 975 ) R.TCT
SOL ADF 122WITE<S 70) Pr4 TO T
SOLADF f23.RITEIS .125) RADIUS
SCL A7 I T*+Wi!TEt9.1070) RG
SCL A7 Id5M*!TEt9.lCwS) POL S0 A7 125WRITE (9.!C651 PPIPE
SCL A7 127kalTEI9.lC601 Sch=4
SCL A7 122LOITEt9. llc 5) TC
S1 ADF 129WPITEt9 !C90) THC
SCL A7 130kaliE(9.llw0) TH N
SCL A7 131

LBITEt9.ll35: T:N
SOL ADF [32LBITEt9.955) TLF I N
SCL A7 133LNITE(9.950) UI
SCL A7 1 34LEI TE t9.E60 i VELMx
SOL ADF 135kFITEl9.9a5) vi
SCL A7 I ?6LFITEL9.10831 VISu

WPliEt9.lC'5) V15/ SCLACC 137

kFITEt9.lCCS) WB S0 A7 138
SCLADr 139LPITEt9.993) EL

LFITCt9.995) LR SOLA7 Iwo

LFITEt9 !CCCI WT SCL ACT 141

883 FCRAT ( 10x. ICH OlM= .lPE12.5) SOLADF 142

890 FCP",AitICx. ICH CCLTMO .IPE12.51 SOL ADF l*3

900 rCm AftICx. ICH 18AR= .151 SCL ACF Iww

905 FOP"AT s IC x . ICH E AR = .15) SCLA 7 195

9 C rC9"ATilCx. ICH DCLx= .lPE12.5) EIL AN 1-6
915 FCR"ATi1CX, I Cr* CCLY= .lPE12.51 SOL A7 w7

920 rC9"AT(ICx. ICH CCLT= ,lFil2.51 SCL ADF lw@

930 FCF"ATI1CX. 1CH C YL = ,IPE12.51 SCL A3 :49

935 FCS"AT t ! CX , 1CH EPSI= ,IPE12.5i SCL ADr t50

9 0 F CR" A T I I C x . ICH GX= .lPE12.51 SOL A7 15:

945 F CG*' AT ( I C X . ICH GY= .lPE!2.51 SOL ACC 1*2

950 rCP ATtICx. ICH Ul= .lPE12.5) Sa G 153

955 FC9"ATtICX, ICH v!= .lPE12.Si 51 ACC 15%

960 FCm ATttCx. ICH '. EL"x = ,lPE12.51 31 G 155

E65 F C9"A T ( ! C X . ICH TJ IN= .lPE12.5) SCt G 1%

970 ROP *AT(lCx. 1CH ?QTCI= .IPE12.51 S~t G 157

9'S r cc= A T t ] Cx . ]Cu PtT;T= .!pE!2.51 SCt G 158

93 0 F C6*' A T I I C ( . i> 0"G= .lPE12.51 SOL A'f 159

985 FC9MATtICX. l> AA A = .lFE12.51 SOLACF 160

990 FCF"AT(ICx. :CH 4= .151 SOL O 161

925 F OP" A T t ! C x . ICw J= .151 5a G IF2

10CC FCC"ATt1Cx. ICH WT= .|51 5?. Azi 163

1 CC5 FC* AT 810Y. l> e= .15) ECt G 169

1010 FCe"AT ( 10 x . ICH GA";= .!PE12.51 Sa G 55

'215 rLp"AT(10x. ICH A5"= .lPE 2.5' cit t'J tw

1C2C FCf;"AT( Ox. :C- |$= ,IPE 2.51 SCL G tr

!C25 FCP"AT 1CX. 1> ETE*= .IPE12.5) SCL U ; r/3

1C23 FCP"AT( ;Cx, ICM P90= .lPE 2.5) Sa G ;53

|CIC FC6*'ATIICY. ICH CC.E.= :PE!?.51 cf( A"f 1*'

1Ci5 FCP"AT!iCx. 1CM P-CH= .1FE;2.5 Sa G -

. .'w : ICP*' A I i i C X . i C a* I"C8 IPE;2.5i CfL Ay '"3

:C-5 FCP"ATfIC*. !> POL = PE;2 5 L^t. Ay ;'3

Slay NiC5C FCP"AT(ICA. :CH SS . * . I PE '. 2 . 5 )
_
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IC55 FORMAT (iCX. ICH COG = ,lPE!2.5) SOLADF 175
IC60 FORMAT (ICX. 10H SG N= .!PE12.5) SOLADF 176
1065 FORMAT (10X. ICH RP!PE= .lPE!2.51 SOLACF 177
1070 FORMAT (ICX, ICH RG= .lPF12.51 SOLADF 178
1075 FORMAftl0X. 10H VISV= ,lPE12.51 SOLADF 179
1080 FORMAT (10X. 10H VISL= .!PE12.51 SOLADF 180
1085 FORMAT (10X, ICH CHV= .lPE12.5) SR AOF 161
1090 FORMAT (10X. 10H CHL= .lPCl2.5) SOLADF 182
1095 FCRMAT(10X. 10H ECV= .lPEIP.5) SOLADF 183
1100 FCRMAT(10X. ICH ECL= .lPE12.5) SOLADr 184
1105 FORMAT (10X. ICH TC= .lPE12.51 SOLADF 185
1110 FORMAT (10X, ICH EOv= ,lPE12.5) SOLADF 186
til5 FORMAT (10X. tCH EDL= .lPE12.51 SOLACF 187
1120 FORMAT (ICX, IDH ELHT= .lPE12.51 SOLADF 188
1125 FORMAT (10X. ICH RACIUS= .!PE12.51 SOLADF 189
1130 FORMAT (10X. ICH PIN = .lPE12.5) SO' .ADF 190
1135 FORMAT (IDX. ICH TIN = .lPEI2.5) SOLACF 191
!!40 FCRMAT(10X. 10H THIN = .lPCl2.5) SCLADF 192

5 FORMAT (6X.!HI,7X,lHJ.12X.2HUD,17X.2HVD 18X.2WV) SOLADF 193
10 FORMAT (5X,12,6X.12.5X,lPE12.5,6X.E12.5,6X.E12.5) SOLADF 194
35 FORMAT (!HI) SOLADF 195

901 FORMAT (IH1,ICA10.//) SCLADF 196
44 FORMAT ( 6X ,7KYCLE = .15.8X .4HTD= . l PE 12. 5. 8X .4HT2= .E 12. 5. SOLADF 197

19X,5HITER= .!S) SCF ADF 198
45 FCRMAT(10A8) S ADF 199
46 FORMAT (lH+.60X.2HT=,lPE!O.3.4X 6HCYCLE= 14) _ADF 200
47 FCRMAT(6X,lHI,4X lHJ 12X IHU.12X. lHV .17X ! FP.14X.2WO.14X,2HTH, .;LADF 201

114X,3HTEM) SOLADF 202.

48 FORMAT (5X.12.3X,12.5X.lPE12.5.3X,E12.5.3X.E12.5,3X.E12.5.3X,E12.5 SCLADF 203
15X.E!2.51 SOLADF 209

49 FORMAT (2X 6HITCR= 15,7X.6HTIME= .!PE12.5.3X.7HCYCLE= .!4 SOLADF 205
14X.6HDELT= .E12.5.4X.34 = .E12.5.9X.4 W I= .E12.51 SOLADF 2CS

C CCt1PUTE CCtGTANT TERMS SOLADF 207
IMAX=lBAH+2 SOLACF 2C8
#AX= EAR +2 SCLAOF 209
IMl=IMAX-! SOLACF 210
JMl=#AX-1 SOLADF 211
#2 = #A X-2 SOLACF 212
IM2=IMAX-2 SOLACF 213
ROX=l.0/DELX SOLADF 214
RDY=1.0/DELY SOLADF 215

C CCNTOUR PLOT SETTING t.P VARI ABLE VALUES SOLACF 216
XC(I)=0.0 SOLADF 217
DO 15 !=2,IMI SOLACF 218
XC(!)=CELX+(FLCAT(Il-l.5) SOLACF 219

15 CCNTINUE SOLACF 220
NNX=-IBAR SOLAU 221
YC(!)=0.0 SCLACF 222
CO 20 J-2 #1 SOLADF 223
YC(J)=OELY+(FLCAT(J)-1.5) SOLACF 224

20 CCNTINLC SOLACF 225
FAY =-EAR SOLADF 22S
hZX=27 SOLACF 227
N 'Y=82 SOLACF 229
>*.*1O SOLACF 229
ZMN=- .O SOLACF 230
ZMX=-1.0 SOLACF 231
CLZ=0.0 SCLACF 232
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2C=1.0 SCL ADF 233
Ce1Px = DEL X * t FLCA T i | 8 AP 1 i SQL A7 2B
CPPY=DELY*IFLCATt EAP)) SOL A7 2 35
ICPGs0.0 SCL AJ 2 36
NTITLE=iO SOLA7 2r
XLABEL=lHx SCL AJ 2 32
YLASEL=lHY SCL A7 233
NXLOL=1 S1AT &C
NYLSL=1 51A7 6i
LCtG*lBAR*CCLX, 51A7 242
H I CH= E AP * CCL Y SOL AJ 63
lYBw916 51 AOi &~
IFILCPO.LE.fl.13556*HICe4))CO TC 30 SOLA7 65
IXL=0 SOL AU 246
lxR=lC22 SOLA7 67
!YT=916-HlCe'lC22/ lor 0 SCL ADF 69
GO TO 33 SCLA 7 69

30 X=LCr Gen 50/HICe4 SOL Aff MO
lxL=511-X SCL ADF 251
lxR=511+X SQL G 252
LYT =16 SOL A7 253

33 CCNitrtC SOLA7 25=
VELMX!= AMINI (CELX.DELY1/VELMX SOL A7 MS

C IN! T ! AL i ZE PUEP1 CAL CCPJST ANTS SOLAOr 2*i
T#9T=0. SOLA7 M7
TWLT=0 SCL & 2*e
T=0. SQL A7 N9
1 TEP=0 SCL AJ EE:
CYCLE =0 SCL ACf it '.
PCx=0 S1AJ 252
!PL=2 51AJ ES 3

I F t ki . E C . S i l PL = 3 SOL G 29
IPR = H1 51A7 M5
IF( # .EO.5)IP9=lMI-l SCL AJ i#A
JP8=2 SCL G ES-'
trtWB.EC.Si S9=3 SOL U 8;0

#T*El SCL AJ 259
triWT.EC.51ST= pl-1 SCLA 7 2 -'

C INI T I AL IZE PwYSICAL CCF6T ANTS S1 G 271
IFIDiM.LT.l.51CCLX=1.CE=10 51G 272
ETEMl=1.0-CTEM 51A7 2'3
" hcl =1.0-THC SCL A7 2%
PNV=8t.8N*w.IBE8 SCLA 7 25
TC2=2.C*TC SCL A7 26

C IN!T1ALIZE APCAS S1tJ 2"
DC 53 J*l.#AX SOL Ay 2'2
CO 53 ! = 1. . MAX $1AJ d'3
A ( 1. J ) = 1. 0-CYL =CYL * t RADIUS =CCLX * i rLOAT ( ! 1 - 1.51 i SOL A7 2 53 :

!FfI.EC.1.A*O.WL.LT.31A(I.J)=0.0 $1A7 2G;

IFi1.EC.lMAY.A'O.# .LT.31At!.J1=0.0 5Ct G 282
IF(J.EC.I.4 0.W8.LT.31AIi,J)=0.O SOL G 2h!
|rcJ.EO. PAX.APO.WT.LT.31A'i.J)=0 0 SOLACr 2cf4

53 CCNTINLE S1AJ 2%
C DEF:NE EPECIAL AREAS S1AJ 2%

PEAOtto.2101 NO SCt G 2r
210 F^7 AT(415) S't AJ 2%

;FtNO.LE.0)GO TO 216 51A7 zu3
CO 2:5 o 1.NO 51 G E
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PE AD t 10.210 ) IOCO.IECO. 0C0.5C0 SCL AJ 291
00 211 J=EL '.JC3 SCL A7 2T
00 211 I=19CO.!ECB SCLADr 293

211 Atl.J)=0.0 SOLAJ 29'

215 CCr4i!?AI Sa.ADF 295
316 C04TItAI SCL A7 296

m 1TCt9.220) SCL G 297
220 FCRMAT I IHI . I2H APEA AARAy 1 SCL A7 298

DO 230 J=1.JiAX SCLAJ 293
,.A)= J4AX + 1 - J SOLA7 3G0

230 ml TE t 9.225) t A( l ..U) . ; 21. IMAX1 SO. A7 301

225 FCRtAT t IH .12tIX.lPE9.2)1 SCLA 7 302
m lTEt9.235) S3. A7 303

235 FCRtAT lH! ) SCL A7 30%

C |NITIALiZE VARIAB_ES 50 AJ 305
DO .% jai.J1AX SCLA 7 3C6

Dr) 56 1=1.1PtAX SCLAJ 207
Ut1.J)=UI SCLA 7 3C8
VI1.Ja=VI SCL AT 309
LO(1.Ji=VDI!.J)-0.0 SCLAT 360
IF t THIN.L T . THC 100 TO 38 SO_Acr 311
it ( TH I N.L T . TH' t )CO TO 36 SOL ADF 312

C VAPCR STATE (P.T) SCLAJ 313
TH= THIN SCLACF 319
[VT=CVCALtTIN) SCLAT 315
RV E I .J) =Rv I V= TH' PIN / IGAfit *EVT 1 SCLA 7 316
Rott.Ji=PO!V=RVII.J)=tl.0-TH)*RQ. SQ. AJ 317
E t ! .J) =E IV= t RV t ! .J) * EVT + t RO t 1.J)-RV i ! .J) ) * ELC AL I T !N ) ) / SCL A7 319

1 rot!.J) SCLA 7 319
CO TO 90 SCL A7 320

35 C04T INI SCLAJ 32 1

TSAT=SATT(PIN) COL U 322
EVSAT=fvCALtTSAT) SOLAJ 32 3
IFtTHIN.LT.THC)CO TO 38 SCL A7 3a

C SATLFATED ST ATE (P.TH) SCLADF 3c3.
RV 12=RV t ! . J ) = TH l N * P [ N / t CAril * EVSA T 1 c3. AJ 325
RO 12=RO t 1.J ) =Rv'i l . J i + t 1. 0 - TH I N ) * ROL SCLAJ 327
E 12=E t l .J) = t RVi l .Ji aEVSAT + t 1. 0-THIN) *RCL *ELCAL t TSAT ) 1/RO( 1.J1 SCLA 7 329
CO TO 40 SCLA 7 329

3D C04T INI SCL ADF 330
C LlOJ10 STATE (P.7) SCL A7 331

EVSAT=EVCALtTIN) SCL A7 3 32
PSAI=SATPlTIN) SCL A7 333
RV ( l .J ) =RV IL = TK * PSA T / r oaf 11 * EvsA T ) SCL ADF 33%

TH= t PSAT -RIN ) / t ASQ * RCL ) + IrC SCL ADF 335
RO t t .J ) =RO I L =RV i I .J ) = { l . 0- TH ) * RCL CA AJ 336
E I 1.J a =E IL= I RV t ! .J) *ESSAT + t i . 0-THi *ROL *ELCAL t T IN )/ pot! J) SQ. AJ 33'

40 CONilNI SCL A7 338
ET=CiI.J) SCL A7 339
907=AO(l.J) 50. A7 34 0
RVT=RVtI.Ji COL ADF F1
1!=I SCL A7 32
.U=J SCL AJ 34 3
CALL ECS SCL AJ 34 4

Pt! J)=PT SCL A7 F5
'M CO4T IMJE SC'_ A7 F6

CALL BC Sa. AJ 34 '
00 TO SC2 SCL AT 34 9
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50. A7 ?+9
C iTAAT CYCa. scL47 350

59 ( 04TltLC S1A7 351
TER=0

SCLACF 352
FLG*IPP SCL A7 353
P".Ax=0.O SCL A7 354

C CCFPUTE TEFPCRARY U AtO V SCLA 7 355
CC 70 J*2.J*l S1A7 356
DO 70 !=2.!MI

SCL ACr 357
Ut!.J)=0.0 SG. A7 3%
AW=2.0* A ( l .J) * A t I + 1.J) SOLA7 359
I F I AUG .E O . O . 0 3 CO T O 60 SOLA7 360
ALOR = ( A t i . J ) + A t 1 + 1.J I ) / ALO 52. A7 361
FUX * 0.5 * ROx ' 104 ( 1. J i ' ( 04 ( 1 + 1. J ) -04 ( 1 - 1.J i n S1A7 352

1 - ALPHA * ABS ( LPJ t 1.J) ) * (ud t { + 1.J) -2. 0 *ir4 ( 1.J) +UN ( I- 1.J) ) ) SCLA 7 36 3
FUY =PC f / 8. 0 * I ( VN( 1.J i +VN( 1 + 1.J ) + %N t 1.J- 1 ) +VN ( 1 + 1.J-I I ) SCLA 7 2fn

l ' ( LP4 ( l .J+ 11 -Lt4( l .J-l ) 1
2- ALPHA * ABS c VN t t J) +%N( ! + 1. JI +VN( I . J-! 1 *VN ( ! + 1.J- ii SCL A7 365

C147 366
3 * (Lt4( l .J+ 1 i-2. 0*V4( l .J) +04 ( l .J- 1 ) ) I SCLA 7 367sVT*0.5*t%Di!.J)+VD(!+1.J))*(AtI.JI*At!.J+1)/IA(l.Ji+Ati.J+1))+

SCLACT 3681At1+1.J)*Ati+1.J+11/(Atl+1.J)+At!+1.J+1)))
400 + 0.5 * 1 VO t 1. J- l ) +it t ! * 1. J-l ) ) * ( A ( l . J ) * AtI.J-l1/IAt1.J)+ SCL A7 369

SOLA7 3701At1.J-l)1+A(!*1.J)*A(1+1.J-l1/(A(1+1.J)+AtI+1.J-l)11
SCLACF 371

FLR = 0.5* PVN I 1 + 1. J i * I PON I 1 + 1. J ) -RiN ( l + 1.J ) ) / *30 1 + ! . J ) - SOLAT 372
1 (LO( l .J) +W( 1 + ' .J) ) * A t 1 + 1.J)
PJ. = 0. 5 * RiN ( ! . J ) * ( 604 ( l . J ) -AN ( l . J ) ) / 604 ( l . J ) * ( LO ! ! - l . J i +W t 1. J ) i

SOLA7 37 3

SCL ACT 3N -

1*At!.J)
PUC = 0 . 5 * UC ( l . J ) * ( R'.N ( l . J ) * ! pct 4 ( ! . J ) -RVN ( l . J ) l i RCt4 ( l . J I *R\N I 1 + 1. J ) * SOL AT 37

SO. A7 J'61 ( PCtJ t 1 + 1. J i -4VN ( ! + 1,, J i I / PCr4 ( 1 + 1. J ) 1
AJT = 0. 5 + Lo t ! , J+ 1 ) * (R%N( l ,J+ 1 1 * ( PCtdI 1.J+ 1 1 -4VN ( l . J+ 1 ) ) / RCt4 ( l . J+ 1 I + SCL A7 377

,

1RVN( l + 1 J+ 11 * ( RO411 + 1.J+ 11 -RiN I I + 1.J+ 1 ) ) / PCte t I + 1. J+ 1 ) ) SQ.ADF 3B
RLO 0.5 *UD t ! .J- t ) * ( RNN I I . J-! ) * ( RCt4 I 1.J- 11 -RVN t ! J-l ) , /PCN ( l .J- 11 + SCLA 7 M

1 RiN ( l + 1. J- 1, * ( RCP4 ( ! * ! . J- 1 1 -RVN ( l + 1. J- ! ) ) / RCri t I + 1. J- 1 1 I SCL A7 300

FDU= AUOR * ( RCx * ( PS * (W t ! .J ) +LO ( l + 1. J) ) + ALPHA * ABS t AE ) * (LO( l .J)- SCL A7 38!

I LO ( I + 1.J) ) -PA * t LO t 1 -1 J) +W I : . J ) ) - ALPHA * ABS t RLL i * (LO ( 1 - ! . J i -
SOLA7 38'

P.O ( l . J ) 11 +ROY * I NDT * ( RUC +PJT 1 + ALPHA * ABS ( VOT 1 * ( RLC-RU T ) -
SCL ACr 383

3VCO * t P&PJC 1 - ALPHA * ABS t VCO 1 * t RLG-PJC 1 I ) / ( RO( l J l +RQ t I + 1. J) 1
SCL A7 394
51A7 385

VISx=0.0
U(1.J)=U4(1.Ji+[CLT*(2.0*(Pt1.J)-P(l+1.J))*ROx/(RO(1.J)+oO(l+1.Jin SCLA 7 3Cf5

2A7 387
1+GX-FUx-FUY+V|SX-f[U:

SCL ADF 380
60 C047!NLE

SCLA 7 389
V(!.Ji=0.0

SCL M 390Av8=2.0*At1.J)*A(l J+1)
SCL A7 391IF(AV8.CC.O.0)GO TO 65
SG.ACr 3Ee2AVEOs(A(i.J)+A(l.J+1))/AV9

rVx.RCx / 8. 0 * i (da t 1 - 1. J+ 11 +tJ4( ! .J+ 1 > +Lt4( l-1 J) +04( l .JI 1 * SG.ADF 393
SCLA 7 394

1 ( \N G I + 1. J 1 -%N t 1 - 1 J i 1 -
2 ALNA* ASS t a:( 1 - 1. J + 1 ) +tte t ! .J+ 1 ) +04 t 1 - 1 J ) +UN t ! J ) ) *

SCLAT 3%
SCL AT 3%3 ( sN ( 1 + 1.J ) -2. 0 "N ( ! .J ) +\N ( 1 - 1.J ) ; I
$1A7 397F VY = 0. 5 * ROY * ( NN I ! , J ) * ( \N t ! . J + 1 1 -VN t ! . J- | } } -

1 AL NA * ABS t NN ( l .J ) ) * ( 4N I 1. J+ 11 -2. 0 *iN ( l . J i nN I 1. J-l i I ) SCLAT 358

LOR = 0. 5' ( LO t 1. J s +LO ( ! . J+ 1 ) ) ' ' A t ! J ) * A ( l + 1. J ) / ( A t I . J i + A t 1 + 1 J I )
SCLA 7 399
SO.A7 4001+A(I J+11'A(l+1.J+1)/(A41.J+13+At1+1.J+1I)1

LEL=0.5*(LO(l-1.Ji+ lot 1-1.J+11l*(A(1.J1*A(1-l.J)/IA!!.Ja+A(1-1 J)) SCL ACT 401
SCLA 7 402i+Ai! J*11*A(l-!.J+1)/tA(l.J+1)+A(l-1.J+111)

RV T = 0. 5 * R%N L I , J + 1 1 * ( PCP.( ! . J+ 1 1 -MN t 1. J+ 1 ) ) / PCr4 ( ! . e l I * t VD t 1. J ) + SCLA 7 403
SCL A7 4 LN1i0(l.J+1)>'A(l J+11

Rv8 = 0. 5 *Rsh i I .J ) * ( PO4 I . J ) 4VN ( l . J ) I / PCN ( l . J ) * (iD t i . J- 1 1 +iO f I . J I > S1A7 405
SCL A7 406
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R% R = 0. 5 vD ( ! + 1. J ) * ( Rs74 ( 1 + 1, J I ' ( RO4 ( 1 + 1, J 1 -R v?;( 1 + 1, J i l ' f<r 1 l ' 1, J I ' S1AJ "C7
1 R',N I ! + 1. J+ ; ) * ( RON I ! + 1, J+ 11 -RVN ( l + 1, J+ 111/ RCPC ! + 1.J + 1 1 1 CA A7 *C8
RvC = 0. 5 * VD ( 1, J i ' ( R'iN i ! . J i * t FO4 ( 1. J ) -R v?d t ! J ! i e RON ( ! J ' +Ri N t I , J * l 1 * SOL A7 *C9

1 ( RO4 ( l , J + 1 1 -RVN t 1, J+ 1 ) ) / RCtv I , J + 1 ) ) 51A7 w10
RVL = 0 . 5 * VC t 1 - 1. J i * t RVN ( l - 1. J ) * ( PCra t 1 - 1.J ) -RVN ( l - 1. J 1 I / RCt4 ( i - 1, J i * S1AJ *11

I RVN I 1 - ! , J 1 1 * I RCr4 ( l - 1, J+ 1 1 -R iN ( l - 1, J.1 ) 1/ RCr4 t ! - ! . J + 1 1 I SCLA 7 *12
FCV * AV8R * I PCX * ( LCR * ( RVC +PVR ) + ALPH A * ABS ( LCP 1 * ( RVC-RW ) -LOL * ( R ,L * RVC 50.AJ w13
11-ALPHA * ABS 1(Q,)*(RVL-RVC)i+PDY*(RVT*(VC(l,Ji+vD(l,J+1ie+ SCL A7 *Iw
2 ALPHA * ABS ( RV T ) e i VO I I , J1 -VD ( I . J + 1 ) ) -RVB * t @ l , J- 1 ) + VO ! ! , J ) ) - SOL ACT *15
3 ALRHA * ABS ( R /B l * ( VD t 1.J- l 3 -vC t ! . J ) i l s / ( RCr4 ( 1 J ) +RCru 1.J 1 > > SOLA7 416
VISY=0.0 SOLA7 417
i t ! , J 1 = VN C i , J ) +JEL T * ( 2. 0 * ( P t ! , J ) -R ( ! , J+ 1 ) ) * ROY / ( RO I I , J ) +RO t 1, J+ 1 i > 51 ADF w18

1 +GY-FVX-F /Y+ V I SY-FCV 1 51G w19
65 CCNI!NLC 53 ADF w20

F ACC PIPE FAICTICtd SOL A7 421
IF(RPIFt',EQ.C.C.OR.O!M.GT.I.5)GO TO 73 SCL A7 422
!!=1 SCL A7 423
J.J SOL ACF 42%

CALL NF*!C SCL ACF 42*
70 CDNTletE SCLACr w2s

C ALL Br SCL ACr w27
2"O CCt4T1NLE SCLACF w28

C MAS CCff,EPCE*4E EEEN PE ACHED SOLADF 429
IF(FLG.EC 0.iGO TC *00 SCLACf 433
ITEA=1TER*1 SOLACf 43)
IF''TER.LT.5ClGO TO 2*5 SCL A7 w 32
PE e.*,E x + 1 SQLA7 433
|F ! PEx .LT . l CCC ) GO TO -CC SCL A7 4 34
T=1CCCCC"CCCC.0 SOL ACr 4 35
GO TG SC2 SOLA7 4 36

C CC WJTE LRCATED CELL .ELCC: TES J.y SCL ACr 437
255 CONT PJUE SCL G *3a

CA _ R1TER SDL ACC w33
cam _ 9C SOLA7 ww]
GO TO 2^C SCL A7 w*1

400 CONTINLE SCLACC ww2
C CO PJTE LFOATCD Oui,NTIT:ES 30, E.RV SOL G ww3

"O *5CC J 2,# SOL A7 www

JC wSCJ !=2.1"1 SOL ACC 445
IF(A't.J!.EO.C.C)GO 'O ~500 SCL U ww6
AE;=2.C*A(; ,'*Af|+1 J)/tA'!,J)+Alj+1,J)1 SC(A7 ww?

A96=2.C*At!. .'AtI-;.J). (A(|,J)+Ai -l.s>; SQL ACT 4 *8
Aci=2.C*At1.J;*A: :.;*1ietAi!..)+Att,J+1>> Sct s wS
A:-: = 2 . C * A t I . J ' ' A ( ' . J - 1 ; / ( A ( : Ae I..-12: SCL A;r 450

C CE',5*TY EOUAT;CN SOL A7 451
LLR =v i ! . J i -LO c : . J 1 * i P , N : I , J i +; .N ; ! + 1, J a 1/ ( RCN t I . J : +ECN f 1 + 1, J s i SCL A7 452
LLL=utI-1. 1-UOi1-1. i*:P.Nt:-l.J) R.Nf ,s) )e(RCNt1-1,J)+RONr1.J)> SCL A7 wS3
LLT=V: I.J:-10ti,J;*tP.N:!,Ji+R,N!!,J+1))<(RCNC ,Ji+RON:!,J.!)i SQL A7 ~ 5.+

LLE si!.J-:: ,Oi', -l;*:PVNr:.J-l1-pin (!,J21/iPCNt!,J-l1*CChlI.J11 SCL A7 455
..;=vr: ,J)+UC';.Ji*(::Ni..J1+;CNi:*1.J)-e.N; ,Ji-A NC!+!,J )/ SCLA 7 456

':RCN: I..'+:C', I*!,v;, SCL AJ w57
L, =JI;-l.J)+_C:i-!,Ji*'RCNi:-!,Ji+RCh(l.J1-P Nt I - ! . J 3 -R'iN t ! , J I 1/ SC(& 456
..;CN: I- .J)+0CN: |..>. SCL G 959
. , ' = , . ' . J ) + VD : , , J * ' ;CN i | , J 1 *;Ch i ! . J + 1 | -G N i ! , J -RVN I | . J' I I i i SCL A7 460
.:RCNsI.Jr+47s!. +|)) SCL ACF 46;
L,9</.' J-|)+,C::,J-li*(RCN(!.J-l1+;CNt ,Ji-R Nf: ,J-!:-R,*o I.J))/ SCL U 42
cCN: . -!1+RON'!.s. SCL & 63

qc = i 2q. i r; C .;-;,,.. ti+RONI;*: ,;>-4 Ni:+1 Ja +AL W A*AeS!ttoi. Sa ACr . , 5.,
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'al G '81 ( pct 4 e ! , J i -a gN i ! , J i -pCtd t I + 1. J i +P .'H I + 1 J l i I * A10
VL A"I **FLL = i dL * ( PCPe t 1 - 1. J i -R'de t 1 - 1. J ; *PCte t 1, J i -R J4 4 1, J i 1 * AA A * AL'5 l. . ' '

SDL G *F
1 ( RCr4 t I - 1. J ) ~RVN i 1 - 1, J ) - ACN t 1, J i +P , N I ! , J i i l ' ALL
FL T = t a T * i RCr4 t ! .J ) -RVN I I ,J ) + Act4 i ! , J + l 1 -R'#41 1, J+ 11 I + AL%& . ABS i t * 1 * S1 A7 %Ms

SOLAJ *C91 t RCr4i ! J1 -PVNi I , J i -pCta t ! .J+ 11 *Ri'O I .J' 1 ) > i * AS T '$1AJ *OFLB I18 * I RCed 1. J- 11 -R'd411, J- 11 +RCF41 1. J ) -Aktd 1 J i i + ALPHA * ALS (18 i *
SCL U *'l1 i Perd t ! , J- 1 -RiN I 1, J- 11 -4CtJ t ! . J ) * RVN ' 1. J l i ) * ADO '

SJL A7 *!F VR * IUVR * I RVNI 1. J1 +RVN t ! * 1 J11 * ALPHA * AE'S i JVR I * IRi'a ! , J i -
SCL A7 ** 3'

1 RVN ( ! + 1 J I I ) ' ABR 51A7 %%
Fvt = 1 UvL * i Ritu ! - t , Ji *RVN r 1, J11 + AL PHJ * ABS : Uit 1 * ( R JH ! - ! , J ' -

SCL A7 *'5
IRVNt!,J1)' 'Aet

SQL A7 G
F V T = (UV T * ( Ri?4( l , J l +RVN i ! , J+ 1 I I + AL W A * A?5 IU / T ! * t R'JU ! , J i -P

SCL AJ %7'
1RVNi|,J+1)))*ABT

SOL A7 %78
F VB = t UV8 * I RVN I I , Ja ! ) +RVN I 1. J ) ) * ALPHA * ADS ( L".B l * I RVN I 1, J- 1 ) -

SOL U %79
IPvNti.J))>*AEG

SQL A7 483
C tPCA TE PO

SCL AJ 48fPO t ! ,J) =Pctu ! , Ji -0. ? * DEL T * t i FLR+FVR-FLL-F VL 1 ' ACY * f FL T 4 V T -FLB -
SOL A7 wer

tF%81*ROY)/At!..
SCL ACF 493

C EPEPGY EQLATICtd SCL A7 @
POECaPCtdi.J)*ENt!,J)

SOL ADF % 95
RCCA aRCtU 1 + 1, J1 * tX l + 1. J )

SOL G *t0
PCCL *RON t I -I . J i *EN ( I-l . J ) SDL G 49'
PCC T *PCN t ! , J + 1 l 'EN t ! , J+ 11

SCL A~f W
RCCG RONI1.J-1)*ENI1.J-11 S1A7 * e'>
IFtETEM.GT.O.51GO TO 42*5 SCL U "
TvC=SATTtofI,J1i

SCL G 49
TW =S AT T ( P ( l * 1,J1 )

S1AJ W
TVL *ATT(Pt1-1.J) SCL G ** 9 3
TVT=S.TTIPt!.J.1)1 SR G o.
TVB 5A 7tPil.J-li) SOLAJ *05
GO 7C * 'C.

SOL A7 ' E*1925 T VC TC + t ME C -RCtu ! .Ji 'ECL -hi l , J ) * l ELi-ECL i l / I P74 t l . J i 'C4 +
51 G *T

IPVNIi,J)*fCHV-CH.: 1
T vG-TC + t RCER-PCta l .1,J) * ECL- AiNi 1 1 J 1 * t ECV-ECL 11/ (RCtd 1 + 1.J ) * 51 G W

SOL G W3
I CHL + AVN < l + 1, J 1 * t CHV-CH. ) i
TVL.T C + t PCEL-RON t I -l , J) *ECL- AVN r 1 - 1. J i * t ECV-EC,. ) 1/19701-!,J:* SOLA7 5:

SJLG 5::1C 4 +RiNr!-1,J *<CHV-CHL1i
TVT=TC+iRCET-AONil J+: ) * ECL -avN I I , J+ 11 * ' ECV-ECL ) 1/ ( PCtd ! , J i i * SCL U 5 :2'

SCL U 5:?
1CHL*PNNI! s !)'tCHV-C4.)i
TiO=TC+tROEB-AON 1, J-l l 'E CL RiN I 1, J- 1 ) * ' E CV-E CL 11/ i P7d 1. J- 1 l ' S10 5 0''

SCL G 5:tI CHL *RiN i I , J- 1 i * t CHV-CHL I I
51G SCC

%ID CONT 19,C
91G 5^'

RE .C=RvN I I , J 1 *EVC Au i TVC l
51A7 59

RC. A.RiN t 1 + 1.Ji 'E /C AL : Ts A ) SOL G 5 "4PE L=a,N(1-1,J)'EVCAttTitt
91A7 5:C

PC / T =RVNI 1, J+ 1 ) 'E vC AL ' TV T #
SCL G 5: 1CE v9=R /Nt ! , J-I l'E .C Ac ! T ,9 )
SCL A!f 52

RELC=CCEC-REUC 51 G 5:?
FELR = RCE R-RE . R 91A3 5,4
REL L = CCEL -;E . L

51 G t :'
PELT.RCCT-FEVT ECL A7 5:6
PCLS = ACCB -PE S B 51G 5:'
rpC R = 0. 5 * t U'. P ' t PEi C RE C ) * A P' A * AES I UV A ) * ' CE V C - AE'.4 i

I+A R*iRELC+RELRi-ALNA*ABSIa Ai*iRELC- ELA)1*A8P
S1G *'a

.,

P 51 G 5:3
T AEL = 0. 5 * t if.L ' t AE' PE .C 2 + AL - A ' ABS ( UVL ) ' t Ef 7L -GC < C ' *1L '

:rPELL*pCLC)+AL us*AES'RL1*iPELL ELC))*ABL 51 G w:P
il G i1

F PE T = 0. 5 I LV T * ( PE .C + GE , T 1 + ALP" A * A25 I UV T I * I Cf VC ' 'E V' 1 * A ' ' ' CE C *
5 LU W

:CELTi+AmPwA*A25 N ')*'PELC-LEL* '*15'
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FRCS = 0. 5 * ( UVB' ( E'.bPC'v C 1 +,JkA * ABS t J,3 : * ( E ,B-PE . C 1 * LL G * r % 8 * 3OL A7 52 3

1 RILC ) + ALPHA * ABS ( UL9 3 * t EL O-PELC 1 1 * ADO SOL A7 Dd**

FEL = ( PC O ( F ER-FP' l-RD r * I FF T-FPEG ) ) / A l ! ,J1 51A7 "2 5
FPW = -P t 1. J i t t ABR * u t 1, J i - Agt * y > I - l , J i j * pC x + t Aa T * v i ! , J : - 51A7 TJ
lADG*Vt!,J-11)*ROy>,A(!,J) SCLA 7 *2 -*

TH= t RQ.+RW4 I I , J ) -PON t ! , J l 1/ ROL S1 ACf 58
TH* A,*" AX 1 ( TH THC l S1A7 5d"3

TH= AMINI (TH.THC11 SOLA7 53:

THl=TH SR ACF 531
IFtTHI,OT.O.5)THl=1.C-TH1 SOLACf 5 32

% 0 PS = t TH 1/ AiV ) * * 0. 333 SCL AC ' 533
CKN= 0. 5 * COG * t ( LO f I , J) +UO t ! -l , J ) ) '2 + WO t ! , J ) * VD I I , J- l i 1 * *21 * * 0. 5 $0LAL SB

1+12.0*VISv/RS LOL A f 535
FCIS= 0.25 *CKN' ( 0, M TH 1/P91 * I (LC ( I , Ji +LC f I-l , J1 I '2+ r VD f 1, J) + SOLADF 536

lid t ! ,J-l I )"2 ) *RO I I ,J) SOLADr 537
FC9=-Pt!,J)*etttRvNI|,Ji+R,'N 1 + 1, J i -PC+4 a I , J ) -RCN I ! + 1, J i * SCL A7 SM
12.0*RO.)/(ROL*2.01-(RVNt!,J)+RsNt[+],Ja)/(RCNt!,J1*RONI|+1,JI)I* SOLACF 539
iABA* SA AOr 5<
2T I ! , J l - I i R,'J t ! - 1, J ) * RVN t ! , J ) -RON I I - 1, J : -RCN I l , J ) * 2. C * POL i / I 2. C * SOL ACf 5*1
3P1 ) - t R ,N t 1 - I , J i + A iN ( ! , J ) ) / t RCN r ! - 1, J ) +RCN I 1, J 1 I | * LC ' l - 1, J ) 51.AOf 5*2
3*A1)/[CLX+ $1 ACT 5*3

4 ( 4 a RVN I 1, J ) + R 4 N f I , J + 1 1 -PCN t ! , J ) -R9 i ! , J + 1 ) + 2 0 * P11/ I 2, C * Pl i SCL ALV Sw
5- t RvN ' ! , J ) + R',N t ! , J + 1 1 ! / ( FON t ! , J l + WJ. t ! , J. I 1 ! 1 * C : ! , J ) * AB T 51 A;r 5*5

5-ttAVNt!,J-11 51A7 5-6

5+RVNt!,J)- SCL ACF 59'

EACh i l . J- 1 1 -PCN t l J i + 2. 0 * W'L ) /12. C * R1 ) - ( 0,N ',J-l>+ pin |,J)!. S' Cr a-. 9

'7 t F'J. t ! , J- l I +cCN r ; , J ) i ) * C i I , J-l l ' AEa l s CEL v i ' A t ! , J ) SA CT 549
C E?ERGY DITruSICN S1Cr 5t;

TEM =EN'I,Jl 5"L ACf 551
TE m =ENII+1,J) 51rc 552
TEM =EN I-l,J1 SACR 553
TEMT=ENt|,w+: : SOLA:r 55*

TC'13 =EN t ! , J- 1 i SCL Cf 555
Tm =,PCL+0',Nri+1,J!-:C*.: .;,J:a<PCL Ect Cr 556
T4= AMAs 1 t T4, TK i 51CT 55~
T@= AMINI (THR,THCl) SCL Cf 559
TR =tPCL R'N(|-|,J)-PCNf!-l,Ji1,CCL E l A[f ci5
THL.AMAYI(TR ,T-C1 51 C 560
TR=A*:N: t Te1 'eCli 51 -DF 56.1

Twi=<RCL+avNc|,J+1)-;CNti,J.;)2/ POL 51 Cr 56 2

Tw'=AMAwtrTwT Tec: 5:t a:r 563
T H T =/,M I N (THT Te<! ! ) C 1 CT 56 -
TsG=ac l ;.NI1,;-!;- CN , J- ! ! ! / al 3 ^t Ce 565
T + A"A<1(T 6 ,T-C) 5^LA:f td6
7"E=AM|N ITh8,*-C!) 11 Cf 5 6 -'

: *A'; il Zr 5d8E*A = 0 . 5 ' r EDV * * T- + T --71 +E1 * 2 . 0 - T - T R )
E<T=0.5*:EC.*tT- * 7).E L*r2.C-Tr-T-71 *AET _

r 5( ,

E L = 0 . 5. I E;v * t T,-. '-t ) .EC. * 2 . - T - T-L :*A;_ c,. . :c 5':
.

E- E O . 5 * : EC . * t Tu *-91.EO_ . t 2. ; * - Tr 9 ' *A:9 i rf 5-
0:rc=inp *c:<*:E.=*, Euc E .-E<L*' E 'E . Elg 53
,.c;y*c;y*(E<T*(TEu' Ew -Eva*> Ew-TE-E ,2 ';) 5 t .: :r 53

: LPCATE E' EDGY S1 t.:( SN
Et!,Ji='PCE:+DELT*i TE;.r;;5+r;p.;:rE.r:# . C: .i 11 g gn

: ,AP;p CENS : Tf E0tATiCN ,17,2f 5~E
p .' t i , J i = a . N i i , J i -CE _ T * C . 5 * ' ,;-r,_ *: * r,T-r,C c.1 :. y t --'

*
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C 's ',J!=A*IN!'O, . . . &T ' .! . 21 :,"f 5'1'

r,.<

/<t..:=AMA<1i;J ..).: .:' $ : 3 .y .-.

,

P.} h
. . - -

Y u ud: 4,, . ,

- e,. ..
, , . , ,, wn * ,3 ._ _,

$ ( %.)1 '"k%

y' c. .
- "

'ji ,

JJc



.,

C PHASE CHANGE COLADF 581

IF(PHCH.LT.O.5)GO TO 4500 SQ.ADF 582
SCLAN 503!!=1
SOLADF 504JJ=J

CALL PHCHR SOLADF 585

4500 CONTINUE SCLAN "v "
SCLAN bd7CALL BC

4600 CONTINUE SOLADF 568

C COr1PUTE ORIFT VELOCITY SOLACF 589

IF(OFVEL.LT.O.5)GO TO 502 SOLADF 590

CALL DRIFT SCLADF 59)
SCLADe 592500 CONTINLE
SOLADF 593CALL BC
SOLADF 594502 CONTINUE

C PRINT AND PLOT SOLADF 595

IFtT.GT.O.)GO TO 503 SOLADF 596

CALL LINCNT(1) SCLADF 597
SOLADF 599WRITE (12.45)

503 CONTINUE SOLADF 599

C DEFINE OUTPUT OUANTITY F AND FI SOLADF 600
SOLADF 601F=0.0

INZ=4 SOLADF 602

J=20 SOLADF 603
CO 505 ;=2.5 SOLADF 604

505 F=F+R0(!,J )'V(l.J l'(FLOAT (l1-1.51 SOLACF 605

F=2.0*F/INZ''2 SOLADF SC3

Fl=0.34264*P(5 II)+0.65736*P(5,12) SOLACF 607
WITE(9.49)lTER,T. CYCLE CELT.F F1 SOLADF 6C8

IF(CYCLE.LE.0)GO TO 510 SOLADF 609

!F(7.LT.TWPLTIC() TO 560 SOLADF 610

TWPLT=TWPLT+PLTDT SOLACF Gil

510 CONTINUE SOLADF 612

C FILM LONG PRINT SOLACF 613

CALL ADV(l) SOLADF 614

CALL LINCNT(3) SOLADF 615
K11TE(12.4911TER.T. CYCLE.DELT ,F F1 SOLADF 616

CALL LINCNT(4) SOLACF 617

WRITE (12.47) SOLACF Sid

DO 525 J=2.JM1 SCLACF 619

DO 525 !=2.!MI SOLADF 6?O

TH=(ROL-RO(l.J)+RV(l.J))/ROL SOLADF 621
0=RCy*(U(l J1-Ut1-1,J)1+RDY'(V(!,J1-V(l.J-11)+CYL'(Ut!,J1 SOLADF 622

1+U(1-1.J1)/(2.*DELX'(FLOAT (!)-1.5)) SOLADF 623
TSAT=SATT(P(1.J)1 SOLACF 624

EVT=EVCAL(TSAT)*ETEM1+ECV'ETEM SOLADF 625
TEM = TC + (R0( ! , J) * t E ( l .J1-ECL )-RV ( ! ,J) * (EVT-ECL 1 ) / (RV( l ,J) * (CHV' SCLACF 62S

IETEM-CHL)+RO(1.J)*CHL) SIX.ADF 627
WRITE (12.48) (1.J U(!.J).V!!.J),P(1.J) R0(I,J).TH, TEM) SCLADF 629

525 CCNT!NUE SOLADF 629
CALL ADV(l1 SCLADF 630

CALL LINCNT(3) SOLACF S31

WRITE (12.49) ITER.T. CYCLE.DELT.F.F1 SOLADF 632
CALL LINCNT(4) SOLACF 033
WRITE (l2,51 SCLACF 634

00 529 J=2.Jil SOLACF 635
00 529 !=2.lMI SOLACF S36
WR I TE ( 12. l C ) ( 1.J,UD( 1.J) . ''O ( ! .J) .RV ( 1.J1 ) SOLACF G37

529 CONTINUE SOLACF 633

p ,'len p T - r- . o.

p(6so5 h.m YPddh 532 200
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C VELOCITY VECTCA PLOT Slay 639

CALL ADVti1 SOL A7 6*C
C ALL DGA f i xL , l xR . ! YT , l Y8. 0. .LCFO HI CH,0.1 S1A7 641

CALL FRAT fIXL.!XR !YT.!Y9) SOLA7 642
CALL FPAT (IXL,IAR,!YT,lYS) 51ADF 6*3

CALL LINCNT(61) $1A7 6%*

WR1TEt12.45) SCLACf 645

CALL LINCNT(61i SCLADF 6*6
WRITC(12,WC.T. CYCLE SCLACF 647

DO 530 J=2.JMI SCLAT 6*9
DO 530 1-2 IM1 SCLACf 699

xCC=DELx*IFLCAT(l1-!.51 SOLACF 650

YCC=CCLY*(FLCAT(Ji-1.51 SCLA 7 651

UVEC=(Uf1-!,J)+UtI,J))*0.5*VELMX1+xCC SCLA 7 652
VVEC = ( V ( I , J- ! ) + V ( I , J ) ! * 0. 5 * V ELtdX I + YCC SCLADF 653
C ALL C74VR r ( U'.EC . !UVEC . C . LCec .1 xt ,1 XR ) SOL ADF 654
CALL CCt4VCT(VVEC,JVVEC.HIGH,0..!YT,1YB) SOLA7 655
CALL CCt4VRTtXCC,!XCC.O.,LCPO,IXL.IXR) SOLa0F 656
CALL CONVRT(YCC JYCC.HICe,0..!YT.!YB) SOLACF 657
C ALL CPV i I xCC . JY CC , lL".EC . JVVEC ) SOLADF 656

530 CCt4T !PLC SOLACE 659

C CONTCOPS PLOT STARTS SOLA7 660

NCO=0 SOLADF 661

532 PCC=NCO+1 SOL & E62

DC 5*5 !=1.1".1 SOLACF 663-

CO 545 J=1.J'l SCLA 7 Fe*
CO TC(533,534.535.536.537."6C) PCC S1ADF E65

5 33 C r ! , J i =Ro t ! + 1. J+ 11 SOL & 666

GD T O 5 * C SOLACf 667
53* Ct;,J)=E:1+1.p il SCLA 7 E68*

GO TO 5*C SOLA7 669*
,

535 Cf1.Ja=P(1+1.J-11 'JLA7 670_

GC TO SwC SCL AJ 671

536 Ct1.Ji=AV(!+1.J 1) SOLAC$ 672
3C 'O 54 0 SOLA7 673

53~ OtI.J)=(POL.;ViI+1..*11-PC(I+1.J+1))/ COL SOLADr 67*
5-C CLfs)=0( ,J, SOLACC 675

5-5 CONTirLE SCL ADF 675

CAL- L I'.CNi i 61 1 SCL ADF 677

e !TEt:2.'.5) SOLACf 678

C lu L LINCNTt61) SOLADF 679
r.RITEc:2.461T.CrCLE SCLACF EB0

CC 70 (553.554 ,555.5*6.*57).NCO SOL A7 Sal
553 ;';TLEt11-:C-AC CONT h SCLACF 622

GO TC 559 SCL U 663

55* iTI'uE!1)= M CONTOLR SOLAN Ee+

00 TC 559 SOLACf 665

555 ''' lei: )=9so CONTCuR SCLACC 536

GO 'O 559 SCL ACF 937

==6 iT''LEr 1 ) = 1 Cc-P V CONICLR SOLACC E68

30 TC 559 SCL U E29
55' ;':TLE:1i= % CIC FRAC SCL& 690

=5 9 CC+4' i'(E S1A7 691
;r:: sap.G' ;tGC 70 56C: 51A7 692

CAL 5?;CT(1..E1.4,YCl21,JL'21.*2.1) SCLAcr 693
GO TO 53d SCL U 6E4

55:. CCNTINLE SCLA N 635
CA,_ CC,'?.s:/Cr?! 'J,X . YC ( 21. 't,Y . 0, NZX . NZ < . 'C , Z44 Z"X . CL Z , ZC , SCLACf 0%
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IDtPX DMPY.*GRD.! TITLE.NTITLE.XLABEL.NXLBL.YLABEL.NYLDL) SOLADF 697
GO TO 532 SOLADF 6J8

560 CONTINLT SOLADF 699
C LCNG PRINT SOLADF 700

IF(CYCLE.LE.0) GO TO 565 Su.ADF 701
IF(T.LT.TWPRT)GO TO 580 SOLADF 702
TmRT = T.FRT 'PR TCT SOLADF 703

565 CONTINUE SOLADF 704
WITE(9.35) SOLADF 705
m !TE(9.9911TER.T. CYCLE.DELT.F.F1 SOLADF 70S
m lTE(9.97) SOL.DF 707
DO 575 Ja2.Ml SOLACF 708
00 575 !=2.!M1 SOLADF 709
TH=(ROL-RO(I.J)+Ryt!.J))/ROL SOLADF 710
TSAT=SATT(F(!.J)) SOLADF 7fl

EVT=EVCAL(TSAT)+ETEMl+ECV'ETEM SOLACF 712
TEM =1C +(RO(!.J)*(E(l.JI-ECL)-RV(!.J)*(EVT-ECL))/(RV(!.J)+(CHV' SOLACF 713

IETEM-Ctl)+RO(l.J)*CH.) SOLACF 714
m !TE(9.48)(!.J.U(1.J) V(1.J),Pt!.J).RO(1.J).TH. TEM) SOLADF 715

575 CONTINUE SOLADF 7;6

C SET TT ADVANCE TIT OVA <t 3 TS INTO OLD ARRAYS SOLACF 717
580 CONTINUE SOLADr 718

DO 600 J=1.JMAX SOLADF 719
DO 600 I=1 lMAX SOLADF 720
UN(l.J1=UtI.J1 SOLADF 721
VN(1.J1=V(I.J) SOLADF 722
RON(1.J)= ROT =RO(!.J) SOLAJ 723 -

RVNtI.J)=RVT=RV(l.J1 SOL DF 724
EN(!.J)=ET=EtI.J) SCLACF 725
IF(IPP.GT.O.51GO TO 600 SCLACF 72S
!!=1 SCLADF 727
JJ=J SOLADF 728
CALL EOS SOLADF 729
P(1.J)=PT SOLADF 730

600 CONTINUE SOI . ADF 731
C ADJUST T!T STEP SOLADF 732

CALL TSTEP SCLADF 733
C ADVANCE TIT T=T+DELT SOLADF 734

IF(T.GT. TWIN)GO TO 350 SOLADF 735
T=T+ CELT SCLACF 736
CYCLE = CYCLE +1 SCLAOF 737
GO TO 59 SCLADF 738

650 CALL EXIT (1) SCLACF 739
END SCLADF 740

. . . . . . . . . . . . . . . fffff ...............

SLBROUTIT BC SOLACF 741
* CALL CONCK SCLAOF 742
C SET BOUNDARY CONDITION SOLADF 743

CVCAL(X)=ECV+CHV'tX-TC) SCLACr 74%

ELCAL(X)=ECL+CR *(X-TC) SCLADF 745
SATT(X)=255.2+117.8'X'*0.223 SCLACF 746
SATP(X1=((X-255.23/ll7.8)**4.we SCLACF 747
DO 140 J=2 #1 LACF 749
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RO(1.J)=RO(2.J) SQ. A7 79
RV(1.Ji=RVt2.J) SCL A7 -'* C
Pfl.Ji=P(2.J) SQ. A& '31
E(1.J)=E(2.J) SQ.A7 F_2
RO(IMAX.J)=RO(IM1.J) SCLA & 753
RV(IMAX.J)=RVIIMI.J) SQ. AJ 75%
PtIMAX.Ji=P(IMt.J) SQ.A7 75
E(IMAX.J)=EtIMI.JI SCLA 7 7'.7
GO TO (102.109.106.108.106'.W_ SQ.A7 ?_,

102 Utl.Ji=0.0 SOL U 7 51
V(1.J)=Vt2.J) SOLA7 759
GO TO 111 SQ. A7 760

109 U(1.J)=0.0 SOLA7 761
V(1.J)=-Vt2.J) SQ. A& 762
GO TO 111 SOLA& %3

106 IF (M. .EO.5)P(2.Ji =P8C SOLAU 769
IF(ITER.GT.O.AtO.FLG.GT.0)GO TO Ill SQ.A7 765
U(1,J)=U(2.J1 SOLAJ 7E6
VII.J)=V(2.J) SOLAT '67
GO TO 111 SOLAN 76e

IC8 Ull.J)=U(IM2.J) SOLAN 769
V(l.J)=V(IM2.J) SOLA& 770
rot!.J)=RO'IM2.J) SOLAT 771
RV(l J1=RV(lM2.J) 51ADF 772
P(l.J)=P(IM2.J) 50. A7 773
Et! J)=E(IM2.J) SCLAtr 779
GO TO 111 SQ. A7 m

i 11 GO TO ( 122.129.12S 128.126) .m SCLACF 7~6
122 U(IMt.J)=0.0 SCL U m

ViIMAX.J)=Vf.M1 J) SOLA7 778
00 TO 140 SOLA7 7'9

124 U(IMI.J)=0.0 SQ ACT 780
V(IMAX J)=-ViIMI.J) SOL U 781
GO TO 140 SCLACT 762

125 IF( P.EO.5)P(IMt.J)=FOC fQ.A7 %3
IF ( I TER.GT .O. APO.FLG.GT.O lGO TO 140 SQ_ A7 77+
U t IMI .J) =U t IM2.J) * ( ( IM2-1 ) / ( I M1 -l l 'CYL + ( l . 0-CYL ) ) SCLA 7 785
V(IMAX.J)=V(IMI.J) SQ. A7 786
GO TO 140 SCLA 7 787

128 UtIM1.J)=U(2.J) SOLA7 788
V(IMAX.J)=V(3,J, SOLA7 789
RO(IMAX J)=RC(3,J)

SCL ACF 790
Avt! MAX Ji=RV(3.J) SCLACF 791
P(IMAX J)=P(3.J) SQ. A7 792
EtIMAX J)=E(3.J) SCLA 7 793

140 OCr4TIPAX SCL A7 794
DO !80 !=2.!M1 SCLA 7 795
RC(!.!)=PC(!.2) SCL A7 735
RV(! 1)=RV(l.2) SOLAJ 797
Pt1.1)=P(l.21 SCL AJ 7%
E(l.!>="(I.2) SCL AJ 799
RC(l #AX)=PO(l.#I) SQ. A7 800
RV(!. #AX)=RV(!.#11 SCLA 7 801
P(I.#AX)=P(!.#11 SCLA 7 602
E(1. #AX)=E(!.#1) SCL A7 603
GO TO ( IF' 15* .156.153. l S6 ) . L4T SOL O etw

152 Vi!.#1n=0.0 SQ. A7 805
U(I.#AX1=U(l. [ N SCL AJ 8;6, . ,

yn. m,
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SQ.ADF 807
GO TO 161

SCLA 7 800
154 V(I,#1>=0.0

cA ADF 809
U(l.#AX1=-Uti #1)

SOL ADF 810
00 TO 161

SC1. ADF 81t
156 IF (WT .EO.5)P t ! .#t i =P8C

SCLADF 812
IF ( I TER.GT .O. APO.FLG.G7.01GO TO 161

SCL AT 813vfl JMi>=vti,#21
SCLA 7 814

U(1,#AX)=U(1,#1)
SCLt7 815

GO TO 161
SCLA 7 816158 V(1,#1)=vtt,2)
SCL A7 817U(l. EAX1=Uti.3)
SOLA7 818PO(l,#AXI=RO(1.3)
SCLA 7 819RV(l.#AX)=RV(!,3)
SQ.ADF 800 *P(l,#AX>=Pti.3)
SOLADF 821E ( l ,,*1AX > =E ( l ,31
SQ. A7 822

GO TO 161
SCLA 7 823161 GO TO (172.174.l?S.178.1761.W
SCLADF 824

172 vfl.11=0.0
SCLACf 825U(1,11=Uti.2)
SULADF 82SCO TO 180
SOLADF 827174 vtI,ll=0.0
SOLA7 828Ut!,i1=-Ut!.2)
SOLADF 829GG TO I80
SOLACf 830176 IF(W8.EC.5)P(1,21=P8C

IF ( I TER.GT'. 0. ATO.FLG.GT . 0 )GO TO 180 SQ. A7 831
SQ.ACT 832V(l,11=vt!.2)

UtI.I>=U(1,21 SCLADF 833
SCL AT 8 34GO TO 180
SOLACT 835178 vil.1)=vti,#2)
SCLADF 8 36UtI.I)=Ut1.#2)
SQ. A7 GI7rot!,!)=ROf1 #21
SOLA7 838RVt!,1)=RV(!,#2)
SU ADF 839P(l,11=R(!,#21
SOLADF 840E(l. 1=E(l.#2)
cAA7 841180 CCNTItLC

182 CCNT |tJJE SCLADF 942

C SPECI AL GCUCARY COrc1T1Ct4 SOL ADF 843
CO 188 !=2,lMI SCL AT 9+4

Pti,2)=RIN SCLA 7 845

U(l.21=0.0 SCL A7 e46

Uti.ml>=0.0 SOLA 7 847

IF(THIN.LT.THC1 GO TO 3a SQ. ACT 9+8

IF(THIN.LT.THCl1 GO TO 36 SCL A7 849

RV(!.2>=RviV SQLADF 850
RO(1,2)=RO!v SOLADF 851

Et!.2)=Elv SOLACT 8=.2

GO TO 108 SOL ACT 853

36 Rvt1.2)=Rv12 SOLACT 854
AO(1,2)=NI2 SCL A7 855

Et1.21=E12 SCLA 7 er.6

CO TO 188 SCLADF 857

38 Rv(l.21=RVIL SCL ACT 8".Es

Ru(I.21= ROIL SCL ACf 859

E(I.21=EIL SCL AIT CEO

188 CONTINLC SQLACC 861

RETLfN SCL A7 BE2

EPO SCLAT 863
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SLEPOVTINE CRIFT Sa. U O&4* CALL COrO<
SL. AT 865C CALCULATE RELAT!VE OR OPIFT %ELOCITY SQ.A7 BE4

E VCAL ( X ) =ECV +CHV * ( X- TC 1 SQLAT 867
ELC AL ( X ) =ECL +CH. * ( X- TC ) SCLAU 868
SATT(X)=255.2+117.8+X**0.223 SOLAN 869
SATP( X ) = ( t X-255.21/117.8 ) "w .48 SCLADF 87000 5000 J=2.J11 SOLA7 871DG 5000 1=2.IMt SCLADF 872IF(A(l.J).EO.D.0)GO TO 5000 cA ADF 873
TH= ( ROL -RO ( l .J ) +RV t 1. J i l / POL Sd +7 87%
IF(TH.GT.THC.AtO.TH.LT.THCl)GO TC 4700 SCLAT 875UD(1.J)=VDfl.J)=0.0 SOLAT 876GO TO 5000 SOLAT 8747CD CONTitA.C

SCLAT 878THl=TH
Sa. AT 879IF(THl.GT.O.5)Tal=1.0-TH1
SCLADF 8804800 P8=(THl/PNV)**0.333 SOLAT 001UDN=UD!!,a
SOLA7 882Era-VO(l,J)
SCLA 7 883APEA=3.0*TH1/F8
SCLACF 8 85*NUC=viSL
S0 ADF 885fr<TH.GT.O.5) ROC =VISV SCLA 7 8%NUA=NUC/( . 0-THI ) '2. 5
SCLA 7 887LOO =OELT*(1.0/ POL-2.0*TH/(Pv(!,J)+PV(!+1 J)))*PCX*(P(!+1 J)- SCLA 7 888IP(l.J))
SCLADF 889IF(Atl+1.J1.EO.G.0)UDC=0.0 SQ. A7 890

VDC =CEL T * < 1. 0i POL -2. 0 * TH/ ( PV ( l J) +RV ( l . J+ 1 ) > i *PCY' ( P ( l .J+ 1 ) - SCL A7 8911PfI.J)1
SQLA7 BCPIFfA(l.J+1).EO.O.0)VCC=0.0 SCLA 7 893

UCM = ( LC ( 1. J ) " MO ( 1. J ) * * 2 ) * * 0. 5 + 1. CE - 10 SOLAN E9LvPM=DELT+0.25+APEA*(RO(l.J1*RC(!+1.J))*'2/((PVII J)+pV(l+1 J)1* SCLA 7 8951(PC(l.J)+ pot!+!,J)-PV(!,J)-PV(l+1.J)))
SCLA 7 8%

VvP*= DEL T * 3. 25 * APE A * ( P' ( l . J ) +RO t ! . J+ 1 1 ! * * 2 / ( ( RV ( l .J ) *RV ( lJ+ ! 1 1 *
J

SCLA 7 897i (PC( l .J! +FC t i J+ 1 i-RV ( ! ,J)-RV ( l J+ 1 ' )
4 9':0 UCMT =UOM SCL A7 898

SCLA 7 993
UKP =LvP*' * t CCG a LO'+ 12. C * NUA / P81/ TH !

SOL ACF 900
VWP=VKP*'*tCCG* LCM +12.O'NUA/P8)/IH1 SCL A7 901
LO ! ! . J ) =LC ( I J ) - ( UC ( I . J 1 +LKP * LC ( l J J -UCO-LO4 ) / f 1. 0 +LKP +UKPM * CDGSOLAJ 9021*LCfI.J)**2/ LCM)

SOLA7 903
VO ( I . J 1 = VO t ! . J i - ( VD t | . J ) + VKP ' VO ! ! , J ) -VDC -VCN ) / ( l . C + VKP + VKPM * CCG SCL'T 9041*VDII.J)**2/ LCM)

SQscr 9C5UCM=*(UCt!.J:**?*VOI1.J)**2)**0.5+1.CE-10 SCL AU 9C6
1r f ABS ( I UCM T-LO1) / ! LCMi UCM) ) . G T . 0. 01 ) GO TO 4950

5:00 CCNTINLE SOLA7 907
PE TLFN SCLACF 908
Er.C SOL A7 909

SCLAT 910

3 = = = = =======a =m ///// a a = ==a = = s a e = = = a

5LGPCU! PE EOS
* C A- COMCA SCL A7 911

Sa_Arr 912: EQUATICN OF STATE POUT!FC
E .'C AL f X 1 =ECV +CHV * ( X- TC ) cA A7 913
ELCALiX1=ECL-CH.*(X-TCi g(LACf g]q
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SATT(X)=255.2+117.8'X**0.223 SCL AN 9'E
SATP(X)=(sX-255.2)/117.8)*'w 48 SOL AJ 91'
TH=THTM=(R 1 +RVT-POT)/RCL SCL A7 918
I F ( TH.L T , TH' ) THTM= THC SCL A7 919
ETEMT=ETEM S1 ACr 920
IF(TH.GT.THCllETEMT=1.0 Sa Acr 921
TEM =TC + (ROT * ( ET-ECL 1 -RVT * (ECV-ECL 1 ) / (RV T * ( CHV-CH. ) + PCT *CFL 3 SCL A7 922
IF(ETEMT.LT.O.5) TEM =255.2 SOL A7 923
PT=PTT*GAMI*RVT*(ECV+CHV*(TEM -TC 1 ) / THTM+ ASQ*RCL * ( THTM-TH ) SCLADF 92%
IF (ETEr+T .GT .O.5)GO TO 6300 SQA7 925
PCC=ll7.8'GAN!*RVT*CHV/THTM $ 1 ACr 926

'

PT =P T T +2. 0 * ( 0. 223 * PCC ) " 1. 297 SOL A7 927
6260 PTG=PT SOL A7 928

PTA=PCC+PTG**0.223 SOLA7 929
PT=PTG+1PTT+PTA-PTG)/( 1.0-0.223*DTA/PTO) SOL AN 930
IF(ABS ((PT-PTG)/IPT+pTGI).GT.O.01)GO TO E250 ' OL A7 931;

PT=AMAX](PT,0.0) SQL ADF 932
IF(PT.GT.O.0)GO TC' 6300 SOLADr 933
WRITE (9.6200i SCL A7 9 34

6200 FCR'A T ( SX , | HJ ,12X ,2W s ,12X ,3mCT ,17X . 3mV T ,17X ,2HE T > SQL ACr 935
WR I TE (9.6263 ) I I , s;.PT ,RCT , RVT .ET SCL ACF 9 36

5253 FCWAT(6X.213,5s.IPE12.5.6X,E12.5.6X,E12.5,6X,E12.5) SOLAJ 937
6100 CONTINLE SOLACr 9 38

PCTURN SQLA7 939
END SO aDr 940

==========s = = = = ///// = = = = = = = = = = = s = = =

SLECCUT 1PE P8 AIC SOL A7 9.!
'C ALL CCt*[X SCL ACr 942
C PIPE FRICTION PCUT!?C SOLACr 943

EvCAL(Xi=ECV+CHV*(X-TC1 SCL ACr 94.,

CLCAL ( X ) =ECL CH.* t X-TC i SCL ACr 95
SATT(X)=255.2+117.O'X**0.223 SCL A7 946
SATP(X)=((X-255.2)/117.81*+9.49 SCLACr 97
1=11 SCL t,r 94,
J=JJ SOLACr 949
val =ABSivtl.J)i SOLACr 95C
IF(val.LT.EPSI)GC TC 60 SCLAcr 951
TH=TH1=fPOL+4V(!,J)-pot 1,J))/PCL SCL ACr cF2
IF(TH.LT.THC)TH=THC SCLA J 953
IF(TH.GT.THCliTH=THC1 SCL A2 %
CHl=RV(!.Ji/PO(i,J)*t1.0+(rot!,J)-PV(l,J1)/POti,Ji*VO(l JI/V(I,J1: SR ACr 955
PEN =2.0*PAIPE* ABS (V(I J))/V1SL cil Arr %6
PGA=0.5'PG/FPIPE :(L A;f 957
FLA=0.C25*RGR**0.225+0.133*cGR SCt y n
FL9=22.0*PCA**C.* Sl aCr 79
FLC=1.E2*RGR**0 134 SCL ACr E
FLC2 = ( FL A +FL8 / PEN' TLC 1 $3.ACf g;
Pw|S=1.C/(l.0-TH1**l.75 SOL A7 %>
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FLC.rLC2* ( PO f ! .J) / PCL ) * ( 1. 0-CH! ) * * 2. 0 / RP IR * FH15 SOL ACF 963
*LCT*2.0*CCLT*FLC SCL A7 9Em

Vi ! .J) =SIGNI 1. 0.V ( I .J) ) * ( -1. 0 + ( l . 0 +2. 0 *FLCT * VA 1 i "0.5 ) / FLC T ser. A7 965
EC =0.25' ( VA l * * 2-V i t .J) '21 SCLA 7 9ff
EI1.J)*EII J)+EE SOLA7 967
E(l.J+1)=E(l.J+1)+EE SCL A7 968

60 CCP4TIPJI SCLA 7 969
RETLRN SQLA7 970
EPO Su_ A7 971

... e . . . 3 . . . . . . ///// . . . . . . . . . . . . . . .

.

SLOPOUTIPC PHCm SCLACr 972
* C ALL COrO< SOLA7 973
C PHASE CHANCE ROUTIPE SCL ACF 974

EVCAL(X1=ECV+CHV*(X-TC) SCL ADF 975
ELCAL(X)=ECL+CH.*(X-TC3 SQLA7 976
SATT(X)=255.2+117.8'X**0.223 SCLA 7 977
SATP ( X I = ( ( X-255. 2 ) / ! 17. 8 ) '4.48 SO. A7 978
I=I! SOLA7 979
J=JJ SOL ACr 983
RvT=RVC=RV(!,J) Sa.A7 Ti
RCT=PC(!,J> SCL U T2
ET=E(l,J) SQLA7 983
TH1=TH=(RCL-RO! Pv01/ROL SCLAOr ejx.
Ir(TH.LT.THC.CR.TH.GT.THC11GO TC 5C00 SCL U T5
IF(TH.GT.O.5)THl=1.0-TH SOLA7 9E6
VAVE*0.5*f(UtI.J)+U(i-l,J) )**2+ SCL A7 M7

1 ( V ( 1, J ) + V i l J- 1 ) ) * *2 ) '0. 5 SOL U 908
VDe VE = 0. 5 * ( : LO ( 1. J ) +'E t 1 - 1, J ) i + + 2 + t v0 t I , J ) + v0 ( I , J- 1 ) 1 * * 2 ) * * C . 5 SCL & M9
VTE=VOAVE+0.!*VAVE SCL ACr 30

4910 P9= ( THl / PNV) "0. 333 SOLA7 99:
PS4=SCw4/(ROT *VT9'*2+1.CE-10) SCLAcr 992
P9= AMINI (P9,P8W) SCLA 7 993
APEA=3.0*TH1/P8 SCLA 7 9%
TVAP=SATT(P(I,J)1 C OL A7 CM
Ev!=EVCAL(TVAPi+ETEMl+ECV'ETEM SOL ACF 996
TLO=TC+(PCT *ET-PVC*EVT-(ROT-4v0)*ECL)/(F/L*CH.*ETEM+(PCT-PVOi'CH . SOLA7 997
TLO=AMAX1(TLO.2"6.0) SOLA7 9%
PSAT=SATPtTLC) SCL A7 999
Ev?AT=EVCAL(TLO) SCL U CCD
PSAT=Tw*oSAT/tCAM:'E'. SAT > SCL ACr 1CC1
I VEL =0 SCL A7 1C02
REETA=1.CE-5*:O. SCL A7 1003
(Pvi=0 SCL A7 'CCw
R70T=(PSAT*PVO)/2.0 SOL G 1CCS
OET=ACT*(E'-ECL1 SCL U 1006
PCH= PCT *C-4_ SOL G 1007
CEC =CHV ETEM-CH. SQL & ;CCG

C STAPT ITEPATICN S10 ;CCS
'wl2 CONT!NLE SCL G :C:0

PVT =PVi!,J) 51A7 :::,

I!=! S1AJ 'C!?
JJ=J SQL A7 i..T
CALL ECS 51 J ''
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TVAP=SATT(PT) S 1 ADF 1015
EVTM=EVCAL(TVAPl*ETEMl+ECV CTEM-ECL SAA7 IC16
TLC = TC + ( PE T -Rvi + EV TM ) / ( RCH +PV T * CEC ) 51AJ 1017
EL TBL = ( 1. 0 + 1.91 *ROL * TH/ RTOT *CH./ ELHT * ABS t TL C- T VAP ) SOLA7 1010

1*(0.637'viB*R9*R1/EDLi'*0.51'R9 SOLA7 1C19
QATE = CELT * (EL TEL * AE A/ ELHT *E1 *CH. * ( TLC-TV AP I ) * 100. 0 SOLA7 1020
R VE C = RV T -RVO-RA T E SCLA 7 1021
IF(ABS (RVEC/RTOT1.LT.O.001)CC TO 5000 SOL ACF 1022
!RvT=lRvi+1 SCLA 7 1023
IF(IPVT.GT.25100 TO 5000 S1ADF 1C2%

IFtIRVi c.Q.1l5RH*SICN(1.0.RVEQi 51A7 1025
IF ( l VSL . h' i 100 TO wwte SCL A7 1025
IF (RVEO.CE .t .0100 TO 9915 S1A7 1027

C SEEK BOLFOS SOLA7 1029
Fm.RvEQ SRA7 1C29
RVm=RV ( l .J ) SCL A7 1030
I F ( SRM . CE . O . 01 I VSL. t SCL ACT 1031
RV(l.J)* AMINI (RVT+R9 ETA.POTI SCL A7 1032
IF t IVSt . EC . I 1Rv t 1.Ji =0.5 * ( RvM4+RVMX > SRA7 1033
R9 ETA =2.0*P9 ETA SOLA7 1034
GO TO 4912 SOLA7 1035

4415 FMX=RVEC SCLA 7 1C36
RVMX=RV(l J) SOLA7 1037
1I ( SPH . L T . 0. 01 ! VSL = 1 SCL AT 1038
RV(!.J)=AMAX1(RVT-PSETA.0.0) SRA7 1039
I F ( l VSL . EO. ! ) RV ( l .J ) = 0.5* ( RVm-RV MX ) SCL ACP 1090
P9 ETA =2.0*PeETA SCtAar iC~i

TO 4*12 SCL AJ ! CH ?
. r4 T I PA.E SOLA7 IC%3

C WVEPCC 90UCS SOLA7 |C%4
IFtRvEC.LT.O.0)GO TO ww22 SCL A7 1CwS
6 '/ TP=RVT -R'.EC * i RVMX -RVT 1/ ( FMx-RVEQ > SOLA7 1096
Ft: N VEG SOL ACT IC47
RvM(=RVT SOLA7 1048
R.'(l.J)=RVTP SOLA7 1099
I F ( RV TP . L T . PVm I RV ( ! . J ) = 0. 5 * ( RVm +RVMX ) SOLA7 IC50
CC TO 44:2 SCL A7 1C51

4 *2? RVTP=RVT -RVE0* (PVT -Rei) / ( RSEO-Fm ) SCL A7 ICS2
F m = RVEQ 51A7 |C53
RVW *R/T S 1 ACT 1C5*
RV(I.J>=RVTP SCL A7 1 Cc,5
IrtRVTP.GT.P rx>pV4I,v)=C 5+tR.'ai GvMX) SRA7 1C56
CC TO 4412 SOL A7 !C57

SCCO CC+4 TIRE ML ADF I C**3
PETLRN SCL A7 IC59
E*C Sl eDF IC50

m e 3 a * w s = a a e a e 3 a ///// * * s s s = a a 2 s a = = m s

S eRCuT:NE niTEa SCt A7 iCs:
C PRE SSLUE I TER A T | C*4 R%T U.E cA ADF I C F2
* CALC CCMC&: SEA 7 ;CE3

E VC AL i X ) =ECV.Cwv * ( X-TC 1 SRAJ lC6*
E;CA;_<x)=ECL Ca .ix-TC3 SCt Ay 1Ces
5AT'ix)=2*5.2+1;7.3*/**0.223 s1Ay ,CE6

E"" "en
JJL ' (j d~;

Eh Q"Q P P 7 " 2 9 [\ 0 e]. kJgn ; :- 1- pr r,

n- %. t I '>
'.

G (: ,j s ? T a.'
, ,
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SATPiXiar(X-M 5.21<1l' 8)***.%9 SCL O Ct~
FLG=0.0 SCL AJ ICG'
00 300 J= pG,p f 51AJ | +34
00 300 1=1PL,IPP SCL AJ 1 C''O

t r ( A( ! ,J) .EC.O .0 )C0 TO 300 51AJ IC'1
ABR=2.;*At!,Ja*AtI+1,J)/(At!,Ji+A(l+1,J)) SCL AJ 10'2

A9L =2. C * A i 1, J i * A t ! - 1, J1/ ( A t 1, J 1 * A t | -! ,J) I SCL AJ 1C'3
A8T =2. 0 * A f I . JI * A I l ,J+ 1 ) / r A t ! ,J) + A( I ,J+ 1 i ) S1AJ ICE *
A88=2.0*Ati.J)*At!.J-l1/(A(l,J)+Ai1.J-l)) SCL AJ 10 3
PMAX = AM A X 1 ( P'd A X , P ( j , J ) ) $Q AJ 10*'$
SM=-1.CE-10 SCL AJ 1077
ICT=0 SCL ACr I C-'8

XMx=1.CE+10 S10 1079
X*"I4=C.O SCL AJ !C80
PE8=0.0 SCL AN 1C8!

250 PB=P(!,JI SCL AN ICB2
O=(AOX*(ASA'U(1 J)-48L'U(!-1,J))+ROY*(AST* Vti,J)- SOLAJ 1083
1AEG*vt1.J-111:' CELT /A(I,J) SOL ACF IC99
OMAx=EN(I,JI'CO(l,J1/P9 SOLAJ ICOS

C= AMIN: (O.OMAY) SCL Cf 1086
C=AMAX: (O.-0.99) SOLAJ !087
ACT=RON'I,J1/(1.C+D) SCL ADF 1C88
RVT=4Vi1.J)/t1.C+D) SRAJ lC89
ET=EN(I,J1-Pt!.J)*C/CO(l.J1 SOLAJ lC90
II=1 SCL AJ l09:

JJ=J SOL ACC 1C32
CALL ECS SCL ACf 1093
S*PG-PT SCL AJ ICW
IF: I C T .r E . 0 # EE T A ! l , J i = (FS DOE i / t 5-SM ) SOL ACf 1095
DC'.J)=P9-EE'AfI.J1*S S1AJ l C%
ir:5.CE.O.O*00 TC 252 SCL AJ IC97*

XMN=CO SRAJ I C93
1rIPvI,J).C{.xyx1P(l,Ji=0,5+(xu*,+xMX1 Sol AJ lC99-

GO TC 2E6 SCLA J 1:00

EE2 c'e=P9 SOL O 1101
II Pt!,J) . LE . X''N i P : ! , J ) = 0 . 5 * 8 x"N * e'X ) 51AJ 11C2

256 CCNTINUE SCLACF 1103
CCLD=PfI,J1-P9 SCL AJ l1Cw
IFfAESICEL ).LE.EPS:* MA(!IC7=~.00 SCL ACF 1105
|F AB4.EC.C.0:GO TO 270 S1 ACf 1106
U: |.Ji=Utt ;'+2. *:E_'*R X*:ELP/:RC(I,J)-ROtI*1.J)) SCL AJ l107

2 ' '' ir(AEL.E;.C.2eOO TC 2'2 SCL G 1IC8
yt I - 1. : =U r : - : . J ) -2. *:CL T * RD O;ELP / ( PO : 1 - 1. J ) -;C I ' . J ) ) SCL G 1109

2~2 IF ' AE9. E0. 0. 0.OC 70 2N SCL AJ 1110
s' ,J-1i=/ .,,,-!i-2.0*;C T*P;f*CCmp/ ipO( i,J-: 1+c0( : . ., ) i SCL AJ l111

2N IF A5T.E0.0.0!OO TO 2 6 SOLAJ 1112
.:1.J'=<<los!*2.':* CELT *COv'OCLP/ TAC (1,Ji act: .J+11) SCL AJ 1113

2~E CC'''%E SCLA J 1la

5"=5 S1 ACf 1115
FE5=C2 SCLAJ 1116
'C'='T* SCL G 1117
|r'ICT.G' * :30 ~C 3 A AJ 'e
FL O = : . 0 SCL AJ 1:19
CO TO 26: SCL AN !!20

7:: ;'.' %E SCL AN !!21

FE * . O', ElAJ ;22

E ' .D SCLAJ :;23
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===- . _ s = = = = //f/f 3 ===a = = = = = = = =*

SLOROUTirE TSTEP SCL A7 ' C'*

*C ALL CCMX SCL AJ . !N

C VARI ABLE T IT STEP AfD I TERATICt4 PARATTER POUT ire SOL G :2t

EVC AL ( X ) = ECV +CW * I X-T C 1 SOL G 12'
ELC AL ( X) =ECL+CH * ( X- TC ) SCL A7 !!?9

SATT(X)=255.2+117.8+X**0.223 SCL A7 !I?9

SAID(X)=Itx-255.21/117.8)***.48 S1AJ !!30

CAJMX=DWX = 1. CE - 10 SCL ACf 1131

00 615 !=2,IMI SCL A7 1132
00 615 J=2,JM1 SCL ACf 1133
LOM=A8S(UD(!,J)) SOL A7 1134
VDM= ABS (VD(!,J)' SOLAJ l 1 "i
Lita= ABS ( U ( ! , J : ) SCL ACC 1136
VMM= ABS (V(l,J)1 SCL ACC i137

DLMX = A*"AX l ( DL*.dX , UCM .'JM ) SCL A7 I I 3e
615 DVMX=AMAXI(DVMX,VCM,V m) 51A7 1133

DUMX=9 C * DLt*X SCL& 1:*O
D'vMX=w O*DVMX SCL AN 11*!

DTMY=1.Cl SOL G I:42

IF(lTER.GT.51DTMY=0.99 SCL ACf 1 tw 3

DELTO= CELT *DTMY SCL ACf i14*

CEL T = AM N 1 ( DEL TO . CELX / DL*'/ . CEL Y / O v MX ) CA Cf 1:*5

DEL T = AM INI ( DEL T , CEL T**X ) SCL ACf I:46

C REL AX A T I Ct. F AC T OR SOL Cf * - '

CO 620 !=lPL, IPR SCL Cf I!*9

CO 620 J=f9,ST SCL ACf I1w9
IF t A t l .J) .EC.O.01CO TO S20 SCLACr 115,

ET= Ell.J) SCL AN !!51

ROT =ROfI,J) SCL A7 1;5?

RVT=RV(l,J) SOL A7 1153
11=1 sot A7 115*
JJ=J SCL A7 155
CALL ECS S1AJ l5x,

PTC=PT SOL Cf '57

CELP= -EPS l *PT0 * twt ** * RO t ! . J ) $1 G |tres
UPw . C * CEL T *GCx *CELP/ ( PO I ! , J ) RO i ! * 1. J ) i ' A ( l , J 1 ' A ( l+1.JI' $1CC '. 159
1(Al1,J)+AI!*1.J)1 51A7 1E0
Ir(Al1+1,J).E0.0.01UP=0.0 SQL AJ 1161
LL=-w.0 G LT*oCX*CELD/(pot 1-l,Ji+;OfI,J)1*At!.J1*A!I- .J!' SCL ACf I|62

1(A(l,Ji+A(l-1.J11 SOL A7 1153
IFiAIl-1,J).CO.0.CILL=0.0 SCL Cf . : 6-*
V T =4 . 0 * CEL T * ROY * CELD / ( RC t ' . J a +C'I ' ! . .' + 1 ' I * A ( l.J)*AtI,J+1)/ SOLAJ l165

I(At!,J)+A i,J+1i) SCL ACC ';66

IFiAtI,J+1).EC.O.0)VT=0.0 SCL ACT 1:E'

V9=-9.0* CELT *PDv CE_D/tGC' ,J ':+ROI1.;i)*Ai!.v1*A'',J-l:/ 50t Cr ra
1(A(|.J)+At1.J-111 S1 ACf .-4

IFtAti.J-l).EC.C.0)iE=0.0 SCL ACf ''

Di= CELT *(RDX*(L9-LL1+ C *iVT-sa) : /AtI. , SCL AJ 1:'l

POT = pot!.J)/(l.0+CT1 SCL ACf '''a
RVT=RVif,J)/I1.0+DT1 SCLA 7 1 73
ET=E(l.J)-PTC/POII.J)*C7 SCL Cf '' *

|l=' SCLA 7 1 3
JJ=J S1C6 'M
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