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K-TIF: A TWO-FLUID COMPUTER PROGRAM FOR

DOWNCOMER FLOW DYNAMICS

by

A. A. Amsden and F. H. Harlow

ABSTRACT

The K-TIF computer program has ^
numerical solution of the time-varying dynamics of steam
and water in a pressurized water reactor downcomer. The
current status of physical and mathematical modeling is
presented in detail. The report also contains a
complete description of the numerical solution
technique, a full description and listing of the
computer program, instructions for its use, with a
sample printout for a specific test problem. A series
of calculations, performed with no change in the
modeling parameters, shows consistent agreement with the
experimental trends over a wide range of conditions,
which gives confidence to the calculations as a basis
for investigating the complicated physics of steam-water
flows in the downcomer.

I. BASIC MODELING AND NUMERICAL SOLUTION

A. Introduction

We have developed a computer model to describe the complicated councercur-

rent flow of steam and water in a pressurized water reactor (PWR). These flows

have been studied experimentally at other laboratories. Typical examples are

summarized in a recent Creare report, which describes various circumstances of

start up, steady state, and transient flow. We particularly have been concerned

with the following.

1. For numerous variations in steam and emergency core coolant (ECC) water

flow rate and ECC water temperature, the statistically steady countercurrent flow
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rates have been measured and characterized in terms of useful nondimensional

parameters and correlations.

2. Commencing from a state of complete flooding (bypass of the ECC water

flow from the three intact inlet legs to the broken fourth leg), the flow con-

figuration was altered to the state of complete dumping (downward water flow from

all three inlet legs to the lower plenum) by a gradual reduction in the steam

flow rate, during periods ranging from 3 to 175 sec.

3. Simultaneously the pressure in the lower plenum was varied (usually de-

creased) by amounts ranging from almost no variation to about 60 psia, with ef-

fects manifested predominantly in the corresponding changes of saturation tempera-

ture and steam density.

4. The Initial temperature of the downcomer walls could be specified to

within about ±10°F, and was chosen in each case to be either the initial satura-

tion temperature of the steam or a superheated temperature of 350°F, followed by

variations resulting from heat exchange with the water and steam.

Our goal is to describe these results theoretically, using physical and math-

ematical models that contain a minimum degree of uncertainty, that can be scaled

with confidence to as wide a set of experimental configurations as possible, both

steady and transient, and that can serve as effective guides to the study of an

entire reactor flow circuit during both steady (normal) and transient (accidental

disruption) circumstances.

For this purpose, we have started with the equations for two-phase flow

which, even at this stage, imply a significant degree of simplification and ide-

alization in several aspects. First, this model represents an average over the

microscopic flow details of the contorted interactions of individual bubbles and

droplets with films of water and channels of steam. These detailed interactions

are Ignored because of their great complexity. Second, the restriction to a pair



of field variables for each control volume and time ignores the spectrum of ve-

locities that actually exists. Third, the formulation requires the introduction

of effective mixture and exchange functions to describe mean transport and in-

teraction processes for which little fundamental guidance is available. The

choice and verification of these mixture and exchange functions lie at the heart

of our theoretical investigations.

Even when the differential model is chosen, effective theoretical analysis

is difficult. Except for the simplest problems, the equations are not amenable

to analytical solution, therefore approximation techniques are required, which

can be used effectively only by means of high-speed computers.

Thus the scope of our development and of this report covers multiple facets

of a coordinated research effort to

1. formulate the differential equations for two-phase flow,

2. derive and/or propose appropriate exchange and mixture functions to rep-

resent the macroscopic effects of microscopic physical processes,

3. develop an effective numerical solution technique,

4. apply the calculations to a variety of specific problems to compare with

experimental results,

5. continue improvement of .all aspects of the mathematical and physical

modeling to increase agreement with the experiments, to remove uncertainties and

solidify the foundations of the models, and to enhance the "universality" of the

representation,

6. extend the studies to circumstances for which experimental data are not

yet available, to guide the planning of new experiments and the design of actual

reactor installations, and



7. publish the entire project as a basis for further theoretical studies

and for the incorporation of our findings into the more extensive systems codes

that calculate steam-water dynamics in the entire flow loop.

Previous studies describe our multiphase flow calculations for the liquid
* 2-4 5

metal fast breeder reactor (LMFBR), for a system of compressible phases, and
for some preliminary parts of the downcomer studies. Additional reports from

7 8LASL Group T-3 ' discuss related studies in steam-water flow dynamics. Here, we

emphasize the detailed numerical technique for high-speed solution of the equa-

tions as embodied in the computer program called K-TIF and also present a summary

of results, interpretations, and conclusions from this stage of the studies of

the transient-flow experiments described in Ref. 1.

B. The Physical and Mathematical Models

In addition to assuming the validity of a two-field approach for the dynam-

ics of the two phases, we assume that the material speeds are much smaller than

the sound speed at each point, so that the microscopic material density for each

phase is independent of position. Eventually, however, it may be necessary to

account for compression and rarefaction waves that arise because of the greatly

decreased sound speed in the mixture. In a more general K-TIF computer program,

the density of each phase could be allowed to vary with time as a result of over-

all compression or expansion. For the present stages of development in the down-

corner investigations, however, only the steam is treated in this manner, and the

water density is held constant in both space and time. Accordingly, the mass-

conservation equations

(Pj V = " ° " pl Sl SABC1

and
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3t v KP2 Z' ~ ° " P2 ABC2

become

96
_ 1 + v . (ei ^ ) = - o/Pl - s A B C 1 , (i)

and

W- + V * (62 U2> = + J ^ 2 " SABC2 " SP2 ' (2)

Here, p is microscopic material density; p1 is total mass per unit volume; 6 is

volume fraction so that p1 = 6p; u is material velocity; J is the mass per unit

volume per unit time condensing (J < 0) or evaporating (0 > 0); S.gp is the vol-

ume per unit total volume per unit time lost or gained in the cold-leg source (A)

cells, broken-leg sink (B) cells, and steam-insertion (C) cells; and S p 2 denotes

the effects of variable steam density,

SP2 p2 dt

Throughout, the subscripts 1 and 2 refer, respectively, to water and steam.

Our expression for the phase-transition rate is based on a mixing-limited

model, in which

Ts " Tl
J ,= J 6 6 fi 6-I 6p f

1. is local water temperature, J, is a coefficient, and T is the (time-varying)

saturation temperature calculated as a function of the overall pressure level in

the system. In the Creare experiments this pressure is a controlled quantity,

which is, therefore, a specified function of time for the calculations. With p
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given in psia, T in kelvins is obtained through the relationship

/ \ 0.223
T s = 117-8 (vb) +255-2 •

3
and the steam density in lbs/in, is given by

p2 • 0.035p/[25060 + 6.67 (Tg - 373.15)] .

With the flows assumed to occur at speeds much less than the sound speed, the dy-

namical contributions to the pressure variations are a negligible modification to

the specified overall pressure insofar as determining T . In contrast, it is

only the local dynamical pressure variation that enters the momentum equation,

which senses nothing of the variations in overall pressure level.

The dependence of J on (T - T.) for all circumstances is based in part on

the assumption that the steam is always at saturation temperature. The ration-

alization for this assumption has two parts. First, the steam cannot be subcool-

ed because there is always sufficient nucleation for its immediate condensation

and release of sufficient latent heat to increase the temperature of any remain-

ing steam to T • Second, although it may be superheated, the energy of the su-

perheat is very small compared to the latent heat and is considered negligible

at this stage of development. .

The formula for J also assumes that steam condenses only in the presence of

sufficiently cool water, but ignores the possibility of condensation directly on-

to the wall wherever the wall; temperature is less than T . This treatment is

based on the idea that subcooled walls are likely to occur only where, cold inlet

water is flooding the wall, so that a cool wall becomes accessible to steam only

if the water subsequently withdraws. Therefore, it is unlikely that much area

of d£Y_ subcooled wall would be exposed. For a wet subcooled wall, the steam con-

denses onto the water, which then transfers released latent heat to the wall,



and brings the wall temperature to Tg before the surface dries.

The coefficient J. is negative in magnitude and constant in all the calcu-

lations reported here. The magnitude of J. can be estimated in terms of fine-

scale steam-water mixing rates describing, for example, the processes by which

cool water away from the phase-transition interface is brought into contact with

the steam, followed by almost instantaneous (equilibrium) condensation to the ex-

tent allowed by the release of latent heat and consequent warming of the water.

Conversely, if the water is superheated from contact with hot walls or because

of a drop in T , then J, is an evaporation coefficient. A refinement for the

phase-transition model will be the incorporation of more detailed physics into

j as a variable in space and time, dependent on such flow properties as the rel-

ative velocity between phases and the dominant, size scales of turbulence and of

the bubble-droplet structure.

With constant microscopic v.ater density, but allowing for time variation of

the microscopic steam density, the momentum equations become

[36-. u, 1

— a t .+ v * <ei ui ui)J = ~ Qi Vp + P7 61 g + K(u2 - fy

+ P] ^ - J/2 [(1 + sign J) u, + (1 - sign J) u2] , (4)

l

P2 lt
 2 + v" • (62 u2 u2)J = - 62 Vp + p2 62 g

+ P2 V2 + J/2 [(1 + sign J) ̂  + (1 - sign J) u2] - P 2 u2 S p 2,

(5)

in which



+1 for J > 0
sign j =

-1 for J < 0

The pressure, p, is the same for both phases; g is the gravitational accelera-

tion, pt describes the transport of momentum from viscosity; and K is a coeffi-

cient of momentum exchange resulting from the interfacial friction (drag) between

the two phases.

The current simple model for V in our Cartesian downcomer studies can be ex-

pressed in the form

*1 s vsl (7 ' e i V ) "l * (6)

"^2 = vs2 (V ' 9 2 V ) "2 * <7>

More elaborate representations can be envisioned with, for example, the kinematic

viscosity coefficient, v , moved inside the derivatives as a variable representa-

tion of eddy viscosity. Like the other mixing coefficients that depend on local

turbulence levels, we might expect the variations of vg to be approximated by the

product of relative speed between phases and the size scale of the eddies, which

in turn may be related to the size scales of the droplets and/or bubbles.

The interfacial momentum exchange coefficient, K, is discussed in Ref. 6.

Its magnitude is calculated in the present studies by the expression

K = f (r. + rJM-M-L&ll I <• , (8)
8 1 Z y r̂  r2/\ r2 Pj ri P2/

in which C D is a "drag coefficient" of variable magnitude near unity chosen,

however, to be a constant in the present series of calculations. The size

scales, r, and r2> represent the "effective radii" of the droplets and bubbles,

^respectively. For bubbles in a continuous fluid, r^ is the bubble radius and r..

8 : . ; - • ; . • • • • • • ' . • . ' . ; • • • " . . . •



becomes the scale of the overall flow region (essentially infinite); and for

droplets in a continuous vapor, r, is the droplet radius and r« becomes the scale

of the overall flow region. For 61 **
 e
2» there are no well-defined droplets or

bubbles; r, * r?; and the momentum exchange cannot at this stage be predicted

from first principles. Nevertheless, the postulated form can be given qualita-

tive justification on the basis of "available-momentum" arguments, and is also

supported by means of comparison calculations for many circumstances. Daly

shows that a constant-Weber-number idea, proposed by Hirt, can be used to esti-

mate the variations in r, and r« in the expression for K, with results that dif-

fer little from those obtained with constant ^ and r2> This further supports

the concept of simple models for representing complicated fine-scale interactions.

This and related matters are discussed in Sec. I.C.

In addition to the conservation equations for mass and momentum, we use an

energy equation in which we sacrifice rigorous conservation in favor of other at-

tributes useful for the numerical solution, as discussed in Sec. I.D. With an

expression for phase-transition rate that depends on (T - T.) and with the as-

sumption that the steam temperature can be equated to T , the required energy

calculation reduces to finding T, as a function of position and time. For this

purpose the energy equation becomes

L is the ratio of the latent heat per unit mass, L, to the product of density,

p.j, and specific heat, b^; s is the downcomer gap width; WHF is the wall heat

flux, positive when from wall to water; and z is the number of walls adjacent to

the water. We use z = 2 in the downcomer, and a z in the lower plenum that repre-

sents the ratio of actual surface area for heat transfer in the experimental



geometry to the fictitiously large area in the current model.

For a thermally thin wall, which responds throughout in short time compared

to th& overall time of interest, we would need a wall-temperature equation that

responds according to the limited total heat capacity of the wall material. For

our downcomer calculations, however, the wall is "thermally thick," correspond-

ing to an effectively infinite heat reervoir within the time scale of our calcu-

lations, in which the temperature deep within the interior of the wall, T » re~

mains constant in time. In this latter circumstance, it is necessary to account

for the progress of cooling or heating in the wall near its contact with the

water. Ideally, we would introduce enough finite-difference zones in the wall

to resolve these temperature variations; in practice, such fine resolution uses

too much computer time. We therefore use an approximation for the temperature

variations in the wall based on a one-time-variable fit to the spatial profile.

T(x,y,?,t) - T w + (Twe - Tw)

in which T is the temperature at the edge of the wall, £ is the distance into

the wall from the edge, and y(x,y,t) is the time variable for which we require

an equation that can be solved simultaneously with Eq. (9). The physical inter-

pretation of y is that it represents the depth of heating or cooling penetration

into the wall. T is also a function of x, y, and t, but the computer program

does not need a separate storage matrix for this variable, as required for T,

and Y , because we relate T _ directly to T, when the heat transfer is not criti-

cal-heat-flux limited, or indirectly to T when the heat transfer is critical-

heat-flux limited.

Clearly?, our chosen fit to the temperature variations in the wall is rela-

tively crude. It precludes, for example, the possibility of an inflection in the

temperature profile, which certainly can occur. Even in the simple case of a



self-similar temperature wave propagation into the wall, we have used a simpler

representation than the known error-integral solution. The next order of approx-

imation,

T = T + ( T - T + a £ ) e" C / Y ,w we w '

is potentially better, but requires significantly more complicated calculations

together with an additional storage matrix in the computer for the variable

a(x,y,t). Available information and the constraints on available computer time,

however., both lead to experimentation with the simplest one-variable model, which

we accordingly use for the calculations described in this report.

Within the wall, the temperature variations are described by the heat-dif-

fusion equation

9 pw bw T - , il
"kat k w 9 C 2 '

in which p , b , and k are, respectively, the density, specific heat, and thermal
W W w

conductivity of the wall material. Two types of thermometric conductivity are

required for the analysis,

and
k

With this definition, the approximation solution inserted into the heat diffu-

sion equation becomes

Y Y" '

n



This equation cannot be an identity in £. To proceed, we must choose the value of

£ at which the equation should be satisfied, a technique equivalent to requiring

that some particular moment equation be satisfied. For this purpose we choose

the position £ = y and accordingly derive the equation for Y»

3 rY (T . T )] = ! « (T - T ) . (10)
at L we w J Y

 v we w

Note also that

which is the appropriate expression to use in Eq. (9), as well as for testing to

to see if the critical heat flux would be exceeded.

To complete the formulation, we specify T = T, for all circumstances in
We I

which the critical heat flux, CHF, is not exceeded. This choice is based on the

assumption that the forced-convective mixing currents are so violent as to bring

the water to an essentially uniform temperature across the gap, which is there-

fore the same temperature as the edge of the wall. This is especially the case

if T, < T . For T.. > T , however, we must also test to see if WHF > CHF. If so,

then the simultaneous solution of Eqs. (9) and (10) can no longer be accomplished

with the relation T = T.. Instead, we replace this relation by

WHF = correlative function of (T - T ) ,
We S

in which the correlative function represents the postcritical-heat-flux heat

transport rate as a function of wall-edge superheat above saturation. At this

stage of the investigation, we take this correlative function to be a constant

(MHF), evaluated as an average around the minimal heat flux (point E in Fig. 4.6

12



of Collier9), times the volume fraction of water, 6-,. In that case, the equation

replacing T = T. becomes

k
J* (T - T ) = (MHF) 6. .Y w we 1

and Eqs. (9) and (10) become especially easy to solve simultaneously.

In the CHF-limited case, we note that Eq. (10) becomes

or

y = (constant + K.tP .w

More generally, Eq. (10) can be formally solved to give

h
2 l c w t ,_ , ,2 ..

Y • - ^ n f (T - T )2 dt
- T J 2 1 w we

'we

in which y = 0 at t = t,• Thus we see that y is not well-behaved when the water

temperature nearly equals the wall temperature, but if the singularity is proper-

ly handled, then a brief excursion through the condition T = T returns y to

essentially its previous value as soon as the temperature difference has return-

ed to any previous value.

More realistically, however, we expect some recovery in the near-edge wall

temperature during those intervals in which the water temperature has returned

to nearly the deep wall temperature. To represent this effect, we therefore re-

place Eq. (10) with Eq. (12), together with the condition that whenever |T - T I
W W6

is sufficiently small, we set the value of y back to a small value, y . To do

better than this procedure would probably require additional computer storage
13



and longer running time per problem, in which event the proper treatment would

be to put a set of finite-difference zones in the wall and solve for the more de-

tailed space and time variations of the temperature profile in the wall.

C. Scaling the Models

Because of the expense and difficulty involved in full-scale experimenta-

tion, it is important that the scaling properties of the calculation models be

thoroughly understood and tested. Many approximations enter into our theoretical

descriptions* and in some instances the basis for our mixture and exchange func-

tions is more empirical and heuristic than rigorous. Nevertheless, there is a

wealth of small-scale experimental data to guide our developments, and more are

planned for the future. Careful use of this information, together with continu-

ous upgrading of the fundamental aspects of our work and numerous comparisons at

several different size scales, should increase confidence in the full-scale ap-

plications of the calculations.

In the absence of resolution in the radial (gap width) direction, our pres-

ent two-dimensional scoping calculations give an efficient means for accomplish-

ing much of the necessary developments. Fully three-dimensional calculations,

with resolution in the radial direction and coupling to the lower plenum and

core, consume more computer time, but may be crucial to the development. These

calculations will enable the distinction between film flow and droplet-bubble

flow to be sensed, and will also alleviate the necessity for an entrainment model,

which will allow the important effects of reentrainment from the lower plenum to

be represented. They will also permit the across-gap flow structure in the down-

comer to be resolved.

Three-dimensional calculations will not, however, permit the resolution of

the detailed flow structure, a cause for concern about the scaling properties of

the calculations. The wave structure on the surface of a film, the size scales

14



of droplets or bubbles, and the eddy dimensions in the turbulence are some of the

basic unknown features that enter strongly into the exchange and mixture functions

and determine, in turn, the overall scaling of the large-scale flow properties of
g

interest. Daly's study exemplifies the relationship between microscale events

and the mean-flow effects they cause, in his case relating to the momentum ex-

change (drag) between phases, as described in Sec. I.B.

For air-water flow in a downcomer, the knowledge of momentum exchange would

be sufficient, but for steam-water flow, much more is required. For example,

when there is rapid condensation, bubbles might be smaller and droplets larger

than predicted by the balance-of-force argument. If the correction is suffi-

ciently small, it might be expressed in the form

r̂  = r. (balance) - rl J

r2 = rg (balance) + r j J

in which the coefficients, ri and r', are independent of J.

If experience shows that instantaneous equilibrium in bubble size is not a

reasonable assumption, then a finite relaxation rate can be introduced through

the transport of N. and Np> representing the number of droplets and bubbles per

unit volume, respectively. In a single-relaxation-time model, analogous to such

models for the Boltzmann equation, we would write, with relaxation rates u,

and ou,

03)

Because
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4irr.,3 N] = 3
(14)

for spherical droplets or bubbles, the magnitudes of r and N can be related di-

rectly to each other in terms of the (known) volume fraction for each phase. The

functions NQ1 and N Q 2 are the equilibrium values of N, determined by the balance-

of-force concept as expressed by specified values of the Weber numbers for the

two phases. Transport equations for N, and N_ would be preferred to those for

any other variables, as these represent the quantities actually transported, for

which fundamental conservation principles apply when no fragmentation or coales-

cence is taking place.

In addition to the presence of r, and r2 in the momentum exchange function,

K, we expect the variations of those scales to be reflected in variations in the

phase-transition coefficient, J, . This coefficient is dependent on (perhaps pro-

portional to) the mixing rate. Therefore, we must appeal to simple theories of

turbulent diffusion, in which mixing rates are proportional to the product of ed-

dy size scale and a measure of the departure of velocity from the mean, estimated

by the relative velocity between phases. If eddy size were proportional to bub-

ble or droplet size, we would be led to express J, as a constant times |LL - Luk-i

Because the scale, r,, may in turn depend on gap size, s, and various other local

properties of the flow, we see the complicated manner in which the macroscopic

properties of the flow can be affected in several ways by changes of downcomer

gap size.

Thus, although the details of size scaling are not determined, helpful

guidelines exist for developing appropriate models. One goal is to obtain re-

sults that will compare satisfactorily with experimental data over a wide range

of size scales without requiring circumstance-dependent manipulation of coeffi-

16



cients. Another goal is to demonstrate that the resulting models are applicable

to the realistic study of configurations at scales other than those for which ex-

perimental data are available.

D. Summary of the Numerical Solution Technique

The finite-difference numerical solution technique relates to a mesh of

computational cells and finite time steps or cycles in the same way as in our
2-5previous multiphase computation procedures. The cells are rectangular in a

layout that extends in the azimuthal and vertical directions, but with no reso-

lution in the radial (across-the-gap) direction. The top wall is a rigid free-

slip boundary. Just below the top wall (Fig. 1) are the three cold-leg input

ports (A), the broken cold-leg exit port (B), and the four hot-leg barriers

(crossed). The left and right boundaries communicate so that whatever flows out

of one flows into the other. Therefore, the system is an annulus connected to

itself around the periphery of the vessel. Resolution of the full lower plenum

is allowed by our model, and the cross-sectional drawing in Fig. 2 indicates how

the two-dimensional computing mesh represents the actual geometry. The original

volume of the lower plenum must be preserved when making this transformation.

The steam-insertion (C) cells cover the entire lower plenum, with the steam dis-

tribution proportional to the local time-varying steam volume fraction. Despite

the increase in computer time for full resolution of the lower plenum, there are

several advantages over the representation of that region by a boundary condition

at the bottom of the downcomer: (1) removal of ambiguity for the conditions to

apply at the lower boundary, as it is simply a free-slip wall, (2) resolution of

the splash details, which seem to have an appreciable effect on the downcomer

flow dynamics, and (3) allowance for a physically reasonable model for the steam-

insertion distribution.

17



£TOP EDGE OF LOWER PLENUM

STEAM SOURCE REGION (C)

STEAM

^ xriTfn
1SAME VOLUME AS

TRUE LOWER
PLENUM

Fig. 2. The K-TIF two-dimensional vol-
ume-conservative approximation
to the true lower plenum.

Fig. 1. A typical K-TIF downcomer com-
puting region. The four cross-
ed regions represent the hot-
leg obstacles, A denotes the
three unbroken cold-leg inlets,
and B denotes the broken cold-
leg exit.

With rectangular cells to resolve the downcomer flow region, the cold-leg

ports and hot-leg obstacles are represented by rectangles, but this idealization

is probably not a source of significant error because the prescribed input flow

rates are chosen carefully to agree with the experimental circumstances in each

case.

The field variables for each calculation cell are located as shown in Fig.

3. The cell centers are labeled with indexes i and j, increasing, respectively,

in the x (horizontal) and y (vertical) directions, for which the components of

18



Fig. 3. Location of the principal vari-
ables about a K-TIF cell.

velocity are, respectively, u and v. In each case, except for the steam temper-

ature, which is not specifically calculated, each field variable occurs twice at

the locality shown, subscripted with 1 or 2 for water or steam.

In addition, each field variable may carry a left superscript n or n+1 that

denotes the cycle number in the time-advancement sequence. If omitted, the im-

plied cycle number is n. In the iterative solution within a cycle, through which

some of the field variables advance in a converging sequence of values to their

n+1 values, the intermediate levels are designated with an overhead tilde (~).

Likewise, an overbar designates those n-cycle quantities that do not vary during

the iteration. The following expressions represent those parts of the momentum

equations.
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[n<e2u2
2 > }

- n(S
p 2

The angular brackets < > indicate a donor-cell treatment of the convective

flux of the enclosed quantity. The use of the donor-cell fluxing facilitates

automatic partial mitigation of truncation-error effects without requiring an
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explicit ar t i f ic ia l diffusion. In our formulation, the donor-cell convective

flux of some cell-centered quantity, Q ,̂ at cell boundary (i+%,j) is given by

< u Q > lh - »lh [(1/2 + O Q] + (1/2 - 5) Q̂

where E, = 1/2 sign (u^., ). This formulation of £ requires that |um I 6t/6x < 1/2
1 Tig UlctX

everywhere, ordinarily a reasonable upper limit on 6t for accuracy.

The ft terms in Eqs. (15) are functions of the J from Eq. (3). We calculate

Mj = -^2» where ̂ 2 = Jiu. for J > 0, or $2 - Ju2 for J < 0.

The V terms in Eqs. (15) are described below and defined in Eqs. (19).

For the mass convection terms, we use the abbreviations

51 =" SABC1

and \ (16)

52 E SABC2 " J / p2 + SP2

in terms of which Eqs. (1) and (2) become

n+1,

n+1,

Also, our momentum equations become
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(18)

n+l, f l u ) ] - f a - T V * , [ 2JH-?s 6 t /n+1 j n+1

These finite-difference equations exhibit the basic, intercoupled implicit-

ness in the solution technique. The new (n+1) values of quantities are express-
12 13ed in terms of new values, which, as in the MAC and ICE methods enables the

calculation of low speed ("incompressible," or low-Mach-number) flows, and also

enables the momentum coupling between fields to be calculated without restricting

the magnitude of K.

We discuss the solution of this part of the equations for each cycle, de-

ferring consideration of the water-temperature equation, because it is not im-

plicitly coupled to the mass and momentum equations.
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The sequence of steps commences with an initialization that prepares for the

iterative loop itself. Finite-difference expressions for K, J, and the components

of V are calculated, the overbar terms for the momentum equation are evaluated

[Eq. (15)];, and the first tentative new values of the volume fractions are found

by using Eq. (17). For the components of V, we use

3M+l
(19)

Special comment is required about the cell-corner values of the volume

fractions. A momentum diffusion coefficient proportional to volume fraction is
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necessary to represent the accessible area per unit volume through which the mo-

mentum is fluxed. Its presence is also beneficial in the numerical solution to

help avoid excessive diffusion and numerical instability where the volume frac-

tion is small. The cell-corner values, however, for example (O-J'Li*, must be cal-

culated carefully from the surrounding cell-centered values of 0,• To see

this, suppose that among the four 9, values surrounding a mesh vertex, only the

lower left one is moderately large, and the rest are several orders of magnitude

smaller. Then the flux of momentum upwards through the vertex, if proportional

to a simple average of the four 8, values, would be far more than the ("i) 1^

calculation, could absorb, because that calculation determines the new value of

^I'ViHs ancl converts tnis '*rit0 a velocity through division by (9.)"!^. This

last, by our premise, is very small, which would throw the resulting velocity
i+%magnitude into a grossly unrealistic range. Our remedy is to form (Q-j)^ as

the lesser of a pair of two-cell averages, behind and in front of the fluxing

direction.

The pressures and velocities left over from the previous cycle, or specified

initially, together with the tentative new 8 values, form the initial values of

a sequence of iterative updates signified by tildes over the field variables.
;iWe carry through a Newton-Raphson solution procedure as follows. First, define

^

K| " P i ̂ 1 ,.Yli.ti;,-t,,:.

V p 2

6y

2*



P22
 + K U « [(e,)^ Pl + ( e 2 ) ^ p2

. - (V, "pli Pi Pp "4 OT" | » ° l ' i Pi V°9'i Po I * \^«7

Then the simultaneous solution for Eq. (18) is

(21)

and the corresponding updates for the volume fractions are given by [see Eq. (17)]

v >

1v1 > .

+• i

(22)
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Next, repeat Eqs. (20) and (21) with

(P')j = Pi * ep ' (23)

in which e is an appropriately small fraction of the mean dynamical pressure in

the system, which is always normalized by an additive constant to show a minimum

pressure of zero; and the sign is plus or minus in a checkerboard fashion

throughout the mesh. Let the velocities formed with the p' substitution be de-

noted u1 and v', which presumably differ slightly from the corresponding values

of u and v. The next step, then, is to calculate

= 67 b V i + ¥2 >U -K v i + ¥2 >

Vi + ¥2 > i"i+ ¥ 2 >IJ

+ ¥ 2 > r - < v i + ¥ 2 > i"1"]+ si • (25)

The definition of HP. is formed by adding the two parts of Eq. (22), assuming

"(8^ + e2)-J s 1, setting S = S] + S2> and letting

D] = (e-t + e2)^' - 1 . (26)

Then the significance of D;j is that convergence of the iteration means IH has

become sufficiently small for every cell in the mesh. With the proper choice of

boundary conditions, perfect vanishing of 0^ for every cell means more than sim-
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ply the achievement of n+ (6-j + B^)* = 1. By summing separately each part of Eq.

(22) over the entire mesh we see that convergence also means perfect response

of each phase separately to the effects of S1 and S2, or alternatively to per-

fect conservation of each volume separately if S, = S_ = 0. More important, Eq.

(22) shows that the overall conservative property for the volume of each phase

is ensured even if the convergence is not perfect. Without perfect convergence,

however, Eq. (22) shows that (e] + e^-j may differ from (e1 + e ^ , and

accordingly may depart from unity in each of the various cells. Because itera-

tion to "perfect" convergence is costly in computer time, and has proved unneces-

sary for most purposes, we have devised an effective way to ensure that

(e, + 9p)^ is sufficiently close to unity, which is discussed below as a se-

parate "corrective" procedure.

With the values of D1? and D"^ calculated for every cell, we may now proceed

with the Newton-Raphson increment calculation, the incremented variable being the

pressure for each cell. The fundamental idea is that we wish to solve simulta-

neously for the values of pi that make D^ = 0 for every cell. For each step, we

determine the increment dp:?, by

(27)

The importance of D"? can now be demonstrated. We use it to estimate the denomi

nator in Eq. (27), by writing

(D' - D)-j

so that
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SpJ - - *> B.J DJ (29)

in which w is an over/under relaxation constant with magnitude near unity. Thus

the update value of p!? is given by

^ ) ^ - «PJ . (30)

If, at this stage, the value of D;? passes an appropriate convergence test

for every cell, then the iteration is considered complete; if not, the calcula-

tion returns to Eq., (20) and is repeated.

When convergence is satisfactory, two additional modifications can be made

to the fields of volume fractions, one corrective as mentioned above, the other

diffusive to account for turbulence or perhaps to enhance numerical stability.

The turbulent diffusion is accomplished by a specified or calculated field

of values for the coefficient, o^, according to the following equations.

and ° ± J S = 1/2 (a

except at a rigid boundary, where o3.+, = 0 and a ^ = o to ensure conservation.

Then calculate

(3,)}

and
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[(62)J+, - (a,)!] - ̂  [(e2)3 - (e2)J.,]j

in which the modified values, 9, and 62, replace the new volume fractions in the

computer storage.

The corrective procedure, to bring n (e, + S-)1? to unity, is accomplished

by an efficient and rapidly converging iteration. Let

8.9 . , , (32)

fix <5y7

which is 90% of the maximum value that could be chosen for the following purpose,

according to the well-known stability properties of this process. Next,

\,

Io [<e2)} •

except at a rigid boundary, where X, = T^ = 0 to ensure conservation. Then cal

culate

(9, • 02)f
 ]
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and

- (e, • e2)f ']})

^ [(6, - (e, •

V

and replace each e by 6. This is repeated as many times as necessary to achieve

a value of unity for (8, + e ^ in every cell to within some desired degree,

which, for most purposes is sufficiently accurate when the discrepancy is every-

where less than 2%.

The calculations of volume fractions, velocities, and pressures discussed

so far are performed in each cycle with the water temperature remaining fixed.

When that part of the calculation is complete, the new values of T, are deter-

mined using an implicitness that is not coupled to the advancement of the other

field variables. This calculation needs no iterative procedure for its solution.

To accomplish the simultaneous solution of Eqs. (3), (9), and (12), we

first assume that the critical heat flux is not exceeded. Let T = T - T .

Then the combined equations become, for |T - T - T| > AT ,

3T6,
V ' LL °L 'Tw " Ts " T>

(34)

in which Eq. (1) is used. For the solution of these equations, we define
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L] = LL JL «t (61 B2)\ /Ts , (35)

T > J+J*] . (36)

Here, as a departure from the previously described convention, any value of u,

v, and e used in this water-temperature solution without a cycle-level superscript

refers to the newly calculated (n+1) level. With these definitions, Eqs. (34)

become, in finite-difference representation,

z K <5t

Yi

n+1
vi

^ (37)

The implicitness, exhibited by the use of n T^ in both the phase-transition-

rate term and the wall-heat-transfer term, removes any time-step restrictions on

the magnitude of the coefficients for these effects. The equations are solved

simultaneously for the advanced-time variables in each cell.

If IL, " Tc ' Tl < ATo» tnen Ec>s- ^37) are replaced by n + V = Y and a T
W S 0 1 0

equation in which the wall heat term is set equal to zero. Thus, the calculations

for advancing the water temperature take place in a three-step process.
1. Subtract Tg from every "(T^j, to form

 nT^ .

2. Calculate n + 1T^ and n+]y\ .

3. Add Ts to every
 n+}j\y to form "^ ( T , ) ^ .

Although steps 1 and 3 are not required in principle, we find in practice that

the accuracy is significantly enhanced by this procedure. The reason is that
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Eq. (17) is not precisely satisfied by the iteration solution, because practical

considerations force cessation of iteration before convergence is complete. The

resultant discrepancy would serve as a source or sink for Tj. but it is almost

completely removed by solving for T in Eq. (34), from which most of the source

and sink terms have been removed by Eq. (1).

In the critical-heat-flux limited case, the procedure is nearly the same as

above, except that Eqs. (37) are modified by the assumption that

^J [V T,-

so that the two equations to be solved for n T^ and n Y^ are

n + l j .

(MHF)

(38)

Note that our equation for water temperature excludes S.gc, of Eq. (1).

That term is active only in the cold-leg inlet and outlet cells, where the water

temperature is not calculated. In the cold-leg inlet (A) cells, the water tem-

perature is the prescribed ECC temperature. In the broken-cold-leg outlet (B)

cells, the water temperature is taken to be T , although the value is irrelevant

because we allow water flow only into those cells.

E. Boundary Conditions

The boundary conditions presented in this version of K-TIF are tailored

specifically for the geometry described in Fig. 1, where the walls that surround

the computing region are typical representations of free-slip rigid walls along

the top and bottom, and periodic boundaries along the left and right. The free-

slip walls are insulated, nonadhering surfaces that exert no drag onto the fluid.



The normal component of velocity and the gradient of any scalar variable vanishes

at the wall. The periodic boundaries simply connect the two sides of the compu-

ting mesh. Along the left boundary, for example, the neighbor to the left of a

given cell is the cell lying adjacent to the right boundary in the same row of

cells, and vice versa.

The boundary conditions applied to certain cells within the mesh merit a

more extensive discussion. One condition concerns the flux of steam into the low-

er plenum, which is mentioned in Sec. I.D in relation to Fig. 2. The flux is

based on data for a specific experiment, in particular the dimensionless param-

eter J » a measure of the variable steam flux, which may, for example, ramp

down to zero over some number of seconds. In K-TIF, J appears in our expres-

sion for the quantity FB2» which is the total volume of steam per unit time per

gap width entering the system. Then

J
9c • T ^ V V (P, - P2> • <39)

where L is the length of the system, equal to downcomer circumference. In all

cases, our sign convention is that every volumetric flow rate is positive for a

flow pjrt of the system. F^ ls tnen converted to the volumetric source-sink

function, Sc2» subject to the constraint

(SC2>1 * * " FB2 '

with the sum taken over all cells in the lower plenum. The distribution is e»

weighted, so that for every cell (i,j) in the lower plenum

(Sf
JI
6X
B2 (e9)2'i (40)
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In addition to having a steam source feature, the only other unusual treatment

in the lower plenum is that the wall-heat transfer rate is half as large as in

the downcomer region above, as there is only one heated wall in the plenum but

two in the downcomer. This is described in Sec. I.B.

Also taken from the experimental data is 3f ... the influx of ECC water

through the three intact cold legs, which is related to the quantity S ^ , the

total inlet volumetric flow of water through these three legs per gap width.

Again using the Creare system of nondimensionalization,

S' is then divided evenly among all the individual A-type cells that comprise

the three intact legs.

SI.
S.. (individual cell) = ^ - , (42)
Al TA

with T. denoting the total volume per unit gap width of the inlet-pipe source

regions.

In addition to the steam source S c 2 and the ECC source S.,, there are two

other volumetric sources to the system. One of these arises from the effects of

variable steam density, S p 2 of Eq. (2), and the other arises from phase transi-

tions. For this latter, the total volumetric change rate over the entire system

is

Fp * ft" k) § !J») 5x{y • t43)

With four of the volumetric sources known at any given instant, we impose

the condition that the net volumetric loss rate over the entire system is zero.

The necessary adjustment to achieve this balance is made at the broken cold leg

(B). Combining the sources and following our sign convention, we declare
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FB2 + SA1 TA + £ < V i ***y + F
P

 + (SB1 + SB2) TB H ° > ( 4 4 )

in which xD denotes the total volume per unit gap width of the outlet pipe sink
o

region. To calculate SD1 and SD9, we specify

s

s

B1 • B I (45)

B2

and substitute these expressions into Eq. (44) to determine H.

SA1 *A * 5 ' W i **> + F. (46)

( e + e ) • (46)

Because the removal of water and steam is in proportion to the local e's, the

velocities could be subject to large accelerations for extremely small e values

at the outlet. Accordingly, we have found it helpful to set the SB term for

either of Eqs. (45) to zero if the corresponding 9 value is less than 0.01. The

procedure thus delays drainage until material buildup is appreciable, avoiding

accelerations that would reduce 6t, but at the same time it has a negligible ef-

fect on the overall dynamics of interest. If the calculation gives H < 0, indi-

cating flow back into the downcomer from the broken leg, then we take Sg, = 0 and

S R 2
 = H(e. + O R ' tnus aH°wi n9 only steam to reenter.

F. Automatic Viscosity Calculation and Numerical Stability

Donor-cell convection contributes an effective viscosity to the flow. The

magnitude of this contribution can be estimated in the following way, which we

discuss for brevity under the assumption that Sx = 6y,

vs = ws(U
2 fit + 1/2 U 6x) , (47)
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in which u * 0.5, and U is an appropriate estimate of the maximum speed in the

system. If this donor-cell contribution is deemed insufficient, then we may add

more by explicitly incorporating Eq. (47) into Eqs. (6) and (7), with some ap-

propriate choice for the magnitude of u> . More accurately, we could endeavor to

cancel from the calculations the (positive or negative) lowest order diffusive
14effects by a truncation-error subtraction procedure, but this is not attempted

in the present version of the code.

Because the convection terms are solved explicitly, the calculations are

subject to a stability condition of the form

This condition forces a restriction on the efficiency of the present K-TIF code.

Because of the relatively high speeds attained by the steam flow, the time step

per cycle must be smaller than would be required if the steam convection were

calculated implicitly. Production versions of the code, planned as developments

from the present research version, may be expected to run faster on the computer

if they incorporate this additional implicitness, but other considerations may

keep this improvement from being appreciable.

Note that if a calculation is performed with the restriction

33T " f •

where 0 < f < 1, then Eq. (47) shows that

vs - <os f (f + 1/2) f*- . (49)

2
Now the ensurance of diffusional stability requires 4v 6t < 5x , which, with

Eq. (49) can be written

3 6 :::'•:.:• ., •".



w s < 2f(2f + l) • {50)

This result shows the consistency among Eqs. (47), (48), and the diffusional sta-

bility condition. For example, if f = 0.5, then w s < 0.5 is required, and this

restriction is closely related to the donor-cell and/or explicit diffusion that

would in any case be expected or appropriate.

Another stability condition, associated with the phase transition rate, can

be illustrated by considering parts of the second half of Eq. (17),

*'., • \ (i • \ oL at \±) ,

which shows that we must require, in the worst case (n8-] « 1.0),

JL fit
VT1 < 1 .

This stability condition restricts the time step, 6t, in a manner that is inde-

pendent of finite-difference cell size. In case this restriction should become

severe, it is easily mitigated by an additional degree of implicitness in the J

terms of Eqs. (17).
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v ; II. THE K-TIF COMPUTER PROGRAM

A. General Structure

^ K-TIF is intended for use on the CDC-7600, operating under the Livermore

TimerSharing System (LTSS). To optimize computing resources in a time-sharing

mode, we decided to write the program as a short main program that drives 15 sub-

routines of short-to-medium length. By forming a binary library of the entire

routine collection, generally only one or two subroutines require recompilation

toset up any particular problem, thereby minimizing compilation time.

Figure 4 illustrates the 16-routine structure, which begins with the main

routine KTIF. From this point, control can pass any one of three possible ways,

depending on thr disposition of the variable I, located in the input file.

1. If T > 0, it 1s assumed that a calculation is to be set up from data

supplied in the input file, with I taken to be the number of mesh zones in the

azimuthal (x) direction. Thus, control is passed to subroutine SETUP, which

creates the computing mesh with its initial cell quantities and determines all

parameters necessary to the cyclic solution of the problem.

2. If T = 0, it is assumed that a calculation is to be continued that was

previously set up and running, and that was terminated with a data dump.

3. If T < 0, the input file is exhausted and the problem ends.

As shown in Fig. 4, both the paths I > 0 and 1 = 0 enter subroutine CONTROL.

All the remaining subroutines and the logic directing them are subservient to

CONTROL. The first task of CONTROL is to sense the I = 0 condition and, if it

exists, to read the data dump and continue the calculation. The basic K-TIF

calculation cycle is the top-to-bottom logic path below the CONTROL box in Fig.

4. CONTROL performs the calls and makes the tests just as indicated in the fig-

ure. Note that several of the called subroutines call other subroutines, indi-

cated by boxes^to the right with double-headed arrows.
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EFFECTS ON

EXTERIOR
TANGENTIAL
VELOCITIES1

( PLOTS 8 PRINTS?)
YES

NO
PLTPRTS

TIME LIMIT \ Y E S
OR FINISHEO?

(READ DUMP) t + 8 t * t

PHASE 1
LAGRANGIAN= I PH1LAGR

P AVERAGE, I p A V G E p p

I
ITERATION
LOOP

PHASE 2 0= | PH2TH

PHASE 2 U.V

PHASE 2 0=

YES

PHASE 2 D=

NORMALIZE
PRESSURES=

PMIN

NEWTEMP

MOVTHETA

(WRITE DUMP
IF SPECIFIED)

PHASE TRANSITION'

FASE

BND

[ PH2UV

*
PH2TH

t
ITERATION DONE? )

BND |

PH2DTIL

Fig. 4. The K-TIF program structure, in which the main routine KTIF drives 15
subroutines.
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The tasks of the subroutines referenced In this cyclic loop are as follows.

SIGLAM makes two modifications to the volume fraction fields. The first

is the incorporation of the turbulent diffusion (a) of Eqs. (31), and the second

is the corrective (A) procedure that brings (e1 + 62)*(1 ± eQ) in every cell, by

using Eqs. (33).

BND sets boundary conditions for e's and velocities in the fictitious

cells surrounding the mesh. It is necessary to CALL BND whenever the inside

values of any of these variables are updated.

MOVTHETA moves the contents of 0-j and e 2 storage to
 ne 1 and

 n e 2 . In

K-TIF, several levels of 6 storage must be maintained. Note that the water tem-

perature equation requires both e and 6. The G evolves from 6 during the

course of the Phase 2 iteration and emerges as e. The multilevel 6 storage

is also required in SIGLAM, where the § and 8 equations require current 6 values

from the neighboring cells.

TANVEL sets the exterior tangential velocities on the bottom, top, left,

and right sides of the mesh.

The SIGLAM-TANVEL duo are placed at the beginning of the cycle rather than

at the end, where the discussion of Sec. I.D logically placed them. The purpose

here is to accommodate a more general setup that (1) may have generated e's that

did not sum to unity in every cell, or (2) had an initial velocity field, immedi-

ately requiring the exterior tangential velocities.

Upon completion of the SIGLAM-TANVEL duo, the code has either the complete

problem setup or the complete results of a calculation cycle. At this point,

therefore, we make the tests for output plots and prints, calling PLTPRTS to

create the desired output (Sec. II.D) if the tests are satisfied. Also at this

point, checks are made to see if the problem either has run to the specified

finish time or 1s about to exhaust the computer time assigned to the run. In
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either case, CONTROL will write a dump for restart purposes if specified by the

input data. If the run survives these two tests that can force its termination,

t is incremented by fit, and the logic sequence begins that performs the next cy-

cle.

PH1LAGR performs the Phase 1 explicit Lagrangian calculations. A call is

made to subroutine FASE to obtain new arrays of J [Eq. (3)], the J contributions

to S, and S2 [Eqs. (16)], and the new value of Fp, the flux due to phase tran-

sitions [Eq. (43)]. In PH1LAGR, the r, and rg arrays are calculated, or alterna-

tively, set to a prescribed constant value. The various contributions to the

sources and sinks of the A, B, and C cells are calculated: variable steam density

[Eq. (2)], ECC water flux in the A cells [Eq. (42)], removal of water and steam

from the broken cold leg [Eqs. (45)] or influx of steam only if there is a net in-

flow [H < 0 in Eq. (46)]. Throughout the lower plenum, which is comprised entire-

ly of C cells, the present steam flux, FB, [Eq. (39)], is distributed in propor-
DC > <

tion to the local e2 of each cell [Eq. (40)]. At this point, the S, and S2 fields

of all cells contain all the contributions for the cycle.

and

I mj / | ft

P2 '

The remaining tasks of PH1LAGR include the calculation of K [Eq. (8)], the D

convergence test for later use in the Phase 2 iteration, and the (eu") and (6v")

fields [Eqs. (15)].

PAVGEPP determines the average pressure in the system and, from i±, the e

that will be used in the tilde prime and 3 equations in the Phase 2 iteration.



PH2TH calculates the new ^ and e 2 arrays [Eqs. (22)]. The first entry 1s

to Initialize their values before the Iteration loop.

The Phase 2 Iteration Ipop begins at this point.

PH2UV is called to obtain the tilde and tilde prime velocities [Eqs. (21)].

A perturbation may be applied for some number of cycles at the beginning of the

calculation by a slight acceleration added to the u and u' of the cell just below

the ECC Inlet cell lying furthest from the broken leg. This ensures that the cal-

culation will allow growth of the instabilities that are present In the physical

m o d e l ; ' • • ' ' •

PH2TH 1s called to obtain updated e values based on the new velocities.

At this point, we test to see if D convergence has been satisfied throughout

the mesh, the first time through, though, a D has yet to be calculated, but we

purposely preset the test to the "fail" condition to force iteration, for which

PH2DTIL is called:

PH2DTIL obtains the fields of D and D1 [Eqs. (24) and (25)], which in turn

enter the new g [Eq. (28)], and then the new pressures [Eqs. (29) and (30)].

Finally, a test is made on D convergence and a count is kept of the number of

cells that fail to converge. This is the number to be tested for D convergence.

The sequence goes back to the call to PH2UV above, then PH2TH, the conver-

gence test, and PH2DTIL. The loop is maintained until either convergence has

been obtained for all cells, or the maximum allowed number of Iteration loops

- have been made. In either case, iteration is terminated and the remainder of

-~x the cycle is calculated.

1 ' N PMIN normalizes the final pressure field by determining the minimum pressure

in the system and then subtracting this value from all the pressures. The re-

sultant field represents the final pressures for the cycle.
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NEWTEMP calculates the new water temperatures, n+ T,» and then replaces the

nT, field with the new values. In addition, new values of the conduction depth,

Y, are calculated.

MOVTHETA is called one last time to replace ne 1 and
 n e 2 fields with the

n + 19, and 62
 that resu1ted from the iteration.

As indicated in Fig. 4, the flow returns to the point where SIGLAM is call-

ed, to complete the cycle.

B. The Indexing Notation

Figure 3 shows that some variables are defined at cell centers and some at

cell edges, as is typical of a number of Eulerian computing methods. In FORTRAN,

f£ can be represented simply by P(I,J), but u*+, cannot be represented by a half-

integer index; therefore, our convention is that U(I,J) denotes this particular

velocity. Thus the indexes I and J denote a quantity located at the center of

cell (i,j), at the right edge (i+Js,j), or at the top edge (i,j+%), depending oh

where the quantity is defined to be by the difference equations. In K-TIF, (I,J)

is replaced simply by (IJ), because only single subscripts are used for computer

efficiency. In the K-TIF subscript notation, the letter P stands for + , and M

stands for - . Thus, we write

U = (U) ,

IMJ = (i-l,j) ,

IOM = (i,j-l) ,

IPJP = (i+l,j+l) ,

etc. Such a notation makes the programmed difference equations in the code easy

to read.

Because the number of cell edges in either direction is one greater than the

number of cells, the grid in computer storage must be at least (T+l) by (7+1) in
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size. Because our indexing refers to cell centers and right and top edges, one

extra column of storage on the left and one extra row along the bottom are pro-

vided. K-TIF also includes an extra row of cells across the top and an extra col-

umn up the right, which gives an (T+2) by (3+2) mesh. As described in Sec. I.E.

these exterior zones are known as outside or fictitious cells, and surrounding

the mesh with them helps in treating the boundary conditions.

An example of the basic K-TIF mesh is shown in Fig. 5, which shows that

double DO loops in FORTRAN would have the limits J=2 to JP1 and 1=2 to IP1 to

sweep all cell centers. Similarly, DO loops with limits J=2 to JP1 and 1=2 to

IBAR will access all interior u velocity components, and those with limits of J=2

to JBAR and 1=2 to IP1 will access all interior v velocity components. Boundary

velocities and exterior values of the cell-centered variables receive special

treatment and normally are not included within the limits of the DO loops.

C. The Input Data

BCD data cards punched according to specific formats provide the parameters

required to set up a K-TIF calculation. Operating under LTSS, true cards are no

longer used, and are replaced by a disk file of card images with one line per

card image. The number of lines varies

depending upon the number of entries in

the tables of experimental values of
*(t, psia, J ) and the number of A and

B ports and hot-leg obstacles. The in-

put file has the following appearance.

Line No. 1: IBAR, JBAR, JTOPLP, NTAB,

DX, DY, CD, MU(1), MU(2), SIGIJ

(Format 414* 6F8.3), where

[TTTTn JP2
i i 1 I I I ; J P I
l_\ I 1 I I tJBAR

1 1 1 1 1

—1

—1

1

1

r~
i—
i
i—

i i i__L__ j i i

I 2 IBARIPIIP2

Fig. 5. The FORTRAN column and row no-
tation used in K-TIF. Ficti-
tious cells are denoted by
dashed lines.
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IBAR = I, the number of real (interior) cells in the azimuthal (x) direc-

tion.

JBAR = I, the number of real (interior) cells in the axial (y) direction.

JTOPLP = the height of the lower plenum, an integer number of cells,

chosen to match the experimental lower plenum volume as nearly

as possible within the constraints of mesh width, cell size,

and gap width.

NTAB = the number of entries per table for TABT, TABP, and TABJG below,

from experimental data.

DX - fix, the cell size in the azimuthal direction.

DY = 6y, the cell size in the axial direction.

CO = CD» the drag coefficient.

MU(1) = u^

> the optional viscosity coefficients.

MU(2) = \i2

SIGIJ = o, the turbulent diffusion coefficient.

Line No. 2; NAME (Format 8A10), where columns 2-80 are used for problem

identification on prints and all film frames.

Line No. 3: WE, BIGJL, TWINF, TECCF, JFSTAR, S, HFCRIT (Format 7F8.3), where

WE = We, the constant Weber number used in the r, and r_ calculation. If We

< 1.0, the value is interpreted as a constant r instead.

BIGJL = J, , the phase transition coefficient.

TWINF = Temperature of wall interior, T w . » in °F.

TECCF = T £ c c (°F), to match a particular experiment.
*

JFSTAR = J- ,„» a dimensionless measure of the ECC flux, to match a

particular experiment.

S = s, the width of the downcomer gap, to match a particular experiment.
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2
HFCRIT » CHF, the critical heat flux, in cal/(in sec). For forced convec-

tive boiling, a CHF may not apply; 1n this case we supply some large

number, e.g., 10 .

Line No. 4 (or 4 and 5): (TABT(N), N=l, NTAB) (Format 10F8.3), where TABT

is the table of time values at which pressure and steam flux measurements

were made in a particular experiment. The dimension allows a maximum of

20 entries. Used with TABP and TABJG, below.

Line 5 (or 6 and 7): (TABP(N), N=l, NTAB) (Format 10F8.3), where TABP is

the table of pressure values in units of psia corresponding to the times

in TABT. A linear interpolation is performed every cycle to obtain the

current pressure.

Line 6 (or 8 and 9); (TABJG(N), N=l, NTAB) (Format 10F8.3), where TABJG 1s

the table of J values corresponding to the times in TABT. A linear

interpolation is performed every cycle to obtain the current J .

Line 7 (or 10); T, DT, DTMAX, TLIMD, TWFIN, LPR, MPR, M0059 (Format 5F8.3,

314), where:

T = t » the problem starting time in seconds, usually zero.

DT = 5tQ> the initial fit. After the first 10 cycles, fit is chosen

automatically from prevailing conditions.

DTMAX = 6t_a » the maximum fit allowed in the calculation.

TLIMD =1.0 to force a restart dump and a RETURN just before the CP time

limit is reached; > 1.0 to force a restart dump and a RETURN

immediately after cycle 0^output;

=0.0 to run to the CP time limit with no dump.

TWFIN = problem finish time. When this time (t > TWFIN) is reached,

control returns to the main program KTIF. (Upon RETURN to KTIF

for either the TLIMD or TWFIN condition, KTIF searches the input
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queue for further problems.)

LPR = "Long Print" control, where

0 = movie option, 1 = cell-data listing on film only, 2 = cell-data

listing on both film and printer, 3 = cell-data listing on printer

only. These options are described in the next section.

MPR = "Monitor Print" control, where

0 bypasses, and 1 performs, a one-line summary monitor print to

the printer file every other cycle.

M0D59 = the number of cycles between summary monitor prints on the remote

(time-sharing) terminal. Usually ~200.

Line 8 (or 11): (DTO(N), N=l, 10) is used in conjunction with:

Line 9 (or 12): (DTOC(N), N=l, 10) (both are Format 10F8.3), where DTOn

specifies the problem time output interval between calls to PLTPRTS.

DTOC specifies the time at which to change to DTO +,. As an example,

assume that output is wanted every 0.25 sec of problem time for the

first second, then every 2 sec up to 8 sec of problem time, then every

0.125 sec up to t = 10 sec, then more infrequently again, with output

only every 10 sec until t = 50 sec. One would use:

DTOO-4) = 0.25, 2.0, 0.125, 10.0,

DTOCO-4) = 1.0, 8.0, 10.0, 50.0.

To keep the output time interval fixed throughout a run, specify DTO(l)

= (interval) and DTOC(l) > TWFIN. As an output time is approached, the

automatic <5t will choose a special 5t for one cycle so that the output

occurs at the precise time specified.

Line 10 (or 13): NOAB (Format 14), where

NOAB is the combined number of obstacles, A ports, and B ports. For

each, then, a card is read that contains
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Next (NOAB) lines: OABFL(N), NL, NR, NB, NT (Format F8.3, 414), where

OABFL(N) is an identification flag, where 1.0 = hotleg (obstacle),

2.0 = A (ECC inlet) port, or 3.0 = B (broken cold leg) port.

NL, NR, NB, and NT are four dimensions (see Fig. 6), specified in integers,

that locate the obstacle, A or B port in the mesh. Thus, NL and NB

specify how many cells in from the left boundary and up from the

bottom boundary to locate the lower left corner of the region, and

NR and NT similarly locate the upper right corner.

Each of these lines is processed individually, and the dimension statement allows

any combination of obstacle, A and B ports, up to 16. In the typical example of

a downcomer, we use NOAB = 8 for a situation THwvCvfriy four hot-leg obstacles,

three A (inlet) ports, and one B (broken cold leg) port.

This completes the discussion of the input data cards. We see that an in-

put deck consists of at least (10 + NOAB) lines. The final line normally placed

at the end of the input file is in reality the first line for the next problem.

The first quantity on Card No. 1 is IBAR, which determines the action to be

taken by KTIF. If IBAR > 0, it is valid for use as I, and SETUP is called. The

value IBAR = 0 indicates a restart and IBAR < 0 indicates that the end of data

has been reached. Thus, a negative IBAR card is the appropriate way to terminate

the input file, and hence, the job.

D. Output - Plots, Prints, and Motion
Pictures

The K-TIF output is in two forms,

visual information on microfiche, 35-mrn

microfilm, or 16-mm motion-picture film

and printed information on microfiche,

microfilm, or fanfold paper. Both

NR

-NL-
NB

NT

Fig. 6. Four dimensions locate an ob-
stacle, A or B port in K-TIF.
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forms are provided automatically in cycles 0 and 1, and thereafter at intervals

specified by DTO and DTOC in the input data. The microfiche (or microfilm) plots

are generally the most useful output and are made on the III FR-80 or the S-C

4020 computer output microfilm devices. Eleven plots are provided, four vector

plots and seven contour plots. The first pair of vector plots are simply veloci-

ty vectors for each field. They are useful because they show at a glance both

the direction of flow and the relative magnitude of the velocities. They are

provided separately for both the water and the steam. Vectors ire plotted as if

originating at each cell center (denoted by a +) , and their length and direction

are proportional to the velocity components. If (x^y,) are the coordinates of

the center of cell (i,j), the coordinates of the vector end points (X^JYO) are

given by

fit , + UJ
J±3 1=2. t DXOU

)

and

yo - y, +1-J o—*— ) DXOU

where u and v refer either to (u, and v.) or (u2 and v j and DXOU is a scaling

coefficient defined as

DXOU = 6x/VELmax •

This coefficient is recalculated for each individual vector plot. It scales

the length of a vector drawn for the largest |u| or |v| velocity in the system

at that instant, VEL a . to be the cell dimension 6x. This method ensures that

the vectors are always of reasonable length, regardless of velocity magnitudes.

The plot is omitted if there are no significant velocities IVEL < 10~ 1 0) in
\ max I

a particular field.
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The second pair of vector plots are velocities multiplied by the local 9 of

the field. These are generally more meaningful plots than velocities alone, be-

cause vectors of significant lengths occur only where appreciable volumes of water

or steam are moving.

Contour plots are provided for the arrays e ^ 82» P»
 K» T-j» the conduction

depth, Y» and the size scale, r. These plots have connected vector segments join-

ing points of equal value and are linear in contour increment.

In addition to the various plots, three different types of numerical listed

data are provided.

The "long print" is a complete numerical listing of the principal field

variables over the entire mesh. Two lines containing i and j and 16 field quan-

tities are given for each cell:

1. J. (6,)*. ( u t ) ^ . (v,)}*. (rfy ( S ^ , ( T ^ , K*. p{,

(rz)J. (S2)J, (Y)J, Bj. JJ .

The "short print" is a two-line listing containing sums over the mesh, for

each field separately, of volume fraction and internal, kinetic, and total ener-

gy. This print is provided as an appendage to every long print.

The above plots and prints are provided by subroutine PLTPRTS. In addition,

CONTROL provides the one-line monitor print mentioned for input quantities MPR

and M0D59. This is provided (on film if LPR is greater than zero, and on the

printer if MPR is greater than zero) every even-numbered cycle, and contains the

following 10 quantities.

T is the current problem time in seconds.

^ NCYC is the current cycle number.

DT is the current St. ,



NUMIT is the number of iterations required for convergence in the preceding

Phase-2 pressure iteration.

SMDTAU = Z6xSyD over the mesh.

STAUB1 = I<3x6ySB1 over the B cell(s).

STAUB2 = E6x6ySB2 over the B cell(s).

FP is the total volumetric rate change due to phase transitions.

GLP is the current number of gallons of water in the lower plenum,

1 SxSys, converted from cubic inches to gallons.

FB2 = FDO, the current volumetric flow rate of steam entering the system.
oc.

Every M0D59 (usually 200) cycles, a subset of the above quantities is provided

on the remote terminal; this includes T, NCYC, NUMIT, DT, SMDTAU, FP, and GLP.

E. Restart Dumps

Dumps for restarting a calculation are written out as file 8 (TAPE8) in

CONTROL under direction of TLIMD and TWFIN, which are defined in Sec. II.C. The

variables dumped are the contents of the SCM commons KC1, KC2, and KCS. The re-

start from this data is performed by reading this data back as file 7 (TAPE7).

The input file consists of one data line, with IBAR = 0, and JBAR = the dump num-

ber, used as a check.

F. LTSS Remote Terminal Operation: DROP and UNDROP

In the LTSS operating system, the executing program is rolled out from

memory to disk many times before it completes execution. The copy on the disk

is called the drop file. Ordinarily, the drop file name would be the same as

the name of the original compiled program, and thus the drop file would occupy

the same physical disk space as the original program. As a result, the original

file would be overwritten continually with the current image of the executing

program. There is nothing wrong with this procedure unless one wishes to pre-

serve the original compiled program so that it can be executed repeatedly with
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different input da+a. This preservation 1s done in KTIF by telling LTSS to drop

the executing program to a disk file other than the original one before the first

rollout of the program. We accomplish this with a call, to the library routine

UNQCHG, the first executable statement in KTIF, which causes a duplicate of the

original file to be written. This file becomes the executing drop file and is

given a unique name change from the original file, consisting of a prefix + and

a random A-Z alphabetic suffix.

After the CALL UNQCHG, KTIF next ensures that an input file is available for

the job by performing a CALL INSIST (see Sec. II.H). KTIF then calls one of Its

own subroutines, UNDROP, which contains a series of LTSS library system-inter-

face routines (described in Sec. II.H) that create output and film files re-

quired by the run. With the return from UNDROP, the problem 1s set to proceed.

The restart data dump described in the previous section 1s primarily intend-

ed for use by the Deferred Batch System (DBS), in which a queue of long-running

production jobs are run by the computer-room staff on evenings, nights, and week-

ends.

The K?TIF user can run the code from a remote terminal in the same fashion,

but may often find It more convenient to start and stop the run by controlling

the drop file as a unit. For this purpose, a short KTIF subroutine named DROP

is provided, along with a variable flag (in the common block) named IDROP, which

normally has a value of 0. To halt (DROP) the program, the user resets IDROP to

1 from the remote terminal. CONTROL notes this change and performs a CALL DROP,

which in turn calls several system interface routines to close job files (see

Sec. II.H) and comes to a PAUSE. At this point, the drop file may be saved for

later continuation of the run, and film and output files may be given to the

system for processing.
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To subsequently "undrop" or continue the run from the PAUSE state, the user

restarts the drop file, giving an extra carriage return to move from the PAUSE.

Control thus returns to subroutine CONTROL, from which a call is immediately made

to UNDROP to create output files for the new run. UNDROP returns to CONTROL, the

IDROP flag is reset to 0 and the run proceeds.

To avoid unnecessary confusion in the introductory discussion of the K-TIF

program structure in Sec. II.A, we purposely omitted subroutines UNDROP and

DROP from the general flow diagram of Fig. 4.

G. Microfilm Plots - Scaling and Subroutine CALLs

The microfilm plots discussed in Sec. II.D are the most useful form of out-

put from our fluid dynamics codes because they quickly convey information about

a flow process that would be less readily grasped by examining only numerical

listings.

Our original Computer Output Microfilm (COM) device is the S-C 4020, which

has a matrix of 1024 by 1024 raster points on the CRT face, as shown in Fig. 7.

Usefulness of the 4020 has been increased by adding a set of three color fil-

ters between the tube face and the camera, individually movable under control

commands. The III FR-80 COM device has a resolvable matrix of 10K by 10K points,

which allows more accurate plotting, and is also a programmable computer in its

own right. For our relatively simple plots, whatever COM is assigned to our

offline film output is treated as a 4020. The FR-80 becomes a 4020 simulator

when used in this manner. Therefore, the following description of our plot

scaling is based on the 4020 film frame of Fig. 7.

Note from Fig. 7 that the origin of the x-y coordinate system ies at the

upper left corner of the frame and the values of the two integer indexes increase

to the right and down. This coordinate system obviously does not match that of

the fluid dynamics computing mesh shown in Figs. 1 and 5, whtre the origin is at
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the lower left corner. A conversion from physical mesh position to a correspond-

ing 4020 frame position is required for all plotting. In K-TIF, the left, bot-

tom, right, and top edges of the physical mesh are specified by

XL * YB « 0.0,

XR = T6x,

YT = J6y,

and their counterparts in 4020 coordinates are given by the integers IXL, IYB,

IXR, and IYT, calculated in accordance with the following considerations. First

we reserve areas across the top and bottom of the frame for plot identification,

problem time, cycle number, and so forth. These are indicated by the shaded

areas in F1g. 8. (The technique for generating alphanumeric information 1n these

regions 1s discussed below.) The unshaded area that remains is 1024 points wide

by 900 points high, although we consider the available width to be 1022 points

to ensure frame separation. Second, within this rectangular region, we maximize

•the size of the plot, while maintaining its true physical proportion of height

to width. Thus, if the physical area encompassed by the computing mesh is high-

er than it is wide, XR < YT, the resulting plot occupies the region exemplified

by the fine shading in Fig. 9. The coordinates in this case are given by

FIXL = 511. - 450. |YT
XR

 YB \ ,

FIXR =511. + 450.

FIYB = 916. ,

and

. FIYT » 16.

«•;



Conversely, if the computing area is wider than it is high, XR > YT, the plot

occupies the region exemplified by the fine shading in Fig. 10. Here the coor-

dinates are given by

FIXL = 0. ,

FIXR = 1022. ,

FIYB = 916. ,

and

(YT YR
*x"

 T B

In either case, the equivalent integers IXL, IXR, IYB, and IYT are then simply

set directly from FIXL, FIXR, FIYB, and FIYT. The "Setup for Microfiche-Micro-

film Plots" in SETUP calculates these eight quantities and then calculates the

two conversion factors that will be required for translating physical mesh coor-

dinates to 4020 frame coordinates. These are given by the ratios

XCONV = (FIXR - FIXL)/(XR - XL)

and

YCONV = (FIYT - FIYB)/(YT - YB) .

A physical mesh coordinate is multiplied by the appropriate factor to convert it,

and this product is then added to FIXL or FIYB and the sum is converted to an

integer to locate the position on the 4020 frame of Fig. 7. A conversion sub-

routine is available that would handle this task for us, but it is more efficient

for K-TIF to do it, thus avoiding recalculation of these two ratios whenever a

point is plotted or a vector segment is drawn.

A set of software subroutines provided by C Division (Computer Sciences and

Services) of the Los Alamos Scientific Laboratory handles the communication be-
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(0,0)-

(0,1023)

(1023,0)

(1023,1023)

Fig. 7. The 4020 grid is a reflection
of the first quadrant and con-
tains a matrix of 1024 by 1024
raster points, with the origin
located at the upper left cor-
ner, x increases to the right,
and y increases downward.

Fig. 8. The area 1n the center, avail-
able for plotting, encompasses
1024 by 900 raster points.
The shaded areas are reserved
for labeling, allowing two
lines at the top and six at
the bottom.

916

Fig. 9. The plotting area when the
computing mesh 1s higher than
it is wide, XR < YT.

16

IXL=

916

IXR=IO22

Fig. 10. The plotting area when the
computing mesh is wider than
it is high, XR > YT.
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tween the problem program and the COM devices by producing 4020-format commands.

K-TIF uses several of these subroutines, which are accessec, by the following

FORTRAN calling sequences.

CALL ADV (nf) advances the film by nf frames.

CALL FRAME (IXL, IXR, IYB, IYT) draws a rectangular outline of the computing

mesh. Two horizontal axes are drawn through IYT and IYB from

IXL to IXR, and two vertical axes are drawn through IXL and IXR

from IYT to IYB.

CALL PLT (IX, IY, ch) plots the 4020 character identified by ch at 4020

frame coordinates (IX, IY),

CALL DRV (1X1, IY1, 1X2, IY2) draws a straight line vector segment connect-

ing the 4020 point (1X1, IY1) with the 4020 point (1X2, IY2).

CALL COLOR (c) controls the filter selection for color processing; c is a

floating-point variable with a value in the range 0.0 to 4.0.

Single-filter selections are determined as follows,

c = 0.0 no filter (white),

c = 1.5 yellow filter,

c = 2.5 cyan filter,

c = 3.5 magenta filter.

The primary colors are obtained by appropriate filter combina-

tions.

c = 1.0 red (= yellow + magenta),

c = 2.0 green (= yellow + cyan),

c = 3.0 blue (= cyan + magenta).

Several additional subroutines are available for writing alphanumeric in-

formation on the frame. Whereas some of these write large characters composed

of dot patterns or vector segments, the basic CRT tube has a set of small alpha-
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numeric characters that can be generated in the "typewriter" command mode. The

latter form 1s used 1n K-TIF. In typewriter mode, the 4020 frame of Fig. 7 is

composed of 64 lines of 128 characters each. The lines are numbered 0-63, but

only 2-61 are accessible. Each character occupies a rectangular region 8 raster

points wide by 16 high. The first character of a line is treated as a carriage

control, completely analogous to line printer use.

CALL LINCNT {I) locates the first column of line I, where I ranges from 2

(topmost accessible line of the frame) through 61 (bottommost

accessible line of frame). After LINCNT locates the desired

starting line position, ordinary formatted WRITE statements

generate the actual alphanumeric information. The FORMAT state-

ments are Identical to those appropriate for a line printer pro-

vided the 128-character-per-line restriction is observed. Line

'' advancement is automatic, as on a line printer, until either

^ line 61 has been written on, after which the film is advanced

automatically to the top of the next frame, or another CALL

LINCNT is issued to specify any desired line (2-61) of the cur-

rent frame.

H. Miscellaneous System Library Subroutine CALLs

In addition to the CALLs directly related to the microfilm plots described

in the previous section, K-TIF also calls various other library subroutines for

interfacing with the LTSS system. Inasmuch as these routines are entirely sys-

tem dependent, a brief description here should suffice.

CALL UNQCHG changes the name of a drop file to a unique name (see Sec. II.F).

CALL INSIST- (ifile, irep) determines whether a required file exists. If it

does not, it will give the user an opportunity to correct the

oversight. Here, ifile is the name of the file, and irep is re-
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turned as -1 if the file exists. (Without the CALL INSIST, the

job would have been given an error termination by LTSS upon the

first attempt to access the nonexistent file.)

CALL DATEH (idate) returns the date as a Hollerith constant of the form 1*1/

DD/YY.

CALL TIMEH (itime) returns the time as a Hollerith constant of the form HH

MM SS.

CALL SECOND (time) returns the current amount of time in seconds used by the

job since its beginning.

CALL GETJTL (tl) returns the job time limit in seconds.

CALL CFL (ifile, length) creates a file of specified length.

CALL ASSIGN (£, i, name, ldf, locbuf, Ibuf) connects a logical I/O unit num-

ber (£) with a tape, file, or other device, (name), identified by

i. A value of i=0 specifies that name refers to a disk file of

length ldf. In K-TIF subroutine UNDROP, the CALL CFL has already

created the disk file and specified its length; ldf=O is a sig-

nal to open this disk file. Finally, locbuf is the first word

address of a previously dimensioned buffer to be associated with

the disk file, and Ibuf is the length of this buffer.

FILM80, IDENT80, and HEAD80 are required routines:

CALL FILM80 sets up system linkage to two routines for processing formatted

WRITEs and job termination, and sets common storage for the film

routines. FILM80 has no arguments.

CALL IDENT80 (ifsn, buf, nwbuf, nwdisk, icam, ifilm) identifies an integer

file number ifsn as an FR-80 film file and supplies other neces-

sary file variables: buf is the name of the LCM buffer for film

data storage, nwbuf is the number of words in this buffer,
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nwdisk is the number of words reserved in the disk buffer, icam

is the camera to be used to process the film, where the avail-

able options are 16 (16 mm), 0 or 35 (35 mm), and 105 (105 mm

microfiche), and ifilm is the film type, where 0 is black and

white and IRC is color.

CALL HEAD80 (ifsn, nc, char, nbox) puts out header information for the speci-

fied film file number ifsn (previously identified by IDENT80), nc

is the number of characters (60 maximum), char specifies the char-

acters, and nbox is the film user identification, of the form

lOHBOXaaaaaaa.

CALL KEEPFLM (ifilm) indicates that the file Ifilm is not to be given to the

system. It may be called anytime before the release of film

file information. Its purpose in K-TIF is to retain a copy of

the file available for scanning under LTSS at a Tektronix termi-

nal.

CALL EXIT terminates the code. The user should be aware that a drop file will

remain in user file space only if a CALL EXIT(n) is used to termi-

nate the code, where n is a nonzero integer. This latter form is

.. recommended for use in debugging, but does not appear in the K-TIF

version.of this report because it always gives an "ABNORMAL TERMI-

NATION" message to the operator, which may be misleading.

•CALL EMPTY (ifile) ensures that all data is flushed from the buffer for the

output unit specified by ifile.

CALL DEVICE (iopt, ifile) is used to open (iopt • 4H0PEN) or close (iopt =

5HCL0SE) the file of the name specified by file.
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I. The Common Blocks KC1 and KC2

The following list provides the names and descriptions of all quantities in

the SCM common blocks KC1 and KC2. These common blocks, along with the cell-data

storage common KCS, allow communication among all the subroutines that comprise

the code. By design, these commons contain all the information that must be main-

tained from cycle to cycle, and comprise the information saved in the restart dump.
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NAME DESCRIPTION

AA(1)

ACELL

BCELL

BIGJL

BLAMZ

B2

CAPPAW

CAPPAZ

CCELL

CD

CD04

CNUSX(2)

CNUSY(2)

CUIN2GL

Cl

DT

DTEST

DTF

DTMAX

DTO(IO)

DTOC(IO)

DTODX

Dummy word, always the first word in common.

Flag for A (ECC inlet) cell.

Flag for B (broken cold leg) cell.

J,, the phase transition coefficient.

I , a function of fit used in the (9, + 0 2 •*• 1) correction.

Specific heat of steam, in cal/(lb kelvins).
p

K » thermometric conductivity of the wall (= 0.028 in /sec for

iron).

V = Vpibr
Flag for a C (steam insertion) cell.

Cp, the drag coefficient.

CD/4, for use in the K equation.
2vs/6x for each field.
2

vs/6y for each field.

Conversion factor from in. to gallons.

The hrs/min/sec on the wall clock when the job began. Printed

with Dl.

6t, the time step, subject to automatic recalculation.

The comparand for D convergence.

fit*, a factor to control the automatic calculation of v and 5t.

$tm=«»
 tne upper limit on 6t.

luaA

Problem time interval between full output of plots and prints,

used with DTOC.

Problem time at which to change to next DTO in the set.

6t/6x.
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DTODY <5t/6y.

DTPOS <5t possible for the cycle, but actual <5t may be reduced to adjust

to output time.

DTSIG 6t , the upper limit on 6t for the a3, specified.

DTUVEL Maximum |u| in the system, for automatic fit calculation.

DTVVEL Maximum [v| in the system, for automatic 5t calculation.

DX 6x, the cell size in the azimuthal direction.

DXDY 6x * 6y.

DXG2 6x/2.

DY 6y, the cell size in the axial direction.

DYO2 6y/2.

Dl The month/day/year when the job began; printed with Cl.

ELSUBL L, » B L/(p.b.), where L is the latent heat of vaporization and

b, is the specific heat of water.

EPP e , a small fraction of the mean dynamical pressure in the system.

EPSD eD> the convergence criterion for the pressure iteration.

EPSTH eQ» the convergence criterion for the (6, + 6_ -*• 1) correction.

FB2 Fp2» the total steam volume per unit time per gap width entering

the system.

FB2BA3 Base for converting J* to FD0.
gc DC

FB2C0F FB2/(Sx<Sy), used in steam distribution to C cells.

FIXL Floating-point frame coordinate for left edge of plots.

FIXR Floating-point frame coordinate for right edge of plots.

FIYB Floating-point frame coordinate for bottom edge of plots.

FIYT Floating-point frame coordinate for top edge of plots.

FP Total volumetric change rate due to phase transitions.
2G g, gravity, in in./sec .
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GOT

HCKW

HFCRIT

HFC1

HFMIN

I BAR

IDROP

IDTCUT

IDTO

IJ

IPERT

IP!

IP2

IVB(16)

IVL(16)

IVR(16)

IVT(16)

IXL

IXR

IYB

IYT

JBAR

g * fit.

kw> the wall heat conduction coefficient, cal/(in kelvins sec).

The critical heat flux (CHF), cal/(in? sec).

Heat flux coefficient, = MHF/(s p.,^).

The minimum heat flux (MHF), cal/(in. sec).

T, the number of interior cells in the x direction.

Flag used for job control in time-sharing operating system.

Flag indicating <St cut due to excessive flux at broken leg.

Index for DTO and DTOC tables.

Index for cell (i,j), required for SUBROUTINE FASE.

Index I of column containing A cell furthest from broken cold leg,

for velocity perturbation.

T+l, index of rightmost column of interior cells.

T+2, index of column of exterior cells on the right.

Integer frame coordinate for bottom edge of A and B ports and

obstacles.

Integer frame coordinate for left edge of A and B ports and

obstacles.

Integer frame coordinate for right edge of A and B ports and

obstacles.

Integer frame coordinate for top edge of A and B ports and

obstacles.

Integer frame coordinate for left edge of plots.

Integer frame coordinate for right edge of plots.

Integer frame coordinate for bottom edge of plots.

Integer frame coordinate for top edge of plots.

j", the number of interior cells in the y direction.
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JFSTAR

JGSTAR

JNM

JP1

JP2

JTOPLP

JVECLP

LPR

MAXIT

M0D59

MPR

MU(2)

MUCOF

MUSTID

MUSTIT

MX(2)

MY(2)

NAME(8)

NCDBUG

NCS

NCYC

NCYKIL

NCYMAX

NDTZ

J* j , a dimensionless measure of the ECC flux.

j* , a dimensionless measure of the variable steam flux.

Job name identifier of code name and operating system used.

J+l, index of the topmost row of interior cells.

J+2, index of row of exterior cells along the top.

Height of the lower plenum, an integer number of cells.

Integer frame coordinate for top of lower plenum.

Determines output options on film and printer.
~ v

Maximum number of D and e iterations allowed.

Number of cycles between monitor lines printed on remote terminal,

Controls writing of monitor line to the printer file,

y, optional viscosity coefficient for each field.

9y,y2/[2(y, + y^)], the viscous term in the K equation.

Number of cells failing the D convergence test.
v

Number of cells failing the 6 correction convergence test.

M , a function of J in the (9u~) equation for each field.
A

M , a function of J in the (e7) equation for each field.

Problem identification from column 2-80 of input line No. 2.

For debugging; cycle at which to commence full output of plots

and prints every cycle.

Number of words in the cell-data storage block.

Number of calculation cycles completed.

Number of consecutive cycles allowed at MAXIT cutoff before
aborting.

Counts consecutive cycles in which NUMIT = MAXIT.

Number of cycles at 6t » after which 6t is recalculated each

cycle.
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NOAB

NQ

NQI

NSC

NTAB

NUMIT

NUMTD

NUS(2)

0ABFL(16)

OCELL

OM

RDT

RDX

RDXDY

RDXSQ

RDY

RDYSQ

RH0(2)

RHOIBT

RH02C0F

RRH0(2)

RS

RTSATK

R14PT7

^ R2DX

R2DY

Combined number of obstacles, A ports, and B ports.

Number of quantities, or storage words, per cell.

NQ*JP2, the number of words for one full row of cells.

Number of words in this SCM common, for use by dump.

Number of entries per table for TABJG, TABP, and TABT.

Number of iterations required for pressure convergence.

Number of the next dump.

v , kinematic viscosity coefficient for each field.

Table that accumulates flags identifying obstacles, A ports

or B port in the input.

Flag for obstacle (hot-leg) cell.

u, the pressure iteration relaxation coefficient.

l/5t.

l/6x.

l/(Sx*Sy).

l/6x2.

l / 6 y . ;:•;•>

3p, microscopic material density, lbs/in., for each field.

pjty.cai/dn? kelvins).

Coefficient used to recalculate p2 every cycle.

1/p, for each f ie ld.

1/s.

1/TS (kelvins).

1/14.7, for conversion of psia to T .

l/(25x).

l/(26y).
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s
SA1EACL

SIGIJ

SIGPR

SMDTAU

SP2C0F

T

TAB0G(20)

TABP(20)

TABT(20)

TECCF

TECCK

THMIN

TLIM

TLIMD

TOUT

TSATK

TWFIN

TWINF

TWINK

VOLFAC

WE

XCONV

XL

s, gap width of the downcomer, to match a particular experiment.

The inlet volumetric flow of water (SA1) in each A cell.

a, the turbulent diffusion coefficient.

a1.

x6yD over the mesh, included in the monitor print.

Coefficient for S p 2 calculation, = (
n+1p2 -

 np 2)/(
n + 1P 2«t).

t, the problem time in seconds.

Table of 0* values, from experimental data.

Table of pressure in units of psia values, from experimental

data.

Table of t values, at specified experimental measurement times.

TECC <°F>'
T E C C (kelvins).

Minimum allowable value for any 9| or e2»

Job time limit in seconds; used with TLIMD.

= 1.0 to force a tape dump immediately before time limit.

The next problem output time for plots/prints.

Saturation temperature, T , in kelvins.

Time when to finish: calculation completed when t > TWFIN.

Temperature of wall interior, T . , in °F.
w s i n

Temperature of wall interior, T . , in kelvins.
w) i n

Cell volume factor, = 6x6ys.

We, the Weber number used in r, and r_ calculation, or the con-

stant value of r̂  and rg if We < 1.0.

Plotting factor, converts x's from problem units to COM units.

Table of x's at the center of each column in the mesh.

= 0.0, the left edge of the mesh.
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XR = I*6x, the right edge of the mesh. XR should equal the average

annul us circumference of the experimental geometry.

YB = 0.0, the bottom edge of the mesh.

YCONV Plotting factor, converts y's from problem units to COM units.

YJ(24) Table of y's at the center of each row in the mesh.

YT = J*6y, the top edge of the mesh.

ZLP The z used in the T, equation for the lower plenum region.

ZZ Dummy word, always the final word in the common.



III. K-TIF CALCULATIONS

A. Examples

We illustrate the type of downcomer calculations that can be performed by

K-TIF by means of examples for three different circumstances.

1. Standard resolution without wall superheat,

2. Coarse resolution without wall superheat,

3. Coarse resolution with wall superheat.

These examples show a few of the results obtained with our simplest models for

interfacial friction and phase-transition rate. More realistic models being in-

vestigated by Daly will be described in a future publication. In particular,

Daly's studies include a variable-scale model for interfacial friction based on

the specification of constant Weber number. For the convenience of other inves-

tigators, this option is included in the code version described in this report,

but our examples are all based on a constant-scale model.

Example 1. Standard Resolution Without Wall Superheat

This calculation is based on the configuration of Fig. 1, with 16 computa-

tional cells across the mesh, so that each A and B cold-leg and hot-leg obstacle

(X) is formed of one cell, with one cell in between. Initial and input conditions

(in Table I) represent experiment number HI of Ref. 1, in which both steam flow

rate and pressure vary with time. Some selected flow-configuration plots are

shown in Figs. 11-15. In each figure, we present four plots at a given instant of

time. The top pair are vector plots of (eu), and (eifL anc' tne lower pair are

contours of e2 and T^. The generation of these plots is described in Sec. II.D.

The time history for the amount of water in the lower plenum is compared with the

experimentally observed result in Fig. 16.

Example 2. Coarse Resolution Without Wall Superheat

To illustrate K-TIF's capability for performing relatively fast-running
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TABLE I

EXPERIMENTAL DATA AND K-TIF INPUT FOR EXAMPLE 1

Creare Experiment HI, using 1/15-scale
Scaled-plenum geometry:

Intact cold legs

Hot legs

Cold-leg diameter (i.d.

Hot-leg diameter (o.d.)

Downcomer gap

Downcomer length (below

Vessel length

Lower plenum radius

)

cylindrical

cold leg £)

Average annul us circumference

Capacity of lower plenum

ECC water supply:

Temperature

Flow rate per cold leg

Total flow rate

Equivalent J| in

Transient steam flow data:

Time (sec) Pressure (psia)

0

0.8

0.9

2.1

2.9

3.3

4.4

5.7

7.3

9.1

10

27,

26,

27,

24,

20.

17.

14.

13.

10.

11.

12.

.9

.3

,3

.0

.5
,1
,3

3

8
6

3

vessel:

0

0

0

0

0

0

0

0

0

0

0

3

4

1.875 in.

3.00 in.

0.5 in.

18 in.

29.75 in.

5.75 in.

34.6 in.

2 gal

81.5°F

20 gpm

60 gpm

0.116

J*gc

.309

.317

.320

.339

.262

.229

.149

.08

.058

.02
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TABLE I (cont.)

K-TIF Standard-Resolution Calculation of Creare Experiment HI:

Geometry:

Mesh width (= average annul us circumference)

No. of cells in azimuthal direction (I)

Cell size in azimuthal direction (<5x)

Downcomer length (below cold leg £)

Total Number of cells in axial direction

Number of lower plenum cells in axial direction (JTOPLP)

Cell size in axial direction (<Sy)

Capacity of lower plenum

Miscellaneous constants:

Constant-scale value for interfacial friction (r^ and rg)

Phase-transition coefficient (J,)

Wall interior temperature (T, <n» = initial T )
Wj in 5

Initial time step (6t )

Maximum time step (<Stmav)

Drag coefficient (CQ)

Viscosity coefficients (v1 and y2)

Turbulent diffusion coefficient (a)

Critical heat flux (CHF)

34.6 in .

16

2.1625 i n .

18.38125 i n .

22

12

2.1625 i n .

1.94344 gal

0.06 i n .

-0.16

244.3°F

5 x 10 sec

5 x 10'4 sec

1.0

0.0

0.2

1010
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Fig. 11. K-TIF standard-resolution example at time t = 5.4 sec.
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trend-scoping calculations, we repeated

the HI example with half the linear re-

solution described above. With this

degree of resolution coarseness, includ-

ing hot-leg obstacles produces a barrier

to flow around the cold legs that we

deemed less realistic than if the ob-
Fig. 16. Comparison of Creare experi-

ment HI with the K-TIF stand- stacles were simply eliminated. The
ard-resolution calculation of
Figs. 11-15, showing gallons configuration is illustrated in the se-
of water delivered to the low-
er plenum (GLP) as a function lected results shown in Figs. 17-21.
of time.

Comparison with the finer resolved cal-

culation of Example 1 shows that the qualitative features are quite similar. Al-

though the timing for the first dumping jet to the lower plenum is almost identi-

cal in the two calculations, the position of origin for the jet is strongly dis-

placed. We suspect that the experiments would show similar variations if a par-

ticular case were repeated, each run giving essentially the same dumping history

but differing from the others in the exact placement of the earliest dumping jets.

As a more incisive test of the coarsely resolved calculations, we performed a

scoping series corresponding to several steam-flow ramping rates. With no changes

in our modeling parameters, we also calculated downcomer flows corresponding to

Creare experiment numbers H2, H3, and H5. The water delivery to the lower plenum

as a function of time is shown for all four cases in Fig. 22, where there is a

consistent difference of about 2 sec between the computed and observed delivery

times. The water delivery curve for the finer resolved calculation of experiment

number HI, shown in Fig. 16, is repeated in Fig. 22 for comparison with the more

coarsely resolved results. The close agreement between the two tends to substan-

tiate the value of the quicker running coarse-mesh studies for scoping trends.
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Fig. 22. Comparison of Creare results from experiments HI, H2, H3, and H5 with
K-TIF coarse-resolution calculations, The curve for the standard-re-
solution calculation of experiment HI (see Fig. 16) is repeated here
for comparison.

Another way of comparing results is shown in Fig. 23, which summarizes the

results of experiments performed with var ies steam-flow ramp rates as compared

with our four calculations. Despite the consistent discrepancy, the trends given

by the calculations agree well with those of the experiments. Accordingly, we

believe that these coarsely resolved studies provide a firm basis for prooftest-

ing more elaborate models for the physical details than were used for these dem-

onstrations of K-TIF capabil i t ies.

83



i

030

0 2 5

azo

[ft. °-15

0.10

i f i

I • I ' I ' I * T

HS

•—SLOW TRANSIENT FAST TRANSIENT—'
i I i I f I i I i I i I i

0 0.02 0.04 0.06 0,08 0.10 0.12 0.14

INVERSE TIME FOR STEAM MASS FLOW TRANSIENT

TOj£(r)«O, I/T (I/SEC)

Example 3. Coarse Resolution With
Mall Superheat

To examine the consistency of our

results in a different type of compari-

son, we performed calculations for

Creare experiments HI57 and H158, in

which the walls were superheated to

35O°F. No changes were made in our

modeling parameters from the values

used in the above examples. The time

variations of water delivered to the

lower plenum are shown for the two
Fig. 23. Comparison of Creare experi-

mental results (open circles) cases 1n Fig. 24, together with the ex-
with K-TIF coarse-resolution
results (black circles) for perimental results. Comparison for
four different scaled-plenum '

tests without wall superheat. H158 shows slightly more than the 2-sec

difference in delivery time observed previously, but the difference appears to be

much greater for H157. There is, however, a qualitative difference between the

two experimental results, which is emphasized by the summary data from many sim-

ilar hot-wall experiments in Fig. 25. It is apparent that the summary data lie

on two different curves. Those experiments giving points on the lower curve ex-

hibit only a single rapid rise as in experiment H157, whereas those on the upper

curve have a rise-pTateau-rise water-delivery trace as in experiment HI58. As

noted in this figure (and on the figure from which the experimental data were

taken) the double-rise filling traces furnish two datum points. If our calcula-

tion for H157 is compared with the extended locus of datum points on the upper

curve, then our consistent approximately 2-sec delay becomes unanimous among all

these coarse-mesh scoping calculations. The calculations seem, therefore, always
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Fig. 24. Comparison of Creare experiments H15",
calculations. These examples have

and HI58 with K-TIF coarse-mesh
walls superheated to 350°F.
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INVERSE TIME FOR STEAM MASS FLOW TRANSIENT

FROM j£<0) TO j£(T)«O, l/rtl/SEC)

Fig. 25. The Creare results (open circles) for this series of superheated-wall
tests show that the data lie on two different curves, as explained in
the text. K-TIF coarse-resolution results (black circles) are shown
for two of the tests.
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to be sensing thes,omet1mes-1ncipient precursor exhibited by the experiments and

corresponding to the upper curve. Once delivery to the lower plenum commences in

the calculation, 1t:continues unabated; whereas in the experiments the onset of

delivery may be followed by partial or complete reentrainment, with complete de-

livery occurring slightly later. For K-TIF calculations to reproduce the details

of this more complicated behavior will require a more accurate representation of

the lower pierium. A first step towards this improvement will come from the capa-

bility to have a variable gap size (s) 1n the code, so that the "gap" in the low-

er plenum 1s much larger than in the downcomer. The second step will require a

fully three-dimensional resolution of the lower plenum. We believe that these

Improvements 1n K-TIF and related codes, together with the enhancement of our

physical modeling of microphysical processes, can be expected to produce results

whose consistent agreement with experiments will form a basis for the confident

prediction of flows in configurations not yet examined in the laboratory.

B. Input Data and Results from a Sample Calculation

The first calculation in Example 2, above, corresponding to Creare experiment

number HI, was chosen as a comparison sample for users who wish to work with the

K-TIF computer program. We present here the detailed input listing* together with

a listing of cell data from the top several rows of the mesh from cycles 0, 1, 2,

10, and much later at t = 0.1 sec (cycle 386) and t = 1.0 sec (cycle 4227).
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IOC-09
oac'os
•K-oa
IXt>03
371 08
ISC'Ol
IX-07
IH«03
2K-07

79C03
IBC-03

71E-0I ' i . V t ' O l ?.I5E*OI 6 . 0 0 E - 0 ? -i.?it-Ol 1 .671-01 7 . R 9 E 0 3 0.
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1
9
a
7
9
6
1
9
1
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5
H
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7
g
9
3
9
1
9
1
9
5
1
p
8
1
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5.
9.
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9.
3.
9.
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9.
3.
9.
1 .
9 .
1.
9.
5.
1.
a.
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s.
9.
1 .
9.
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9.
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.9HC-0I
.061-01
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BHE-DI
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.90E-0I
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.83E 01
D8E-0I

.9ft-OI
aac-oi

.7IC-0I

.97C-0I
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.98C-0I
80C-03

.aac-oi

.76t-oa
9HC-0I

.96C-03

.OOC•00

.86E-DH
s a c - o i
sac-oi
ooc'Oo
MC-05
98C-01
73E-03
97C-0I
J5E-03
9K-0I
BQC-03
97C-0I
35C-0J
98C-01

•or-oj
set-oi
7K-0?
9HC-0I
9K-0S
OOC'OO
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HK-01
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99C-M
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97C-0I
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It should be realized that exact agreement with our calculated values may bi

impossible to attain because of different word lengths on other computers. Also

there are differences in various FORTRAN compilers, primarily due to the sequena

of machine operations in the code generated, but also due to whether the compile'

rounds or truncates results of arithmetic operations. In this sample, the LRLTR;

"CHAT" compiler was used in a version that rounds results. The effect of changii

to a different FORTRAN compiler can produce numbers differing in the last bit af

•ter the first cycle of calculation. In any typical finite-difference inethod, as

found in most hydrodynamic codes, and especially embodying an iterative solution

the effect of this difference will gradually spread throughout all the numbers,

even to the point of changing the detailed history of number of iterations in

each cycle.

Thus, the user who wishes to compare his K-TIF results with ours is advised

to expect an acceptable level of quantitative agreement. He should compare his

time history graphs of gallons of water delivered to the lower plenum, and the

appearance of the vector and contour plots after hundreds or thousands of cycles

of calculation.

The sums of 8, and e2 over the mesh are also of interest. Table II shows

how these sums change over the entire calculation made for Example 2 (the sample

problem). Over this time, the balance shifts from almost pure steam to almost

pure water. Note that the total sum (Z 9. + E G-) remains constant, as it shoulc

within the degree of accuracy allowed by a corrective procedure designed to elim-

inate negative volume fractions, in which any that occurs is replaced by 10 ,

and the other in that cell is replaced by 1 - 10~ . This constant total sum is

an indication of good overall volume conservation.
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TABLE II

TIME HISTORY OF 6 SUMS FROM THE CALCULATION OF EXAMPLE 2

Time(sec)

0

0.0001

0.0002

0.0010

0.1000

1.0000

5.0000

8.8000

Cycle

0

1

2

10

386

4227

20763

29522

z e1

8.97870000

3.20979786

5.52192919

2.40174212

1.74072243

1.00595648

1.74355472

8.38840204

X

X

X

X

X

X

X

X

10~3

ID"2

ID"2

10"1

101

io2

io2

io2

z e2

8.97861021

8.97836896

8.97871040

8.98117790

8.80470405

7.97280799

7.23674184

5.89799074

X

X

X

X

X

X

X

X

io2

io2

io2

io2

io2

io2

io2

IO1

z e, + z

8.978699997

8.978689940

8.979262573

8.983579642

8.978776293

8.978764470

8.980296560

8.978201114

e

X

X

X

X

X

X

X

X

2

io2

io2

io2

io2

io2

io2

io2

io2
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APPENDIX

FORTRAN LISTING OF THE K-TIF PROGRAM

(October 20, 1977 Status)

The following listing represents the K-TIF version for the examples described

in Sec. III. It is in OLDPL program library form. The programs comprising the

library are the set of 16 compiled binary routines or "decks" of Fig. 4. Selec-

tive compilation is used to minimize compile time. The CDC UPDATE SOURCE form is

recognizable, in which *COMDECK, *DECK, and *CALL statements are used. In addi-

tion, a number of special delimiting and identifying lines are automatically in-

serted when converting from SOURCE to OLDPL. For example, see lines 2-5, 44-45,

and 52-57. An advantage of the OLDPL form is that either a text editor or an al-

terfile can be used to make code changing quite simple and direct. The modified

OLDPL is then converted to a CDC UPDATE COMPILE file, with the *COMPILE line

identifying the deck(s) to be sent to the COMPILE file. The unchanged decks are

loaded directly from the binary library at load time.

Notes:

1. The tests on (e, + 8 + 1 ) convergence are lacking an outside absolute

sign. Affected are lines 676 and 1579, and should be changed to read

THTEST=ABS(THTIL1(IJ))+ABS(THTIL2(IJ))-1.

IF(ABS(THTEST).GT.EPSTH) MUSTH=MUSTH+1 .

2. Lines 1531 through 1538 can be deleted because their results are never

referred to in this code version.
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LASL Identification No. LP-0807
1 'COMPILE, AUI

9
10
11
12
13

*
20
21
i!
24
25
I?
P
3?
ii
I
37

CONEtV
CONEtV

D1MEN

^ /«,/ MCglCSWI

6

CAFtAM,CAPFAI/CCELLl,
C1.OT(»TI IT/
T(*Y&TP0l

HFCRIT,

J E C e L ( M X I T c N 6 o 9 K N n i ! f ! | .

3 NCS,NCVC(NCrlUL^MW,N»TZ,N(M»,NI(l«I
COMMON /KC2/ NSC,NTM!NUNIT.MMTft.NUS(2)^OMFL(it)cOCEU.McR»T#

1 «DX:RM0YtRDXJMM,»IY«,RW<2>,W«1l1,*NoicOF,
2 Mi»<2>(RS(RTSATiLRi4PTV
3 R2OXR»TiSA1{ttLtICl3
4

Mi»<2>(RS(RTSATiLRi4PTV
R2OX.R»Tfi(SA1{ttL.tICl3ASIVReM»TMI.ir2COF#T,
TMMC(2O)!TIW(20»rTMTi2&>cTECCF,TECcLTHNlN;TClM#
mMD^OlrtTtATlLwMmtf.TWNKfVOLFM,*/

VJ<24)iTT/riF;il
Mt» MM-22.
IN M C I * * * * * * *

4
5 mM
6 XC0NVX(i

C * * * * * M * * » S T M « M » RESOLUTION NEW H
c**********THUS lf*iPi*M REWIRES 13392 HORM IN
C*****MM**HM.F RESOLUTION SC0MN8 NEW HM 1MI>I
C**********THUS IP2*JP2*M REWIUS 4340 NOROS IN

C0N« /KCS/ MCS(43
HUS IP2JP2

C0N«N /KCS/ MCS
EWIVALENCE (AMs

1

AMil Mt» M M 2 2 .
HORM IN MCI,****

N8 NEW HM 1 M I I tm 3 M R * 1 2 ,
US 4340 NOROS IN MCS.**********

22.
* * * * * * * "

1 2

E
1
2
3
4
5
6

(AAts(7),C«O,

44
45
46
47
4ft
49

H
i!
54

II
57

7 t e ,
lL1);(*ACS(17)jV2:vnL2)l
#<MCS(19>#niU2)elMCU20>,THV1),
;(MCI<22>;iC!mfti)

9

2 <MCS(29),UTILK),(AACS<3OtVTILF-1),(MCS(31),VTILP2)
REAL JFSTM,JSSTM,KM,KlF1<,K5F1l,HU,mKOF,N<,Hr,NUS

M«EH 0
ftlNENSION FLA6(1>(TH1(1)fTH2i1>/P(1>.KIJ(1)#T1<1>(CMI(1)(R1(1)(

1 «(1)-lI«J(1),6TIL(1)>S1(1)fJ2<1),01(1}!«TIL1<1>-02<1),
t ir iL2n),vi<i>,mLin>,v2<i>,ml2<i) ,TMmi>< iw2<i>,UTIL2n),V1<1>,mLin>,V2<l>,ml2O),THU1(1><1
THV1(1)(1W2(1>«Kim(1)(Tf1(1)(KJn<(1)!THTIL1O)(
THUL2<5),TOni(i)-TMTT2(1)#C«n)/UTIt>1<1),VTllf2(1),
VTIL^1<1>;vnLf2(iJ

TMIVEL
NOVTNETA

FlifRTS
FASE

59
60
61
62

KTIF SETUP CONTROL SI6LM
PH26TIL PMIN PAVCEPF NCHTOT
KHF 1
COMEQV

PR06RMN KTIF<ITAPE#OT«rE1tT«F«5*IT^E,TVE6«0TAPE1)
6ATA IREP5 W *

C»«*««»**«1O2O77 VERSION OF IC-TIF**********

PH1LMR PH2UV FH2TH M »

65
66
67

CALL UNQCH6
CALL INSIST :SNITAPE.IREH>
IF(1«EP5.HE..-1)> CALL U I T
CALLUNMOP
JNN>10HKTIF«LTSS
CALL DATEH(BI)
CALL TINEH(C1)

70 10

73 50

77 100

CALL CONTROL
60 TO 10
CALL EXIT

F0RHATUI4,6F8.3>
END
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SUBKOUTIHC UHNW

Omgn
COMMON /OMIFFC/ O N F t t i
COMMON /FLHWFC/ FIHNF<
DATA !MM /O/
NHENSION I H £ « ( «
IBSI2E*5000
CALL CFL <5»T*M1-5DOOOO)
CALL ASSICN <«,Q,«fiOTAPC1,Q,0WFF/21O0)

CALL I tgnaO (12.FLHUF#SOOO,1000000#10SrIOUW
IHE»(1)«1OHK-TI>
IHEA6(2)«1CH
IHEA»(3>*10H
IHEA0(4)«ia«

(S )1O I
IHEA0(4)ia«
IHEA»(S)>1OI
IHEA0(6>*1QH
CAU HEAMO (12.60,IHEA»,9HMX TSAAA)
CALL KEEPFLH (12)
KETURN
END

101 SUBMMITINE MOP
102 LCft (FLNBUFC)
103 CMMON /FLMUFC/ FLMBUFCSOOO)
10* DATA IMM /Of
105 CALL OTTT («)
106 CALL DEVICE (5MCL0SE,6H0TAfE1)
107 CALL FILMO

109 CALL ^ ^ \ ^ M 5 m

110 PAUSE 111
111 KETURN
112 END
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1 1 * SETUP 2
115 COMEQV DIHEN
116 SUBROUTINE SETUP
117 *CALL,C0«8V
118 *CALL,DIHEN
119 DIMENSION KfLAG<2,3),ITA<12>
120 DATA KFLA6/13H(9H OBSTACLE),13H(9H A-INLET >/13H(9H B-OUTLET)/
121 DATA NL.W-NB.HT 10,0.0,0/
122 C**«******READ MORE INPUT DATA*****
123 R£AD<5,800> NAME
124 READ(5,B10> MEtBt6JL,TWINF,TECCF,JFSTAR,S,MFCRIT
125 KEAD(S,820) CT«>TCN),N=1,NTAB>
126 KEAD(S'S20) <TABP<N>,N«I!NTAB>
127 RE«X5,8Z0) <TABJ6<N>,N=1,NTA8>
128 READ<5,830) T-DT,DTHAX,TLIM&,TWFIN,LPR,riPR#N0DS9
1e9 READ<5,820) OTO
130 READ<5,820> OTOC
131 KT»6

ASSIGN 110 TO MET
MITE(KT,800) NAME

R i m K T 8 U ) > IBAR.J6AR,.IT0PLP,NTA8,DXeDY,CD,HU.SI6IJ

136 H R 1 T E ( C T ; 8 6 0 )
137 DO 109 NM.NTAB
138 URITE(KT#8?0> TABT(N),TA8i>(N)/TABaG(N)
139 109 CONTINUE
1*0 MITE(ICT,8S0> T>OT,0T«AX,TLI«0,TWFIN,LPi»,MPt,HOI>59
w «MTE<KT;B9» DTO
U 2 WftITE(KT!900> DTOC
1*3 60 TO KRET
U* 110 IF(LPR.EO.O) GO TO 120
1*5 KT«12
1*6 ASSIGN 120 TO KRET
1*7 60 TO 100
1*8 C«********CM.CUUT£ / DEFINE CONTROLLING CONSTANTS*****
1*9 120 IP1*IBAR+1
150 ZP2»IBAIt+2
151 JP1»JB«+1
152 JP2»JBAR*2
153 NttI*IP2*NQ
15* XR*FLOAT(IBAR)*DX
155 YT»FLOAT(JBAR)*DY
156 NSC«L0CF<ZZ)-L0CF<AA)*1
157 NCS*L0CF<AACS(JP2*NQI))*L0CF<AACS>+1
158 IDT0»1
159 T0UT«T*DTO(1)
160 DTPOS*DT
161 NDTZ*10
162 NCYC=>NUMTD*NUMIT*NCYMM(=>0
163 DTF>0.25
16* OW-0.85
165 EPSD>*.E-3
166 EPSTH>0.02
167 THMINzi.E-5
168 C0O**.25*CD
169 RDX>1./DX
170 RDXSQ=ROX*ROX
171 R0Y*1./DY
172 R0YS8-RDY4RDY
173 DX02=.S*DX
17* 0Y02=.S*DY
175 R2DX<.5*RDX
176 R2DY>.5*RDY
177 DXOY*DX*DV
178 VOLFAC*DXDY*S
179 RDXDY=RDX*RDY
180 MAXIT=500
181 NCYKIL*NCDBU6>999999
182 TECC1C«<5./9.)*(TECCF-32.>*273.15
183 C**********P<8ARS) » P (PS IA) /1 * .7 * * * * * * * * * *
18* R1*PT7»1./1*.7
185 TSATK*117.8*<TABP<1)*R1*PT7)**0.223*255.2
186 RTSATK=>1./TSATK
187 TUINK*(5./9.)*(TUINF-32.)«273.15
188 6*-32.*12.
169 C**********DENSITIES RHO(I) AND RH0(2) ARE IN LBS./CU.IN.****"
190 RH0(1>*0.036
191 c******«**STEAM OENSITY IS A VARIABLE FUNCTION OF PSIA(T)*****
192 C********>*USIN6 HIRT'S STEAM DENSITY FORMULA
193 C**********P*(6AMHA-1)*RH0*<ECV+CG*<T-T0}>.
19* C**********NHERE P IN BARS. (6AHHA-1X0.07, RHO IN 6M./tU.CH.,
195 c * * * * * * * * * * ECV=2.506E**4 C6*6.67, T«TSATK, TO-373.15.
196 RH02COF*0.036*R1*PT7/0.07
197 RHO<2)«TABP(1)*RHO2COF/<25O60.*6.67*(TSATK-373.15))
198 RRH0(1)*1./RH0(1)
199 RRH0<2>*1./RH0(2?
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200 C**********ELSUBL*L/RH0161, WHERE L*LATENT HEM Of VAPORIZATION,
201 c*********«540 CAL/GM; RH01B1*<0.036 LBS/CU.IN.*1 CAL/(GH*KELVINS>).
202 C**********THEREFORE ELSUBL IS IN CU.IN. KELVINS/LB.
203 ELSU6L»540./0.036
204 C**********SPECIFIC MEAT OF STEAM TAKEN TO BE 0.49 CAL/(6H*KELVINS),
205 C**********CONVERTE0 TO CAL/(L8*KELVINS)
206 B2»0.49*28.350*16.
207 C********** MINIMUM HEAT FLUX*10 CAL/(CMS0*SEC>»64.516 CAL/UNSQ*SEC)
20B HFHIN*64.S16
209 C**********NOTE — FOR POOL BOILING (COLLIER). AN APPROPRIATE
210 f********* CRITICAL HEAT FLUX=25 CAL/(CMS0*SEC)*161.29 CAL/(INS«*SEC>
211 c**********BUT FOR FORCED CONVECTIVE BOILING IN OOWNCOMER, THERE
212 c**********MI6HT NOT BE A FIXED UPPER LIMIT ON HFCRIT.
213 c**********RH0161*(1 6M/CU.CH)*(1 CAL/(GH*KELVINS)»
214 C**********16.3871 CAL/(CU.IN.KELVINS)
215 RH01B1»16.3871
216 C**********KW=0.167 CAl/(CM*KELVINS*SEC)*0.42418 CAL/(IN*KELVINS*SEC>
217 HCKWsO.42418
218 C**********CAPPA WALL (STEEL) = 0.028 INS8/SEC*****
219 CAPPAH*0.02ft
220 CAPPAZ-HCKW/RH01B1
221 HFI1=HFMIN/(S*RHO1B1>
222 RS=1./S
22J C**********CONVERSION FACTOR FROM CUBIC INCHES TO GALLONS*****
224 CUIN26L*7.4SO5195/(12.**3)
225 HUC0FsMU(1)+MU(2>
226 1FCMUC0F.NE.0.) MUC0F=4.S*MU<1)*MU(2)/MUCOF
227 0CELL«1.
228 ACELL*2.
229 BCELLx3.
230 CCELL*4.0
231 C**********SIGIJ*6T/DX**2 .LT. 0.25 FOR STABILITY*****
232 OTSI6=0.9/< 2.*(SI6IJ+1.E-6)*(ROXSfl+ROYSQ))
233 GOT*G»DT
234 R0T-1./0T
235 0T0»X>0T*R6X
236 OTODY*DT*RDY
237 C*«**«***«*SET BLAW AT 9/10TNS OF STABILITY LIMIT*****
238 BLAMii0.9/(2.*0T»(RDXS«+RDYSa))
239 SI6Pft«SIGIJ
240 DO 129 1-2,IP2
241 129 XI(I)*0X*(FLOAT(I)-1.5)
242 DO 139 J«2,JP2
243 139 YJ(J)«0Y*(FL0AT<J>-1.S>
244 C**********SETUP FOR MICROFICHE-WCROFILN PLOTS*****
245 FP*XL«YB«YY*O.
246 FIYB*916.
247 XO«XR/(YT-YB)
248 IFCXD.LE.1.13556) YY«1.
249 FIXL«AMAX1(O..(511.-45O.*X0>*Yt)
250 FIX««<511.U5O.«XD)*YY*1O22.*(1.-YY)
251 FIYT«16.*YY*<916.-1022./SD)*(1.-YY)
252 XCONV>(fIXR-FIXL)/<XR-XL)
253 YCO«V«(ttYT-FIYB)/(YT-YB)
254 IXL'FIXL
255 IXR*FIXR
256 lrB>FITB
257 IYT«FIYT
258 YU*FL0AT<JTOPLI»)*0Y
259 C*********»l OF LOWER PLENUM * EXP. AREA / KTIF AREA********
260 TM(>1*2.*3.141592654
261 RTRJE«XR/TMOPI • ,5*S
262 ATRUE»TV0PI*KTRUE**2
263 AKTIF«XR*YLP
264 ZU»ATRUE/AKTIF
265 JVECLP»FIYB+(YLP-YB)*YCONV
266 JTOPLP»JTOPLP*1
267 C**»*******SETUP CELL WANTITIES, THETA AND T
26$ C*«********SPECIFIED, ALL OTHERS SET TO ZERO.*****
269 C**********FLAG ENTIRE LOWER PLENUM AS C CELLS*****
270 DO 179 J»1,JP2
271 DO 179 I*1,IP2
272 IJ»M»*(IP2*(J-1)*1-1)*1
273 DO 179 N-1.N6
274 179 FLA6(1J*M-1)«O.
275 00 219 J-2.JP1
276 DO 219 I«2,IP1
277 tJ»l««<IP2*<J1
278 TH1(IJ>«0.
279 TH2(IJ)-1.
280 T1(1J)«TWINK
281 IF(J.LE.JTOPLP) FLAG<IJ)*CCELL
282 219 CONTINUE
283 C**********SETUP OBSTACLES (HOT LEGS), A-CELLS (ECC INLETS)
284 C**********AND B-CELL (BROKEN INLET), FROM INPUT DATA*****
285 300 READ(5,910) NOW
286 MUTE<6,920> NOAB
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287 IMLPR.6T.0) URITE(12,920) NOW
288 POKTS-O.
284 NDX*IPCRT»O
290 DO 359 N-t.NOAB
291 READ(5,930> OABFUN>,NL,NA,Ne,NT
292 L*INT<OABFL<«>
293 MRITE(6tKFLA6(1tL)>
294 IF(LM.6T.O) t*ITE<12,KFLA6(1,O>
295 NRITE(6.940) *.£NR«NB,NT
296 IFCLPR.GT.O) « l T E t i 2 , 9 * 0 ) NL,NR,NB,NT
297 IF(0A8FL<N).Ea.BCEU.) ITB>NR+1
29ft IF(OABFL(N).NE.ACELL> 60 TO 320
299 P0RTS»P0RTS*1.
300 c***«***«**ITA TABLE COLLECTS I-INDEX OF ALL A-CELLS*****
301 NDX*HDX+1
302 ITA(NDX>*NR+1
303 NLR*NRHIL
30* NBT»NT-NB
30$ 320 je»NS»2
30ft IR«NR»1
307 JT»NT*1
308 IL«NL*2
309 W) 3*9 J»JB,JT
310 00 3*9 IML . IR
311 IJ>H«*(IP2*(J-1>«I-1)*1
312 FLAfi(IJ)>OABFL(N)
313 IF<FU£UJ>.E8.0CELO T1(IJ)«0.
3 1 * IF(aAfi(IJ>.E«.ACEUJ T1(IJ)«TCCCK
315 3*9 C0K7INUE
316 C******«**«VECTOK COORDINATES, FOR USE IN PLOTS*****
317 IVB<N)*FIVI*(FLOAT<N»*Sv-YI>*YC0NV
318 lVR(N>>FIXL+(FLOAr(NR)*OX-XL)*XC0NV
319 IVT(N)*FITB*(FLOAT(«T)*OT-Yi)*TCONV
320 IVL(N>>FIXL*(FL0AT(NO*»X>XO*XC0NV
321 35? CONTINUE
322 c**********SET IPERT*I OF THE A-CELL LYIN6 FURTHEST FROM THE B-CELL,
3 3 C*******"*N1U ?ERTURB CELL BELOU FOR 0.3 SEC IN SUBR. PH2UV, fl.V.**"*
32* HAXMF*0
325 N M N>1,NDX
326 N»IF<IABS(1TB-ITA(N)>
327 mXDIF«IMX0<WWNF#N0IF)
328 IF(HAXDIF.M.MDIF) IfERTMTA(N)
329 369 CONTINUE
330 C**********SET FLAGS IN COLS. 1 AND IP2 FOR PERIODIC MALLS*****
331 DO 379 J«2,JP1
332 IL«N8*(IP2*(J-1)*Z-1)+1
333 IR-Nft*<IP2*(J-1)*IP1-1)*1
334 FLAS<lL-N8)«FUtG(H)
335 FLAC(IR«NS)*FLA6<IL>
336 379 CONTINUE
337 c**********SET TEMPERATURES INTO BOUNDARY CELLS*****
338 DO 389 J 2 J P 1
337 c S E T TEMPER
338 DO 389 J»2,JP1
339 I N a U P 2 O 1
340

DO 389 J2,JP1
339 IL«Na*UP2*O-1>»2-1>*1
340 IR«N9*(1P2*(J-1)+IP1-1)*1
341 K 3 W 1»2,II»1
342 I4«N»*(IP2*(J-1)*I-1)*1
343 IF<I.E«.2) T1(1J-*«)«T1(I*J
344 IF(l.E8.IP1) THIJ+Na)«T1(IO
345 ifli.fA.V TKIJ-NOD-TKU)
346 IF(J.E«.JP1> T1(Ii*NRI)«T1<lJ)
347 389 CONTINUE
348 c*****»****UITH ECC INLETS DEFINED. DETERMINE ECC FLUX*****
349 RD£N*1./(Att<6)*XR*(RH0(1>HtH0<2>»
350 C***"*****TAUA ASSUMES ALL INLETS HAVE EQUAL AREA**********
351 TAUA>DX0V*FLOAT(NLR*NBT>
352 SA1EACL«-JFSTAR*XR/(P0RTS*TAUA*$WT(RH0(1)*RDEN»
353 FB2BAS>XR/S«RT(RH0(2)*R»EN)
3S* J6STAR>TABJ6(1)
355 FB2*-J6$TAR*FB2BAS
356 FB2COF«FB2*RDXDY
357 NLP«FL0AT(JT0PLP-1)*DY
358 CAPLP»(XR*HLP*S)*CUIN26L
359 URITE(6.9S0) PORTS.TAUA.SAIEACL.FBZ.CAPLP
360 I F ( L P R . ( T . O > WITE'12,9S0> PORTS,TAUA^SAIEACL,FB2,CAPLP
361 RETOS

363 800 F0RMAT(8A?0)
364 810 F0RMAT(7F8.3)
365 820 F0RMAT(10F8.3>
366 830 FORNAT(SF8.3.3I4>

F0RMU8N IBAR-fU/SH JBAR«.E4/8N JT0PLP>,U/8H NTAB-.U/
1 5X3MDX«1«125 /5XS" t> l ' 'E125 /5X3HCD»€12J /SM « U ( 1 ) f 1 2 S1 5X,3MDX«-1«12.5/5X#S"t>l''#E12-5/5X,
2 8H NU<2>»,E12.5/8H SI6IJ»-E12.5)

F0RNAT(SX,3HUE>,1PE12.S/8H fcl6JL«,E12.V
1 8H THINF>#E12:5/8H TECCF»,E12.5/8H JfSTAS«,E12.S/6X,2HS>,E12.$/
2 8H HFCRIT>'E12.5)

F0RMAT(/12X,*HTMT.16X,*HTA9P.16X,5HT«J6)
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374 870 FO*HAT<1Ke3lBX,1PC12.5»
375 MO F«UWT</6X,2H?i.1«12.SrtX,SH©l*i,t12.J/8N DTHAX»«E12.5/8H TLllW"
376 1 .E12.5/8N TMFI(*>(E12.S/4X.4HLP«*.I4MX(4l»MI*,l(/*M »»059«,»>
377 890 F0MWT(12H r>TO(1-foKS(ir£u.S)/ia,5(frE14.S>>
378 900 F0MMT(12H »TOCCMO)«,5<1PEH.5>/12X,5UMU.5>>
379 9>0 FOftMTUt)
3S0 920 FOWWT<UH TOTAL HO. OF OBSTACLES W t k l W I ««T$ IS,U>
381 930 F0KMT<F8.3<*U>
382 940 FOWMT(1»H#10X.4H *.*,!<,,tM NM.U.4N Nt«.I4,4H «T»,U)
383 9S0 FOWMT(/42N TOTAL NO. Of A-1NLETS tUNMOKEN LC«S> I t ,F2.0,
3M 1 27H, MHERE YHE WEA OF EACH IS.1PE12.S/
385 2 31H SA1 Of EACH C a t (ECC FLUX) IS.E13.5,
386 3 30H INITIAL STEAM FLUX (FB2) l s J i 3 . 5 /
367 4 41H CALCULATED CAPACITY OF LONER PLENUM IS,E13.S,9H 6ALL0NS.)
388 END
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389
390IWTWC" 2
391 COHEM D1HEN
392 SUBROUTINE CONTROL
393 *CAIL,COHE«V
39* *CALL,OINEN
395 DIMENSION VELKU2)
396 DATA TBASEfTL.TIME2 /O.,0.,0./
39? CALL SECOND(TBASE)
398 C**********6ET JOB TINE LIMIT*****
399 CALL GETJTL(TL)
400 URITt<6t4130>
401 C******»***IB&t«O SISWflES RESTART*****
402 IFUBM.E4.0) 60 TO 170
403 C**********SUBTRMT 2 MINUTES TO ALLOW DUMP T.HE AT END*****
404 TLIH«TL-12O.*<1.-TLIHD)*1.E*1O
405 C**********NEW CYCLE BEGINS HERE *****
406 C**********HODIFT THETA BY SI6MA AND LAMBDA EFFECTS*****
4OT 10 CALL SI6UW
403 C**********SET TANSENTIAL VELOCITIES ON TOP, LEFT, RI6HT*****
409 CALL TANVEL
410 O*********0NE-UNE SUMMARY PRINT EVERY CYCLE*****
411 STAU81«STMIB2«6LP«0.
412 DO 99 J«2,JP1
413 DO 99 I«z; iP1
414 IJ*N9*UP2*<J-1)»l-1)»1
415 IFU.LE.JTOPLP) 6LP-6LP+TMKIJ)
416 IF(FLAC(IJ).NE.BCELL} 60 TO 99
417 STAU61-STAUB1+SKIJ)
418 srAUB2*STAUB2»S2(IJ>
419 99 CONTINUE
420 STAUBl*STAUB1*DXDV
421 STAUB2>STMUB2*DXDY
422 6Lf*GLP*V0LFAC»CUIN26L
423 IF((LPR.6T.O).AND.(NOO(NCYC.2).EQ.O)) MRITE(12.4000)
424 1 T(mrC#0T,NVraT,SWTM),STAUei,STAUB2,FP{GLP<FB2
425 IFt<NPR*6T.O>.AND.(W)D(NCYC,2)'Ea.O)) MRITE(S,4000>
426 1 T.NCYC,0TeNUMITitSHI>TAU.STAiiB1(5TAUB2cFP,6LP,FB2
427 IFIHOC(HCYC,I«O59).EQ.O) URITE<S9,40i6) T,NCYC,NUHIT,OT,SMDTAU,
428 1 FP-6LP
429 IF(NCYC.LE.3O) GO TO 130
430 C**********OPTI0NALLY, CM* KILL PROBLEM IF (NCYKIO CYCLES*****
431 C**********60 THE ITERATION LIMIT (MAXIT)*****
432 IF(NUHIT-MWIT.LT.O) GO TO 120
433 NCYHAX*NCYHAX+1
434 IF(NCYHAX-NCYKIL.LT.O> 60 TO 130
435 URITE<6(4020>
436 MRITE(59,4020)
437 t«ITE(12'4020)
438 110 TOUT*THFIN*O.
439 120 NCYRAX'O
44Q c**********SEE IF IT IS TIME FOR PLOTS AND PRINTS*****
441 130 IF(T*1.E-10.6E.T0UT) GO TO 140
442 IF(NCYC.LE.I) 60 TO 150
443 IF<NCYC.GE.NC08UG> GO TO 150
444 GO TO 160
U S C**********ANTICIPATE NEXT DESIRED OUTPUT TIME*****
446 140 T0UT*TOUT*t>T0(I0TO)
447 IF(T*1.E-10.LT.DTOC(IDT0)> GO TO 150
448 C**********ADVANCE TO NEXT SET OF OUTPUT CONTROL DATA*****
449 T0UT>DT0CUDT0>*0T0U0T0M)
450 16TO«IDTO*1
451 150 CALL PVWRTS
452 I*****»***oCNICI{ FOR UNt LIMIT OR PROBLEM FINISH TIME*****
453 C**********AJ» DUMP IF SPECIFIED*****
454 160 IF(I»ROP.E«.1) CALL M OP
455 IFUDROP.ra.O) SO TO 162
456 CALL UNtMf
457 10R0P-0
45S 162 CALL SEC0N»(TINC2>
459 IFaiNC2-TMSE.eC.TLIW 60 TO 165
460 IFO.LT.TWFIN) CO TO 110
461 IF(TLW».E«.O.) RETURN
462 O*********0UMP PROCEDURES*****
463 165 HRIT£(6-403g) NUHT»,T.NCYC
464 HRlTE(S$r40l0) N U N T S A N C Y C
465 1F(LP«.6T.O> MRITE<12.4030) NUMTO,T,NCVC
466 CALL CFL(5HTAM8.SO0OOO)
467 CMX ASSI«N(8 ,6 ,SHTAPE8)
468 NRITEU) <M<N>>N*1#NSC)
469 MITE<8> (AACS(N>,N.1,NCS)
470 NUHTMMHTftM
471 RETURN
472 C********^IESTART PROCEDURES*****
473 170 CALL DEV1CE<4HOPEN-5HTAPE?)
474 CAU WS16N(7,0,5HtAM7)
475 JTOJMR
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476 JNSC-L0CF(M)-LC>C'<AA)*1
477 READ(7) <AA(N),N>V>NSC>
478 «EAD<7> (AACSdO.Nii.NCS)
479 CALL DCVICE(5HCL0SE,5HTAPE7>
4S0 IFOT».NE.NUMT6> 60 TO 175
481 NUKTft«NUHmi
482 TUI*»TL-120.*<t . -TU«»*1.E*10
483 URITE(6,4040> JTD
484 MUTC(6(4050> NAHE,T,NCYC
485 tMTE(59,4Q4Q) JT6
486 MUTE<S£4(B0> MfC.T.NCYC
487 IF(LM.EO.Q) GO TO 180
488 t f t i m i 2 , 4 0 4 0 ) JTO
489 Mtm<1£4050) NM« /T / t t»C
490 CO TO 180
491 175 MITF.<6.4060>
492 MRITE(S9,4060>
493 CALL EXIT
494 180 BMIT»50
495 IMMCYC.LE.IO} HAXIT*100
494 lf(NCYC.LE.4> KMUT*S00
497 DTUVEL»0TWEL*VEUa(1)*VELm(2)*1.E-10
498 00 189 J*1,JP1
499 BO 189 I*1,1P1
500 DO 189 N>1(2
501 IJ««Nft*(IP?«<J-1>»I-1)»N
502 DTUVEL*AKAX1<OTUVEL,ABS<U1<IJA)))
SOS 0TWEL**MX1<ftTWEL.ABS<V1(IJA))>
504 C * « « « * « U « S E S T OOX/2 M VOY/2 IN EWM FIELt»«»*»«
505 V£Lm(N)*MW1(VELN<iN>,MS(lJ1<IM>>*DXO2,AeS(V1<IJA))«DYO2>
506 169 CONTItfjE
507 0TM*M.05*0TP0S
508 C»*»****«*MJTOnATIC NU (A LA SHALAKO 122374). WERE
509 C**********M0»UWW*W« • <F* .5 ) , «HE« F.LT.0.5*****
510 190 DO 199 N»1,2
511 NUS(N)«VEim(N>*(DTF+O.S)
5>Z CNUSX(H)«NUS(N)*K»XS«*.25
513 199 CNUSY<N)*NUS<N)*ftOVM*.25
5 U C*******»*«TW£ STEf CALCULATION*****
515 c*****«***USE LAMEST POSSIBLE DT AfTER CYCLE ( K 0 H ) * * * * *
516 DTOLO-DT
517 C**********DTVEI. IS MSED OH LAASEST U OX V IN EITHER FIELD*****
518 »TVEL»DTF»AjaN1(DX/DTUVEL,ftV/DTWEU
519 c********«*OTFASE IS CONCERNED HITH PHASE TRANSITION KATE*****
520 0TFASE*A0S(RHO(2>*TMTX/<U6.>L*(T$ATK-TECCIO+1.E-1Q)>
521 0TP0S»AWN1(DTVELtDTFASE,DTSI6,DTNU«/DTHAX>
522 IF(DTP0S.LT.1.E-?6> 60 TO 110
523 C***«******ALLON DT CUT WHILE (MCYC.U.HDU), W T NOT »T UP*****
524 IF(NCYC.L£.NDn.AN0.eTPOS.6T.DT) 60 TO 200
525 DT»DTPOS
526 c**********HEREt DT 13 ADJUSTEO TO FIT OUTPUT TINE EXACTLY*****
527 200 IF«T+DT.6T.TOUT).AW>.(TOUT-T.6T.0.02*DTOLD)) DT»TOUT-T
528 T»T*DT
529 NCYC-NCVC+1
530 60T»6*DT
531 «DT>1./DT
532 DT0DX«DT*R6X
533 DTODY-DT*RDY
534 C**********SET BLAHZ AT 9/10THS OF STABIUTY CONDITION*****
535 BUWZ>0.9/<2.*DT*(RDXSO»RDYS<&)
536 C**********INTERPOLATE TABULA* DATA FOR STEAM AND PRESSURE RAHPIN6*****
537 N-NTAB
538 TIMEFM>0.
539 IF(T.CE.TA8T(NTAB» CO TO 215
540 DO 209 N-1.NTAB
541 IF(T.CE.TABT(N>.AND.T.LT.TABT(N»1» 60 TO 210
542 209 CONTINUE
543 210 TIHEFAC«(T-TA6T(N»/(TA»T<NM>-TABT(N))
544 215 PSlA«TAIP<N)+TIKErAC*(TABP(N+1>-T«P(N))
545 TSAT»i117.8*(PSIA*«14PT7>**0.22>255.2
546 KTMTK-1./TSATK
547 MSTM(TIIMS(lO

«PliiMW02C0Ff<25060.«6.67*aSATK-373.15>)
O)«1./MM<2>

SKCOF*(RHO(2>HawlOLD)*RDT*RRHO(2>
554 C**********TME HEART Of THE 3-PHASE CALCULATION*****
555 C * * * * * * * M * F I » S T # CALL THE PHASE 1 EXPLICIT LA6RAN6IAN CALCULATIONS*****
556 »TCUT*O
557 CALL PN1LASR
558 IF<IDTCUT.E«.1> 60 TO 200
559 c**********(PAVSEPP REQUIRES DTU,V VEL FROM ABOVE)*****
560 CALL PAV6EPP
M l c**********NEXT, BECIN PHASE 2 BY INITIALIZING TILDE THETAS*****
562 CALL PH2T&
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543 NUHIT»O
564 C**********THEN, CALCULATE W AND V TILOE VELOCITIES*****
565 220 CALL PH2UV
566 C* * * * * * * * * * AND NEW TKETA TILOES BASED ON THESE VELOCITIES*****
567 CALL PH2TH
568 IF(NUMir.SS.O) 60 TO 23C
569 IFCMUSUD.ES.O .Of.. NUHIT.EQ.MAXIT) 60 TO 240
570 C*** * * * * *«* AND NEH D TILDES. LOOP UNTIL CONVERGENCE NET*****
571 230 CALL PK'OTIL
572 60 TO 220
573 C**********NORMALIZE THE RESULTING PRESSURE FIELD*****
574 240 CALL PNIN
575 C**********PHASE 3 CALCULATES THE NEH TEMPERATURE FIELD*****
576 CALL NENTEHP
577 C**********FINALLT, HOVE THETAS TO N-TIME STORAtt*****
576 CALL mVTHETA
579 60 TO 10
sto RSTORN
581 4C00 FORMAT (2H T,1PE9.2,2H C,15,3H 9T.E9.2.3H IT, I3e3H DV.E9.2,4H SB1,
582 1 E9.2,4H SB2le9.2(4H F P , E ( . 2 . 4 H 6LP.E9.2.4H F62.E9.2)
583 4010 F0RMATC2N VPE9.2^2H C,l5,3H IT , I3 ,3H DT,E9.2,4H DV,E9.2#
584 1 3H fc.£9.£4H 6LP.E9.2)
585 4020 FORMAT (S1H i W I T CUTOFF FOR 10 CONSECUTIVE CYCLES - RUN ABORT)
586 4030 F0RKATO1N T.V>E 0UMP.I3.4H AT T«,1PE12.5,6H CVCLE#IS)
567 4040 F0RMAT(2QH RESTARTING FROM TD,I3)
588 40S0 F0RHAT(SX.8A10.5H T*,1P£12.5,6H CTCLE.I5)
589 4060 F0RHAT<46H ABORT - DUMP NUMBER IS NOT THE ONE REQUESTED.)
59Q 4130 FORMAT (1H1)
591 END
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592
593 5 I 5 T W — 2
594 COME«V DIMEN
595 SUBROUTINE SIGLAM
596 c********«THIS SUBROUTINE MAKES 2 MODIFICATIONS TO VOL. FRAC. FIELDS"****
59? C**********1ST, INCORPORATE THE**********
598 C**********TURBULENT DIFFUSION OF THETA1 AND THETA2*****
599 C**********AT PRESENT, SICIJ IS A CONSTANT. NOTE IT IS SET TO*****
600 C*****«****ZERO AT BOUNDARIES."****
601 *CALL,COHEQV
602 *CALL,DIMEN
603 10 00 19 J=2.JP1
604 IL=l«*UP2*(J-1>+2-1)
605 IR=Nft*UP2*<J-
606 DO 19 I=2,IP1
607 U=NQ*UP?*<J-mi1> l
606 IF<FLAG<IJ>.Efl.OCELL) GO TO 19
609 1MJ=IJ-NQ
610 IPJ=1J+N8
611 IJM=IJ-NQI
612 IJP=IJ+Nai
613 SIGIMH=$IGIPN=SIGJMH=SIGJPH=SIGIJ
614 IF(FLAG<IMJ>.EQ.OCELU SIGIHH*0.
615 IF<FLAGUPJ).E«.OCELL) SI6IPH=0.
616 IF(J.EQ.2.0fi.FLAG(IJM).EQ.0CELL) SIGJMH=O.
617 IFU.EQ.JPI.OR.FLAGUJPKEQ.OCELL) SIGJPH=O.
618 00 18 N=1,2
619 IJA=IJ+N-1
620 IMJA=IJA-N«
621 IPJA=IJA+NQ
622 IJMAMJA-NQI
623 IJPA=IJA*NQI
624 IF(1.E<J.2) TH1(IMJA)=TH1(1R+N)
625 IFd.EQ.IP1) TH1(IPJA)=TH1(1L+N)
626 THTIL1UJA)=TH1UJA) • DT»(R»XSQ*(SIGIPH*(TH1(1PJA)-TH1(IJA) )
627 1 -SIGIMH*(THKIJA> -THKIMJA)))
628 2 +R0YS«*<SIGJPH*(TH1(IJPA>-TH1(IJA) )
629 3 -SIGJHH*(TNUIJA> -TMKIJMA))))
630 18 CONTINUE
631 19 CONTINUE
632 HBLAMZ=.5*BLAMZ
633 NUMTH=0
634 CALL BND
635 C***»******2ND, A CORRECTIVE PROCEDURE •»*«•*»**«
636 C**********ITERATE TO BRING (THETA1+TMETK) CLOSER TO UNITY*****
637 C**********IN EVERY CELL. IF ANY LAMBDA IS CALCULATED TO BE NEGATIVE,"
63? C«»********TAKE IT = 0. AT BOUNDARIES, LAMBDA = 0 . * * * * *
639 20 HUSTH=O
640 DO 29 J=2,JP1
641 DO 29 I=2,IP1
642 IJ=NQ*<IP2«<J-1)*I-1)+1
64i IF(FLAGCIJ).EQ.OCELL) GC TO 29
644 1HJ=1J-NQ
645 IPJ=IJ*NQ
646 1JK=IJ-NQI
647 IJP=IJ*NOI
648 THL.= THTILHIJ)*THTIL2(1J)-THTIL1(I«J)-THTU?<IMJ)
649 THR=THTIL1(IPJ)+THTIL2(IPJ)-THTIL1(IJ)-TMT1.2(IJ)
650 THB=THTIL1<tJ)*THTIL2(lJ)-THTlL1<IJM)-THUL2flJM>
651 THT=THTIL1(1JP)*THTIL2(IJP)-THT1L1(U: -THTILt(IJ)
652 DO 28 N=1-2
653 IJA=IJ*N-1
654 IMJA=1JA-Nfl
655 IPJA=IJA*NQ
656 IJMA>IJA-N4I
657 IJPA=IJA*N«I
658 BLAML=AMAX1(HBLA«I*(THTIL1(IJA)*THTIL1(IMJA)),0.)
659 BLAHR=AMAK1(HBLAHZ*<THTIL1(IJA)*THTIL1(IPJA)),0.)
660 BLA«C=AHAX1(HBLAW*(THTIL1(IJA)*-THTIL1(IJMA)),0.)
661 BLAMT=AMAX1(HBLAMZ*(THTIL1(IJ«*THT1L1(IJPA)),O.)
662 IF<FLAG(IHJ).EQ.OCELL> BLAML*O.
663 IF<FLAG<IPJ).£«.aC£U> BLAMR>0.
664 1F(J.EO.2.OR.FLA€(IJM).E8.OCELL) BLAMB=0.
665 IF(J.Ea.JP1.0R.FLA6(UP).EQ.0CELL) BLAMT=O.
666 THTT1(IJA)=THTIL1(IJA) • 0T*(R0XSa*(BLAI>«*THR-eLA(1L*THL)
667 1 •RDYSQ*(BLAMT*THT-BLAH8*THB)>
668 28 CONTINUE
669 29 CONTINUE c p p n n4- p t-
670 DO 34 J=2,JP1 i e e n o t e s

671 DO 34 I«2,IP1 at
672 IJ=Na*(IP2*<J-im-1>+1 .„„..„-..„
6?3 iF<FLAGUj>.E«.ocELL) GO TO 34 beg inn ing
674 THTIL1(IJ)=THTT1(IJ) n f
675 THTIL2UJ)*TKTT2(IJ) ol

676 IF((ABS(THT1L1(IJ))*ABS(THTIL2<IJ)>-1.).6T.EPSTH) MUSTH=MUSTH+1
677 34 CONTINUE
678 CALL BND
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679 35 NUKTH=KUMTH+1
680 IF(MUSTH.GT.O.AND.NUHTH.LT.MAXIT) GO TO 20
681 C*«*******AFTER ITERATION MAS CONVERGED, IF ANT THETA IS LESS THAN
682 C**********ZERO, SET IT TO ZERO AND THE OTHER THETA TO UNITY.*****
683 C**«*******(SMDTAU REOD FOR CYCLIC PRINT UPON RETURN TO CONTROL.)•«***
684 SMDTAU=O.
685 DO 39 J=2,JP1
686 DO 39 I*2.IP1
687 IJ=t«*UP2*<J-im-1) + 1
688 IF<FLAGUJ).E8.0CELL) GO TO 39
689 SMDTAU=SMDTAU+DTIL(IJ>
690 IF<THTlL1<IJ).riE.THMIN) GO TO 36
691 THTIL1<IJ)=THHIN
692 THTIL2(IJ)=1.-THWN
693 GO TO 39
694 36 IF(THTIL2<IJ>.GE.THMIN> 60 TO 39
695 THTIL1(IJ)=1.-THM1N
696 THTIL2(1J)=THHIN
697 39 CONTINUE
698 SMDTAU=SMDTAU*DXDY
699 CALL BND
700 CALL MOVTHETA
701 RETURN
702 END

703
70* T W V t C — 2
705 COMEOV &IMEN
706 SUBROUTINE TANVEL
707 C*«********SET TANGENTIAL VELOCITIES ON BOTTOM, TOP, LEFT, ANO RIGHT***
706 *CALL,C0HE9V
709 *CALL,DI«£N
710 50 00 59 .!«1,JP1
711 IL*NQ*<IP2*(J-O*2-'i)
712 IR=«*(IP2*(J-1)*IP1-1)
713 DO 59 1*1,IP1
7U DO 59 M * V
715 UA=N«*(IP2*(J-1)*I-1)+N
716 IJPA^IJA*N8I
717 IPJA=1JA+IW
718 IF(J.E9.1) U1(IJA)=UUIJPA>
719 IFO.EQ.JP1) U1(IJPA)*U1(IJA)
720 IF(I.EQ.I) V1UJA)=V1UR+W
721 IFd.Ef l . IP1) V1(IPJA)«V1(IL+M)
722 59 CONTINUE
723 RETURK
724 END
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726 P T T P R T S " 2
727 COMEQV DIMEN
728 SUBROUTINE PLTPRTS
729 o*********THIS ROUTINE PRODUCES PLOTS ON FILM OR FICHE*****
730 C**********OR, A COLOR MOVIE INSTEAD IF (LPR*O>*****
731 C**********IF (LPR.6T.0) THOUSK. IT SUPPLEMENTS THE PLOTS"***
732 C*«***» "WITH NUMERICAL PRINTOUTS*****
733 c**********AVAILABLE COLOR CHOICES ARE AS FOLLOWS*****
734 C**********0.0 i WHITE <N0 FILTER)
T35 C**********1.0 = RED (MAGENTA • YELLOW FILTERS)
736 C**********1.S = YELLOW (YELLOW FILTER)
737 C**********2.0 * GREEN (YELLOW • CYAN FILTERS)
738 c**********2.S a CYAN (CYAN FILTER)
739 C**********3.0 * BLUE (CYAN + MASENTA FILTERS)
7*0 C**»*******3.5 = MAGENTA (MAGENTA FILTER)
741 *CALL,COM£OV
742 *CALL,DIMEN
743 DIMENSION CON(11),IDCON(2,7),IDFLD<3.2),I0W(2,2),1X1(1),1X2(1),
74* '. IY1(1>tlY2(1),SE(i5,SINTE(l>,$KE(1),$PSt8),STHX1>,
745 2 VELMX(2),X1(*>,Y1(4>
746 EQUIVALENCE (SPS,IX1,STH),(SPS(2),IX2,SINTE),(SPS(3>,in,SKE>,
747 1 (SPS(*),lY2tsl)
748 DATA IOW /13H(9H VELOCITY),13H(9H VELTHETA) /
749 DATA IDFLD /2lH(1H*,10X,9H FIELD 1,),21N(1Ht,10X,9H FIELD 2 , ) /
750 OATA I0CON /17H(12H VOL.FRAC. 1),17H(12N VOL.FRAC. 2 ) ,
751 1 17HO2H PRESSURE >,17H(12H DRAG (=K) ) ,
752 2 17H(12N TEMP. 1 ),17H(12N GAMMA ) ,
753 3 17H(12H R1 ) /
754 C»* •******FIRST- DO THE 4 VECTOR-TYPE PLOTS*****
755 300 IF(LPR.EQ.U) GO TO 400
756 C**********OUTER LOOP - NVP=1 - VELOCITIES *****
757 C**t******* NVP=2 - VELTHETAS*****
758 DO 359 NVP=1,2
759 FNVP=FL0AT(NVP-1)
760 VELHX(1)=VELMX(2>=0.
761 DO 319 J=2,JP1
762 00 319 I=2,IP1
763 IJiNQ*(IP2*(J-1)+I-1)+1
764 DO 319 M=1,2
765 IJA=IJ*N-V
766 THFf>FNVP*(TH1(IJA)-1.)+1.
767 UTERM*ABS(THFAC*.S*(U1(IJA)+U1(I.JA-N0))>
768 VTERH<ABS(THFAC*.S*(V1<IJA)+V1(IJA-NQI)))
769 319 VELMX(N):AMAX1(VELMX(N),UTERM,VTERM)
770 C**********INNER LOOP ON N PLOTS EACH FIELD IN TURN*****
771 DO 349 N=1,2
772 1F(VELMX(N).LT.1.E-1O) GO TO 349
773 DX0U=DX02/VELMX(N)
774 C***"*****ORAW ALL FRAMING*****
775 ASSIGN 330 TO KRF
776 GO TO 360
777 330 WRITE(12,IDW(1,NVP))
778 WRITi(12,I0FL0(1,N))
779 WRITE(12,4070) viLMX(N)
780 00 339 J=2,JP1
781 Y1=YJ(J)
782 IY1=FIYB*(Y1-YB)*YC0NV
783 00 339 I=2,IP1
784 IJ=NO*(IP2*(J-1)*I-1)*1
785 if(FLAGdJ).Ea.OCELL) GO TO 339
786 IJA=IJ*N-1
787 X1-XKI)
788 THFAC=FNVP*(THHIJA)-1.)»1.
789 X2=X1*(U1(IJA-NQ)+UMIJA))*DX0U*THFAC
790 Y2=Y1*(V1(IJA-Nai)*V1(IJA))*DX0U*THFAC
791 IX1=FIXL+(X1-XL)*XC0NV
792 IX2=FIXL*(X2-XL)*XCONV
793 IY2=FIY6*(Y2-YB)*YC0NV
794 IFUT2.6E.1) GO TO 335
795 C**********VECTOR WITH (IY2.LT.1) WOULD BE OMITTED, SO*****
796 C**********SET IY2 TO 1 AND INTERPOLATE FOR 1X2*****
797 IX2=IX1*(IX2-IX1)*(iri-1)/(IY1-IY2)
798 IY2=1
799 335 CALL DRV(IX1,IY1,IX2,IY2)
800 CALL PLTUX1,IY1,16)
801 339 CONTINUE
802 349 CONTINUE
803 359 CONTINUE
804 CO TO 400
805 < > " • - " - ' ^ S T A R T PLOT BY ADVANCING FRAME, AND DRAW BOUNDARIES*****
806 3*0 Cs.lL fiDV(1)
807 U(LPS.£S.O) CALL COLOR(3.0)
808 CALL FRAME(IXL,1XR,IYB,IYT)
809 C******»***OOTLINE AU OBSTACLES AND A AND B CELLS*****
810 DO 369 MV<1,N0A8
811 IF(0A8FL(NV).NE.0CELL) GO TO 365
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812 C******»***DRAM AN X ACROSS THE HOT LEG OBSTACLE CELLS*****
813 CALL ORVaVL<NV),IVB<NW,tWUNV),IVT<NV))
814 CALt DRV<IVL<NV),IVT<NV>,IVR<NV>,IVB<NV>>
815 365 CALL MIVUVL<NV),IVB<NV>,IVR<NV),IVB(NV)>
816 CALL DSVUVR(NV>,IVB(NV),IVR<NV),1VT<NW>
817 CALL DRVavl(NV),IVT(NV),IVR(NV>,IVT(NV>)
818 CALL DRVCIVL<NV>,IVB<NV),IVL(NV),IVT(NV>>
819 369 CONTINUE '
820 C**********ORAM LINE ACROSS TOP OF LOWEf; PLENUM*****
821 CALL ORVUXL.JVEOP,IXR,JVECLP>
822 370 CALL LINCNT<$9)
823 if(LPR.CT.O) WRITE(12,40B0) JNM,D1,C1,NAMEJ,NCYC
82* C**********KRF*330 IF VECTORS, A60 OR 470 IF CONTOURS*****
825 GO TO KRF
826 C**********SECOND, DO THE CONTOUR-TYPE PLOTS*****
827 400 IFUBAR.Ea.i.OR.JBAR.EO.I) GO TO 600
828 LPL=7
829 IF(LPR.Ea.O) IPL*1
830 00 599 L=1,LPL
831 aMN=1.E*20
832 Q«X=HJMN
833 00 409 J=2,JP1
834 DO 409 I=2,IP1
835 1J=N8*(IP2*U-1>+I-1>*1
836 lFCFLA6UJ>.Ea.0CELL> GO TO 409
837 CO.(IJ)=fLAG(U*L)
838 C**********IIWT R1 PLOT TO THE SMALLER VALUES OF INTEREST*****
839 If(L.E«.7> CaUJ>=AMN1<CQ(IJ>,0.4*S>
840 0MN=AHlN1(aMN,CQ(lJ>)
841 OMX'AMAX1<QMX,Caaj)>
B42 409 CONTINUE
343 C**********HNEAR PLOTS ONLY IN THIS VERSION*****
844 XX=QMX-QMN
845 C**********SKIP PLOT IF INSUFFICIENT FIELD VARIATION*****
846 IF(XX.LT.1.E-5) 60 TO 599
847 C**********OETERMINE THE 11 ALLOWED CONTOUR VALUES*****
848 C*******»**ADDING 1.E-10 ENSURES CONdD.GT.OMX*****
849 D9=0.1«(XX»1.E-10)
850 DO 449 IC=1,11
851 449 C0N(IC)=QMN+FL0AT(IC-1)*0«
852 K=11
853 C**********GO BACK TO 360 DRAW ALL FRAMING*****
854 ASSIGN 460 TO KRF
855 IF(LPR.EQ.O) ASSIGN 470 TO KRF
856 GO TO 360
85? 460 MftITE(12,I0C0N(1,L>>
858 Mf(ITE( 12,4090) OhN,OKX,C0N(1),C0N(IC-1),09
85<J IF (L .Ea .S ) URITE(1Z,4100> TSATK
860 GO TO 480
861 470 CALL COLOR(3.5)
862 C**********CONSIDE» CELLS 6R0UPED IN OUAORANTS - U , I P J , I J P , I P J P * * * * *
863 480 DO 589 J>2,v'BAR
864 Y1(1}=Y1<2J=rJ<J)
865 Y1(3)=ri(4)=YJ(J+1)
866 DO 579 I=2,IBAR
867 X1(1)=:X1(3)=XI(I)
868 X1(2)=X1(4)=XI(I+1)
869 IJ=Na*<IP2*<J-1)*I-1)+1
870 1PJ=IJ*NO
871 IJP=IJ+NQI
872 IPJP=IJP+NQ
873 C*********«ORAH ALL CONTOUR SEGMENTS PASSING THRU THE AREA BOUNDED
874 C**********BY THE CENTERS OF THE FOUR CELLS**********
875 DO 569 IK=1,IC
876 KC1=KC2=KC3=KC4=0
877 IF(FLAG(IJ) .NE.OCELL.AND.CQ(IJ) .LE.CON(IK)) KC1=1
878 IF(FLAG<IPJ> .NE.OCELL.AND.CfiCIPJ) .LE.CON(IK>> KC2=1
879 IF(FLAGdJP) .NE.OCELL.AND.CQ(IJP) .LE.CON(IK)) KC3=1
880 IF(FLAGUPJP).NE.0CELL.AND.C<JUPJP).LE.CONUK>> KC4=1
881 C*»***»****IF PRODUCT .NE. 0, THEN ALL 4 ARE = 1.
882 C**«******IF SUM .ea. 0, THEN ALL 4 ARE = 0. FOR EITHER
883 C**********OF THESE, THE CONTOUR DOES NOT PASS THROUGH, SO
884 C**********IT GOES TO 569 TO TRY NEXT CONTOUR VALUE ON IK LOOP.*****
885 IF(KC1*KC2*KC3*KC4.NE.O.OR.KC1+KC2*KC3+KC4.EO.O) GO TO 569
886 C**********LL COUNTS NO. OF POINTS. PLOTS WHEN LL=2***»*
887 LL=O
888 IFCKC1+KC3.NE.1) 60 TO 510
889 C**********CONTOUR ACROSS LEFT * * * * *
890 IC1=1
891 IC2=3
892 IJ1=1J
893 IJ2=UP
894 ASSIGN 510 TO KR1
895 GO TO 540
896 510 IF(KC1*KC2.NE,1) GO TO 520
897 C****«**»**CONTOUR ACROSS BOTTOM * * • * •
898 IC1=1
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899
900
901
902
903

IC2=2
IJ1=IJ
U2=IPJ
ASSIGN 520 TO KR1
GO TO 540

904 520 lf(KC2*KC4.NE.1> GO TO 530
905 O********«C0NT0UR ACRuSi RIGHT * * * * *
906 IC1=2
90? IC2=4
908 U1=IPJ
909 IJ2=IPJP
910 ASSIGN 530 TO KK1
911 GO TO 540
912 530 IF(KCi*KC4.NE.1> GO TO 569
913 C**********CONTOUR ACROSS TOP * • * *«
9 K IC1=3
915 IC2=4
916 IJ1=IJP
917 IJ2=IPJP
918 ASSIGN 569 TO KR1
919 C * * " * * * * " I F EITHER CELL IS AN OBSTACLE, 00 NOT DRAW CONTOUR***"
920 540 IF(FLAG(IJ1).E«.0CELL.0R.FLAG(IJ2).Efi.0C£LL) GO TO KR1
921 LL=LL+1
922 XX=(C0N(IK)-C8(IJ1>)/(CQ(IJ2>-CaUj1)>
923 IXULL)=FIXL+(X1(ICmXX*(X1UC2>-X1(K1)>-XU*XC0NV
924 IY1(LL)=F1YB+(Y1(IC1>+XX*(Y1(IC2)-Y1UC1))-YB)*YCONV
925 IFCLL.LT.2) GO TO KR1
926 C**""**»*WHEN LL=2, BOTH POINTS ARE CALCULATED, SO DRAW VECTOR**"*
927 CALL DRVUX1,IY1,IX2,IY2)
928 IF(LPR.EQ.O) GO TO 550
929 IF( IK.Ea. i ) CALL PLT(IX1,IY1,35)
930 IFdK.EQ.IC-1) CALL PLTUX1,IY1,24>
931 550 LL=O
932 C**«»«***"GOES TO 520 IF IT JUST CONNECTED LEFT ANO BOTTOM
933 IF(IJ2.Ea.IPJ) GO TO 520
934 569 CONTINUE
935 579 CONTINUE
936 589 CONTINUE
937 599 CONTINUE
938 C***«"****THIRO, DO THE LONG PRINT OF CELL QUANTITIES*****
939 IF(LPR.EQ.O) GO TO 800
940 C*****>°***INITIALIZE RETURNS FOR FILM, PRINT, OR FILM+PRINT**"*
941 600 ASSIGN 640 TO KRF
942 KRP=KRF
943 ASSIGN 689 TO KRFP
944 60 TO (660,620,680),LPR
945 620 ASSIGN 680 TO KRF
946 ASSIGN 670 TO KRFP
947 GO TO 660
948 640 KRF=KRFP
949 ASSIGN 689 TO KRP
950 DO 699 J=1,JP2
951 DO 689 1=1,IP2
952 C****"****TO BYPASS EXTERIOR CELLS, ADD TEST
953 c**********IF(1=1 OR I=IP2 OR J=1 OR J=JP2) GO TO 689"***
954 L=NQ*(IP2*(J-1)+I-1)+1
955 GO TO (650,650,670),LPR
956 650 WRITE(12,4110) I-J,TH1(L)-U1(L),V1(L),R1(L),S1(L),T1(L) .KIJ(L),P(L
957 1 ),TH2(L),U2(L),V2a),R2(L),S2(L),GAM(L),DTIL(L),BlGJ(L)
958 LINESF=LINESF+2
959 IF(LINESF.LT.59) GO TO KRF
960 C«"">'>«'l****NEW FILM FRAME*****
961 660 CALL ADVd)
962 WRITE(12,4080) JNM,D1,C1,NAME,T,NCYC
963 WRITE(12;4120)
964 LINESF=3
965 GO TO KRF
966 670 WRITE(6,4110> I.J,TH1(L),U1(L),V1(L),R1(L),SUL),T1(L),KIJ(L),P(L)
967 1 ,TH2(L),U2(L),V2a)/R2(U,S2(L),GAMa),DTIL(L),BIGJ(LJ
968 60 TO KRP
969 c**********ON FANFOLD, HEADER APPEARS ONLY AT START OF PRINT*****
970 680 WRITE(6,4130)
971 WRITE(6,4080) JNM,D1,C1,NAKE,T,NCYC
972 WRITE(6,4120)
973 GO TO KRP
974 689 CONTINUE
975 699 CONTINUE
976 C********** FINALLY, DO A SHORT PRINT OF THETA AND ENERGY SUMS*"**
977 700 DO 709 N=1,$
978 709 SPS(N)=O.
979 DO 749 J=2,JP1
980 DO 749 I*2,IP1
981 00 739 N=1,Z
982 U=N«*UP2*<J-"!)+I-1)+1
983 IF(FLA6(IJ).EQ.0CELL) GO TO 749
984 IJA=IJ*N-1
965 IMJA=IJA-NO
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986 Uf1A=IJA-Nai
987 NN=4*(N-1)*1
988 STH(NN)=STH(NN)+TH1(I,JA)
989 IF(N.£Q.D StE*TH1CIJ)*T1(IJ)
990 XF(N.EQ.2> SIE*TH2UJ)
991 SINTE<NH)=SINTE(«N)*SIE
992 STKE*TH1<IJA)».25*(U1UJA>«2*U1(IMJA)«*2*V1UJA)**2+V1UJHA)**2)
993 SKE(NN)«SKE(NN)+STKE
994 739 CONTINUE
995 749 CONTINUE
996 STH(1)«STH(1)«V0LFAC
997 STH<5)=STH<5>«V0LFAC
998 SINTE(1)=SINTE(1)*RH01B1*V0lFAC
999 SINTE( 5) =• SINTEC 5) *RHO< 2) *62*VOLFAC* TSATK

1000 SKE<1)=SKE(1>*V0LFAC*RHO(1)
1001 SKE(5)=SKE(5)*V0tFAC*RH0(2>
1002 SE(1)=SINTE(1)+SKE<1)
10c3 SE<5)=SWTE<5J+SK£(5)
1004 IF(LPR.GT.O) WftITEC12,4H0) T,NCYC,(SPS(N),N=1,8)
1005 IF(U>R.6E.2) HRITE< 6,4HO) T,NCVC,(SPS(N),f»=1,8)
1006 800 CONTINUE
1007 RETURN
1008 C
1009 4070 F0RMAT(1H+,22X.8HnAXlMUtt:,1PE12.S)
1010 4080 FORHAT<5X,A1O,2(5X,A8),SX,8A10/40X,3H T=,1PE12.5,6H CYCLE.IS)
1011 4090 FORHAT.1H+,15X,5H HIN>/1PE12.S,5H MAX*,E12.S,3H C=,E12.5,3H H=,E12
1012 1 .S-4H 09= : 'E12 ;5 )
1013 4100 F0ft«AT(1H*,96X,6HTSATK=p1PE12.5)
1014 4110 F0ft)1AT(2t4/8(1PE10.2)/8L8(E10.2>)
1015 4120 F0ftHAT(54H I J TH1-TH2 U1.U2 V1,V2 R1#R2 S I , ,
1016 1 31HS2 T1,GAH K,D P,J)
1017 4130 FORMATdHD
1018 4140 F0RMAT(/3H T=,1PE12.5,6H CYCLE,I5,8H SUMTH1*.1PE15.8>9H SUMSU1=,
1019 1 E15.8.8H SUHKei=-E15.8,7H SUME1= ,E15 .8 /26X-8H SUMTH2=,E15.8,
1020 2 9H SUHSIE2=,E15.8,8H SOMKE2=,E15.8,7H SU«E2S,E15 .8 )
1021 END
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1 0 2 ! POTCAGR" 2
1024 COMEQV OJHEN
1025 SUBROUTINE PM1LAGR
1026 C**********THE PHASE 1 EXPLICIT LA6RANGIAN CALCULATIONS*****
102? C**********S1,S2, R1,R2, K, D TEST, THU1.THU2, THV1,THV2*****
1028 *CALL,COMEttV
1029 *CALL,DIKEN
1030 1000 00 1049 J=2,JP1
1051 DO 1049 I=2«IP1
1052 IJ=N8*( IP2*f j -1>*I -1)+1
1033 IF<HAGUJ>.E9.OCEIL> 60 TO 1049
1034 S1(IJ)*S2(lJ>*0.
1035 1049 CONTINUE
1036 C**********PHASE TRANSITION CALC. OF BIGJ, S1,S2 FIELDS, AND FP***«*
103? CALL FASEJ
1036 1050 SUMA=SUMB*SUMOSWT?2*0.
103V W> 1059 J«2,JP1
1040 00 1059 I=2»IP1
1041 1J»N8*UP2»IJ-1)*I-1>*1
1042 IF(FLA6<IJ).E«.0CELL> GO TO 1059
1043 SP2=SP2C0F*TH2(IJ)
1044 SUHSP2*SUHSP2tSP2
1045 S2(IJ)=S2(IJ)»SP2
1046 IF(fLAG(IJ).NE.ACELL) GO TO 1055
1047 C****»*****WATER FLUX IS SPECIFIED IN A (ECC INLET) CELLS*****
1048 S1UJ)*SA1EACL
1049 SUMA=SUMA+SA1EACL
1050 GO TO 1059
1051 1055 1F(FLAC(IJ).NE.BCELL) GO TO 1057
1052 C**********IN THE B (BROKEN COLD LEG) CELL, THE PROCEDURE IS*****
1053 C**********TO USE A SUM OF THE FLUXES (BIGH) TO DETERMINE THE OUTFLOW***
1054 C**********REMOVE HATER AND STEAM IN PROPORTION TO THEIR LOCAL THETAS.**
1055 TMJ1=TH1(IJ)
1056 TWJ2*TH2UJ>
1057 IF(THIJ1.LT.0.01) THIJ1*0.
1058 IF(THIJ2.LT.0.01> THIJ2=0.
1059 SUH3*SUHB+DXDY*(THIJ1>THIJ2)
1060 GO TO 1069
1061 105? IF(FLA6UJ).NE.CCEU.> GO TO 1059
1062 C********** IN LOWER PLENUM, ADD SC2 TO S2(1J> (FROM PHASE TRANS.)***
1063 SUMC=SUHC«-TH2UJ)
1064 1059 CONTINUE
1065 IF<SUMC.NE.O.> RSUMC'I./SUMC
1066 1060 STAUA>DXDY*SUMA
1067 SP2CON=DXDY*SUMSP2
1068 BIGHx-(FP+FB2+STAUA+SP2CON)/$UM6
1069 HS1=AMAX1(0.,BIGH)
1070 DTS12=DT
1071 DO 1069 J=2,JP1
1072 DO 1069 I=2,IP1
1073 IJ=NQ»(IP2*(J-1)+I-1)+1
1074 IF(FLAGUJ).NE.BCELL) GO TO 1067
1075 TMIJ1=TH1UJ)
1076 THU2=TH2(IJ)
1077 IF(THIJI.LT.O.OI) THIJ1=0.
1078 IF(THIJ2.LT.0.01) THIJ2=O.
1079 C*«*******ALLOW WATER OR STEAM TO LEAVE STSTEM, 80T IF*****
1080 C**********BIGH.LT.O.. FORCE THE INFLUX TO BE PURE STEAM *****

S1(IJ)=HS1*TH1J1
S2(IJ)«S2ClJ)tBIGH«(THUl*THIJ2)-SUIJ)
IF(S1(IJ).GT.Q.) 0TS12«AHIN1(DTS12,.75*TH1(IJ>/S1(IJ)>
IF(S2( IJ) .6T.O.) DTS12>AMIN1(DTS12,.75*TH2(IJ)/S2(IJ>>
GO TO 1069
IF(FLA6(IJ>.NE.CCELL> GO TO 1069
S2(IJ)«S2<U)*FB2COF»TH2<IJ)*RSUMC
CONTINUE

1089 C**********AT THIS POINT, SKIJ)CS(ABC)1 • B1GJ(U) /RHOd),
1090 C* * * * * * * * * * AND S2(IJ)«S(A8C)2 - BIGJ(IJ)/RH0(2) • SP2.
1091 IF(DTS12.EQ.DT> GO TO 1080
1092 IF(»TS12.GE.0.1*DT> GO TO 1070
1093 WftITE(6t4020> DTS12.0T
1094 W«ITE(iJ,4O2W 0TS12,DT
1095 1070 T»T-OT

NCYC«NCYC-1
0T<DTS12
IDTCUT«1
RETURN
CDC0F*CM>4*RH0( 1 > *RHO( 2)
DVEL'O.
DO 1099 J*2,JP1
DO 1099 I>2. IP1
IJN««P2tj1)I J N « « P 2 t j 1 ) I 1 > 1
IF(FLA6(U).E«.0CELL> GO TO 1099
1MJ*IJ-H9

MMJ1UJ)-U2( IJ)+U1 (IHJ)-U2( IH.!>
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1109 OV*V1(IJ)-V2UJ)*V1UJH)-V2UJM>
1110 C**********ME.6T.1.0 IMPLIES THE USE OF A**********
1111 C**********CONSTANT-NEBER-MJMBER CALCULATION OF R1 AND R2,*****
1112 C**********DALY'S TOO-PASS METHOD ••*••
1113 C**********BUT UE.LT.1.0 IMPLIES WE*CONSTANT R INSTEAD.*****
111* mWE.GT.1.0) 60 TO 1082
1115 VEC*.5*SaRT<DU**2*0V**2>
1116 R1(IJ)*R2<U>*HE
1117 60 TO 1087
1118 1082 IRLOOP=O
1119 U12».5*0U
1120 W12».5*DV
1121 VEC*U12»*2*V12**2
1122 1085 ft1UJ>*R2(IJ)*UE*3.2E-2/(RH0(2)*VEC+1.E-6>
1123 VECSttT(VEC)
112* 1087 RTERM>(1./R1(IJ) * 1./R2(IJ)>**2
1125 OLOK=KIJ(IJ)
:126 C**********KIJ IS THE INTERFACIAL FRICTION (MOMENTUM EXCHANGE)*••
1127 C**»*******FONCTI0N K *****
1128 KIJ<IJ)*1.5*TH1UJ)*TH2<Ii)*RTERM*CDCOF*VEC*R1<IJ)*R2(I.I>
1129 1 / (R1(IJ)*RH0(2)*R2(IJ>*RH0<1>) • 1.E-6
1130 IF(HE.LT.I.O) 60 TO 1090
1131 If(NCrC.GT.I) «J(1J)».75*OLOK*.25*KIJ(1J)
1132 IF(IRLOOP.Ed.i) 60 TO 1090
1133 IRL0OP*1
113* R1PK«1./(1.*KIJ(IJ)*DT*(RRH0(1)/(TH1(IJ)*1.E-6)
1135 1 •RRH0(2)/<TH2(U)*1.E-6)»
1136 U12*U1M»1PK
1137 V12*V12»N1fK
1138 VEC»0.5< <VEC**2*U12**2*V12**2)
1139 60 TO 1185
11*0 C**********>**SCOUS TERM, INCLUDES SURFACE SHEAR ONLY *****
11*1 1090 VISK=*<\JCOF*RYEftM
11*2 K1JUJ)«KIJ(U)*VISK
1U3 C**********COUPLE RAREFIED FIELD TO DOMINANT FIELD TO ftCOUCC*****
1 H * C**********ACCELERATIONS THAT LIMIT ST *****
11*5 IF(TH2(IJ).LT.0.1) KIJ(IJ)«RH0(1)/DTPOS
11*6 IMUE.LT.I.O .AND. NCYC.6T.1) KIJ(IJ>*.5*(0L0K>KIJ(IJ>>
11*7 DVEL«AMAX1 (DVEL,(R2DX*(ABS<U1(IJ»*ABS(U1(IHJ)»
11*8 1 •MDV*(ABS(V1(1J>)+ABS(VHIJM))))*THUU),
11*9 2 <R2DX*(ABS(U2(IJ))*ABS(U2(IMJ)))
1150 3 •R2DY*(AaS(V2(IJ))*AeS(V2<IJW)))*TH2(U))
1151 1099 CONTINUE
1152 DT£ST-tPSO*(OVEL*1.1-6)
1153 1100 00 11*9 J*2,JP1
115* 00 11*9 I«2«IP1
1155 IJ»Na*(IP2*(J-1) . ..
1156 IF(FLA6(IJ>.E«.0CELL) 60 TO 1149
1157 IPJ* IJ*M
1158 IF(FLA6UPJ).Ea.0CELL> 60 TO 11*9
1159 NX(1>sMX(2)*G.
1160 CAU. FASENX
1161 IMJ«IJ-N«
1162 IJN>IJ-NQI
1163 IPJ»»IJ«+N8
116* IJP«I>Nai
1165 IPJP»IJP+«
1166 DO 1139 N*1,2
1167 NM1»N-1
1168 IJA»IJ*NM1
1169 IPJA>IPJ*NM1
1170 IMJA-INJ+NM1
i if i î nn îtjfv w I
1172 IP4MA«IPJM»H«1
1173 IJPA»IJP*NM1
1174 IPJPA«IPJP*NM1
1175 THBRC*THTftC*O.
1176 IF(J.E«.» 60 TO 1110
1177 IF(FLMaJM).Eft.0CELL.0R.FLA6(IPJH).Ea.0CELO 60 TO 1110
1178 C**********CORHE*-CENTERED THBRC, THTRC TERMS FOR VX (032*76)*••*
1179 TH«C».5*AHINHTH1(IJKA)+TH1(1PJ«A),TH1<IJA)*TKUIPJA>)
1180 1110 IF(J.E«.JP1) 60 TO 1120
1181 IF(FLA6(IJP).EQ.OCELL.OR.FLA6(IPJP).E«.0CaU 60 TO 1120
1182 THTRC«.5*AWN1(T»11(IJA)»TH1(IPJA)-TH1(IJ"A)+TH1(IPJPA))
1183 C**********VX TERM AS IN KACH1NA (082274)*****
118* 1120 VX1«CN0SK(N)*(TH1(IPJA)*(UUIPJA)HI1(IJA) )
1185 1 -THKIJA) *(U1(IJA> -tJIUNJA)))
1186 2 •CNUSY(N)*<THTRC*<UU1JPA)-UHIJA))-TH«C*(U1(IJA)HJUIJMA)))
1187 UC».5*(U1(IJA)»U1(IMJlO)
1188 UR».5*(U1(IJA>*U1(IPJA)>
1189 C**********EXTERIOR TKETAS STORED ON INFLOW BOUNDARY*****
1190 THUJP=.5*<THKIJPA)*TH1(IPJPA))*UKIJPA>
1191 THUJHs.5*(TH1(IJMA>«TH1(IPJHA))*U1(IJHA)
1192 TH0IM«.5*<TH1(IJA)*TH1(IMJA>)*U1(INJA)
1193 THURB«.5*(TH1(IJA)*TH1(IPJA>)*UH1JA)
119* IRA-IPJA+WJ
1195 IFU.EQ.1P1> XRA*Nft*(IP2*(J-1>+3-1)+N
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1196 THUIP*.5*(TH1UPJA)+TH'HIRA)>*U1(IPJA)
1197 VBRC>.S*(V1(IJHA)«V1(lPjnA>)
1196 VTRC».5*<V1UJA>+V1UPJA)>
1199 XIC»SIGN(.S,UC>
1200 XIR*SIGN(.5fUR>
1201 XI8R>SIGN<.5,VBRC>
1202 XITK«SI6N(.5£VTRC)
1203 $P2TERW»FL0Af<NN1> • SP2C0F*.5*<TH2(IJ>»THaUPJ>)*U2<IJ>
1204 TNUUIJA)»TNOIW»0T*
1205 1 <RDX*(UC*(<.5«XIC)*TNUIN»(.5-XIO*TmKM
1206 2 -UR*((.5»XlR>*TMORB»(.5-XIR)*tHUIP»
1207 3 «K0Y»<VMC*((.5^XXM>»THUJN»(.S-XIM>*TNWI>
1206 * -VTftC*((.5tXITR)»THURB*(.5-XI'nO*THUJP)>
1209 S -SP2TERM • MX<N)*RRN0(N> • VXD
1210 1139 CONTINUE
1211 1149 CONTINUE
1212 C**********CALCULATE K( I *1 /2 ,J>** * * * * * * * *
1213 00 1199 J»2-JP1
12U IR«Ntt*UP2*U-1>*IP1
1215 IL«Nft*UP2*<J-1))»1
1216 00 1199 W-1P1
1217 IJ*N0*UP2*U-1>*I-1>*1
1218 IF(FLA6<IJ).EQ.0CELL> fiO TO 1199
1219 IfJ»IJ»N9
1220 U I mUUIJm

IF(I.E«.2) GO TO 1160
IF(FLMUHJ>.£6.0CELO 60 TO 1165
GO TO 1170
KIPNUHJ)*.5»(KIJ<IJ>+KIJ(XR)>
60 TO 1170
KIPH(IHJ)«IUJ<IJ)
IF(I.GQ.IM) 60 TO 1180
IF<FLM<I>J>.Ee.OCElL> 60 TO 1185
CO TO 1190
KXPNUJ>*KIPNUO
CO TO 1199
tamaj)>Ki
CO TO 1199

< > 5
CONTINUE
00 1249 J«2,JBM
00 1249 1*2,IP1
IJ»t»»<IP2*lJ-1)*I-1>*1
IFtFLA6<IJ).W.0CELU GO TO 1249

IF(FLA6<1JP).».OCELO GO TO 1249
H ( 1 ) ( 2 > 020
CALL FASEMY
INJ*IJ-m
IPJ=IJ+M
umu-mi
UUPMJP-NQ
IPJPxIJP+MQ
00 1239 N*1,2
NH1>N-1
IJAMJ*NN1
IJPA»IJP+HH1
I«JA«I«J*NM1
IPJMIPJ+MH1

25
1236 IHJPA=IBJP+NM1
1257 IPJPMIPJP+NH1
1258 THTLC*THTRC*O.
1259 IF(FLA6(IHJ).EQ.0CELL.0R.FLAG(IMJP).E«.0CELL) 60 TO 1210
1260 C****«****«CORNER-CENTERED THTLC, THTRC TERNS FOR VY (032476)**••
1261 miC=.5*AWN1(TH1(IMJA)+TH1(IHJPA),TH1(I.IA)+TH1(IJPA>>

" 1210 if(FLM(m>.».o«a.«.fviwui»jp).K.o«a) w TO I « O
TTRC5AWNUTH1(IJA)*TH1<SJPAiTH1(lPJA)*TH1(IPJPA))if(FLM(m>.».o«a.«.fviwuijp).K.o«a) w TO I «
TMTRC«.5*AWNUTH1(IJA)*TH1<SJPAi,TH1(lPJA)*TH1(IPJPA))

... C*«**«*»»*VY TCRN AS IN KACNINA (0B227W*****
265 1220 VY1«CNUSX<N)«(TNTRC*(V1(IPJA>-V1(IJA))-THrLC«(V1(IJA)-V1(IHJA)»

1 •CNUSY(N)*(TN1(UPA)*(V1(1JPA)-V1(IJA))
2 -THI(UA) *(V1(IJA) -VHJJ«A>))

1268 vr«.5*(V1<tJA)»V1<IJNA))1269 yT»,Xyi<IJA>tV1(IJPA)).
TNVtN«.$»(TN1(WJA)»TH1(WJPA»*V1<XWA)

1271 T«ylP«.5*<TNiaPJA)»TN1(XPJPA>)*V1(IPJA)
1272 C**********EXTER10R THETAS STORED ON INFLOW BOUNDARY*****
1273 THVJ».5*(TH1<IJHA)»TH1(lJA))*V1{iJHA)
1274 TN\rrB>.S*(TN1<IJA)*TH1(IJPA))*V1<IJA>
1275 THVJP-.S*(TN1(IJPA)*TH1(IJPMNQI)>*V1(!JPA>
1276 UTLC«.5*(UHII1)A)*U1{IMJPA))
1277 UTRC«.5*(U1(IJA)*U1(1JPA))
1278 XIC>SI6N(.S,VC>
1279 XITaSIGN(.5«VT)
1280 XITL«SIGN(.5#UTLC)1281 XITR>SIGN(.5!UTRC>
1282 SP2TERH«FL0AT(NN1) • SP2COF«.5*<TM2(IJ)*TH2(IJP))*V2(IJ)
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1283 THV1UJM«THVTB*0T*
1284 1 «DY«<VO«.5*XIC>*THVJN»<.S-XK>«THVT8>
1285 2 -VT*<(.5*XIT>*TMVTB*<.5-XIT>*TOVJP»
1286 3 •ROX*(UTLC*U.5*XlTl.)*mVIKK.5-XITO*THVTe)
128? 4 -4JT*C««.5*XIT«>*THVTB»<.S-XIT««THVIP»
1288 S -SP2TERM * KY(W*MHO(N> * VK1>
1289 1239 CONTINUC
1290 1249 CONTINUE
1291 C*«*****»*CM.CUUTE M I , J * 1 / » • • • • • * • « • •
1292 00 1299 J«2,JP1
1293 00 1299 I»2,IP1
1294 IJM8*(IP2^J1)
295

124 IJM8( IP2^J1) I1 )1
1295 IF(FLM(IJ>.E«.OCEU> 60 TO 1299
1296 I P I J N 8 I
297

IF(LM(IJ>
1296 IJP*IJ*N8I
1297 IJK=IJ-*«I
1298 IF(J.EQ.2) 60 TO 1260
1299 IF(FLA6UJH>.NE.OCEU.) 60 TO 1270
1300 1260 KJPH(IJN>*KlJ(IJ)
1301 1270 IF(J.E«.JP1> 60 TO 1280
1302 IF(FLK(IJP).NE.OCEU.) 60 TO 1290
1303 1260 KJPH(IJ)««J(IJ)
130* 60 TO 1299
1305 1290 KJPmiJ>*.5MKIJUJ)+IUjUJP)>
1306 1299 CONTINUE
1307 HETURN
1308 C
1309 4020 FORMAT(34M WARNING - 0TS12.LT.O.1*0T, 0TS12»/1PE9.2,4H 0T»,E9.2>
1310 ENO
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1311
1312 PWOT 2
1313 COMEQV OIHEN
1314 SUBROUTINE PH2UV
1315 C**«*"*"*THE TILDE AND TILTF PR1HE VELOCITY CALCULATION*****
1316 *CALL,COME«V
131? *CALL'DIMEN
1316 2000 00 2049 J*2,JP1
1319 C**********NOD GIVES THE REMAINDER OF J/2. THIS CONTROLS ft*****
1320 C**********CHECKERBOARD PATTERN (+1 IF J IS ODD, -1 IF J IS EVEN),*****
1321 C**«******FOR • OR - EPP. IN THE FORMATION OF TILOE MIMES*****
1322 CHECKER«2*H0D( J.2)-1
1323 tL*NO*<I»2*(J-1)*2-mi
1324 00 2049 1*2,IP1
1325 C**"****** INVERT FOR EACH COLUMN IN THE ROM *****
1326 CHECKER—CHECKER
132? I4»N8*(IP2*(J-1)*I-1)*1
1328 IF(FLAG(IJ).Ea.OCELL> GO TO 2049
1329 1M*IJ«NQ
1330 IJP«U*N«I
1331 If<FLA6(IPJ).EQ.OCELU 60 TO 2049
1332 TH*fl1».5»<THTIL1UJ>*THTIL1UPJ)>
1333 THRB2».5«<THTIL2(IJ>*THTIL2«PJ»
1334 XfU.Ett.Xri) FUFM»PUU
1335 P6IF«»TO0X*(P(IJ)-f(IPJ))
133ft B«HO<1)*THU1CIJ)*T1*B1*PMF
1337 CS»RHO(2)»THU2(IJ)»THRB2*P01F
1338 PI>P(IJ)*EPP*CHECKER
1339 PIPJ«P(IPJ)-C«»*CNECKE«
1341 BSP*RH0n)»THU1(IJ)*TmB1*P0IFP
1342 C$r*RH0<2)*THU2<U>«THRB2*PDIFP
1343 C***««*«***l>tl>TUH| CELL BELOW A-CELL FURTHEST FROM B-CELL, FOR 0.3 SEC.
1344 i m . f i T . 0 . 3 0 ) SO TO 2020
1345 XF(FIA6(UP>.E«.ACELL .iWO. XPERT.EQ.O GO TO 2010
1346 XF(FLA6(XP^Nai).NE.ACELU GO TO 2020
1347 m i . L T . I P 1 .AND. IPERT.E8.H-1) 60 TO 2010
1346 IFCI.EQ.IP1 .WO. IPERT.EQ.2) 60 TO 2010
1349 GO TO 2020
1350 2010 GXDT*O.5O»O.O625*DT*SA1EACL**2*OX
1351 PERT1*RH0(1)*THftB1*GXDT
1352 PE»T2»RH0(2)*THRB2*6X0T
1353 BS*BS*PERT1
1354 CS=CS*PE«T2
1355 BSP»BSP*PERT1
1356 CSP*CSP*PERT2
1357 2020 CONTINUE
1358 RFS*1./(THRB1*THRB2*RH0(1>*RH0<2)+KIPH(I.I>*DT*(THReiogH0(1>+THR62*
1359 1 RH0<2>)>
1360 UTERH=KIPH<IJ)*DT*<8S*CS)
1361 UTIL1(IJ)>(THR82*RH0(2)«BS«UTERH)*RFS
1362 \)TIL2UJ)=<THRB1*RH0(1>»CS»UTERM)*RFS
1363 UTERMP=KIPH(IJ)*0T*(8SP*CSP)
1364 UULP1(IJ)*(THRB2«RHO(2>*B$P«UTERMP)*RFS
1365 UTILP2{1J)=(THRB1*RHO(1)«CSP+UTERHP)*RFS
1366 2049 CONTINUE
1367 2050 00 2099 J*2(J6AR
1368 CHECKERS 2*H00<J,2>-1
1369 00 2099 I=2,IP1
1370 CHECKER=-CHECKER
1371 IJ=W«(IP2*(J-1Xi-1)*1
1372 IF(FLAG(IJ).E«.OCELL) GO TO 2099
1373 IJP=IJ»NOI
1374 IF(FLAGdJP).EO.OCELL) GO TO 2099
1375 THTB1=.5*(THTIL1(IJ)+THTIL1UJP>>
1376 THTB2=.5*(THTIL2(IJ)*THTIL2(IJP)>
1377 PDIF=DTODY*(P(IJ)-P(IJP))
1378 DS=RH0(1)*THVKIJ)*THTB1*PDIF+RH0(1>»THTB1*GDT
1379 ES=RHO(2)*THV2(IJ)+THTB2*PDIF+RH0(2)*THT82«G0T
1380 PIJ=P(IJ)+£PP*CHECKER
1381 PIJP=P(IJP)-EI>P*CHECKER
1382 PDIFP=DTOOY*(PIJ-fIJP)
1383 DSP=RH0(1)*THV1(IJ)*THT61*P0IFP+RH0(1)*THTB1*G0T
1384 ESPsRH0(2)*THV2(lJ)*THTB2*PDIFPtRHO(2>*THTB2*GDT
1385 R6S=1./(TMTB1*THTB2*RH0(1)»RH0(2)+KJPH(IJ)*0T*(THTB1*RH0<1)+THTB2*
1386 1 RH0(2)>)
1387 VTERN»KJPH(IJ)*OT*(DS*ES)
1388 VTIL1(IJ)*<THTB2*RH0(2)*DS«VTERH)*RGS
1389 VTIL2(IJ)>(THTB1*RN0(1>*ES»VTERM)*RGS
1390 VTERMP»KJPH(IJ)*OT*(OSP*ESP)
1391 VTILP1(IJ)*(THTB2*RH0(2)*DSP+VTERNP)*RGS
1392 VTILP2(IJ)=(THTB1*RH0(1)*ESP*VTERMP)*fiGS
1393 2099 CONTINUE
1394 RETURN
1395 END
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H*3
1 * * * BUS 2
1*45 COHEAV 01 MEN
U 4 6 SUBROUTINE BND
1U7 C********»*SET BOUNDARY CONDITIONS ON THETAS AND VELOCITIES*****
1**8 *CALL,COHEQV
1**9 *CALL,CIMEN
1*50 W> 2199 J»2,JP1
U51 IL=NQ*UP2»f.M>*2-1>
1*52 IR»N»*(IP2*<J-1)+IP1-1)
1*53 l>0 2199 1*2.1P1
1*54 IJ*N8*UP2*lJ-1>*!E-1)ti
U5S IF(FLAG(IJ).E&.OCaG GO TO 2199
1*56 IHJsIJ-NQ
1*57 IPJ*IJ+N6
1*56 IJWIJ-Nai
1*59 IJP-IJ+N91
1*60 00 2189 m^Z
1*61 IJiWJ*N-1
1*62 INJMIJA-NQ
1*63 IPJA«IJAtMa
1*6* IJHAMJA-NQ1
1*65 IJPA»1JA+N9I
1*66 IFU.6T.Z) GO TO 2150
1467 c**********THE LEFT BOUNOMV * * * * *
U6B THTILKIHJA)>THTIL1(IRtN>
U69 UTIL1(IHJA)«UTIU(IR*N>
1*70 UTILP1UtWA)-UTILP1U*>N)
1*71 IFCJ.EQ.2) THTILKINJAHND-THTILKinjA)
1*72 IF(J.EQ.JPI) THTILKIHJA+MaD'THTILUIHJA)
1*73 2150 IF(J.6T.E) GO TO 2160
K ? * C**********THE BOTTOM BOUNDARY • * • • •
1*75 THTIL1(IJH)»THTIL1<I4)
1*76 THTIL2<IJM)"THTIL2(IJ)
1*77 2160 IF( I .LT. IPI ) 60 TO 2170
1*78 C**********TME RI6HT BOUNDM? • * • * •
1*79 THTILi(IPJA)*THTIL1UL*N)
1*80 UTH.1(IPJA)«UTIL1(IL*N)
1*81 tfnLrt(IPJA)»UTILPUlL+N)
1*82 1F(J.GQ.2) THTILKIPJAHMDoTHTILKIPJA)
1*83 IF (J .N.JPI ) THTILKIPJA+NQD'THTILKIPJA)
148* C**««*****THE TOP BOUNDARY * * * * *
1*85 ?170 IF(J.Ett.JPI) THTILHUPA)*THTIL1'IJA)
I486 C**********SPECIAL BOUNDARY CONDITION FOR TILDE PRIME * * * * *
1*87 C******«***VELOCITIES AT A MALL (012074)*****
1*88 IF (J.EQ.2 .0R.FLA6<IJH).E«.0CELO
1*89 1 VULPiajHA>*V1UJHA)+(VTIL1(IiA> -VTILPI(lJA) )
1*90 IF (J.EQ.JP1.0R. FLAG(IJP).EQ.OCELL)
1*91 1 VTILPKIJA) »V1(IJA) •<VTIL1(IJMA)-VTILP1(IJNA))
1*92 2189 CONTINUE
1*93 2199 CONTINUE
1*9* RETURN
1*95 END
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1496
1497 PB2BTIC 2
U 9 S COMEQV DIMEN
H» SUBROUTINE PH29TII
1500 C**********CALCULATION OF 0 TILDE AND D TILDE PRIME*****
1501 C**********TO OBTAIN BETA AND THEN THE NEW PRESSURE*"**
1502 C**********FINALLY, TEST D TILDE CONVERGENCE, COUNT ITERATIONS*****
1503 *CALL,COME«V
1504 *CALL,DIMEN
1505 2210 MUSTID*MUSTIT«O
1506 DO 2299 J»2-JP1
1507 C**********SEE COMMENTS ON CHECKER30ARD PATTERN IN SU8R. PH20V*****
150S CHECKER«2*M0D(J,2)-1
150? DO 2299 I=2,IP1
1510 CHECKER«-CHECKEf»
1511 IJ*NQ*UP2*<J-1)*1-1>41
1512 IF(FLAG(IJ).£8.0CELL) 60 TO 2299
1513 MJ>tL=tJ-NA
1514 IPJ=tR«ZJ*NB
1515 IJWIB-=lJ-f«I
1516 tJP*lT'U*ml
1517 C**********USE THETA(IJ) FOR NEIGHBOR If OBSTACLE*****
1518 IF<FLA6(INJ).E«.0CELU IL ' IJ
1519 IF(FLAGUPJ).EO.OCELL) IR' IJ
1520 IF<FLAG(IJH>.EQ.OCELL) I8«U
1521 IF<FLAGUJP).EQ.OCELU 1T»U
1522 SSUM*S1UJ)*S2(IJ>
1523 XIR1*SIGN(.5,UTIL1<IJ>)
1524 XIR2*SIGN(.5,UTIL2UJ)>
1525 XIL1*SI6N(.5/UTILUIHJ>)
1526 X1L2*S1W(.5,UTIL2UMJ>)
1527 XlTI'SIGNt.S/VTILKIJ))
1528 XIT2*SIGN(.5,VTIL2<IJ))
1529 X1B1«SIGN(.5,VTIL1(IJ«>)
15rO XIB2>SIGN(.5£VTIL2(IJM)>
1531 THRB1*.5»(THTIL1(IJ>*THTIL1{IR))
1532 THRB2x.5*(THTIL2(IJ)«THTIL2(IR>)
1533 THLB1».5*<THTIL1<IJ)*THTIL1(1L»
1534 THLB2».5*<THTIL2(IJ)*THTIL2(IO> \ ,
1535 THTBi*.5*<THTiLiaj>»THTiLiam / beginning
1536 THTB2«.S*<THTIL2(IJ)+THTIL2<IT)> 3

f
 J

1537 THBB1=.5*(THTlL1<IJ)+THTIL1(ie)>
1538 THBB2*.S*(THTIL2(IJ)*THTIL2UB>)
1539 t>TiL«j)-ssuM»Rox*
1540 1 (UTILKIJ) •((.5+XIR1>»THTILKIJ>+(.5-XIR1)*TnnL1(IR)>
1541 2 •UTIL2(IJ) *((.5*XI«2)*THTI(.2(IJ)*<.5-XII«2)*THnL2(IR))
1542 3 - U T I L 1 < I M J ) * ( ( . ' J * X I L 1 ) * T M T I L 1 ( I L ) * ( . 5 - X I L 1 ) * T N T I L 1 ( I J ) )
1543 4 -UTIL2<IHJW<.S*XIL2>*THTIL2(IL>*<.5-XK2)*THT1L2UJ>>)
1544 5 •S!>Y*(VTILKIJ> •U.5*XIT1>*THTIL1(IJ)*<.5-XIT1>*THTIL1UT))
1545 6 +vliu«(U) *((.5+XIT2)*THTIL2(IJ)+(.5-XIT2)*THTIL2<IT))
1546 7 -VTIL1UJN>»((.S*XIB1)*THTIL1<ie)*<.5-XIB1)*THTIL1(IJ>>
1547 8 -VTIL2(IJM)*((.5+X1B2)*THTIL2(IB)*(.5-XIB2)*THTIL2(IJ)))
1548 XIRP1=SIGN(.5,UTILP1(IJ)>
1549 »RP2>SIGN(.S,UTILP2(IJ)>
1550 XIIP1-=SIGN(.5,UTILP1UHJ)>
1551 XILP2»SIGN(.5,UTILP2(IMJ))
1552 X1TP1=SIGN(.5,VTILP1(IJ>)
1553 XlTP2iSI6N(.5,VTILP2(IJ))
1554 XIBP1=SIGN(.5/VT1LP1(1JM))
1555 XIBP2=SIGN(.5.VTILP2UJM))
1556 0TILP=SSUM*ROX*(UTRPUIJ) *((.5+XIRP1)*THTILmj)
1557 1 •<.5-XIRP1)*THTIL1(IR)>
1558 2 •UTILP2UJ) *«.5*XIRP2)*THTIL2(IJ)
1559 3 •(.5-XIRP2)*THTIL2(IR>)
1560 4 -UTILPUIMJ)*<(.5*XILP1)*THTIL1(IL>
1561 5 •(.5-XILP1>*THTIL1(IJ>>
1562 6 -UTILP2(IMJ>*<(.5*XILP2)*THT1L2(IL>
1563 7 +(.5-r.ILP2)*THTIL2(IJ>>)
1564 8 •RDY*(VTILP1(IJ) *((.5+XITP1)*THTIL1(IJ)
1565 9 +<.5-XITP1)*THTIL1(IT)>
1566 1 +VTILP2UJ) *((.5+XITP2)*THTIL2(IJ)
1567 2 •(.5-XITP2)»THTIL2(IT))
1568 3 -VTILP1(IJH)*((.5*XIBP1)*THTIL1(IB)
1569 4 •(.S-XIBP1)*THT1L1(1J>)
1570 5 -VTILP2(IJ«)*((.5+XIBP2)*THTIL2(IB)
1571 6 +(.5-XIBP2)*TMTIL2(IJ)))
1572 C********»*NUHERICAL CALCULATION OF BETA*****
1573 B£TA=<2.*EPP*CHECKER)/(DTILP-DTIL(IJ»
1574 OP=OM*BETA*DTIL(1J) c - - + . , .
1575 P< IJ ) *P ( IJ ) *DP see notes
1576 C**********MUSTID.GT.O FORCES ITERATION. MUSTIT LACKS THIS***** a f
1577 C**********POH£R. IT IS FORMED ONLY FOR MONITOR PRINT, IF DESIRED***** . . *" .
1578 IF(ABS(DTIL(IJ)>.GT.DTEST> MusTio=MusTiD»i beginning
1579 IF(ABS(THTIL1(IJ)*THTIL2(IJ)-1.).GT.EPSTH) MOSTIT=MUSTIT+1 ^ s - f

 3

1580 2299 CONTINUE „ C T

1583 END
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1584
1585 PHIS 2
1586 COMEQV OIMEN
1587 SUBROUTINE PM1N
1588 C**********NORMALIZE PRESSURE BY SUBTRACTING MINIMUM PRESSURE*****
1589 C********»*FROH ALL PRESSURES, TO OBTAIN FINAL PRESSURES. C0S0376)*****
1590 * CALL,COMEQV
1591 *CALL,DIMEN
1593 3000 PMIN=1.E+40
1593 00 3009 J=2,JP1
1594 DO 3009 I=2,IP1
1595 IJ=NQ»(IP2*(J-1)+1-1)*1
1596 IF(FLAGUJ).NE.OCELL) P H 1 K » M « N H P « N , P ( I J ) )
159? 3009 CONTINUE
1598 00 3019 J=2,JP1
1599 C**********NORMALUE COL. IP2 ALSO (MAS KESE7 IN PM2UV)*****
1600 00 3019 I=2,IPZ
1601 IJ=N0*(lf>2*(J-1)+I-1)*1
1602 IF(FLA6(IJ).NE.0CELL) P<IJ)=P(U)-f«IN
1603 3019 CONTINUE
1604 RETURN
1605 END

1606
1607 PA95EPP" 2
1608 COMEQV OIMEN
1609 SUBROUTINE PAVGEPP
1610 C*«********CfiLCULATE P AVERAGE AND EPSILON PRESSURE*****
1611 C»**--«*****FOR USE IN CHECKERBOARD PLUS-MINUS PATTERN THAT*****
1612 C***«******DISTINGU1SHES THE TILDE PRIME QUANTITIES FROM THEIR*****
1613 C-'*********TILDE COUNTERPARTS. ALSO USED IN BETA E9UATI0N.*****
1614 *CALL,COM£QV
1615 *CALL,DIMEN
1616 3020 PSUM=PDEN=O.
1617 00 3049 J=2,JP1
1618 DO 3049 I=2,IP1
1619 IJ=Ntt*(IP2«<J-1)+I-1>*1
1620 IF(FLA6(IJ).Efl.0C£LL) GO TO 3049
1621 PSUM=F'SUM+P(IJ)
1622 PDEN=P0EN*1.
1623 3049 CONTINUE
1624 PAVG*PSUM/PDEN
1625 IFCNCYC.6T.1.0R.PAVG.GT.0.) GO TO 3070
1626 PAVG=(ABS(G)*YT*(AMAX1(DTUtfEL,DTVVEL))**2)*AMIN1(RHO(1),RHO(2>)
1627 3070 f.PP=.0VPA«6
1628 RETURN
1629 ENO
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1630
1631 REOTEflP" 2
1632 COMEQV DIMEN
1633 SUBROUTINE NEHTEMP
1634 C*******«**CALCULATE TEMPERATURES AT TIME (N*1)***»*
1635 C******«*»*TMEN STORE THIS FIELD OVER TEMPERATURES AT TIME <N)«***
1636 •CALL,COMEQV
1637 oCALLfDIMEN
1638 3100 00 3109 J=1,JP2
1639 00 3109 1=1,IP2
1640 IJ=NQ*UP2*(J-1) + 1-1) + 1
1641 IF(FLA6(IJ).NE.0CELL> T1(IJ) = TUIJ)-TSATK
1642 3109 CONTINUE
1643 ZDT=1.*ZLP*DT
16*4 TD=TWINK-TSATK
1645 TF=CAPPAW*OT
1646 GA)flAX=-1.E+lO
1647 00 3149 J=2.JP1
1648 IF(J.GT.JTOPLP) ZDT=2.*DT
1649 DO 3149 1=2,IP1
1650 IJ=N8*<IP2*(J-1>*I-1)*1
1651 TP1(U>*0.
1652 IF(FLAG(IJ>.ES.OCEU> GO TO 3149
1653 IFCFLAG<1J).EQ»ACELL) GO TO 3140
1654 IF(FLAG<IJ).E«.8CELL> GO TO 3149
1655 IMJ=IU=IJ-«W
1656 IPJ*IR=IJ*NQ
1657 IJM=IB*IJ-N«I
1658 IJP=1T»IJ+NOI
1659 C*****«**** IF NEIGHBOR IS OBST, USE UJ) VALUE, BUT I F * * * * *
1660 C**********NEIGHBOR IS OUTSIDE MESH, USE STORED EXTERIOR VALUE.*****
1661 IF(FLASdMJ).EQ.OCELL) IL=IJ
1662 IF(FLAG(IPJ).EQ.OCELL) IR=IJ
1663 IF<FLA6<IJN>.EO.0CELL> IB^IJ
1664 IF<FLA6(IJP).EQ.0CELL) 1T=IJ
1665 XIL=S1GN(.5,U1UMJ>)
1666 XI(t=SlGN(.S,U1(IJ)>
166? XIB*SI6N(.5,V1UJM))
1668 XIT=SIGN(.5,V1(IJ))
1669 CFXL=U1(IMJ)*((.5+XIL)*THTIL1CIL)*T1(IL)
1670 1 +( .5-XIL)*THTIL1( IJ)*T1(U))
1671 CFXR=UHIJ) *((.5*XJR)*THTJL1(1J)*T1(IJ)
1672 1 •(.5-XIR)*THTIL1(IK)*T1(IR)J
1673 CFXB=ViajM)*((.5+XIB)»THTIL1<IB)*T1(IB>
167ft 1 +<.5-XIB)*THTILKIJ>*T1(IJ))
1675 CFXT=V1(tJ) *(<.5+XIT)*TMTIL1(IJ)»THIJ)
1676 1 +(.5-XIT)*THTIL1(IT)*T1(IT>>
1677 CURLTD=DT*<ROX*<CFXL-CFXR>*ROY*<aXB-CFXT))
1678 CURLYL=ELSUeLftBI6JL*DT«THTIL1(IJ)*THTIL2(IJ>*RTSATK
1679 TA=THTILHIJ)+1.e-10-CURLYL
1680 TB=(TH1(IJ)+1.E-10)*TKIJ)+CURLyO
1681 TC=ZDT*CAPPAZ*RS
168? S0GAM=SQRT(6AM(IJ)**2+TF)
1685 IF(Aes(TD-TKIJ)>.GT.0.5) GO TO 3110
1684 GAHNEW=0.004
1685 TNEWTB/TA
1686 GO TO 3120
1687 3110 6AMNEWSSQ6AM
1688 ZTERM=TC/(GAMNEV+1.E-10)
1689 TNEM=<TB+ZTERM*TO)/(T»i+ZTERM)
1690 3120 T1NE«»TNEH*TSATK
1691 IF(TINEM.LT.TSATK) GO TO 3130
1692 UHF=HCKU/GAJWEM*<TUINK-T1NEN>
1693 IF(imF.LE.HFCRlT> GO TO 3130
1694 TNEU»<TfWI0T*HFC1*THTIL1(lJ>)/TA
1695 GAMNEU=SQGAM
1696 3130 Tf>UIJ)*TN£H
1697 GAM(IJ)=GAMNEW
1698 GA«HAX=AMAX1(GAKMAX/GAMNEH)
1699 GO TO 3149
1700 C**********NET RESULT...A CELLS...T1*TECCK,
1701 C * * * * * * * * * * B CELL....T1*TSATK-
1702 C******»***(STEAM TEMP. \T2) ALWAYS " TSATK) • • * * * • * • * •
1703 3140 TP1(IJ>=TECCK-TSATK
1704 3149 CONTINUE
1705 00 3199 J=1,JP2
1706 00 3199 I - l J l P Z
1707 IJ»NO*(IP2*IJ-1)*I-1)*1
1708 IF(FLAG<IJ).NE.OCELL) TPKIJ)=TP1(IJ)tTSATK
1709 IF<FLAG<IJ).Ea.ACELL) G A ( U ) G
1710 IF<FLAGUJ).Ea.8CEUJ
1711 3199 CONTINUE
1712 3250 00 3299 J*2,JP1
1713 lL=HQ*aP2*(J-1)*2-1)*1
1714 1R=NU*(IP2*(J-1)*IP1-1)*1
1715 00 3299 I*Z,IP1
1716 IJ*N8»(IP2*T.J-im-1>*1
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1 T1UJ>=TP1UJ)
1718 IFd.Ea.2) T1UJ-»a)sTP1UR)
1719 IFd.Ea.IP1) T1(IJ+N«) = T1(lL)
1720 IFU.E9.2) TKIJ-Ml)sTI(XJ)
1721 IF(J.E«.JP1) T1(U+NttI)=T1(IJ)
1722 3299 CONTINUE
1723 RETURN
1724 END

1725
1726 M9TBETV 2
1727 COMEQV OIMEN
1728 SUBROUTINE NOVTHETA
1729 *CALL.CO«EaV
1730 »CALL,DIHEN
17S1 10 00 99 J=1,JP2
1732 DO 99 I=1-IP2
1733 IJ=N6*(IP2«<J-1)*l-1
173* TH1(IJ)=THTIL1(IJ)
1735 TH2(IJ)=THT1L2(1J)
1736 99 CONTINUE
1737 RETURN
1738 END
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1740 TMt 2
1741 COfttflV OINEN
1742 SUBROUTINE FASE
1743 *CALL,COME«
1744 *CAV.L,OIKGN
1745 C*****«***»BASIC PHASE TRANSITION ENTRY POINT*****
1746 C******»***HERE, CALCULATE THE FIELOS OF BIG J , S I , AND S2***«*
1747 C**********AND FP, THE FLUX DUE TO PHASE TRANSITIONS*****
1748 ENTRY FASEJ
1749 FP»O.
1750 M 99 J«2,JP1
1751 DO 99 l'2.m
1752 IJ«N8*UP2*(J-1)+I-1)+1
1753 lF(FLA6(IJ>.Ca.OCELU GO TO 40
1754 OI6J(IJ)«0.
1755 IF<FtA6<IJ>.£«.ACEU..0R.FLA6U.».£«.BCELL) 60 TO 20
1756 BI6i«J>«WGJL»TH1«J)*TH2(IJ)*(TSATK-TKlJ)>«RTSATK
1757 20 CONTINUE
1758 FP*FP+DXDY*8I6JU,i>
175? 40 ZFU.NE.IPD 60 TO 99
^?«a I N 9 ( I 2 < 1 ) 2 1 )ILN9(IP2<J1)21)

BI6J(IL-f«>«BI6J(IJ>
8I6J(UNa)8I6J(IO

«763 99 - _
1764 C**********FI>.L?.Q HEANS NET EVAPORATION IN SYSTEM,
1765 C***»****«»FP.GT.O HEANS NET CONDENSATION IN SYSTEM •••«*
1766 Ff*FP*(RRNO<1>-MHO<2»
1767 DO 199 J»2,JP1
176ft 00 199 X*2,IP1
1769 IJ«I«»<IP2*(J-1 - .
1770 IF(FLA6(IJ).E0.0CELU GO TO 199
1771 c**********BIGJ.LT.O 1$ CONDENSATION, BI6J.6T.0 IS EVAPORATION.
1772 S1UJ)«=BIGjaj)*RHH0<1)
1773 S2(IJ)'H9I6J(IJ)*RRHO(2>
1774 199 CONTINUE
1775 RETURN
1776 C**«******THiS ENTRY CALCULATES NX FOR THU EO. IN PHASE 1*****
1777 ENTRY FASEKC
1778 NN*0
1779 BJR»/
1780 IFCBJR.LT.O.)
1781 NX(2>xBJR*U1C
1782 HX(1)>-NU2>
1783 RETURN
1784 C*******«**TNIS ENTRY CALCULATES HY FOR THV E«. IN PHASE 1*****
1785 ENTRY FASEHY
1786 NN^O
1787 BJT*.L .
1788 IFCBJT.LT.O.) »»1
1789
1790
1791 RETURN
1792 END
1?VJ
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