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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 beai-ie!!ﬂﬂﬁﬁﬁ'?Br

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 vreport also contains a
complete description of the numerical solution
technique, a full description and 1listing 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 couniercur~
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
1



’ a‘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

A '3~‘ flow from the three intact inlet legs to the broken fourth leg), the flow con-

' figurat1on was altered to the state of complete dumping {downward water flow from
“all three inlet legs to the Tower plenum) by a gradual reduction in the steam

flow rate, dur1ng periods ranging from 3 to 175 sec.

3. SimuTtaneous1y the pressure in the lower plenum was varied (usually de-

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

- fects manifested predcminant1y in the corresponding changes of saturation tempera-

ture and steam density.

4, fhe fnitial 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 3505F, followed by
variations resu]tfng from heat exchange with the water and steam.

Our goal is to describe these rasults 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 pessible, both

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

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

SR d1srupt1on) c1rcumstances.

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

"}ﬁwhich, even at this stage, imply a significant degree of simplification and ide-

p alization 1n several aspects. "First, this model represents an average over the

s imicroscopic flow details of the contorted interactiors of individual bubbles and

A'%droplets with films of water and channels of steam. These detailed 1nteract1ons

A‘are ignored because of their great complex1ty. 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 1ittle fundamental guidance is available. The
choice and verification of these mixture and exchange functions 1ie 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, therufore 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 nuherica] 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 rew experiments and the design of actual

reactor installations, and



- -conservation equations

7. publish the entire project as a basis for further theoretical studies
.ahd for-the incorporation of our findings into the more extensive systems codes
that .calculate steam-water dynamics in the entire flow loop.

kPrevious studies describe our multiphase flow calculations for the liquid

2-4 for a system of compressible phases,5 and

‘méiai fast breeder reactor {LMFER),
for some preliminary parts of the downcomer studies.6 Additional reports from
LASL - Group T-37’8 discuss related studies in steam-water flow dynamics. Here, we
emphasize the detailed numerical technique for high-speed solution of the equa-
tions as embddied 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-
_comer fnvestigations, however, only the steam is treated in this manner, and the

¢+ water density is held constant in both space and time. Accordingly, the mass-
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Here, p is microscopic material density; o' is total mass per unit volume; 6 is
volume fraction so that p' = 6p; U is material velocity; J is the mass per unit
volume per unit time condensing (J < 0) or evaporating (J > 0); Sasc 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 sz deno&is

the effects of variable steam density,

S e——e—

62 dp2
Po t

Sp2
Throughout, the subscripts 1 and 2 refer, respectively, to water and steam.
Qur expression for the phase-transition rate is based on a mixing-limited
6 . .
model,  in which

T -T

- s 1 _
J=3 6,8, T . (3)

T] is local water temperature, JL is a coefficient, and TS is the (time-varying)
saturation temperature calculated as a function of the overall pressure level in
thg system. In the Creare exper‘iments1 this pressure is a controlled quantity,

which is, therefore, a specified function of time for the calculations. With p
5



given in psta, TS in kelvins is obtained through the relationshia

0.223
) + 256.2 ,

= L
117.8 (14.7

3

and the steam density in 1bs/in.” is given by

Py = 0.035p/[25060 + 6.67 (TS - 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 Ts. In contrast, it is
only the local dynamical pressure variation that enters the momentum equation,
whieh senses nothing of the variations in overall pressure level.

The dependence of J on (Ts - T]) for a1l circumstances is based in part on
the assymption 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 Ts' Second, although it may be superheated, the energy of the su-
perheat is very small compared to the 1atent heat and is considered negligible
at this stage of deve1opment. .

The formula for J also assumes that steam condenses on]y in the presence of

. sufficiently cool water, but ignores the possibi]ity of condensation directIy on-
:;:to the'wa11 wherever the wall temperature is less than TS. This treatment is
fCBased on the idea that subcooled walls are 1ikely to cccur only where cold inlet
j‘:"'.water' 1s flooding the wall, so that-a cool wall becomes accessible to steam only
_.kfthe water subsequent1y withdraws. Therefore, it is unlikely that much area
th of gdx subcoo]ed 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 Ts before the surface dries.

The coefficient JL is regative in magnitude and constant in a11 the calcu--
Iations reported here. The magnitude of JL.canlbe estimated6 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, fb]lowed by almost instantaneous {equilibrium) condensation to the ex-
tent allowed by the release of latent heat and consequent warming of the water.
Conversaely, if the water is superheated from contact with hot walls or because
of a drop in Ts’ then JL 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-

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

the bubble-droplet structure.
With constant microscopic vater density, but allowing for time variation of

the microscopic steam density, the momentum equations become

+ K(ﬁz - ﬁ])

i

28, U
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in which



+] forJ >0
sign J =
-1 for <0
The pressure, p, is the same for both phases; 3 is the gravitational accelera-
tion, oV 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

V] =g (VoW (6)
> <>
v2 = Ve, (v » 92V) uy - (7

More elaborate representations can be envisioned with, for example, the kinematic
viscosity coefficient, Ve moved inside the derivatives as a variable representa-
tion ¢f 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' 3’( . )2 (cn"i"é)( luy - G| ) (8)
= =7 r .
81 20 \m T\ttt e,

::in which.cD is a "drag coefficient" of variable magnitude near unity chosen,

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

:fsca]es,gri and ro represent the "effective radii" of the droplets and bubbles,

igﬁeﬁpéctfvely. Epr bubbles in a continuous fluid, ro is the bubble radius and 2



becomes the scale of the overall flow region (essentially infinite); and for
droplets in a continuous vapor, " is the droplet radius and ro becomes the scale
of the overall flow region. For 6y ~ 62, there are no well-defined droplets or
bubbles; " ~ rz; 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,6 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 " and ro in the expression for K, with results that dif-
fer 1ittle from those obtained with constant " and ro: 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 (TS - T]) and with the as-
sumption that the steam temperature can be equated to Ts’ the required energy
calculation reduces to finding T1 as a function of position and time. For this

purpose the energy equation becomes

)} T.l 6] - J TS 2
_—BE——+V.(T1G]U])+ 5 --LLJ+W§(WHF)' (9)

LL is the ratio of the latent heat per unit mass, L, to the product of density,
Py and specific heat, b1; 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 the 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 dewncomer calculations, however, the wall is "thermally thick," correspond-
ing to an effectively infinite heat re-ervoir within the time scale of our calcu;
lations, in which the temperéture deep within the interior of the wall, Tw’ 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. ldeally, we would introduce enough finite-difference zones in the wall
1o 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.
- - ~E/Y
T(X:¥58,t) = T+ (Twe T,) e

in which Twe is the temperature at the edge of the wall, £ is the distance into
the wa11~from the edge, and y(x.y,t) is the time variable for which we require
an equation that can be,so1Ved‘simu1taneou51y with Eq. (9). The physical inter-
pretation ofAy is that it~represents the depth of heating or cooling penetration
into the Weilil Twedis also a function of x, y, and t, but the eomputer program
does not need“a sepaﬁafefétorege matrix for this variable, as required for T]
and y, becaase we relate T directly to T] when the heat transfer is not criti-
cal heat-f]ux 11m1ted. or 1nd1rect1y to' T when the heat transfer is critical--
heat-ﬂux Timited. _‘ ol .

CIearly, our chosen f1t to the: temperature variations in the wall is rela-
tive]y crude. It precludes, for:example, the poss1b111ty of an 1nf1ect1on in the

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

10




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

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

imation,
- -&/Y
= + - +
T TW (Twe TW a£)e .

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

at w 362

in which Py bw‘ and kw are, respectively, the density, specific heat, and thermal
conductivity of the wall material. Two types of thermometric conductivity are

required for the analysis,

and

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

sion equation becomes

& - ] LA
ot (Twe Tw) ¥ (Twe Tw) (if'at Y2) 0

11



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 eguation be satisfied. For this purpose we choose

the position £ = v and accordingly derive the equation for v,

%T [Y (The - Tw)] ) ;ﬂ (Tye = T - (10)

Note also that

wiF = k (& =5!(T-T) (1)
T W\ Sy Y TW v ’

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 Twe = T1 for all circumstances in
which the critical heat flux, CHF, i§ 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 1. < Ts' For T] > TS, however, we must also test to see if WHF > CHF. If so,

1
then the simultaneous solution of Eqs. (9) and (10) can no longer be accomplished

with the relation Twe = T]. Instead, we replace this relation by
WHF = correlative function of (T, - Ts) ’

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

?ng(HHF),_evdluated as an average around the minimal heat flux (point E in Fig. 4.6




of COllierg), times the volume fraction of water, 8y- In that case, the equation

replacing Twe = T] becomes

-<|£7r

(Tw - Twe) = (MHF) 8, »

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

In the CHF-1imited case, we note that Eq. (10) becomes

(12)

u
A

(s34 [o3-]
ot
™

or

v = (constant + Kwt)% .

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

2K
ol — W - 2
Y = f (TW Twe) dt >
w

inwhichy=0att=t Thus we see that y is not well-behaved when the water

1"
temperature nearly equals the wall temperature, but if the singularity is proper-
1y handled, then a brief excursion through the condition Twe = Tw 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 |Tw - Twel

is sufficiently small, we set the value of v back toa a small value, Yo 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-
taiied 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
thorough?y_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
| cﬁ]tulatidns'wiil enable the distinction between film flow and droplet-bubble

rflow to be sensed, and will elso alleviate the necessity for an entrainment model,

'r‘]fwhich will allow the 1mportant effects of reentrainment from the Tower plenum to

’;*nffbe represented. They w111 also perm1t the across gap flow structure in the down-

ui‘lcomer to,be':es01ved

Three-dimensiona] ca]culat1ons will not, however, permit the resolution of
the detai]ed flow structure, a cause for concern .about the scaling properties of

cl cthe caIculations. The wave structure on the surface of a film, the size scales

B



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
_interest. Daly's study8 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 exampie,
when there is rapid condehsation, bubbles might be smaller and droplets larger
than predicted by the balance-of-force argument. If the correction i§ suffi-

ciently small, it might be expressed in the form

"N (balance) - ri J

1

r rs (balance) + r! J

2 2

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

If experience shows that instantaneous equilibrium in bubbie size is not a
reasonable assumption, then a finite relaxation rate can be introduced through
the transport of N] and N2, representing the number of drop]efs and bubbles per
unit volume, respectively. In a single-relaxation-time model, analogous to such
models for the Boltzmann equation.]0 we would write, with re]axatibn'rates.m]

and mz, .

aN |
1 o I3 = -
5tV (U Ny) =y (N = Ny)

(13)
aN
_2 o (T = -
stV (U N =y (Ngy = )

Because
15



3
41rr1 N]

3 9]

(14)

amr,’ Ny = 38,
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 N01 and N02 are the equilibrium values of N, determined by the balance-
of-force concept as expressed by specified values oi the Weber numbers for the
two phases. Transport equations for N] and N2 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 ro in the momentum exchange function,
K, we expect the variations of those scales to be reflected in variations in the
phase-transition coefficient, JL' 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 velecity 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 JL as a constant times IEé - ﬁllr].
Because the scale, rye 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-
*§u1ts that will compare satisfactorily with experimental data over a wide range

bffﬁizé scales without requiring circumstance-dependent manipulation of coeffi-




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 &x-
perimental data are available.

D. Summary of the Numerical Solution Technique

The finite-difference numerical solutior technique relates to a mesh of
computational cells and finite time steps or cycles in the same.way as in our

5 The cells are rectangu]ar'in a

previous multiphase computation procedures.z'
layout that extends in the azimuthal and vertical directions, but with no reso-
lution in the radial (acioss-the-gap) direction. The top wall is a rigid free-
siip 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 drigina]
volume of the lower plenum must be preserved when making this transformation.

The steam-insertion (C) cells cover the entire Tower 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



Al KA B XA K

SAME VOLUME AS
TRUE LOWER

[—TOP EDGE OF LOWER PLENUM—& PLENUM

Fig. 2. The K-TIF two-dimensional vol-
"~ . ume-conservative approximation

STEAM SOURCE REGION (C) 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
_,_15 probably not a source of significant error because the prescribed input flow

Ll rates

h“sen carefu11y to agree with the experimental circumstances in each

‘ a'sé_..
' The fie]d var1ab1es for each ca]cu]at1on cell are located as shown in F1g
“5;3 The ce]] centers are 1abe1ed w1th 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+l that
denotes the cycle number in the time-advancement sequence. If omitted, the im-
plied cycle number is n. In the itérétive 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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2 i

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

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

1 : 1

R autom.at1.c»par.t1a1 mi t_1gat1 on of truncation-error effects ' without requiring an




exp]icit artificial diffusion. In our formulation, the donor-cell convective

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

iood ] J
cuesdy=dd, [or+ndson-0d,] .

where £ = 1/2 sign (uJ.,). This formulation of £ requires that lu | 8t/6x < 1/2

it
everywhere, ordinarily a reasonable upper limit on &8t for accuracy.

max

The M terms in Eqs. (15) are functions of the J from Eq. (3). We calculate
- > I J % - 1
MI = -MZ, where M2 Ju] for J > 0, or M2 Ju2 for Jd < 0.

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

For the mass convection terms, we use the abbreviations

w
14

S

15 Saec1 t YA

and . (16)

S

Sy = Spgce ~ /ey * Spp

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

"o = "oy + St{% (™ <o >, - " <o >Ly ]
<ot o] 5]

™T(ep)d = ")) + 5t {?s]i [ <op>1 - " <tpu,> ]
. gy[n+1<92v2>g-xﬁ ) n+]<02v2>:]i'+!§]_ 52:: } . (17)

Also, our momentum equations become
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+ -+ j+s + +,

"o )J = (8yv )J + ("HpJ - " ]PJH) + ™ (o)3™ gst

p]6y i i

n,Jj+s n+l} JHs _ n+l j+g]
+ K'i 6t[ (Vz).l (v])'l /p-l

(18)
] n+.|(e ) .
n+ J oo o 20505 O a1 5 04 g
(09t = (i)t 5y % ( Pj - p1+1)
n+1 J o
e My ot (™l - ™y )70,
. 1 1 "”(92)3."‘;E S (o1 i mel 341\ L mele. i
n J - (A — e ntl g nrl ) n J
(8pv)3 ™ = (B¥p)y ™ + o Oy ( P P )+ (6,)7 7" gst

<+

n,j+s n+] JHs  ntl s
Ky Gt[ (vidy ™ = vy ]/pz

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

ness in the solution technique. The new (n+1) values of quantities are express-

13

ed in terms of new values, which, as in the MAC12 and ICE'™ methods enables the

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

'?i;enables the momentum coupling between fields to be calculated without restricting

~-,i;fthe magnitude of K.
o - We d1scuss the sotution of this part of the equations for each cycle, de-

v Tferr1ng cons1derat1on of the water-temperature equation, because it is not im-

: »p11c1tly,coup1ed,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

(Vx1)1+4 = Y'S%{ e1)1+1 (“1)1+3/2 (u])::ii"’lfﬁ] - (91);1i [(”1)1+l '(”1);1‘—/]}
o {(e T [l - epda]- e [, - <u1>1+4]}
(an)f:.gi ) —%{ a1 (“2)1+3/2 (“2)2#5] i (92)2 [(“2)‘1]:#5 i ("2);1?-%]}
+“'§‘: [( u ey - () ] (02 [(”2)1% (”2)1+4]}
(v, 3% = ——‘2-{ 308 o3t - ] - (epite [vpd® - (v])m]}
+—5§{(e 3 32 - i®e]- (epd [ogd™ - <v]>3‘1]}
(V3™ = “%‘{(9 R [(Vz-)}jff - ()™ ]- (o] CAEE (Vz)gtﬂ}
+_s?{ 1 {92 - %] o] [ivp)d™ - (vz)i-"*i]} .

(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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T

necessary to represent the accessible area per unit volume through which the mo-
mentﬁm is fluxed. Itéjpresence is also beneficial in the numericai solution te
help avoid excessive diffusion and numerical instability where the volume frac-
tion is small. The'ce11;corner values, however, for examp1e ‘91’213’ must be cal-
culated carefully from the surrounding cell-centered values of e]; To see

this, suppose that among-the€?bur e1 values surrdunding a mesh vertex, only the
Tower feft one is moderately large, and the rest are several orders of magnitude
smaller. Then the f]ux of momentum upwards through the vertex, if proportional

to a simple averqge of'the'four 6] values, would be far niore than the (u])gil

ca]cu]ation;could absorb, because that calculation determines the new value of

it
8ty Vi,
last, by our premise, is very small, which would throw the resulting velocity

and converts this into a velocity through division by (e )J 1 This

magnitude into a grossly unrealistic range. Our remedy is to form (e])i+% as
the lesser ef a pair of two-cellﬂayerages, behind and in front of the fluxing
direction. |

The pressures and veloeitiee left over from the previous cycle, or specified
initial]y, tbgether with the tentative new 6 values, form the initial values of

a sequence of: 1terat1ve updates s1gn1f1ed by tildes over the field variables.

‘~we < rry through a Newton-Raphson solution procedure as fo]]ows First, define

G st .
W = 4 (W 173 ~ _
By ‘?1;“91.“1’&3 + —pE— (- By
- e (Z)J_"'_’g ~j =i
‘,jﬁf‘"‘z& ) "2 (92 "2) s Py - Pyy)
| —-—)J'”s ( )M 8t ~j _ ~jl 33
D‘; ’p] ( »fT (P.i L l)""D] (e“)'i
A

~ i = 92 ( ):]-H5 + &y (pi "' B’;i”]) + Pa ('5‘2)-;"";5 gét

W LT




5 5 ] - o~
i _ s 3 Wt JHs ~ \JHs > \Js
By = (8 80y TPy ppy Ky SE [(91)1 Py + ()3 pz} : (20)

Then the simultaneous solution for Eq. (18) is

5 (o 0y By ¢ Ky 0t (B, ¢ o)
(U iy, = ,,J
it
Ty (01 3y, 01 Pl * Ky 68 (Bliy + #1n)
2 'l+32 FJ
1
(21)
J+s JHs | pdts g itk
1 EJ_+!5
1
J+s Jts | Jth J¥s | ot
1% - (003%% oy BJTF + 1™ 5t (81" 4 )

s
&

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

I T PO, ] ~J_~~JJL[~~ i-%
(87)3 = "(8;) +6t{ {<e]u]> - <0u > |ty <6V >3
~ J+!z]_ J
< 8yvy >3 (S])1§ .
(22)
Jongy ) _L[:”’J'_“'J]l["~.]-'5
(8,)3 (6,) +6t{5x <Oy >y - <Oy >y [ Yy [0
~ Ukl L J
- < BV >3 ] (52)1} '
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Next, repeat Egqs. (20) and (21) with

e ’ : (23)

in which ep 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'p1us or minus in a checkerboard fashion
throughout the mesh. Let the velocities formed with the p' substitution be de-
noted u' and v', which presumably differ slightly from the corresponding values

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

i 6x ™ 272 7 itk
1 P SR | . B et J'-!s]+ J 24
+ 3y [< e]v] + ezv2 >1. < e]v] + ez"z >1. s1 (24)
Tl - _J_ T NS d - 1 s5d ]
e [< Byup *+ BUp >3y = < Bqup + Bup >y,
1 [~ s A ] h]
+ n [< e1v] + ezv2 >3 < e1v] + 62 5 > +Sy - (25)

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

Mg, +0,) =1, setting $ = §

i 215 + 52, and 1et§ing

1

~j
D3.

(8 +8,)7-1. (26)

.Theh the significance of‘EJ is that convergence of the iteration means B% has
beu:me suff1c1ently small for every cell in the mesh. With the proper choice of

”‘conditions, perfect vanishing of DJ for every cell means more than sim-



ply the achievement of "H(e1 + 62)2 =z 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 S, and S,, or alternatively to per-
fect conservation of each volume separately if S] = 52 = 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,
n+](e + 62)3 may differ from n(e1 + 92)2, and

however, Eq. (22) shows that ]

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 purpcses, we have devised an effective way to ensure that

n+1(61 + 92)% is sufficiently close to unity, which is discussed below as a se-

parate "corrective" procedure.

With the values of Bi and B'g 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 Eg that make Eg = 0 for every cell. For each step, we

determine the increment 55%, by
) S
s--wf(=) - @)
J
ops
i
The impcrtance of D'g can now be demonstrated. We use it to estimate the denomi-

nator in Eq. (27), by writing

T _~j
(& - 5!

%T t e (28)
Py

p

so that
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o "55?1 - 63 oo (29)

"7ﬂj1n wh1ch w is an’ over/under re]axation constant with magn1tude near unity. Thus

":jf he update value of p1 is g1ven by
‘ new~J _old g L o
_— (P)-l = (P)_-i GP.i . _ v (30)

If, at this stage, the value of Eg 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 satiéfacfory. 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, og, according to the following equations.

J 2 k| J jls _ Jj j#l

0} 3¢ 1/2 (Gi + Gii]) and o3™* = 1/2 (oi + 0} ),

. -

except at a rigid boundary, where og+% = 0 and ogiﬁ = 0 to ensure conservation.

- Then ca]dulate

e ("1)J : ("1)J * 8 (gl‘f {"395 [t - 0] - ol o] - e 1]}
ey b oot - ] - b i - o))




- 3 _ i ] j j j j |
o1 ot ot - o] [t ]

{J*‘f (63" - ()] - o3 [(ezﬁi-(ez)g"‘]}) (e

in which the modified values, e] and 62, replace the new volume fractions in the
computer storage.

The corrective procedure, to bring n+1(e] + ez)g to unity, is accomplished

by an efficient and rapidly converging iteration. Let

T = 0,9 (32)
° 25t / LA ’
\Gx g;?)

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,

A4
-te Cots
i+
X
L]

CTHRERTEEA [CRERCR Y e 23, [epd + epf]

(s = 127, [6] + 0]+ i =127, [op] + 0]

except at a rigid boundary, where'i] = 7% = 0 to ensure conservation. Then cal-

culate

VR .
(64)7 = (o )J+at(6x {(x]) [(6; + 00,1 - (o) + 0,)] ]

Ty, [y + 03 - e +e),,];

——{(A )J’“*5 (e +0,)3% - (g +e)]-(x )J‘i[(e + o,)]

(6) + ez)g-]]}) - (33)
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| and

—
D<
N
~
—te Gut
n

(6] + ot ('G_l‘z {‘xz)guﬁ [ty + 0y - (0 + 02}

(%5)] 5, [(91 +0,)] - (8 + 92’%-1];

1§~ 5+ j+1 i1 o ik j
o {(*2)2 [(91 + o] - (o) + 62’3]' (%) [(91 * 65)3

j-1

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

-+

a value of unity for (e] + 92)2 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 ca]cu]étions 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 T1 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] - TS.

Then the combined equations become, for |Tw - TS -7 > ATO,

aTe] N ﬁ
=t TV (T ) =l d ey /T 2T =T -T)

s
(34)

:'(Tlvis‘usedf For the solution of these equations, we define



~
e €
1]

J 35
2L 9 ot (o 8y /T (35)

J - St [ i . J ]+ 8t [< J-%
Di ™ < u] e] T> ie < u] e T> i Sy .,v] e] T> 3

<y 8 T>‘3:+;5] . (36)

Here, as a departure from the previously described convention, any value of u,
v, and 6 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,

X 5 z K, &t :
R O o O [T - T, - "HT‘}] .

i s n+l %l S
. N\ 2 b
+
() ]
n+1_j

The implicitness, exhibited by the use of * Ti in both the phase-transition-

(37)

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 T, - T - T] < AT » then Eqs. (37) are replaced by ]yi Yo and a T
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.

)J

1. Subtract T, from every (T] , to form "Tg )

2. Calculate ]Tg and ¥ ]yg .

3. Add T to every "+]Tg, to form " (T])J

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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‘iaéq. an 1; not precisely satisfied by the iteration solution, because practical
voonsiderations force cessation of iteration before convergence is complete. The

‘resultant discrepancy would serve as a source or sink for T1, but it is almost

comp]etely 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 Egs. (37) are modified by the assumption that

Kk - .
W T n+].J] = o yJ
--!L—-nHYj [Tw T = we) ™ed
i
: : ) n+1_j n+1_Jj
so that the two equations to be solved for T. and Y; are

" M ed = M e d + 0l 4 1 ™ —————1 5 (MHF) "e,) .

2 1
n+1_.J - J
O ]

:Note that our equation for water temperature excludes SABC] of Eq. (1).

(38)

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 prescr1bed ECC temperature In the broken- cold-leg outlet (B)

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

-ffbecause we allow water flow only into those ce]ls.

id.fi E. Boundary Cond1t1ons

ﬁpi The boundary cond1t1ons presented in this version of K-TIF are tailored

1*;;spec1f1cally for the geometry described in Fig. 1, where the walls that surround

i the comput1ng reg1on are typ1ca1 representat1ons of free-slip rigid walls along

the top and bottom, and per1od1c boundar1es along the left and right. The free-

) s]ip wa]]s are 1nsu1ated, nonadher1ng 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 adjacént 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 Tow-
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;c’ a measure of the variable steam flux, which may, for example, ramp

*
down to zero over some number of seconds. In K-TIF, ch appears in our expres-
sion for the quantity FBZ’ which is the total volume of steam per unit time per

gap width entering the system. Then

. F \/—T”—
= B2 2
T Va ooy 0 (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 out of the system. Fg, is then converted to the volumetric source-sink
function, SCZ’ subject to the constraint

3 (s.)d exey = F,

TP €274 B2

with the sum taken over all cells in the lower plenum. The distribution is e2

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

. F 0,3 | | |
et " ey | S50 |" ()

LP
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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
o the downcomer region above, as there is only one heated wall in the plenum but
“_ tﬁo in the downcomer. This is described in Sec. I.B.
Also taken from the exper1menta1 data is Jf » the influx of ECC water
\ through the three intact cold legs, which is related to the quantity SA], the
- total inlet volumetric fiow of water through these three legs per gap widtht

Again using the Creare system of nondimensionalization,

%* -5 P v
= AL 1 :
Iein T Vel (o~ o) . - (41)

SA1 is then divided even1y among all the individual A-type cells that comprise

the three intact legs.

sin
(individual ce11) = . (42)
A1 A

with T, denoting the total volume per unit gap width of the inlet-pipe source
regions. ) v
In addition to the steam source Sc2 and the ECC source SA]’ there are two
other yo1umetric sources to the system. One of these arises from the effects of
variable steam density, S, of Eq. (2), and the other arises from phase transi-
 tjon§5 For this latter, the total volumetric change rate over the entire system
is

ffw1th four of the volumetr1c sources known at any given instant, we impose

: ~";"_the cond1t1on that the net volumetr1c loss rate over the entire system is zero.

mt-?f‘The necessary adaustment to achieve this balance is made at the broken cold leg

“’“fﬂ(B); Comb1n1ng the sources and f0110w1ng our sign convention, we declare




J =
Fga * Sa1 A +%; (Spply Oxay + F + (Spy + Spp) 1g 20 (44)

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

region. To calculate SBI and 582’ we specify

Ser = Hey)
(45)

S = H(s,)

B2 2 B

and substitute these expressions into Eq. (44) to determine H.
3
+
bo .82 A i: (Spp)y 8x8y * F (46)

(6 + 8,)p7p

Because the removal of water and steam is in proportion to the local €'s, the
velocities could be subject to large accelerations for extremely smali 6 values
at the outlet. Accordingly, we have found it helpful to set the Sg term for
either of Egqs. (45) to zero if the corresponding @ value is less than 0.01. The
procedure thus delays drainage until material buildup is appreciable, avoiding
accelerations that would reduce §t, 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 SB.l = 0 and

S.n = H(e] + 92)8’ thus allowing only steam to reenter.

B2

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 = &y,

v = w W st + 1720 6x) (47)



‘ invwhichjms ~ 0.5, and U is an appropriate estimate of the maximum speed in the
f-,véystem. If this donof—ée]] contribution is deemed insufficient, then we may add
more by exp11cit1y‘incorporating Eq. (47) into Eqs. (6) and (7), with some ap-
propriafe choice for the magnitude of g More accurately, we could endeavor to
x‘canéel from the calculations the (positive or negative) lowest order diffusive
effects by a truncation-error subtraction procedure,]4 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
%%Lu .
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 fhe computer
if they incorporate this additional implicitness, but other considerations may
_keep thfs,fmprovement from being appreciable.

Note that if a calculation is performed with the restriction

yﬁere;0f<~f <1, then Eq. (47) shows that
=m f (¢ +11"/2) o (49)
R T T

vs

R ;Q;wa}£h¢ eﬁSurénce of diffusional stability requires 4vs ot < 6x2, which, with

S ;ggég]4§)fc5n'5§ writtén

®



1
s < FRFTT) - (50)

This result shows the consistency among Eqs. (47), (48), and the diffusional sta-
bility condition. For example, if f = 0.5, then wg < 0.5 is required, and this
restriction is clos2ly related to the donor-cell and/or explicit diffusion that
would in any case be expected or appropriate.

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

be illustrated by considering parts of the second half of Eq. {17),
T.-T
ntl, _n n S 1

which shows that we must require, in the worst case ("6] =~ 1.0),

T -T

s
J, 6t 5

<] .
L T 0y

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 Egs. (17).
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II. THE K-TIF COMPUTER PROGRAM

A éeneral Structure
bR I V.
LK-TIF is intended for use on the CDC-7600, operating under the Livermore

Time-Sharing 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 1ength By forming a binary 11brary of the entire
routine co]]ection, genera]]y only one or two subroutines require recompilation
togset up any particuiar.probiem, thereby minimizing compi]ation time.

i 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 the disposition of the variable I, located in the input file.

1. If T>0, i1t is assumed that a calculation is to be set up from data
supplied in the input file, with T 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
paraneters‘neCessary torthe'cyciio solution of the problem. ,

2. If I 0, it is assumed that a calculation is to be continued that was
prev10us]y set up and_running, and that was terminated with a data dump.

3. IfI< bv the input file is exhausted and the problem ends.

_ As shown in Fig. 4, both the paths T > 0 and T = 0 enter subroutine CONTROL.
'A11 the remaining subroutines and the 1ogic directing them are subserv1ent to
.FCONTROL The f1rst task of CONTROL is to sense the T = 0 condition and, if it
exists to read the data dump and continue the calculation. The hasic K-TIF
caicuiation cycle 1s the top—to hottom 1ogic path below the CONTROL box in Fig.
’g; CONTROL performs the' ca]]s and makes the tests just as 1nd1cated in the fig-

‘u Note that severa] of the called subroutines call other subroutines, indi-

.._cated by boxes to the right with double-headed arrows.




8 (RESTART) 1
oA —
EFFeeTS ON L SIGLAM i BND |
[:E
EXTERIOR = —
TANGENTIAL MOVTHETA
VELOCITIES® vES
( PLOTS & PRINTS? )— PLTPRTS
NO {—=
TIME LIMIT Y YES _| (WRITE DUMP |___r
OR FINISHED? IF SPECIFIED)
NO
-] (READ DUMP) T+8t=1
PHASE 1 PHASE TRANSITION:
LAGRANGIAN: L PHILAGR |~ —>| FASE
P AVERAGE,
& PAVGEPP
PHASE 286: - =i BND |
ITERATION .
LooP PHASE 2U,v: [ PH2UV [= ~
PHASE 2 6: [ PH2TH [BND |
YES _("ITERATION DONE? )
NOy
PHASE 20: [ PH2DTIL | /
NORMALIZE
PRESSURES:
ml-r' e
otlg~"g: | MOVTHETA | J
Fig. 4. The K-TIF program structure, in which the main routine KTIF drives 15

subroutines.




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 (o) of Eqs. (31), and the second
is the corrective (i) procedure that brings (a] + 62)-»(1 + ea) in every cell, by
using Eqs. (33).
BNb‘sets boundary conditions for 6'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‘sl and 32 storage to "a] and "92. In
K-TIF, several levels of & storage must be maintained. Note that the water tem-

perature equation requires both "o and n+]e. The & evolves from e during the

course of the Phase 2 iteration and emerges as "+]e. The multilevel 6 storage
is also required in SIGLAM, where the & and ¥ 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 6's that
did ﬁot sum to unity in every cell, or (2) had an initial velocity field, imqsgi-
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,

 1‘j ‘therefore, we make the tests for output plots and prints, calling PLTPRTS to
?;;éféaté‘iﬁé“&ééifed output (Sec. II.D) if the tests are satisfied. Also at this

“”‘f*point, checks are made to see if the problem either has run to the specified

”finish 1me‘onafs"about to exhaust the computer time assigned to the run. In



either case, CONTROL will write a dump for restart purposes jif specified by the
input data. If the run survives these two tests that can force its termination,
t is incremented by 6t, and the logic sequence begins that performs the next cy-
cle. |

PHILAGR performs the Phase 1 explicit Lagrangian calculations. A call is
made to subroutine FASE to obtain néw arrays of J [Eq. (3)], the J contributiqn§
to S, and S2 [Eqs. (16)], and the new value of FP’ the flux due to phase tran-
sitions [Eq. (43)]. In PHILAGR, the‘r] and r, 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 Tower plenum, which is comprised entire-
1y of C cells, the present steam flux, FB2 [Eq. {39)], is distributed in propor-
tion to the local 0, of each cell [Eq. (40)]. At this point?_the $1 and S, fields

of all cells contain all the contributions for the cycle.

J J 4 qd
(51)i (S + Ji/p] ?

I,ABC)i
and
J_ J J
(S5)5 = (S agc)y - 9i/pz * Spp
The remaining tasks of PHILAGR include the calculation of K [Eq. (8)], the D
convergence test for later use in the Phase 2 iteration, and the (8u) and (8v)

fields [Eqs. (15)].

PAVGEPP determines the average pressure in the system and, from it, the ep

that will be used in the ti]de prime and B equations in the,Phése,Z iteration.
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‘k "PHéTH éa1cu1ate§ the ‘new 3] and Eé arrays [Egs. (22)]. The first entry is
: jj‘to 1nitia11ze their values before the ‘iteration loop.
y The Phase 2 iteration Toop begins at this point.
PH2UV 1s called to obtain the tilde and tilde prime velocities [Egs. (21)].

"'*f,ffA perturbation may be applied for some number of cycles at the beginning of the

e calculatfon by a s11ght acceleration added to the u and u' of the cell just below
_ 1the ECC 1n1et cell lying furthest from the broken leg. This ensures that the cal-
- cu]ation wi]l allow growth of the instabilities that are present in the physical

mode]._' |
PH2TH is called to obtain updated © 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
B purpose]y preset the test to the "fail" cond1t1on to force iteration, for which
f PH2DTIL is ca]led .
: PH2DTIL obtains the fields of D and D' [Egs. (24) and (25)], which in turn
enter the new B [Eq._(28)], andrthen the new pressures [Eqs. (29) and (30)1.

- Finally, a test is made on Bﬁconvergence and a count is kept of the number of

7i»¢§11s that fail to converge. This is the number to be tested for ) convergence.
" The Sequence goes back to the call to PH2UV above, then PH2TH the conver—

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

fbeen obtained for all cells, or the maximum allowed number of iteration loops

T_ave been made., In either ¢ase, iteration is terminated and the remainder of

stem;an,gthenusubtract1ng this value from all the pressures. The re-



+ .
NEWTEMP calculates the new water temperatures, n ]T], and then replaces the

"T] field with the new values. In addition, new values of the conduction depth,
¥, are calculated.

MOVTHETA is called one last time to replace "o, and "e, fields with the

n+1e n+]e

and 9 that resulted from the iteration.

1
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,
p% can be represented simply by P(I,Jd), 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+ks,j), or at the top edge (i,j+%), depending on
where the quantity is defined to be by the difference equations. In K-TIF, (I,J)
is replaced simply by (1J), 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

IJ = (i,3) ,
IMJ = (i']’j) ’
IM = (i,j-1) ,

IPJP = (i+1,j¥1) ,
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+1) by (J+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 (J+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 treatiny the boundary conditions.

An example of the basic K-TIF mesh is shown in Fig. 5, which shows that
double DO Toops in FORTRAN would have the limits J=2 to JP1 and I=2 to IP1 to
sweep all cell centers. Similarly, DO loops with 1imits J=2 to JP1 and I=2 to
IBAR will access all interior u velocity components, and those with limits of J=2
to JBAR and I=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 1imits 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 1ine per

card image. The number of lines varies
[t R i Iy i

depending upon the number of entries in L ; _= JP2
the tables :f experimental values of :':: _-i gS.IAR
(t, psia, ch) and the number of A and }.- -:

B ports and hot-leg obstacles. The in- t: 3

put file has the following appearance. E't: -52

“‘Line No. 1: IBAR, JBAR, JTOPLP, NTAB, N
' » | 2 IBARIPIIP2
DX, DY, CD, MU(1), MU(2), SIGIJ

S e ) Fig. 5. The FORTRAN column and row no-
 (Format 414, GF8.3), where tation used in K-TIF. Ficti-

tious cells are denoted by
dashed lines.




Line

IBAR = I, the number of real (interior) cells in the azimuthal (x) direc-
o tion.
JBAR

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

J, the number of real (interior) cells in the axial (y) direction.

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 = 8x, the cell size in the azimuthal directfon.
DY = 8y, the cell size in the axial direction.

ch = CD’ the drag coefficient.

Mu(1) = My

the optional viscosity coefficients.
MU(2) = u,
SIGIJ = ¢, the turbulent diffusion coefficient.

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

identification on prints and all film frames.

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

Line

WE = We, the constant Weber number used in the " and ry calculation. If We
< 1.0, the value is interpreted as a constant rp instead.
BIGJL = JL’ the phase transition coefficient.

s in °F.

TWINF = Temperature of wall interior, T
TECCF

JFSTAR = Jf in’ a dimensionless measure of the ECC flux, to match a

w,in
Tece (°F), to match a particular experiment.
*

particular experiment.
S = s, the width of the downcomer gap, to match a particular experiment.
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~ MFCRIT =VCHF‘. the critical heat flux, in ca]/('ln2 sec). For forced convec-

Line

tive b0111ng, a CHF may not apply; in this case we supply some large

‘number, e. g . 1010

No. 4 (or 4 and 5): (TABT(N), N=1, NTAB) (Format 10F8.3), where TABT

1s 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=1, NTAB) (Format 10F8.3), where TABP is

Line

the table of preséure values in units of psia corresponding to the times
in TABT. A linear interpolation is performed every cycle to obtain the

current pressure.
6 {or 8 and 9): (TABJG(N), N=1, NTAB) (Format 10F8.3), where TABJG is

Line

*
the table of Jg values corresponding to the times in TABT. A 1inear

interpolation is performed every cycle to obtain the current Jg

TLm

TWFIN

7 {or 10): T, DT, DTMAX, TLIMD, TWFIN, LPR, MPR, MOD59 (Fgrmat 5F8.3,
314), where: '
T= td; the problem starting time in seconds, usually zero.
0T = St s the initial 6t."After the first 10 cycles, 8t is chosen

| automatica11y from prevailing cond1tions

DTMAX = max® the maximum 8t allowed in the ca1cu1ation.

1.0 to force a restart dump and a RETURN just before the CP time
11m1t is reached; > 1.0 to force a restart dump and a RETURN

. 1mmed1ate1y after cycle 0 output;

0 0 to run to the CP time 1imit with no dump.
problem f1nish time. When this time (t > TWFIN) is reached,

"7 contro1 returns to the main program KTIF. (Upon RETURN to KTIF
for either the TLIMD or. TWFIN condition, KTIF searches the input




Line

queue for further problems.)

LPR

"Long Print" control, where
0 = movie option, 1 = cell-data listing on film only, 2 = cell-data
1isting on both film and printer, 3 = cell-data listing on printer
only. These 6ptions are described in the next section.
MPR = "Monitor Print" control, where
0 bypasses, and 1 performs, a one-1ine summary monitor print to

the printer file every other cycle.

MOD59 = the number of cycles between summary monitor prints on the remote

(time-sharing) terminal. iUSua]]y ~200.

8 (or 11): (DTO(N), N=1, 10) is used iﬁ'conjunction with:

Line

9 (or 12): (DTOC(N), N=1, 10)5(bqth are Format 10F8.3), where DTOn

Line

specifies the problem time outputu{nterva1 between calls to PLTPRTS.
DTOCn specifies the time at which to change to DTOn+]. 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:

DTO(1-4) = 0.25; 2.0, 0.125, 10.0,

pTOC(1-4) = 1.0, 8.0, 10.0, 50.0.
To keep the output time interval fixed throughout a run, specify DTO(1)
= (interval) and DTOC(1) > TWFIN. As an output time is approached, the
automatic &t will choose a special &t for one cycle so that the output

occurs at the precise time specified.

10 (or 13): NOAB (Format I4), 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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ziNext (NOAB) Tines: OABFL(N), NL, NR, NB, NT (Format F8.3, 4I4), where
o :'.OABFL(N) is an 1dent1f1cat1on flag, where 1.0 = hotleg (obstacle),
~1 ”2,01=.A (ECC-1n1et) port, or 3.0 = B (broken cold leg) port.
kNLtkNR,'NB,kand'NT are four dimensions (see Fig. 6), specified in integers,
that'1pcate the obstacle, A or B port in the mesh. Thus, NL and NB
spe¢ify how'many cei]s in from the left boundary and up from the
bottom boundary td 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 obstacfe, A and B ports, up to 16. In the typical example of
a downcomer, we use NOAB = 8 for a situatios ##mi¥iny 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 Teast (10 + NOAB) lines. The final line normally placed
at the end of -the input file is in reality the first 1ine for the next problem.
_' The first quantity on Card No. 1 is IBAR, which determines the action to be
»'tﬁkénzby KTIF If IéARA>_0, it is valid for use as I, and SETUP is called. The

“'  ;va1ue IBAR 0 indicates a restart and IBAR < O indicates that the end of data

i*fhas been reached. Thus, a negative IBAR card is the appropriate way to terminate

bikf the 1nput f11e, and hence, the job.

[<——NR—

: ﬁffD Dutput = P1ots, Prints, and Motion

i;output 1s 1n two forms,

N

N

NT

B »ﬁr1sua1 1nformat1on on m1crof1che, 35-mm | NL- ~f A
7ﬁ';fmicrof11m, or 16-mm mot1on-picture f11m NB
and printed 1nformation on m1crof1che, A
microfiIm, or fanfo]d paper Both - Fig. 6. Four dimensions locate an ob-

stacle, A or B port in K-TIF.




forms are provided automatically in cycles O 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. fVectors are plotted as if
originating at each cell center {denoted by a +), and their length and direction
are proportional to the velocity components. If (x],y1) are the coordinates of
the center of cell (i,j), the coordinates of the vector end points (xz,yz) are

given by

and

Y2

vq+% + v?'%
*'1*( 3

_l______l__.) Dxou ,
where u and v refer either to (u] and v]) or (u2 and VZ) and DXOU is a scaling

coefficient defined as
DX0U = 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, VELmax’ to be the cell dimension 8x. 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 (VELmax < 10']0) in

a particular field.
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The second pair of vector p]ots are velocities multiplied by the Tocal 6 of
the field ..These are genera]]y more meaningful plots than velocities alone, be-
cause vectors of sign1f1cant Tengths occur only where appreciable volumes of water

or steam. -are moving.

Contour plots are provided for the arrays e], 62, p, K, T]’ the conduction
depth . Ys and the size scale, r. These plots have connected vector segments join-

~1n9,P01nts ofvequal 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 Tisting 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 da (0ds (w3, (epds spdl il . 0,
J J i+ J - S |
(92)13(‘12)1 ’ (Vz) s (rz) s (S ) s ('Y) D 'J .

The "short print" is a two-line 1isting containing sums over the mesh, for
: each field separate?y, of volume fraction and internal, kinetic, and total ener-
gy. Th1s print is prov1ded as an appendage to every long print.
4 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 MODSQ This is provided {on film if LPR is greater than zero, and on the

| printer 1f MPR is greater than zero) every even-numbered cycle, and contains the

ﬁénthe'current'problem’time in seconds.

1s the current cycle number.

t“f;’7>r”';:DT 15 the current st.




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

Phase-2 pressure iteration.

SMDTAU = dedyB over the mesh.

STAUB1 = L8x8ySy, over the B cell(s).

STAUBé = I8x8ySg, Over the B cell(s).

FP is the total Qo]umetric rate change due to phasé transitions.

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

%;; e1 8xd8ys, converted from cubic inches to -gallons.

FB2 = FBZ’ the current volumetric flow rate of steam entering the system.

Every MOD59 (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 Opgration: DROP and UNDROP

In the LTSS operating system, the executing program is rolled out from
uﬁemory 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 prdgram, 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 compi]ed program so that it can be executed repeatedly with
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'~different input data.”:This preservation is done in KTIF by telling LTSS to drop
the executing prdgreptto a disk file other than the original one before the first
‘rollout of the program. we’accomplish this with a call. to the 1ibrary routine

UNQCHG, the firstuerecutab1e stétement in KTIF, whicﬁ'capses a duplicate of the
eriginaI file to be written. ‘This file becomes the executing drop file and is
given a. unique name change from the original file, cpnsisttng of a prefix + and
a random A-Z alphabetic suffix

After the CALL UNQCHG, KTIF next ensures that an input file is avai]able for
the job by performing.a CALL INSIST (see Sec. II.H). KTIF then calls one of its
own subroutines, UNDROP; which ;ontains a series‘of LTSS 1ibrary system-inter-
face routines\(described in Sec. iI.H) that create output and film files re-.
quired by the rdn With the return from UNDROP, the problem is set to proceed

The restart data dump described in the previous section is primarily intend-
ed for use by the Deferred Batch System (DBS), in which a queue of lang-running
production jobs are run by the computer-room staff on evenings, nights, and week-
ends. . R

The‘k;TfF»user cah run the code from a remote terminal in the same fashion,
“ but may often find it mOre.convehient 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
norma]ly has a value of 0. To halt (DROP) the program, the user resets IDROP to
1 from the remote term1na1. CONTROL notes this change and performs a CALL DROP,
whxch 1n turn calls several system ipterface routines'to close job files (see
Sec. 11 H) and comes td avPAUSE At this point, the drop file may be saved for
]ater continuat1on of the run, and film and output files may be given to the

v system for processing

52



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 réset to 0 and the run proceeds.

To avoid unnecessary confusicn in the introductory discussion of the K-TIF
program structure in Sec. II.A, we purposely omiited 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 Trom 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 Qutput 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 ofbour 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, where the origin is at
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“the Tower 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 = Tex,

YT= J8y, -
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 acioss 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 Fig. 8. (The technique for generating alphanumeric information in these
regions is discussed below.) The unshaded area that remaias 1s 1024 points wide
by 900 points high, although we consider the avéi]able 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. ( XR. ) ,

FIXR

| XR
5n.+4m.GT_YB) .

. _FNB =96, ,




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 - Y8
FIYT = 916. - 1022. ( YR )

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 cohversion 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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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, 1Y, ch) plots the 4020 character identified by ch at 4020
frame coordinates (IX, IY).
CALL DRV (IX1, IY1, IX2, IY2) draws a straight line vecfor segment connect-
ing the 4020 peint (IX1, IY1) with the 4020 point (IX2, IY2).
CALL COLOR {c) controls the filter selection for color processing; ¢ is a
floating-point variable with a value in the range 0.0 to 4.0.

Single-filter selections are determined as follows.

¢ = 0.0 no filter {white),
c = 1.5 yellow filter,

c = 2.5 cyan filter,

¢ = 3.5 magenta filter.

The primary colors are obtained by appropriate filter combina-

tions.
¢ = 1.0 red (= yellow + magenta),
¢ = 2.0 green (= yellow + cyan),
¢ = 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
latten fbrm is used in K-TIF. In typewriter mode, the 4020 frame of Fig. 7 is
composed of 64 1ines 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 1ine printer use.

CALL LINCNT (£) locates the first column of 1ine £, where £ ranges from 2
(topmost accessible 1ine of the frame) through 61 (bottommost
accessible 1ine 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
1ine 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 1library subroutines for

interfacing with the LTSS system. Inasmuch as these routines are entirely sys-

. tem dependent, a brief description here should suffice.

'f>1:CALL UNQCHG changes the name of a drop file to a unique name (see Sec. I1.F).
- CALL¥1N$I§Lg(iije, irep) determines whether a required file exists. If it

‘gi'dpes not, it will give the user an opportunity to correct the

‘_ygfsight. Here, ifile is the name of the file, and irep is re-



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 MM/

Do/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 (t1) returns the job time 1imit in seconds.

CALL CFL (ifile, length) creates a file of specified length.

CALL ASSIGN (&, i, name, 1df, locbuf, 1buf) connects a Togical I/0 unit num-
ber (£) with a tape, file, or other device, (name), identified by
i. A value of i=0 specifies that name refer§ to a disk file of
length 1df. In K-TIF subroutine UNDROP, the CALL CFL has already
created the disk file and specified its length; 1df=0 is a sig-
nal to oben this disk file. Finally, locbuf is the first word
address_of a previbus]y dimensioned buffer to be associated with
the disk file, and 1buf is the length of this buffer.

FILM80, IDENT80, and HEADBO are required routines:

CALL FILMBO sets up system linkage to two routines for processing formatted
WRITEs and job fermination, and sets common storage for the film
routines. FILMBO 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 necés-

sary file variables: buf is the name of the LCM buffer for film

data stbrage, nwbuf is the number of words in this buffer,
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: nwdisk 1s the number of words reserved in the disk buffer, icam
s the camera to be used to process fhe film, where the avail-
able options are 16 (16 mm), 0 or 35 (35 mm), and 105 (105 m
- microfiche), and ifilm is the film type, where 0 is black and
white and 1RC is color.
"CALL HEADSO (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 fiim user identification, of the form
~10HBOXaaaaaaa.
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 shoy1d‘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
: veréion'of this report because it always gives an "ABNORMAL TERMI-

"“'NATION" message to the operator, which may be m1s1ead1ng

' :;Q:E?CALL EMPTY (1f11e) ensures that all data is flushed from the buffer for the

- output unit spec1f1ed by 1f11e )
CALLlnEVICE (1opt, 1f11e) is used to open (1opt ‘4HOPEN) or close (1opt
'5HCLOSE) the file of the name specified by file.



vF

I. The Common Blocks KC1 and KC2

The following list provides the names and descriptions of all gquantities in
the SCM common blocks KC1 and KC2. These common b]ock#, along with the cell-data
storage common KCS, allow cammunication among all the subroutines that comprise _
the code. By dgsign, these commons contain all the information that must be main-

tained frem cycle to cycle, and comprise the information saved in the restart dump.
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S wae DESCRIPTION

:}}_A3BA(1§°Y 0 Dummy qud; always the first word in common.
© ACELL Flag for A (ECC inlet) cell.
. BCELL - Flag for B (broken cold leg) cell.

”iabiGJL e JL; the phase transition coefficient.

Bz i;, a function of &t used in the (6, + 8, > 1) correction.

B2 : Specific heat of steam, in cal/(1b kelvins).
CAPPAH . thermometric conductivity of the wall (= 0.028 in’/sec for
. iron).. |
CAPPAZ Ko? = kw/plbl‘
CCELL Flag for a C (steam insertion) cell.
co CD’ the drag coefficient.
CD04 Cp/4s for use in the K equation.
CNUSX(2) vy/6x% for each field.
CNUSY(2) v,/8y% for each field.
CUIN26GL Conversion factor from in? to gallons.
Cl - The hrs/min/sec on the wall clock when the job began. Printed
with D1.
n' *DT v' 8t, the time step,fsubject to‘autqmatic recalculation.
| f?l;DTgsTlf The comparand for D convergence.
,;iif{;dik “iL B Stes a factor to control the automatic calculation of v, and ét.
yﬁ”iﬁf;bi“Axf;zi : Stmax’ the upper limit on &t. |
©°DT0(10) " Problem time interval between full output of plots and prints,

0. used with DTOC.
oopTODX o st/ex.

Rrobigm.time3at which to change to next DTO in the set.
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DTODY st/8y.

DTPOS ot possible for the cycle, but actual &t may be reduced to adjust
to output time.

DTSIG ata, the upper limit on &t for the cg specified.

DTUVEL Maximum |u|] in the system, for automatic &t calculation.

DTVVEL Maximum Lv[ in the system, for automatic &t calculation.

DX 8x, the cell size in the azimuthal direction.

DXDY 8x * 8y. |

DX02 8x/2.

DY 8y, the cell size in the axial direction.

DYO02 8y/2.

D1 The month/day/year when the job began; printed with Cl.

ELSUBL L L/(p]b]), where L is the latent heat of vaporization and
by is the specific heat of water.

;PP_ ‘ ep, a small fraction of the mean dynamical pressure in the system.

EPSD £p> the convergence criterion for the pressure jteration.

EPSTH €g° the convergence criterion for the (e] + 62 + 1) correction.

FB2 ‘FBZ’ the total steam volume per unit time per gap width entering
the systém.

FB2BAS Base for converting J;c to FBZ'

FB2COF FBZ/(Gxay), 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.

G g, gravity, in in./secz.
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GDT g * St.

A;~ _H9Kw | b k,» the wall heat conduction coefficient, cal/(in kelvins sec).
| HFCRIf | The critical heat flux (CHF), ca]/(in? sec).
WFC1 Heat flux coefficient, = MHF/(s p;by).
_ HFMIN ' The minimum heat flux (MHF), cal/(in? sec).
\“IBAR - 3 T} the number of interior cells in the x direction.
"IDROP 5 Flag used for job control in time-sharing operating system.
IDTCUT | - Flag indicating &t cut due to excessive flux at broken leg.
1DTO Index for DTO- and DTOC tables.
IJ Index for cell (i,J), required for SUBROUTINE FASE.
IPERT Index I of coluhn containing A cell furthest from broken cold leg,

for velocity perturbation.

IPY T+1, index of rightmost column of interior cells.
1P2 T+2, index of column of exterior cells on the right.
IVB(IG) Integer frame coordinate for bottom edge of A and B ports and
6bstac1es.
IVL(16) Integer frame coordinate for left edge of A and B ports and
) obstacles. | ;
AIVR(]&) Integer frame coordinate for-right edge of A and B ports and
‘ . obstacles.
IVT(16)  Integer frame coordinate for top edge of A and B ports and
obstacles.
: 1ﬁ£{;1XL R j‘ fnpeger frame coordinate for left edge of plots.

_ Integer frame coordinate for right edge of plots.

*1;I}§ilf:. Af;.f, Integer frame coordinate for bottom edge of plots.

, ,'hj;ntegér‘frame.coordinate for top edge of plots.
< JBAR. '*"  ﬁi_the ndmber of interior cells in the y direction.
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JFSTAR J$ in’ a dimensionless measure of the ECC flux.

JGSTAR J;c, a dimensionless measure of the variable steam flux.

JNM Job name identifier of code name and operating system used.
JP1 J+1, index of the topmost row of interior cells.

JP2 J+2, index of row of exterior cells along the top.

JTOPLP Height of the Tower plenum, an integer number of cells.
JVECLP Integer frame coordinate for top of lower plenum.

LPR Determines output options on film and prihter.

MAXIT Maximum number of D and g jterations allowed.

MOD59 Number of cycles between monitor lines printed on remote terminal.
MPR Controls writing of monitor 1ine to the printer file.

MU(2) u, optional viscosity coefficient for each field.

MUCOF 9u1u2/[2(u] + uz)], the viscous term in the K equation.
MUSTID Number of cells failing the i convergence test.

MUSTIT Number of cells failing the 5 correction convergence test.
MX(2) M > a function of J in the (6u) equation for each field.
MY(2) : My, a funct%on of J in the (8v) equation for each field.
NAME(8) Problem identification from column 2-80 of input line No. 2.

NCDBUG For debugging; cycle at which to commence full output of plots

and prints every cycle.

NCS Number of words in the cell-data storage block.

NCYC Number of calculation cycles completed.

NCYKIL Number of consecutive cycles allowed at MAXIT cutoff before

. aborting. |

NCYMAX Counts consecutive cycles in which NUMIT = MAXIT.

NDTZ Number of cycles at 6to. after which 8t is recalculated each
cycle. |
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NOAB
NQ
NQI
NSC
“NTAB

© NUMIT
* NUMTD
NUS(2)

ORBFL(16)

OCELL
oM
RDT
ROX
ROXDY
RDXSQ

ROY

_-RDYSfo

oW
';TiRHOZCOF, f ﬁ'
ot
']f j]/T (ke1v1ns)

RS

s
;?%}f1/14 7s for conversion of psia to T,
ff1/(zax)

\:]/(26y). ﬁiJ

'R14PT7
Rzox |

Rznv . =

.COmb1ned'number of obstacles, A ports, and B ports.

Number of'quantities, or storage words, per cell.

_ NQ*IP2, 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 ofiitefatiOns required for pressure convergence.

" Number of the next dump.

'vs,‘kinematic viscosity coefficient for each field.

Table that éccumu]ates flags identifying obstacles, A ports

or B port in the input.
Flag for obstacle {hot-leg) cell.

by thé pressure iteration relaxation coefficient.

1/8t.
1/6x.

:1/(6x*6y)
1768,
]/Gyft;f

1/6y2:

‘ P m1crosc0p1c mater1a1 density, 1bs/1n3. for each field.
,p1 1. cal/(in ke]vins) '
<h]00eff1c1ent used to recalculate Py every cycle

‘_;llp, for each f1e1d
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S
SATEACL
SIGIy
SIGPR
SMDTAU
SP2COF

T
TABJG(20)
TABP(20)

TABT(20)
TECCF
TECCK
THMIN
TLIM
TLIMD
TouT
TSATK
TWFIN
TWINF
TWINK
VOLFAC
WE

XCONV
XI1(18)
XL

s, gap width of the downcomer, to match a particular experiment.
The inlet volumetric flow of water (SAI) in each A cell.

o, the turbulent diffusion coefficient.

o'.

zdxdyﬁ over the mesh, included in the monitor print.
Coefficient for Sy, calculation, = ("Hp2 - npz)/(n+]p26t).

t, the problem time in seconds.

Table of JBC values, from experimental data.

Table of pressure in units of psia values, from experimental
data.

Table of t values, at specified experimental measurement times.
Tece (°F)

Tece (kelvins).

Minimum allowable value for any ne] or nez.

Job time 1imit in seconds; used with TLIMD,

= 1.0 to force a tape dump immediétely before time 1limit.
The next problem output time for plots/prints.

Saturation temperature, Ts, in kelvins.

Time when to finish: calculation completed when t > TWFIN.
Temperature of wall interior, T . , in °F.

w,in
Temperature of wall interior, Tw,in’ in kelvins.
Cell volume factor, = &xdys.
We, the Weber number used in " and ry calculation, or the con-
stant value of " and ro 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

Y8
YCONV
YJ(24)
YT
iy
Z

= T*§x, the right edge of the mesh. XR should equal the average
annulus circumference of the experimental geometry.

= 0.0, the bottom edge of the mesh.

Plotting factor, converts y's from problem units to COM units.
Table of ;‘s at the center of each row in the mesh.

= J*§y, the top edge of the mesh.

The z used in the T1 equation for the lower plenum region.

Dummy word, always the final word in the comwon.




ITI. 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 pubh‘cation.8 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 H1 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 (eﬁ)] and (eﬁ)2 and the lower pair are
contours of 6, and Tl' The generation of these nlots is described in Sec. II.D.
The time history for the amount of water in the Tower 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 1
EXPERIMENTAL DATA AND K-TIF INPUT FOR EXAMPLE 1

" Creare Experiment H1, using 1/15-scale cylindrical vessel:
Scaled-plenum geometry: ”

- Intact cold legs 3

Hot legs . 4

1

3

" Cold-leg diameter (i.d.) .875 in.

Hot-leg diameter (o.d.) .00 in.
Downcomer gap 0.5 in.
Downcomer length (below cold leg @) 18 in.
Vessel Tength , 29.75 in.
fower plenum radius 5.7 in.
Average annulus circumference 34.6 in.
Capacity of lower plenum 2 gal
ECC water supply: ’

Temperature ; 81.5°F
Flow rate per cold leg 20 gpm
Total flow rate 60 gpm
Equivalent J?,in ; 0.116

Transient steam flow data:

Time (sec) Pressure (psia) J;c“
0 27.9 0.309
0.8 26.3 0.317
0.9 27.3 0.320
2.1 24.0 ©0.339

.2.9 * 20.5 0.262
3.3 17.1 0.229
4.4 14.3 0.149
5.7 13.3 0.08
7.3 10.8 10.058
9.1 11.6 0.02

10 12.3 0



TABLE I (cont.)

K~TIF Standard-Resolution Calculation of Creare Experiment H1:

Geometry:
‘Mesh width (= average annulus circumference) 34.6 in.
No. of cells in azimuthal direction (I) ) 16
Cell size in‘azimuthal direction (6x) ' . 2.1625 in.
Downcomer 1én§th (below cold leg §) 18.38125 in.
Total Number of cells in axial direction 22
Number of lower pienum cells in axial direction (JTOPLP) 12
Cell size in axial direction (8y) 2.1625 in.
Capacity of Tower plenum 1.94344 gal
Miscellaneous constants:
Constant-scale value for interfacial friction (r] and r2) 0.06 in.
Phase-transition coefficient (J,) - | | -0.16
Wall interior temperature (Tw,in’ = inifia] Ts) 244 .3°F
Initial time step (&t ) 5 x 1072 sec
Maximum time step (st .. ) 5 x 10°% sec
Drag coefficient (CD) 1.0
Viscosity coefficients (u] and “2) 0.0
Turbulent diffusion coefficient (o) 0.2
Critical heat flux (CHF) | 10'°
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K-TIF standard-resolution example at time t = 6.0 sec.
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30 ; ; T trend-scoping calculations, we repeated

—{ 035
25 “(q\%k CREARE HI — 030 the H1 example with half the linear re-
20~ \ ~1025 . . .
\ , 020 solution described above. With this
ar B \ ALc/ EXP —10. S
Lo k- \ / —oi5 "¢ degree of resolution coarseness, includ-
’ / - 0.10
05|~ N —{oos ing hot-leg obstacles produces a barrier
{ N )
TR !
% 5 10 15 20° to flow around the cold legs that we

1{sec)
e deemed Tess realistic than if the ob-

Fig. 16. Comparison of Creare experi-
ment H1 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 resoived cé?culations, 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 H1, 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.

77



_. D Y . 1 »
' f AY . N
2 Wi Nl
L \ ~
\ o
R \ A - -~
\ !
_' \ S
, \ - S S . .
. ‘ . L Y
‘ 1]
b
¢ 1

|

@ i o ‘Fig.17. K-'i'IF coarse-resolution example at time t = 5.4 sec.

78



- — e e ]

/K\

\

K-TIF coarse-resolution example at time t = £.6 sec.
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Fig. 22. Comparison of Creare results from experiments H1, H2, H3, and H5 with
K-TIF coarse-resolution calculations. The curve for the standard-re-

solution calculation of experiment H1 (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 variots 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 capabilities.
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Example 3. Coarse Resolution With

0T T T T T T
_ Wall Superheat

51}
» A uzs-— - ] , _
5 To examine the consistency of our
- - results in a different type'of compari-
L ]

g e o son, we performed calculations for
p ok 0 .
B :]H¢~ ’ Creare experiments H157 and H158, in
g wor ]m 1 which the walls were superheated to
g,cgb = ° -{  350°F. No changes were made in our

= 'suzw 7"‘:“5",5"7‘ F"‘STI "}“"fm‘:"." modeling parameters from the values
00 G0z G0+ 006 008 OO Oz oM
INVERSE TIME FOR STEAM MASS FLOW TRANSIENT
FROM JLI0) TO Jge[1)*0, 1/ {1/SEC)

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 in 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-

‘i1ar»hot-wa11 experiments in Fig. 25. It is apparent that the summary data 1ie

-fﬁon two different curves, Those experiments giving points on the lower curve ex-

: f‘:_h1b1t ‘only a s1ng]e rap1d rise as in experiment H157, whereas those on the upper

:'*73feurve have a rlse-p)ateau -rise water-delivery trace as in experiment H158. As

iejly;noted in th1s fwgure (and on the fwgure from which the experimental data were

”{i:taken) the doub]e-rwse fi]11ng traces furnish two datum points. If cur calcula-

: :]tion for H157 is compared with the extended locus of datum points on the upper

kcurve, then our cons1stent approximately 2-sec delay becomes unanimous among all

~,‘jthese(coarse-mesh scopwng calculations. The calculations seem, therefore, always
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Fig. 24. Comparison of Creare experiments H157 and H158 with K-TIF coarse-mesh
calculations. These examples have the walls superheated to 350°F.
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K-TIF coarse-resolution results (black circles) are shown
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"to ‘be. sensing the sometimes-incipient precursor exhibited by the experiments and

vbiiicorresponding to’ the upper curve. - Once delivery to the Iower p1enum commences in

.yk'the ca1cu1ation, it continues unabated; whereas in the experiments the onset of

“"r.deiivery may be~foilowed by partial or complete reentrainment, with compiete de-

?~].1ivery occurring siight]y later. For K-TIF calculations to reproduce the details

- ‘tiof this more cumpiicated behavior will require & more accurate representation of

"’f:the 1ower pienum. A first step towards this improvement will come from the capa-

‘:biiitxkto:have:a,variabiergap size (s).in the code, so that the "gap” in the low-

| “er'pienumvis:much"iarger than in the downcomer. The second step will require a
fully threeéoimensionai_resoiution of the lower plenum. We believe that these

| improvements‘in K-TIF and velated codes, together with the enhancement of our

physica1 modeiing~of microphysicai processes, can be expected to produce results

: whose consistent agreement with experiments will form a basis for the confident

-prediction of fiows in configurations not yet examined in. the 1aboratory

' ‘B Input Data and Results from a Sampie Ca1cu1ation '

S The first ca1cu1ation in Exampie 2 ~above, corresponding to Creare experiment
ffnumber Hi.j was chosen as a comparison sampie for users who wish to work with the

f‘mputer program iiwe present here the detailed 1nput 1ist1ng, together with-

a ]istkig of ce11 data from the piseverai rows of th*fmesh from cycies O 1, 2,

- fo“iio‘ and much 1ater at”t = 0.1 sec (cycle 386¥'ai'w'“ 1. DISeC (cyc1e 4227)

S &



TSAMA KIIF YOG, CREARE wi-y, A1,2¢ 06, A .16, NO OBSIS 0%9°
\BARe @
“JBARe 2
JIomPe §
LAl ]
BXe o, 32W0E00
DYe &, 32900C+00
CO= 1.00000E+00
Wilie §.
widie 9,
SiGlJe 2.00000C-01
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BIGA =~} .G000E-0)
THINFe 2.v3000 02
1ECCA = 9.13000E+01
JISTARs 1. 18000C-01
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WCRITe 1.000000 10
\ U L Ll TADJG
0. 2.79000C 0t 3.09000£ - 01
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9.00000€-01 2.73000€01 3.20000C-01
2. (0900€+00 &.40000€ 0! 3. 39000 -0!
2.90000C+00 2.05000001 2.62000€ -01)
3.30000€+00 1.71000E 201 . 2.29000£-01
%. 40000 +00 1.%3000€ <01 1. w9000 -0}
5. 70000E + 00 1.33000E 0! 8.00000€ -02
7.30000€ «00 1.080G00€ =01 %.80000€ -02
€. 10000 < (0 1.16000E+Q1 2.00C00E - 02
1.00000E+01 1.23000€+01 0.
1= Q.
Qf« 1.00000E-0v

DTHAXs 5.00000€ -0n
TL1e0= 1.00000€+00
Toff 1= 1.30000E+01)
(X
R 0

1004 200
010t1-101e  1.00000€-01  2.00000(-01

eooo
ocoon

0.

e. 0. - 0.

DrocC¢1-10re  1.00000C«00 2.10000E+0) 0.
0. 0.

. o.
TOTAL NO. OF OBSTACLES AND A AND @ PORTS IS«
A-INLET s OMs )N JONI- I :
A-1LLY Me 2NRs JI N L0 NIe 3}
Q-OUILET W» S N S NBe (B NTe 11
A-INET MRe GNe TN IBNIe I}

TOTAL ND. OF A-TNLETS (UMBROKEN LEOS: IS 3.. WMERE TWE ANEA OF CACH (S 1.070960+01
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19 < 001 1.006-0¢ it QOV 0. s 0. w2 0. (LN AP 1.9 -0% FR2-5. 7% o0
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7to be sensin' the sumetimes-inciplent precursor exhibited by the experiments and
»rfcorresponding to the upper curve. - Once delivery to the lower plenum commences in
';5the ca1cu1ation, 1t continues unabated, whereas in the experiments the onset of

‘i}deIivery may be fo]1owed by partial or complete reentrainment, with compIete de-

-ﬁ'ylivery occurr1ng sl1ght1y later. For K-TIF calculations to reproduce the details

‘ﬁ‘ﬂfffOf this more comp11cated behavior w111 require a more accurate representation of

»T the lower plenum. A first step towards this improvement will come from the capa-
”'3b111tx to have;a_yariab1e:gap_size (s) in the code, so that the "gap" in the low-
ér‘p1enuﬁ”1s'much‘1a%gééith5n in'the~downcomer. The second step will require a
fully three-dimensiona] resolution of the lower plenum. We believe that these
improvements in 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 fious 1nvconf1§urations not yet examined in the laboratory.

B. Input Data and Resu1ts from 2 Sample Calculat1on b

A The. f1rst calculation 1n Example 2, “above, correspond1nq to Creare exper1ment
\n number Hl..| was chosen as a comparlson sample for users who wish to work with the

- K-TIF computer program. Ne present here the deta11ed 1nput listing, together with

'»‘;éa 11st1ng(of”1el: dat, from the top severa1 rows of the mesh from cycles 0, 1, 2,

fQ‘D_l sec (cyc1e 386) and t. 5;..0 sec (cycle 4227)
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JBARe 12
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O 200
DY0(1-10i=  1.00000C-0t 2.00000L-01 O. 0. 2.
0. a. Q. Q. 4.
DYOCt-103=  (.00000C<00 2.(0000E+0F 0. 0. 6.
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It should be realized that exact agreement with our calculated values may b
impossible to attain because of different word lengths on other computers. Also
there are differences in various FORTRAN compilers, primarily due to the sequenc
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 changi
to a different FORTRAN compiler can produce numbers differing in the last bit af

_--.'___..pter the first cycle of calculation. 1In 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 e] and 62 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 (% e] + 5 62) remains constant, as it shoule
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 10'5,
and the other in that cell is replaced by 1 - 10-5. This constant total sum is

an indication of good overall volume conservation.
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Time(sec)

0
0.0001
0.0002
0.0010
0.1000
1.0000
5.0000
8.8000

TIME HISTORY OF 6 SUMS FROM THE CALCULATION

TABLE II

OF EXAMPLE 2

Cycle z 61 z 62 z G.I + Z 62
0 .97870000 1O~3 8.97861021 102 8.978699997 x 102
1 .20979786 10~2 8.97836896 102 8.978683940 x 102
2 .52192919 1052 8.97871040 102 8.979262573 x 102
10 .40174212 10~] 8.98117790 ?02 8.983579642 x 102
386 .74072243 10] 8.80470405 102 8.978776293 x 102
4227 .00595648 102 7.97280799 102 8.978764470 x 102
20763 .74355472 102 7.23674184 102 8.980296560 x 102
29522 . 38840204 102 5.89799074 10] 8.978201114 x 102
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APPENDIX
FCRTRAN LTSTING OF THE K-TIF PROGRAM
(October 20, 1977 Status)

The following 1isting represents the K-TIF version for the examples described
in Sec. III. It is in OLDPL program 1ibrary form. The programs comprising the
1ibrary 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 Tines 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 OLLPL form is that either a text editor or an al-
terfile can be used to make code changing quite simple and direct. The modified
CLDPL 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 (8 + 38, > 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))—].
IF(ABS(THTEST) .GT.EPSTH) MUSTH=MUSTH+
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

104

1 *CONPILE, ML

mepeacnena

CoNEQy DINEN
OME

v 0
CORMON /KC1/ NI ACELL (BCELL B1G) 2 CARPA, CAPPAL, CCELL,
: “fc“n‘dx oto§§£$ Broct t%m“!‘ LY S" g
3 B OTVY t\. BE 0D K bxo o;,ovﬁ
s nﬁco ni !xn rho,nh,!l,s,car,ucm,mm,
? c(n m& !rﬂg'ln 102, 1v9(18)
8 RIVM ! f 1 ! L, 1y 8, fvr,
9 SFEAR, JCatAR s forb
i b T A
2 F RS TD MAteT m!z) f«"f fwlm.m:m,
3 n& fa NCYRAX, 80 ", N
COMOON /KC2/ usc. lum NUS(2) ORRFL I8 ocm. ROT,
! ADXN :;Gsm RoY hora om,aﬁotz),mm 1,RN0 WoSCoF,
3 R20X R v, $e1%, steom (PRTAU, $P200F, T
% n.m AL 150%2‘1 52% ¥, TRCC Wi,

TsATTGrL T™INK, VOLF u
xconvoxr 1) Ve FEONY, F4(20 YT, 208022
CerenananerSTANOARD RESOLUTION FESH WAS ToARe18 A
CennnenaseaTHUS IP20JP20NR REQUIRES 13392 WORDS IN AACS,e#eninesase
ConvanwenaniALF RESOLUTION SCOPING NESH NAS 10ARSE AND JBARe12,
Consaneensa TS 1P20P200A REQUIRES €40 MOADS IN ANCE. aensanaden
COTVALINGE (A mcs 1), FLAG) . CAMCS(), THY) , CAACSCS) , TH
MES(A) o) Alms) xd), (akeste), 11§ m&m,em,
08"k z),(mmd

(RS m m’

smesens iu RN o, (ACsty .sb,

(Mcsm) vy %tn (m:sg ;:"v%’m

w&m 'mﬁ (ks 519),"“@” ﬁ(.ms(zﬁ),mn,

CAACS( zs),mm) Mcstfg' t.u

(AACS(2S) ) (Asca(ad)

(m:s(z?),mmbcb mcs(
$(29) JUTIL

REAL .|rsm,usm,m,um,ndm,m,mc&r,

N-“G‘IOMOUN-D

xm),(hcs(m,muz)

0
owendion g g R 00 S
Lf 3 5 TR 1m ‘rfuz ¥

NeD VI
mmzd‘w ‘ nm!m 21:‘.‘#”&::41«1} mn}zm
mmm,mu ( A ’ ’ ‘ ’

Pt T 17 T A DA 3 S e et S I e e e T T et

3 2
v VN ﬁ

SETUP CONTROL  SIGLAM  TANVEL  PLIPRTS  PHILAGR  PHWV
gz g%:’l’l!. P!1III PAVGEPP  NEWTENP  MOVTHETR FASE

57 coMEQV
gg mm ngraxun,onrn,1»:5-17»:,1»:6-01»!1)
60 Cratnraaans 102077 VERSION OF K-TIFettsasedne
61 sTML oMY
3; cn.l. lnsts* SHITAPE, IREPS)
6 FCIREPS.NE. . 1)) CALL EXIT
45 CN.L
44 N 1OMKTTF LTSS
67 uu. DATEN(DY)
68 Au. TIMEH(CY)

& Ne=3)
7010 READ(S tom JBAR, STOPLP, NTAS, 0K, BY,CO, M), S161J
n mul b At idiatd

3w CALL COITIOL

" 60 70 10

;2 20 CALL EXIT

T7 100  FORMAT(AT4,6F8.3)
T8 €N

PHITH



838IRR2U0282BIRNRHT2SY

-

::aa-‘aaaaaaa
NISBRIVBRRERS

Len ?2;.’.?&) COBUFFC) gEumue
CoMION / tu usu %r;jwm
SO /

OI0N /F unu ¢ m-urts

A 10U 70/
NFE;ISIGI IHEAD(S)

I2Es
CALL CFL (SMOTAPEY,S30000)
E:Ll.t u&; <o.o.eﬁowu,o.own,z1oo)

(31
L JDENTSO (12 FUMBUF 5000, 1000000, 105, 1000
IHW(\)'!&K

, IHEAD, 9HOOX TSAAN)
CALL KEEPFLR 0190
RETURN

SUBROUTINE DROP
LCK (FLMBUFC

COMMON /rueurcl FUMBUF (5000)
DATA I0UM //
CALL ENTY C8)

E"‘t DEVICE (SHCLOSE,GHOTAPEY)

AL ozmo {12, FLNBUF, 5000, 1000000, 105, 100w

CAI.L KEEPFLM(1
PAUSE 111
RETURN
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106

113 —
114 2
115 COMEQV  DIMEN
116 SUBROUTINE SETUP
117 *CALL, COMEQV
118 «cALL,DINEN
119 MENSION KFLAG(2,3)  ITA(12)
120 OATR KELAG/\HCON ou&mm 1SHCOH A-INLET ), 13H(OH B=OUTLED) /
121 DATA NL
13} connnenminshEll ﬁont L
123 READES, £
124 READC? ,aw) WE,BLGJL, TMINF  TECCF, JFSTAR, S, MFCRIT
125 READ(S,820) ( iemu,ns ¥AB)
126 READ(S, 15NTAB)
127 READ(S, <mus(uf ey
128 EAD(5,830) T,DT,0TMAX, TLEMD, TWFIN, LPR, WPR, MODS9
19 €AD(5,820) bfo
e READ(5,820) oTOC
132 ASsTon 110 10 KRET
135100 WRITECKT
134 WRITE(KTS8 JBAR, JTOPLP NTAB, OX, DY, C0, My, SI6IJ
135 mztetxr,asm ue, is.n.,fumr.rtccr,usim,s,ﬁnﬁ
13 JE(KT;860)
137 00109 N3 NTAR
% .. ncno't‘rs(xr,ofw TABT(N), TABP(N) , TABJG(N)
140 TECKT, 880) 1,01, 0THAX, TLIND, THFIN, LPR, WPY, MODS9
141 wurmr, 90) pfo
142 1TECKTS900) DTOC
143 20.70 KAET
144 110 IF(LPR.EQ.O GO YO 120
15 KT=1
144 ASSIGN 120 TO KRET
168 ConnunnrasCALCULATE / DEFINE CONTROLLING CONSTANTSsease
149 120  IP1=IBARSY
150 IP2=1BAR+2
15 $P1=JBARS 1
152 P2z JBARE2
153 NI=IP2eNG
154 XR=FLOAT(1BAR) +DX
155 YT= FLOAT( JBAR) DY
156 NSC=LOCF(Z2) ~LOCFC(AR) +1
157 NCS=LOCFCAACSCJP2¥NAD) ) ~LOCF (AACS) +1
158 1670=1
159 TOUT2T+DTO(D)
160 DTPOS=DT
181 NDTZ210
162 NCYCxNUMTO=NUMI TENCYMAX=0
163 0TF=0.25
164 om=-0,85
165 €PSDE4. E=3
164 EPSTH=0, 02
167 THMIN=1, E=5
168 C004=. 25+CD
169 ROX=1. 70X
170 RDXSQ=ROX*ROX
m ROY=Y, /0Y
172 ROYSA=RDY#RDY
173 DX02=. S*DX
17% DY02=. SeDY
175 R20X=. 5#ROX
176 R2DY=, S#ROY
177 OXOY=DX*DY
178 VOLFACEDXDY#S
179 RDEOY=RDXROY
180 =500
181 chmancoaus:wnw
132 Ke(S. 1972 (TECCE-52.94273. 15
183 cnn“nnp(am ) = A)/u,?nnnnn
184 RIGPTIS Y 18,7 |
185 TSATK=117. 8+ TABP(1) sR14PT7) #40, 223+ 255. 2
134 RTSATKE1. /TSATK
i1 TAKS (32 79274 CTWINF=32.)+273.15

190

G= *12.
1689 cnn-;gageusmes RHOC1) AND RHOC2) ARE IN LBS./CU.IN,##nsc
191 Cansnuwanta STEAM DENSITY IS A VARIABLE FWCTION OF PSIA(T) sawasn

192 Cansnwraer+SING HIRT'S STEAR DENSITY F
193 C“*“m“Pt(Gm-ﬂ*RHO'(ECWCG'(T-?O)

198 CorsssarnasibiERE P IN BARS m—nzo.oi RHO 1N 6. /e Cn.,
195 Carwanaenin z.s Eu €6=6.67, T=fSATK, TO=373.15.
196 RHO2COF=0, O360R

197 nuo(Z)zrmt1)-nuozcomzsoso.+6.67ntrsm-mnsn

198 RRHO(1) =1, /RHO(Y)

199 RRHO(2)=1. /RHO(2}



200 C*‘""“*"ELSUEL'LIRNO‘IB‘I WHERE L=LATENT HEAT OF VAPORIZATION
201 Coasnannnnaz540 CAL/ RHO1B1=(0. 036 LBS/CU. IN.*1 CALI(GH'KELViNS)).
202 Crawannaaar THEREFORE € SUBL IS IN CU.IN. KELVINS/LB.

203 ELSUBL=540. /0.
204 CrwsnwnnuanSPECIFIC HEAT OF STEAM TAKEN TO BE 0.49 CAL/(GM*KELVINS),
205 CraaawawaenCONVERTED TO CAL/(LBYKELVINS).....

206 8220, §9+28, 350+ 16,
207 canwarsrats WINIWM HEAT FLUXS10 CAL/CCHSQR SEC=84.516 CAL/(INSQSEC)
S ConeanmrmmenOTt = FOR POOL BOILING (COLLIER), AN APPROPRI
51D Camaaunanas CHITICAL HEAT FLUKS2S CAL/(CHSGRSEEI 16T 29 FAL/(INSA® SEC)
211 CeannenanasBUT FOR FORCED CONVECTIVE BOILING IN OOWNCOMER, THERE
212 CoawnwrwaasMIGHT NOT BE A FIXED UPPER LIMIT ON HFCRIT.

213 CaanarareasRHOIDIZ(1 GM/CU.CM)* (1 CAL/(GMEKELVINS)=
314 Cranwwannsn16,3871 CAL/(CU. IN.KELVINS)

Qs RHO1B1=16. 3871

216 Corawawnawrnki=0, 167 CAL/(CM*KELVINS*SEC) =0, 42418 CAL/CIN*KELVINS*SEC)
217 HCKW=0, 42418

218 CranewnawewCAPPA WALL (STEEL) = 0,028 INSQ/SEC*svan
219 CAPPARE ). 028

220 CAPPAZ=HCKW/RHO181

221 HFCI=HFMIN/ (S*RHO1BY)

222 RS=1./§

223 Cawandanawk CONVERSION FACTIR FROM CUBIC INCHES TO GALLONSwawwa
2% CUIN26L=7, 4805195/ (12, 4%3)

225 MUCOF=MUC 1) +MU(2)

226 1F(WICOF . NE.O.) MUCOFS4. S¥MU(1) sMU(2) /MUCOF

227 0CELL=1.

228 ACELL=2.

2% BCELL=3.

230 CCELL=4,0

231 CravnaanaaaSIGII*DT/DX#*2 LT, 0,25 FOR STABILITVWw#un
2 DTS16=0,97(2. % (SIGLJ+1. E~6* (ROXSQA+ROYSA) )

23 GOT=GeDT

2% RDT*1, /0T

235 OTODX=DT#ROX

i) OTODY=DT#RDY

e
237 CanamawnaraSET BLAMZ AT 9/10TNS OF S'I'ABILX‘H LINI Taaann

a8 BLANE=0.9/C2. 40T (RDXSEsROYS))
17} Sicptesi

240 129 1

241 129 xtm-ox-(ﬁ.oam)-t )

243 139 u(n:om&omn- 1.9)
264 CrataswenanSETUP FOR MICROFICHE-MICROFILM PLOTS#wwes
24 ::-x&;\‘rz-vv:o.

246
7 R7(YT-Y)

43 TPOXDALE 3 38556

249 FIXL=AMAXY(O. . (511, *SO.'XD)'")
250 rmzcsu.usb.'xw-vmozz.-n.-m
i FIVTx15,#YY+(916, ~1022, /ZD) *(1,~YY)
252 XCONV=s{ FIXR=F1NL) Z/{XR=XL)

253 YCONVE CFIYT-FIY®) /(YT-Y8)

254 IXL=FIXL

255 IXR=FIXR

256 IVB=FIYE

257 Irreney

258 LP=FLOATC JTOPLP) ¢ DY

2% C‘*"“\"“l OF LOWER PLENUM = EXP. AREA / KTIF AREAvawnaseee
280 THOPI=2, 3, 141592654
%:5 RTRUE=XR/THOPE ¢ 5+

ATRUE= TWOPI*RTRUE 2
263 ACTIF=XRsYLP
264 ZLP=ATRUE/AKTIF
265 JVECLP=FIYOH (YLP~YB) %Y CONV
JTOPLP=J 1

266 TOPLPY

267 CesnsnnaaanSETUP CELL QUANTITIES, THETA AND T

268 (wseanaanaeSPECIFIED, ALL OTHERS SET TO ZERQ,*wsaw
269 ConnnsnaannFLAG ﬂl‘llﬁﬁ LOMER PLENUM AS C CELLS*wwne

270 80 179 11,4
n 00 179 I

2 T nae (IP R LI 1-1)e1
273 00 179 =1

278 179 FuAs(Laen=D=

s 00219 J=2, 101

276 0 219 I=2

2n IR AN
e ™1(14)=0.

F1e ] T et b

280 (=T

281 TPOLETOPLE) FLAGKIII=CEELL

2 219 CONTINUE
283 CorvaaneesaSETUP OBSTACLES (HOT LEGS), A-CELLS (ECC INLETS)
284 Cosveaneuas D BCELL (SOKEN INLET), FROW THPUT DATARwee
285 300 READ(S,910) WO
286 WRITECS, 920 -y
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N
-
~

LF(LPR.ET.0 WRITE(12,920 NOAD
NDX’IPCRT‘O
00 359 Ne

9so$ oﬁmu),m,m,m,nt

™~
£

]
b
»
m
]
G
{8

g nfreuz,mmu,m

hshz,w» NL, NR, NB,NT
mo ABFL( m.se.ac §
1FCONBFL(M) - NE. ACELL) 600TO 320
PORTS=PORT

$*1.
C"“‘“““I;l TABLE COLLECTS I~INDEX OF ALL A~CELLS##w#ws

ums(
év.

SRR S PEREEIIIIIIINY

NOX=NDX+
ITl(Ul)thﬂ
NLR=NR
NOTRNT 45
320 Jeswme2
RN+
STaNT#
ILem 2
80 49" 4=i8, 1
310 00 349
311 H‘M‘(IPZ" J*ﬂ'l-ﬂﬂ
312 FLAG(1 ) =OABFL (N)
313 TFCRUARLL N EGLOLELL) TI(I=0,
314 1F(M(!J) EQ.ACELL) T1(IJ=TECCK
315 349 TINUE
e CrovensmnssVECTOR COORDINATES, FOR USE IN PLOTSHesus
37 IVBCN) 1 FIYD* (FLOAT(NB) »SY=Y8) + YCONY
318 IVR(I)IFIXL'(fLOM’(.)"DX-XL)'XCW
319 IVIQO=FLYB* (FLOATINT) 2 DY -YB) « YCONY
320 IVLOND # FIXL (FLOAT(NL) #BX~XL) #XCONV
321 350 CONTINUE
ConanianasaSET IPERT=] OF THE A-CELL LYING FURTHEST FROM THE 8-~CELL
ConawannenapILL PEATURD CELL BELOW FOR 0.3 SEC IN SUBR. PHZUV, Q.V.Seawe
324 NAXDIF=(
325 90 39 M=
326 mr-msdn-mw)
k¥4 MAXOCMAXDT IF)
328 B CRAXDLF €0 NOTF)” TPERTITACK)
320 369  CONTINUE
330 CranannenasSEY FLAGS IN COLS. 1 AND IP2 FOR PERIODIC WALLS##es
334 DO 379 J=2,4P1
332 IL=NQe (IP2x (J=1)#2=-1) ¢1
313 IR=NG (IP2¢( J=1) ¢+IP1-1) ¢1
3% FUAGCIL-NQ)=FLAGCIR)
335 FLAGCIRONG) =FLAG(IL)
336 379 CONTINUE
337 CoannannnnnSET TEMPERATURES INTO BOUMDARY CELLS#nnas
318 00 389 J=2,Jm
% IL=MAe (IP2¢(J~1)42=1) ¢}
340 IR=NG* (1P20()=1)+1P1=1)+1
341 90 389 1#2,1P1
342 Lisiae (124 (J=1)¢1-1) 41
%3 IFC1L60.2) TICLI-NQ)sTIC(IR}
344 IE(LEa. 1) THISM=TI(IL)
%S IF(J.€0.2) T1(IJ-NQD)=T1(1J)
346 If (J.EG.JPI) TI(LS+MaL) = T1(1S)
347 3090  CONTINUE
348 CavewnanenalfITH ECC INLETS DEFINED, DETERMINE ECC FLUXw#t&n
49 ROEN=1., /(ABS(G) # XA+ (RHOC1) -RFIOC)))
350 commsavassa TAUR ASSIMES ALL IMLETS HAVE EQUAL MREMssessueses
351 TAUA=DXOY FLOAT (NLRANBT)
352 SALEACL®=JF STARWXR/(PORTS* TAUA® SORT{RHO (1) #ROEN) )
353 FB2BASTXR/SART(RHOC2) *ROER)
354 JGSTAR= TABJG(Y)
355 ~JGSTAR®FB2BAS
356 £B2C0F= FB2eADXOY
357 mr-noavtnom-mov
358 CAPLP (XRANLP#S) # CU
359 RITE(G 950) POR'I’S NUA;SMEACL F82
340 . 81 0 witef12,980 eortt, T A,samc'.,nz,ww
341 ¢ usm
%5 800  FORMAT(BAI0)
364 810  FORMAT(7FB.®)
145 820  FORMAT(10¢8.3)
346 830 rmusn.s 30
367 840 FORMAT(SN BAR=, 14784 JBARS [4A/BN JTOPLPx, I4/8H NTADe ]
368 ! sx,mx- waz s/sx,suov-,m !/sx,wo- €1205/80 mu(1)s, £12ss
349 (8= E §istie £32,5)
370 850 !ue- ren2.8 hsu
n w m f- EN2 578 nccr-,m.sm usrm,m.sm,zus-,nz.s;

372 2 84 NFCR"'.E 2.5
373 860  FORMAT( /12X, ANTABT, 16X, AHTADP, 16X, SHTABJG)

108



374 870
3

FORNAT( 11t SLBX, 19€12.5))
ORMAT( PEIESISK DM €12.5/00 OToUAK=, £12.5/80 TLLnge

\L¥{
N az.sm w! S74% 18780 " m005%e,18)
&w (140)-,5:»& .stx e tiEre 851 ’

1&) mcu-w)-,sumk $) NG SOIPENS. )

FORMAT( 44H |TOTAL NO. OF OBSTACLES MWD A AND B PORTS IS, 14)

FORMAT( 1H¢ 1mmu 16,40 Mx L4, 4 Wl 16, 4 WY (16)

JF (/626 TOFAL NO.”OF’ A~INLESS (unoxbu Cessy 18 ,F2.0,
1 27H, WHERE THE AREA OF £ACH IS, IPEYS

2 31 SAT OF EACH CELL (ECC n.uxf xsens. R

3 304 INITIAL STEAM FLUX (FB2) 13,5/
696.;!! CALCULAYED CUAC!TY OF LM‘ PLENUM 1S,E13.5,9% GALLONS.)
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110

. .
390 TORTROL™

N CONEQV OIM

392 OUTINE CONTROL
393 *cALL, CM

394 "CM.L, 1(,.3 N

395 DIMENSION VELHX 2)

m DATA TRASECTL TINEZ /0.,0.,0./
397 CALL SECONBCTRASE
308 ComanantnndGET Jm “K LINITotnee
399 CALL GE? T

400 WRITE
401 c-mm-nmk-o sxsulgss RESTMTensen

402 IF(IBAR.
408 CeanvararatSUBTRACT 2 MINUTES TO ALLOW DUMP TaME AT ENDrasee
404 TLIMTL~120, + (1. =TLIMD) # 1,410

405 CearnennananEN CYCLE BEGINS MERE...,.te007

‘? C"""“"NOOIFY THETA BY SIGMA AND LAMBDA EFFECTSeeese

CALL SIGumt
\.'“"“'“SET TANGENTIAL VELOCITIES ON TOP, LEFT, RIGHTewsse

09 CALL T L
610 CevawavnaraONE-LINE SUNARY PRINT EVERY CYCLEewaee
41 STAUB1= STAUBZ=GLP 0.

42 5099 422, 1
4“3 PO 99 I

TS T oz (TE5e =1 +1=1) 1

415 1O e GT0PLP) GLPebLI+ THI (1)

416 IECLAGTLD NE.BLELL) 60 TO 99

o STAUBY=STAUBY+S1(T )

418 STAUma=sTAUBZs S2( ]

20 swmssrmamxov

421 STAUBZ= STAUB2+DXDY

622 GLP=GLPEVOLFAC* CUIN6L

423 TELCLPR .o).mo.(mmcvc 2. £0.00) WAITE(12,40000

424 Wt ucvc.or, afm STAUD rh2

425 el Oen mﬁ iy .on uahe §; 0300

426 1 T,NC suﬁa Pe6Lr F82

:g ( ﬁcvi,msh i mrefsv,‘mb) €, Nchc, MumIT,0T, SHOTA,
429 mﬁcvc Le.w) 0 to 130

430 CovanaaaasnQPTIONAL! LL PROBLEM 1F (NCYKIL) CYCLESreres
431 CosnsasanenG) THE IYE‘ATION LINIT (MAXIT)eener

432 1EQUMIT-AAKIT.LT.O) 66 10 120
433 NCYMAXENCYMAX® 1

Py TF(NCYMAX-NCYKIL.LT.0} 60 T2 130
435 WRITE(6,4020)

438 WRITE(5S,4020

437 WRITE(12 sozm

438 110 TouTeTw )

430 120 NCYPAXZD

440 CsssannaweaSEE 1F IT IS TINE FOR PLOTS AND PRINTSssses
441 130 IF(T+1,E-10.6E. TOUT) GO TO 140
482 1E(NCYC.LE.1) 60 TO 150

3 LECNCYC. GE.NCDBUG) GO TO 150

44 60 Y0 160

A4S Connannnnae ANTICIPATE NEXT DESIRED OUTPUT TIMEswwese
448 140  YOUT=TOUT+DTO(10T0)

4?7 IF(T+1,E=-1Q0,LT.DTOC(IOTG)) GO TO 150

448 Covnananaca ADVANCE TO MEXT SET OF OQUTPUT CONTROL DATAwswawn

W TOUTEDTOC (1DT0) +DTOCIOTOHT)

450 10TO= 100+

451 150  CALL PLTPRTS

452 JemnnswratoCHECK Fon Time LINIT OR $ROBLEN FINISH TiMEssass

453 CavnvaenanepND DUNP 1 C1F1EDnee

434 160 Ircionor.£a. 1) € ot Shop

458 1FCIOROP. €00 €0 To 162

458 CALL UNDROP

A8y 10R0P0)

458 162  CALL SECOND(TINED)

459 xmmz-mst.st.muo 60 T0 165
mt.u.m % 60 T0 180

46 IF(TLING.E0.0.) RETURN

62 Corenensseen COURESHesan

43 e ITEC NIRID ToNCHC

& c:&n&g s'l'b mrsu&.iow MTD, T,NCYC

467 CALL ustu(mhirummn)

e WRITE(R) CAACR) phe,NSO)

48 WITE(S) ¢mstl’o.m,ncs)

g0 NMUNTDRNURTO |

RETURN
472 c'nﬁ-nﬂl!sun JocEumESuasas
73170 CALL DEVICECLNOPEN SHTAPED)
Py 8 ASSIGN(7,0, SHEAPE?)
7s STov oo



(34 ] JNSC'LOCF(I!)-LOCF(Wﬂ

a7 READ(TY 0 e, nsC)
478 RERDET) (MACSt NCS)
9 CALL oevxmsucdsm,&mmn
420 IFCITD. NE.NGNTD) 6010 175
481 NUNTOe 1
82 TLINETL=120. # (1, ~TLIND) #1. £+ 16
483 MRLTE(6, 404D JTo

WITECE NAME, T, NCYC
85 nxmsﬁ,&g aTh

WRITE(SO NCYC
87 Er (o £ 05 60 To 180

te('lz.m

Fod MRITE(12,4050) RAPE, T,NCYC
451 175 SMITECS 060>
492 wITE(SS, 4060
493 caL exaf
494 180  PAXIT=SO
495 IFCHEYC.LE. 100 MAXIT=100
96 1F(NCYL.LE.4) MAXITES00
497 DYUVEL= DTVVEL=VELMX (1) =VELMX(2) 21.E-10
98 0 189 41,JP1
499 20 185 I-1,1P1
500 DO 189 M
501 P ko CIRSSCs=1) o -1y oN
502 DTUVEL= AMAX1(DTUVEL, ABS (U (LIN))
503 DTVVEL= AMAX1( DTVVEL, ABS(VI(TJN))
504 Coeranasaws ARGEST UDX/2 OR VOY/2 IN EACH FIELOwesew
505 VELMX(N) = AMAKY (VELMXUN) , ABS(UTC 1 JA) ) aDXOZ, ABSCVY (1 JA) ) #DY0R)
506 189 CONTIW
So7 oTNUKV: 1.(05+0TPO
208 CavannannoeASTORATIC WU (A LA SHALAKO 122374), WHERE
509 c--nmmmmmox/z % CFe.5), WHERE F.LT,0,5ewwas
510 190 00 199 M=
5 msm)-vst!u(u)-(omo.s:
558 CHUSX(N) sNUSTN) #ROXSaw . 25
513 199 cmsvm-msm-mso- 1
514 CoanmanieneTINE STEP CALCULATION®ttee
g;z mm;;aajss LRGESY POSSTOLE OT AFTER CYCLE (NOTZ)ewsns
317 CommemarswadTVEL 15 BASED ON LAASEST U OR V IN EITHER FIELOwevss
518 oma.-nmmxmnxlowm. BY/DTWV
519 Crenanmanaapl D UITH PHASE TRANSITION RATEwseee
520 grmsusmno N IATK /(BT ILe (TATROTEECI0 1. 100

K
TPOS= AMINT(DTVEL UTFASE o;rgxe,omu,omx)

52

522 1F(DTPOS, .1.5" 60

323 ConnaneananALLON DT (UT WHILE (NCVC.LE.NDTI), BUT NOT DT UPranae
Se4 1F(NCYC,LE.NDTZ. AND. ETPOS.6T.OT) 60 T0O 200

5%5 bT=DTPOS

S26 ConnneransefERE, DT IS ADJUSTED TO FIT QUTPUT TIME EXACTLYSw#waw
;g 200 IF((T*DT.& « TOUT) . AND. (TOUT-T.67.0.02¢0TOLD)) BT TOUT-T

529 NOYOONEYEY
5 GOTREDY
5% RDT*1. /DT
DTODX=DT#RDX
533 DTODY=DT*RDY
534 CrenaseneneSET LA AT 9/10THS OF STABILITY CONDITIONaavaw
535 BN SD.9 02 b 1s (AP SasRDYTR))
336 ConveessasaINTERPOLATE TABULAR DATA FOR STEAN AND PRESSURE RAPINGHs+ss
5 TINEFACD.
5 TF(T.GE. TABT(NTAD)) 60 TO 215
540 00 209 Ne1,NTAB
541 LE(T.GE, TABT(N) . AND. T.LT. TABT(N+1)) 60 TO 210
362 200 contimé
345210 TIRCFACH(TTABT (02 /(TARTOR) TABTOO)
544 215 PSIASTABPON)+ TINEFACS (TABP (1) ~TABP(N) )
854S TSATIs 11784 (PSIASRIAPT?) ##0, 2234255, 2
Ered T M ARy (A TIMEFACE CTABJG(NO1) ~TABJG (ND)
548 ~JSSTARS FRZOAS
549 »Y
550 F3)
3 DSPEIAEHOTCOF /(25060.+6. 67+ (TSATK=373.15))
833 $P200Fa(RAOLE) RAO20L0) 4RDTERRHO(D)
554 CosanawaaneTHE HEAR ~PHASE CALCULATION®#aas
555 CowaswvsenafIRST, R T PAGE s EAPLLCTT LASRANGIAN CALCULATIONS®ete
558 IoTeuTsO
557 CALL PHILAGR
5 IFCIOTCUT.EQ.1) 60

58 0 200
589 c-----z-m(pmm AESIRES DTU,V VEL FROM ABOVE)seaas
35) ConnercassenENT BEGIN PHASE 2 BY INITIALIZING TILOE THETASwswas
562 CALL Pr2Th

m




543 NUMIT=(0 i

564 CesanssawseTHEN, CALCULATE U AND V TILOE VELOCIVIESeweas

565 220 cALL PHaul

H “""‘é::“a;."""" NEM THETA TILOES BASED ON THESE VELOCITIEStwaws
L

568 [F(NMIT.£3.0) 60 TO 230

569 [F(MUSTID.EQ,0 .0P, NUMIT.EQ.MAXIT) GO TO 240

510 c------m-.....ﬂa NEW O TILDES, LOOP UNTIL CONVERGENCE MET#eaws

572

B0 % o2
53 Ezammnmmuc THE RESULTING PAESSURE FIELOnewse
5§75 ConwnennaaaPHASE 3 CALCULATES THE NEN TEMPERATURE FIELDSsewe
576 CALL NENTEW
S77 ConemesensufINNLLY, MOVE THETAS TO N-TINE STORAGERsass
578 EALL W0 VTHETR
579 60 T
560 TN
381 4000 FORRAT (2 T,1PE9.2, 24 13,3 N& &3» ngussu ov659 2,40 B,

1 €9, 2544 sa
383 4010 FomnaT(2y tgﬁm. o G[’i’ W i xs,iu ot,eé z,m e6. 2
585 4020 FORNAT (sm nfum Eurorr Fon 10 SONSECUTIVE CYCLES = RUN ABORT)
586 FORNATC mz.s,w CYCLE,15)
587 (zm ss M uos ri
aa CYCLE, I

588 4050 rom 1PE 12.5
589 4060 wfc Aeoﬁ D RBER' TS WO rﬁ: on: REQUESTED.)
i 0
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593 SIGUW“ 2
594 COMEQV  DIMEN

SUBROUTINE SIGLAM

CuaseenannenTHIS SUBROUTINE MAKES 2 MODIFICATIONS TO VOL. FRAC. FIELDSwwwwas

Crennnanken}ST

INCORPORATE THEs®w#ananad

C'*'*"“"TUR&ULENT OIFFUSION OF THETA1 AND THETA2wwaww

Chnnnnnannn AT PRESENT

SIGL) IS A CONSTANT, RNOTE IT IS SET TOwwwes

CovannenaesZERQ AT BOUNDARIES,wanwn
£CALL, COMEQV
*«CALLSDIMEN

10

18
19

3
CONTINUE

00 19 J
u-m-mé*u “1)+2-1)

TR=Nar (1p2r(1-1)¢1P1-1)

00 19 I=2,1

To=nar (1950 CJ=1) ¢ 1)+
IF(FLAG(1J).EQ.OCELL) GO TO 19

IMJ=1J-Na

1PI=1ieNa

LIM=TJ-NaI

1JP=Ti+Nal
SIGIMH=SIGIPN=SIGJMN=SIGJPH=SIG1)
IFCFLAG(IMJ) .EQ.OCELL) SIGIMH=Q.
IF(FLAGCIPJ) .EQ.OCELL) SIGIPH=O,
IF(J.EQ.2.0R, FLAG(IJM) ,EQ.OCELL) SIGJMH=O,
LF (1.0 PT.0R. FLAGC1UP) . EQ.OCELL) SGIPHZO.

]
ST

IMJA=1JA-NG

IPJA=1IA*NG

LJMASTJA-NQI

LIPA=1JArNQl

IFCI.EQ.2) THICIMJA =THILIR¢N)

IFCI.EQ.IP1) THICIPJA)=THI(ILN)

THTILTCIJA=THACIJA) + DTa(RDXSQs (SIGIPH* (THICIPIA) ~THICLJA) )

1 ~SIGIMH® (THI(LJA) ~TH(IMJAY))
2 +ROYSQx (SIGIPHR (THY (TJPA) -THY(LJR) )

~SIGIMH* CTHICIJA? -THICLIMAD)))

CONTINUE
HBLAMZ=, S*BLAMZ
NUMTH=0

CALL BND

CheesnaannaND, A CORRECTIVE PROCEDURE #vwammwnwa
Ct--h----tilTEﬁﬂTE TO BRING (THETAVT+THETAZ) CLOSER TO UNITYseaxs
CrawanwanwnIN EVERY CELL. IF ANY LAMBOA IS CALCULATED TO BE WEGATIVE,**
CecaxawaeeaTAKE IT = 0, AT BOUNDARIES, LAMBOA = Q.ttter

20

MISTH=0

b0 g9 J- z 41

0O 29 I

1)= m'upﬁ'(.hnu 17+1

IFCFLAG(1J) .€Q.OCELL) GC TO 29

IMJ=1J-NQ

IPI=1+Na

LIm=1J-Nal

1JP=1J+Nal

THL=THTILY (L )+ THTIL2(TJ) ~THTILTCIM) =THTIL 2(1MJ)
THR=THTILY(IPJ) + THTIL2(IPJ) =THTILT(1J) ~TH 1 _2(1J)
THB= THTIL1CE ) ¢ THTILSCE 42 ~THTILACLJM) =THT1L3( 1M
THT=THTILACEUP) + THTIL2(IJP) =THTILACL S} ~THTILZ (1)
D0 28 N=%1,2

TJAZIJ*N~

IMIA=TJANG

IPIA=TIATNG

IJMA=1JA-NQI

1JPA=1JA*NAL

BLAML= AMAX (HBLAMZ* ( THTILYCLJR)+ THTIL1CIMJAY ), 0.)
BLAMR= AMAXT(HBLAMZ« (THTIL1CIJA) ¢ THTILACIPJA}) 4 0.)
BLAMG=AMAX 1 (HBLAMZ# { THTIL1(TJA) + THTIL1( I JMA)) 50.)
BLAMT=AMAX 1 (HBLAMZ* ( THTILACIIN) ¢ THTIL1(TIPAY ) 50.)
IFCFLAG(IMJ) . EQ, OCELL) BLAML=Q,

TECFLAGCIPJ) .€Q.QCELL) BLAMR=D,

1F(J.EQ.2.0R. FLAC(1JM) .EQ.OCELL) BLAMB=0.
LF(J.€Q. JP1,0R, FLAG(I JP) . EQ. OCELL) BLAMT=0,
THITACTJA=THTILI(IJA) + DT*(ROKSQA# ( BLAMR® THR=BLAML* THL)
1 +ROY 5% CBLAMT#* THT-BLAMB* THE))
CONTINUE

LJ=Na* (IPEw (41 +1-1) #1

IFCFLAG(IS) €9, OCELL) GO TO 34

THTILACT )= THTTA(1Y)

THTIL2(I D= TRIT2( 1N
xr((wscmuu(w)oms(muz(u))-1.).sr.epsm) MUSTH=MUSTH# 1
CONTINUE

CALL BND

See notes

at
beginning

of
-« PAppendix
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114

679 35  NUMTH=NUMTH+1
680 IF(MUSTH.GT. 0. AND.NUMTH.LT.MAXIT) GO TO 20

681 CewwawwasewAFTER ITERATION MAS CONVERGED, IF ANY THETA IS LESS THAN
482 CwwerewenesZ€RO, SET IT TQ ZERG AND THE OTHER THETA TO UNITY.ewwsn
683 Cannuwanane (SMDFAU REQD FOR CYCLIC PRINT UPON RETURN TO CONTROL.)#wsss

684 SMOTAU=D.

485 50 39 J=2,JP1

686 00 39 I=201P1

687 LJ=h@e (IPER(J-1)+1~1) +1

488 IF(FLAG(1J).£Q.OCELL) GO TO 39
489 SMDTAU= SMDTAUSDTIL(1))

690 TFCTHTILACID) JSE. THMIN) GO TO 34
691 THTILACTS)=THRIN

692 THTIL2(1))=1.~THMIN

693 G0 10 39

69% 36 IF(THTIL2(1J).GE.THMIN) GO TO 39
695 THTIL1(1J) =1, -THMIN

696 TRTIL2(1J) = THMIN

697 39 CONTINUE

658 SMDTAU= SMDTAU*DXDY

699 CALL BND

700 CALL MOVTHETA

701 RETURN

702 END

703 .
704 TARVEC 2
705 COMEQV  DIMEN

708 SUBROUTINE TANVEL

707 CresusnenaaSET TANGENTIAL VELOCLTIES ON BOTTOM, TOP, LEFT, AMD RIGHTw=
708 *CALL, COMEQV

709 *CALL, DIMEN

710 G ' 00 59 fr1get

m IL=Nas CIPS* ( J=1) +2-1)
712 IR=NQ* (1P2* (J~1)+IP1-Y)

713 00 59 I=1,1PA

714 00 59 M=1,2

715 LJA=NA (1P22 (J=1) +1=1)+N

716 LIPA=1JA*NQI

77 IPJA=1 JA*NQ

718 IF(J.EQ. 1} UM (IJO=UI(IIPD
719 IFC3.EQL JP1) U1 (TIPRISUICIIN
720 IF(I.E@.1) VI(IJA=VI(IR*N)
721 IF(I.EQ.IPY) VTTIPJA) =VICIL+N)
722 59 CONTINGE

723 RETURN

724 END



725 "

726 PCYPRIS™™ 2

727 COMEQv DIMEN

728 SUBROUTINE PLTPRTS

729 (evesvanana¥HIS ROUTINE PRODUCES PLOTS ON FILM OR FICHEwa#ee
730 CoeawnnseranaQR, A COLOR MOVIE INSTEAD IF (LPRzQ)wwwes

731 CeawaweraeslF' (LPR.GT,0) THOUSH, IT SUPPLEMENTS THE PLOTSwwwws

732 CownnnnnimelI TH NUMERICAL PRINTEUTSwwwas
733 ConnnatenanAVAILABLE COLOR cnozces ARE AS FOLLOWS####a
756 Canaweenann(, NHIT {NO FILT

€R
T35 Crwwswarensl (= REO (MAGENTA + YELLOW FILTERS)

736 Crnwnnananny §
737 Canvuvananrl ()
738 Caenndenannd §
739 Coavnnavananl
740 Crwennananal §

YELLOW (YELLOW FILTER)

GREEN  (YELLOW + CYAN FILTERS)
CYAN {CYAN FILTER)

BLUE (CYAN + MAGENTA FILTERS)
MAGENTA (MAGENTA FILTER)

HHUBSY

741 *CALL, COMEQV
742 *CALLS DIMEN

TDIMENSION CON(1) (18COM,T)(IDFLD(3C2) (IOVV(22) IX1(N LX2(D,
)ef E(15 5% §pst

;2; Ty fvacn skaf sinTech), Ske(n, Spste), sthiv),
748 eouxaneuce (g:s(xi1fstu$ (P52 ,1%2, SINTE) , (SPS(3) ,I¥1, SKE),
748 DATA 10V  /13H(OH OELO&TY) 13H(9H VELTHETA) /

749 OATA IOFLD /21K(1h+,10X,9H FEELD 1,),2THCTH¢, 10X, 9H FIELD 2,)/
750 JOATA Z0CON /17n(1zu YOLLFRAC. 1), 1SN0 VoL FRAES 2 ,

43 ESSURE. ) SATH(12K DRAG (=IO )

755 300

2 17N(12N TEHP 1 Y, ATHCVZH GAMMA ),
17H(12H RY )

3 7
754 Cow: vwenanaFIRSY DO TNE :m\;ECTOR-TVPE PLOTS#wwae

IF(LPR.EQ. B0 6

756 CewavawaenaQUTER LOOP - NVP“l ~ VELOCITIES wwwww

757 Crrcasnnnns NVP=2 ~ VELTHETASR##ex

758 DO 359 NVPT

759 FNVP‘FLOAT(NGP-1)

760 VELMX( 1) =VELMX( 2) =0,

761 00 319 J-Z,JP1

762 00 319 I=2

763 1J=no~(1pzn(4-1)ox-1)’1

764 0 319 N=1,2

765 LIA1J+N=-1

766 THFZ Z=FNVP* (THICLJA) =1, )41,

767 UTERF=ABSC THFAC* . 5+ (U1{ 1JAT +U1 (TJA-ND) ))

768 VTERM= ABS{THFACH . 5% (V1 CTJAY+V1 (T JA-NGI)))

769 319 VELMACN) = AMAX1{VELMX(N) ,UTERM, VTERM)

70 c---o--;-;zxnnsa LOOP ON N PLOTS EACH FIELD IN TURNwwwsa
1 p

772 IF(VELnx(NS LT.1.E-10) 60 TO 349

773 DXOU= OX02 /VELMX(N)

774 CowinannandDRAN ALL FRAMINGHw##w

775 ASSIGN 330 TO KRF
776 60 10 360

777 330 WRITE(12,10VV(1,NVP))

778 WRITZ(12, T0FLOCT )

779 unxre<1z,ao70) vELMK(N)

780 b0 339 4%

781 Yi=YJ()

782 IVYASFIYD+ (¥1-YB) «YCONV

783 00 339 1=2,IP1

784 1J=NQ* (1P2% (41D +1-1) +1

785 IF(FLAGCLY) .EQ.OCELL) GO TO 339

786 1JA=1J#N-

787 XA=xI(I)

788 THFAC= ENVP (TH1{1JA) =1.) 41,

789 X2=X1+ (U1 (1JA-NQ) +U% (1 JA) ) SOXOU~ THFAC
790 Y2=¥14 (V1 (TJA-NQT) +V1 (1JA) ) #DXOU THFAC
91 1X1= FIXL* (X =KL) #XCONV

792 IX2=FIXLe (X2-XL) * XCONV

793 1Y2=FIYB+ (Y2~YE) * YCONY

794 1F(1Y2.6E.1) 60 TO 335

795 CanensnrsarVECTOR NlTN (IV2.LT.1) NOULD BE OMITTED, SQewwes
796 ConnnnanaanSET 1¥Y2 TO 1 AND INTERPOLATE FOR IN2ewwaw

797 IX2=IX14 (IX2=-IX1) # (IV1-1) /(I¥1-1¥2)
798 Ive=1
799 335 CALL DRV(Ix1,1v1,IX2,IY2)
300 CALL PLT(IX‘I 111 16)
801 339 CONTINUE
802 349  CONTINUE
eos 359 CONTINUE
G2 T0 400
eos Geras +>e2sSTART PLOT BY ADVANCING FRANE, AND DRAM BOUNDARIESsvass
806 340  Cail &DV(V)
807 IF(LPR.£0,00 CALL COLOR(3.0)
808 CALL FRAMECIXL,IXNR,IYB,IYT)
809 c-*--t---a-ouerue ALL OBSTACLES AND A AND B CELLS*##ws
810 00 369 s
a1 xr(oasrL(uvf.ue.OCELL) 60 TO 365
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L (S
CALL DRVIIVR(NV), IVB(NV) IVR(NV) IVT(NW)
CALL DRVCIVL(NV), IVT(NV) IVR(NV), SIVIOWY)
CALL DRVCIVL(NV), SVB(NVJ,IVL(NV) SIVT(ND)

369  CONTINUE
20 CoemararaeaDRAY LINE ACROSS TOP OF LOWEG PLENUMN#wss
1 CALL DRVCIXL, JVECLP, IXR, JVECLP)
22370 CALL LINNTOS®)
23 TF(LPRGT. 0 WRITEC12,4080) UNM,D1CY NANE T NCYC
2t cnm(-;;f;;xs;:sso 1F VECTORS, 460 or 470 If confolmrsesses
% CansararannSECOND, DO THE CONTOUR-TYPE PLOTSw###n
27 400  1F(IDAR.EQ.3.0R.JBAR.EQ.1) GO TO 600

328 LPL=?

29 IF(LPR.EQ,0) LPL=1

30 00 599 L=1,LPL

31 QMN=1.E6+20
832 tmx=-0n

33 00 409 J=2, JP‘I

34 DO 40% I 2 P1

35 1J=Na* (IP2R ( J=1) +1=1)+1

36 IF(FLAG(1J) .EG.OCELL) GO TO 409

137 CAC1 Y= FLAGLTJ+L)

38 Cannemwwwre IMIT R1 PLOT TO THE SMALLER VALUES OF INTEREST#w#wx
39 I1F(L,EQ.7) CQUIN=MMINICCACI)) , 0. 4xS)

40 QMN=AMINT(OMN, CQ(1J))

841 QMx-maxunnx,ca(IJ))

BA2 409  CONTINUE

?22 cwt«*;;*a;&msm PLOTS ONLY IN YHIS VERSIONwwaws

45 CownwnannanSKIP PLOT IF INSUFFICIENT FIELD VARIATION#raws
46 TFOMX. LT 1.E=5) GO TO

599
47 CuwuokwieaxDETERMINE THE 11 ALLOWED CONTOUR VALUEShwwe#
48 CrrwndevonaADDING 1,E=10 ENSURES CONC11) (GT, QMX#waxw

¢
849 Da=0. 1 (XK1, E-10)

850 DO 449 1C=1,11

gg; 449 el:tcmﬁc) L FloaTcrc-1+0e

853 CawxennwassGO BACK TO 360 DRAM ALL FRAMINGHeaes
54 ASSIGN 460 TO KRF

155 IF(LPR.EQ,0) ASSIGN 470 TO KRF

56 60 T0 360

57 460 unnmz,xncouu )

58 HRITE() afiN, QMX, CONC1) , CONCIC=1), 0
28 1r<L.£a.§) umeui 4100 Tsafx

60 T0 480
61 470  CALL COLOR(3.5
62 Cravawawsan CONSIDER ceu.s GROUPED IN QUADRANTS = 1J,IPJ,I1JP,IPJPeanes
63 480 DO 589 J=2, DAR
64 1 (=v1cd=vdCn

865 Y1(=¥1{A)=y) (I
366 Do 579 1=2,18MR

67 X1(1)=X1(33=X1(D)

68 X1()=X1(4)=XI(I+1)

4 1J=NQ* (IP2e (J=1)+1-1)+1
870 1PJ=1J+NQ

71 14P=14+Nal

72 1PIP=1JP+NQ

873 CwwewewnuswORAN ALL CONTOUR SEGMENTS PASSING THRU THE AREA BOUNDED
T4 CrensewaensBY THE CENTERS OF THE FOUR CELLSwwwerenase

375 D0 569 1k=1,1C

1{) KC1 KC2=KC35KC4=0

77 IF(FLAGCLS) .NE,OCELL.AND.CQ(IJ) .LE.CONCIK)) KC1=1
78 IF(FLAG(IPS) .NE.OCELL.AND.CG(IPJ) .LE.CON(IK)) KC2=1
ar9 IF(FLAG(IJIP) .NE.OCELL.AND.CQ(IJP) .LE.CON(IK)) KC3=1
180 IFCFLAGC(IPJP) (NE.OCELL. AND.CQ(IPJP) . LE. CON(IK)) KC4=1

881 Craxwnasnex]F PRODU T .HE. O, THEN ALL 4 ARE =

882 Cewswamanex]f SUM ,EQ. O, THEN ALL 4 ARE = Q. FOR E1THER

883 Crsnwrnnran0f THESE TNE CONTOUR DOES NOT PASS THROUGM, SO

B85 CrerasnenexIT GOES TO 569 TO TRY NEXT CONTOUR VALUE ON"IK LOOP, #awas

885 TF(KCA#KC2%KC32KC4. NE. 0. OR. KC1#KC2+KC3I+KC4. £Q,0) GO TO 569

ggg C“*""*B"LL COUNTS NO. OF POINTS. PLOTS WHEN LL=2%wwur
LL=

888 IF(KCI+KC3.NE. 1) GO TO 510

B89 CuowevrananCONTOUR ACROSS LEFT,.., wnaue

890 1C1=1

891 162=3

892 1J1=1J

893 132=15p

89 ASSIGN 510 10 KR1

895 G0 TO 540

896 510  1F(KCI+KC2.NE.1) GO 7O 520
ggg C****“;Z:*;CONWUR ACROSS BOTTQM.. .. awece
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I1Ce=2

1Ji=1J

1J2=1P)

ASSIGN 520 TO KR1

GO 10 540
520 1E(KC2+KC4.NEL1) 6O TO S3Q
Ceﬁﬁtﬂzzqﬁ;CONTouR ACRUSE RIGHT, .., oanen

1C2=4

Lst=IPJ

1J2=1PJP

ASSIGN 530 TO K&

GO TO 540

530 IF(KC3*KC4.NE.1) GO TO 569
Corencaance CONTOUR ACROSS TOP.....twewn

142=1PJP
ASSIGN 569 T0 KR1
Cowawrwwawn[F EITHER CELL IS AN OBSTACLE, 00 NOT DRAW CONTOURwwww«
540 {t(ELAﬁ(IJTJ.EG.OCELL.OR.FLAG(IJZ).EG.OCELL) GO TO KR1
=LLe
XX=(CONCIK) =CQ(IJ1)) /(Ca(142)=ca(IJ1))
IXTCLLI=FIXLHCXTICICT) #XXo (XT(1C2) ~X1(I1C1)) =XL) *XCONV
IYACLL)SFIYB*H(YA(IC1) ¢ XX (Y1(I1C2) =Y1(1C1)) -YB) *YCONV
IF(LL.LT.2) GO TO KR1

CresswnennwfHEN LL=Z?1BOTN POINTS ARE CALCULATED, SO DRAN VELTORw#*www

CALL DRVCIX1,I¥1,IX2,1Y2)
IF(LPR.EQ.0) 60 TO 550
IF(IK.EQ.1) CALL PLTCIX1,IY1,35)
1F(IK.Ea.1C=1) caLL pLT(ixa, fvq, 20

550 tL=0

ChwtaanssasGOES TO 520 IF IT JUST CONNECTED LEFT AND BOTTOM
IF(Li2.50.1P4) 60 T0 520

589  CONTINUE
599  CONTINUE
CresousneenTHIRD, DO THE LONG PRINT OF CELL QUANTITIES#wsws
LF(LPR.EQ.0) G0 TO 800
Connonzenan INITIALIZE RETURNS FOR FILM, PRINT, OR FILM+PRINT##wsw
600 ASSIGN 640 T0 KRE
ASSIGN 689 TO KRFP
60 T0 (840,620,680,LPR
620  ASSIGN 680 TO KRF
ASSIGN 670 TO KRFP
G0 10 660
840  KRF=KRFP
ASSTGN 689 TO KRP
DO 699 J=1,J4P2
DO 689 I=1,IP
CrxncnnnennTQ BV‘ASS EXTERIOR CELLS, ADD VEST.....
CaaawcoaeenIF(I=1 OR IZIP2 OR J=1 OR J=JP2) GO TO 6B9wwasw
L=NQ* (IP2# (J)=1)+1-1)+1
60 10 (650,650,670) LPR

650  WRITE(12,4110) 1,J ?N1(L)CU1(L) V(L) ,R1(L) , S1CL) , TH(L) KIJ(L) ,P(L

Y, TR2¢LS ,u2(0), 0280 ,r2cDy, s2(0) ,aamt Ly, oTfLC LY, Brsa (LS
LIRESF=LIRESF+2
IF(LINESF,LT.S9) GO TO KRF
CoxnaaewsxaNEW FILM FRAME®t#an
660  CALL ADY(1)
WRITEC12,4080) JNM,D1,C),NAME,T,NCYC
WRITE(1254120)
LINESF=3
GO TO KRF

1

670 HRITE(6$6110) Ioé THI(L) U1(L)£V1(L) R1(L)iS\(L)ET1(L)$K1J(L),P(L)

1,2, e, tL,r20, s2tD ,eantL, otiL(L), BigacL
6b 10 KRP

CrknannnanaON FANFOLD, HEADER APPEARS ONLY AT START OF PRINTReewk

680  WRITE(6,4130)
WRITE(6,4080) JNM,D1,C1,NAME, T,NCYC
WREITE(654120)

60 70 KRP

689  CONTINUE

699  CONTINUE
CoownrnenawFINALLY, DO A SHORT PRINT OF THETA AND ENERGY SUMSwwwww

700 DO 709 N=1,8
8 709

SPS(N)=0.

DO 749 J=2,4P1

DO 749 1=2,1P1

00 739 N=1,2

1J=NQ* (IP2* (=) +1=1) 41
IF(FLAG(1J).EQ.OCELL) GO TO 749
LiA=TJ+N-1

IMJASTIA-NQ
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986 LINA=TJA=NQL

987 NN=4* (N=1)+9

988 STN('N) STHINN) + THI (1 JA)

989 IF(N.EQ. 1) SlE“ﬂH(!J)'H(IJ)

990 1F(N.€Q. D) § 2( )

991 SINTE(NN) ~SINT (

992 STKE=YH1(IJA)'.ZS'(U‘I(IJA)"Z’U1(IHJA)"20V1(1JA)"20V1(1JHA)"2)
993 SKE(M)'SKE(IH)

994 739  CON

999 749 CON W

996 STH(1)=STH(1) = VOLFAC

S97 STH(5)=STH(S5) *VOLFAC

998 SINTE(1)=SINTE( 1) *RHC1B1*VOLFAC

999 SINTE(5)=SINTE(S)'RHO(Z)*BZ'VOLFAC'TSATK

1000 SKEC1)=SKE(1) *VOLFACYRHO( 1)

1001 SKE(5)=SKE(5) *VOLFAC*RHO(2)

1002 SEC1)=SINTE(1) +SKECD

10.3 SE(S) SINTE(5)+SKE(5)

1004 IF(LPR,GT.0) WRITE(12,4140) T,NCYC,(SPS(N),N=1,8)
1005 1F(LPR.GE.2) WRITE( 6,6160) T,NCYC,(SPS(N),N‘1,8)
1006 800  CONTINUE

1007 RETURN

008 ¢
1009 4070 FORMAT ( 1H+ 22X BHHAXIHU!F 1PE12.5)
101G 4080 FORMAT{5X, A1, Q(SX A8), SX SA10/40%,30 T=,1PEV12.5,8H CYCLE,IS)

1011 4090 rommmnsi fne, 1pE12.5,5M Pes, £52.5,30 (2, €12.5, 1 K=, €92

2 pa=LE12 s

1013 4100 ronﬁmum 96X, GHTSATK= , 1PE12.5)

1016 4110 ronnmm,enﬁm.z) /8% B(E10.2))

1015 4120 JFORMA T(54H ™, §u ,

1016 1 31KS2 T‘l GM K,D

1017 4130  FORMAT(IH1)

1018 4140 ronmusn T 1pE12, s gh cvoLe 15,84 SUMTH1Z 1PE1S, 8,94 sunsm-
9 1E suMker= € umMEr=,E15.8726% 8K sunvui—

1020 2 9u suﬁsxer €15. 6 an s(mxez— E1578,7H suns% £15.8

1,02 vi,v2 R1,R2 s1,,
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1022
1023 PATLAGR™ 2

302‘ CONEQV DIMEN

025

SUBROUTINE PHILAGR

1026 CesvesenensTHE PHASE 1 EXFLICIT LAGRANGLAN CALCULATIONS#was#
1027 Cowenennancsy, 52, RV,R2, K, D TEST, THU1,THUZ, THV1,THV2essse
1028 *CALL, COMEQY
1029 +CALL DINEN

1000

1030
1033

1082 1= mﬁ(xpzct.u-mx-nn

1033 IFCFLAGCLS). 4EQ0CELL) 60 T 1049

1034 SV(IND=52(1 =0,

1035 1049 CONTINUE

1036 C"*'*E;:":ZQEE TRANSITION CALC. OF BIGJ, S1,S2 FIELDS, AND FPawees
L

1038 1050  SUMA= SUMB= SUMC= SL%™ 250,

1039 0 1059 yz2, 01

104G 00 1059 1=2

1041 uammmh-mx-\m

1042 IF(FLAGC(IJ) . EQ,OCELL) GO TO 1059

1043 SP2z SPZCOF* TH2(1J)

1044 SUMSP2= SUnSP2e $P2

1045 52(10)=52(1J) +5P2

1045 IF(FLAG(IJ) . NE.ACELL) GO TG 1055

1047 ConwmannaaaPATER FLUX IS SPECIFIED IN A (ECC INLET) CELLS##wesn

1048 S1(1)=SAIEACL

1049 SURA= SUNAY SATEACL

1050 GO 70 1059

1051 1055 1F(FLAG(IJ).NE.BCELL) GO TO 105

10 A Tl BEBROkEN E0L0 LS CELL, THE PROCEDURE ISwesss

1053 CresnananaxT0 USE A SUM OF THE FLUXKES (BIGH) TO DETERMINE THE OUTFLOMw+

1054 ChewwssanawREMOVE WATER AND STEAM IN PROPORTION TO THEIR LOCAL THETAS.##

1055 ™MLI1=THI(1)

1056 THIJ2=TH2(1)

1057 IFCTHINN.LTY.0.01) THIJ120.

1058 IF(THIJ2,1LT1.0.01) THIJZ=0.

1059 SUMB= SUMBDXOY+ (THT J14 THEJD)

1060 50 10 1059

1061 1057 1FCFLAG(IJ) (NE.CCELL) GO TO 1059

1062 Coevsnnnmans]N LOMER PLENUM, ADD SC2 TO S2(1J) (FROM PHASE TRANS.)###

1063 SUMC= SUMC+ TH2(1J)

1064 1059 CONTINUE

1065 IF(SUMC.NE.Q.) RSUMC>1./5UmC

1066 1060 STAUA=DXDY+*SUMA

1067 SP2CON=OXDY# SUMSP2

1068 BIGH=~(FPY B8 STAUAY SP2CON) /SURO

1069 HSY= lHAXﬂO., GH)

1070 DTS122bT

1071 50 1069 4=2,4P1

1072 DO 1069 1=2,1P1

1073 IJ‘NO'(IPZ'(J-U*I-‘U’\

1074 IF(FLAG(IJ) .NE.BCELL) GO TO 1067

1075 THIJ1=TN1(IJ)

1076 THIJ2=TH2(1J)

Q77 IE(THIS.LT.0.01 THIJI=0,

107 IF(THIJ2.LT.0.0%) THIJ2=0.

DO 1049 J=2,JP1
D0 1049 1=2,1

(-]
1079 Cw=awaeaasaALLOM WATER QR STEAM TO LEAVE SYSTEM, GUT [Fawwaw
1080 CovnswasansdBIGH, LT.O.‘ FORCE THE INFLUX TO BE plr

E STEMM., .. tttee
S1(13)=HS1*THL

1082 sz<w=szm)oaxcu-(m.nomx.'z)-sum
1083 TSI 6T.0.) DTSIZEAMINIDTS1, S THICLA 1S3 (L0}
1084 Ircsary o) DTS122 AMINY(DTS125 75 TH2(1J) /52(1))
1088 1067 SPCECARTE D) NE. CCELLY 6O TO 1089

1087 $2C1J)x$2(1 1)+ FB2COF2THR(1 J) *RSUMC

1088 1089 CONTINUE

1089 Counentannadl THIS POINT, SU(IN=S(ABC)Y + BIGJ(1J) /RHOCY),
1090 Cavareruue A z(u)asuac)z = BIGJCIY) /RHOCD) '+ $P2.
1091 1F(DTS12.€0.0M) €0 10 1080

1092 1F(DTS12.6 .o.mm "8'%0 1070

1093 WRITE(6, &

1094 umm! 020 orswi,or

1095 1070 TRT~DV

1096 NCYC=NCYC=1

1097 DT=DYSY2

1098 Ioreytey

t

100 1080 COLbPEChOAMRHOC) $RHOC2)

110 DVEL=0.

102 BO"1099 4=2, 4P

103 00 1099 1

104 DN Lo s 1=+

1105 IF(FLAG(1J) .EQ.OCELL) 60 TO 1099

1106 IMJ=I)-Na

107 1= )-NQI .

1108 DU=UTCTJ) U212 +U1 CIMI) U2(EML)

g



120

"o DVIV‘I(IJ)-VZ(IJ)*V‘I(IJH)-VZ(IJN)
1110 CasnnsnnnnelE, 6T, 1, 0 IMPLIES THE USE OF Asswsasaans
1M C*""““"CONSY EBERMER CILCULATION OF RY AND R2,#twan
1112 CrnnnnanatnDALY'S M METHOD, o o o 00 0e
1113 CrevaransnapUT WE.LV. 1. 0 ﬂPLlES HE=CONSTANT R INSTEAD.#enwne
M1 IF(HE.GTJ 0) 60_T0 108
115 VEC= , S¥SORT( "200V"2)
116 R1(IJ)*RZ(U)=HE
11? 60 T0 1087
118 1082 IRLO0P=0
19 Uiz, 50U
20 vig=,5abv
21 VEC=U1 2002912042
22 1085 cégJ)’R2(§8=HE'3.ZE-ZI(RNO(2)'VEC01 <E-6)
1087  RTERMSC1, /RICLD) + 1,/R2(1J))we2
0LOK=KIJ(!J)
Cusanaetanakly !S TNE INTERFACIAL FRICTION (MOMENTUM EXCHANGE)wwe
Conaartanda FUNCTION Kooooo W08

KIJ(IJ)=1 S'Tlﬂ(N)'TNZ(!J)'R?ERH‘CDCOF‘\:EC'R‘I(IJ)'RZ(IJ)
1(1J)*RHO(2) +R2(1 ) *RHOC(1)) + 1.E=6

lF(HE LT. .0) 60 10 1090

LF(NCYC.6T.1) KIJ(IJ)’JS’OLDK’ 25+K1J(1))

LFCIRLOOP.€Q.1) 60 TO 1090

IRLOOP=1
RIPK=1, /(1. ¢KTIC1)) #DT# (RRHOC 1) /(THI(10) *1.E~6)

1 *RRHO(2) /(THZ2(1J) +1.E-6)))
U‘thU‘IZ‘R‘lPK

ViZzy12s k1
ggClO.S' (VEC"‘?*MZ"Z‘V‘IZ"Z)

Y0 1
Cornnnunaaay SCOUS YERH, INCLUDES SURFACE SHEAR OMLY....,ewwws

e d b b ) d D o D o b
D b il s sl il ) el e s S o o

BEENERRARUERENR RN

41 1090 VISK=MUCOF+RVERM
42 K1J(14)=KIJ(14) +VISK
43 Cowennwanna COUPLE R EFIED FIELD TO DOMINANT FIELD T0 REOUCEnnarne
44 Coreannanns ACCELERATIONS THAT LINIT OT......"
45 lF(TN?(IJ) LT 0.1 KIJ(IJ)'RNO(“I
IF(NE.L «AND, NCYC.6T,9) IJ(N)'.S"(OLDK’KIJ(IJ))
WEL'MAKI WEL,(RZDX' ABS(UY (1)) +ABSTUI(INS) ))
1 (VHIJ)NMS(V‘I(IJ'D))) ™KLY,
2 (R!DX'(MS(U?(N)N ABS(U2(INJ)))
+R20Y* (ABS(V2(1J))+AB! (VZ(IJH))))*TNZ(IJ))

3
1099 CONTINUE
OTESTEEPSDA(OVELS1.£~6)
100 B0V 22, 40
00 1149 1e271
1JaNae( 192*(4-1)»(- "

b b ol ) o il el B el e e P o o

- b bl il b o il i o oS o D o o b
b H R g T 3 3

! IECFLAG (L) E.OCELO 0 0 1949
1 LE(FLAGCIPJ) €0.0CELL) 60 TO 1149

1 ) =RN(2) yaC.

n CALL FAS

" INSs1I-Na

162 LasIJ-Nal

1463 IPI=1 NG

1164 1JP=1J+NA1

1165 IPJP=] JP+NG

1166 00 113 M1, 2

1167 NMisN=-%

1168 TiA=lJeNny

1169 PsAeIPI+NN

170 I0JA=THIH NN

12 1A= SN

1172 IPJNA=LP SN

173 LJPART JPHAY

"% 1PIPARIP JPoNNY

“s THBRC= THTRC=C.

176 1(J.£0.2) 60 70 1110

17? IFCFLAGCI IO ce.oceu.ou FLAGUPIN. €,0CELL 60 T0 1110
1178 CrannwnsnnCORNER~C ™ FOR VX (032476)¢was
el THERCS smmnmn(umotﬁﬂxnm.mumomuum
1180 1110 xm.so. ) 60 Y0 1120

1181 ke, Ee.oczu..oa.rusurm.ea.ocem 60 T0 1120
1182 THYRC=, S*AMINY TH“IJA)*“I\(IPJI) THU(L1IPR + THA(IPIPA)
1183 CoaarnanenayX TERM AS IN KACHINA (082278)sveva

1184 1120 vx1-cnusx¢u)-(m1(IPm-(umrm-muw ),

185 1 ACTIN *CUACTID U1 (TN

1188 2 OCMSY(N)'(TMRC'(U'I(UPA)-U\(IJA))-THNC'(U‘I(XJA)-U‘I(!JHA)))
187 UCx S (UL TIA +UTCIMIN )

188 URs, mmmmmunm

1189 ConannervadEXTERIOR TRETAS STORED ON INFLOW SOUNDARY#eaaw

1190 nmr—.s-(muumom(mm)-uuum

19 THUINE - 54 CTHICT M) + THICTP IRA) DR G C T IMA)

192 THUIMNE L 5+ CTRCTIA $ THICTMIAD ) # U THIA)

1193 THORE= . 5+ (THY (LA + TH (TP I ) «UN (LN

119% IRA=I Jk’

1195 IFCI.EQ. IPT) IRASNQe (IP2¢(J=1)+3~1)¢N



1196 ™IIP=, 5'(1’“1(1?4”’“‘1(!8”)'U‘I(lPJA)

197 VBRC=, 5# (VI(T M) +V1 (IPJMA))

1198 VIRCe .50 (VI{T 1) +VICIPIR))

199 XIC=SIGN(, 5,00

1200 XIR=SIGNC, 55UR)

1201 XI8R=SIGN{ . §,vaac)

1202 XITR=SIGNC, 5,V

1 SP2TERME Lomnm) * SP2COF™.5#(TH2(1J) ¢ THA(LPI) ) #y2(14)
1 THOTCIA & TRURe DT

1 e ol smc)-muxm(.s-m)-mmn

H 2 ~UR*{ (. SeXTR) » THURE* (. 5-XIR) # THULP))

1207 3 "eROY&(VBRCH (. S+XIBR -mwm SXISR sTHAR)
1 I ZVTRCe (. 5+XITR) « THURB* (. 5-XI TR) 2 THUP))
1200 §  =SP2TERM + MX(N}*RRHO(N) ¢ VX1)

1210 Y139  CONTINUE

1211 1149 CONTINUE

1212 ca'na'tn.c“_cu_“g K(]ﬂﬂ,;)ntnnnt

1213 20 1199 J

1214 TRenast1pae J-\)om-nn

1215 TLeNQe (1P24 (3=1))

1218 00 1199 122,1P1

1217 19=Nae (TPt y=1)01-)

1218 TR CPLAGLL ) - 80, OCELL) %0 T0 1199

1219 IPRIJeN

1220 A

P33l IF(1. €22 60 T0 1 160

}gg 16¢ %AG INJ) Q. OCELL) 60 TO 1168

1224 1160 umums.s-(xum)omm))

1225 60 T0 117

1226 1165 umxm)sm(m

1227 170 IFCI.EQ.IP1) 60 YO 1180

1228 TF R Ao . 0. 006003 60 T0 1185

1229 €0 Y0 1190

1230 1180  KIPH(1J)EKIPHCIL)

1231 60 10 1199

1282 1185 XIPHCIS)=KIJ(1Y)

1238 €0 10 1199

1234 1190 KIPH(ZJ)2. 5+ (K1JC1D ¢KIJCIPS))

1235 1199 CONTIMUE

1238 1200 DO 1249 J=2,J8AR

1237 00 1249 1=271P1

1238 Tinie(1pant =) ¢1-1) 41

12% IFCALAGCLY) . m.oczm 80 10 1249

1240 1Pl jenal

1261 TFCRLAG(IJP) . EQ, OCELL) 6O TO 1249

1242 MY (1)snY (D=0,

1243 ALL FASENY

1244 IR=13-NQ

124% IPJ=1J+NQ

1246 IJM=]J=-NQi

1247 InIP=1IP~NQ

1248 1PIP=1JP+NQ

1249 00 1239 Ne1,2

1250 NN

1251 TJARL oMY

1252 1JPA=1 4P+

1253 IRSA=IN) N1

1256 . 1PJASIPJHNM

1255 LJMA=1JMeNTY

1256 IMIPA=IMIP+NN

11257 IPJPA=IPJPYNAY

1258 THTLC=THIRC=Q.

1259 IF(FLAGCIMI) . E0. OCELL.OR. FLAGCINP). EQ.OCELL) 60 10 1210
1260 Caserstuns i CORNER -EENTERED THTLC, THTRC TERMS FOR VY (Q32476)euur
1261 -.s-mmcmmmmrﬁmmm,mmmm(mm
1262 1210 mmeum £0,0CELL, O FLAGUIR4P) . EQ. OLELL) 0 ¥

1263 ™ s~mxm(m(umm1<& A‘ (mmmumm)
1368 Conenarnancyt TERM AS IN KACHINA (OB2270)#»

1265 1220 mxcmsxm'(mm-(vmrm-vmm)-mn.c-(vmm-vunmm
1268 1 ONST0« (TN CLIPR = (V) (PR VI(TIR)

1267 2 STHILIN 2 (VT V1 (1INR))

1268 v .s-(vmmovuum

1269 e o 50 (VICLIN VI (TIPA)

1270 xnn.s-» mmmoommmwmmnw

121 ViPx, S*mmumm(mm)-vmm)

1373 CranersenneEXTERTOR IHETAS § ON BOUNDAAY®eaas
1273 mwn-.s~(mmwomuw>-v1mm

1274 THVTBR - 5+ (THICTIA) +THULT PR D oVAC 1IN

1275 mv.w-.s-(m(mmmmmm))-vs(um

1276 UTLE=. S% (U1 (IR *UT INIPA) )

127 UTRCE, S+ (U1 (TR SUTC1IPR))

1278 XECeSIEN(. S, VO

12 XITeSIGN(,5.VD)

1280 xmasxsu(.s,unc)

1281 A1 TRaSIGNC, 55UTRC)

1282 PITERNSFLORTURRTS * SP2COFe.Se(THZ(1)+TH2(IIP))*V2(1H)

121



1283 THVI(1JA = THVTB+OT*

1284 1 (RDY#* (VO { (L SEXTCI* THVIME (. S=XIC) * THVTE)
1285 4 VT ((,S*X1T) s THVTB* (. 5=X1T) * THVJP))
1286 3 ORDX'(UILC'((.SOXITL)"I\NINI S=XITL) *THVTB)
1287 4 UTRC(( .5+ XTTR) *THYTB* (, S-XXTI)'THVIP))
288 5 =SP2TERM ¢ NY(N) *RRHO(N) ¢ VY1)
289 1239 CONTINUE
290 1249 CONTINUE
291 Conananasee CALCULATE KC1,J¢1/2) annasenene
292 00 1299 J r .m
293 b0 1 2(
294 J*W(IPZ‘ J=1)+1-1)
295 F(FW(IJ).EQ OCELL) 60 T0 1299
2% IJ
97 1
IFU.EQ.Z

2% 60 TO 1260

F1ed IF(FLN(IJN).NE.OCELL) 60 70 1270
300 1260 KJPH(1JW=K1J(13)

301 1270 IF(J.EQ.JP1) 60 TO 1280

302 IFCFLAGCIJIP) NELOCELL) 60 TO 1290
gOS 1280 KJPO#(IJ)'KI.I(U

305

60 TO 1299
1290 KJPH(IJS)= 54 (KIJ(TI¢KII(T1IP))
306 1299 CONTINUE

307 RETURN

38 C
:g% 4020 EggﬂAT(S‘H WARNING ~ DT512.LT.0.1+0T, DTS12z,1PED.2,4H DT=,£9.2)
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g
QUSEELE

1353

PR 2
ConEav OIMEN

SUBROUTINE PHRUV
CannenneeaaTHE TILDE AND TILDF PRIME VELOCITY CALCULATIONtaess
*CALL, COMEQY

20 Crarananana CHECKERBOARD PATTERN (+1 IF J 1
21 CownnannanafOR ¢+ OR = EPP IN THE FORMATION OF flLDE PRIMESeeeee

9 Ju2, )
=1 1F 18 EVEN) ,eeees

3

3

318 2 00 204

319 CrrnnnanansMOD GIGES THE REMAINDER OF JIZ. TNIS CONTROLS Redaae
3

3

CHECKER=2+M0D ()
ELzNG* rz-u-ﬂoz-\m

00
C**"“““!NVE"’ FM EACH COLUMN IN THE ROW. ... 00d%e

Cene

2010

2020

2049
2050

CHECKER=~CHECKER

TN (1P20 (=) +1=1)+1
IF(FLAG(1J) .EQ.OCELL) 60 TO 2049
1pJ=1JeN0

1JPe1reNal
XF(FLAG(IPJ) EQ, OCELL) 60 70 2049
THRBY2. S« (THTILI(I )+ INTILACIPY))
THRB2s, 5+ (TH !L!(U)OTNTILZ(IPJ))
IFCIL.EQ.IPY) PCIPS=P(IL)
bl
L
2 #TIU2(TJ) + THRB2ePDIF

CS=RM0(
PI.FP(IJ)'EPP'CHECKER
PIPI=P(IPI) -E?P'CNECKER
POIFP=DTOOXS(PL PJ)
lSP'INO DTN IJ)OM!"PDXFP
CSPoRHO(2) S THUZ(TJ) + THRA2+POIF
CELL DELOHOA-CELL FURTHEST FROM B-CELL, FOR 0.3 SEC.

et anePEATURD
1F(T.67.0.30) 60 1O 202

IFCFLAGCLIP) JEQ. ACELL . WD, IPERT.EQ.1) 60 TO 2010
1FCFLAG(IPJ*NAL) .NE.ACELL) 60 TO 2020

IFCILLT.IPY L AND. IPERT.EQ.1+1) &0 TO 2010

IF(1. EQ.I.S\ «AND,. IPERT.EQ.2) 60 TO 2010

60 10 202
axono.smo.oozs-or-snuu.nz\-ox
PERTI=RHO( 1) * THRBY
PERTE=ANO( 3 s THRBSSEXDT

BSTBSHPERTY

CS=CS+PERT2

BSP=BSP+PERT1

CSP=CSPPERT2

CONTINUE

RES=1/ (THRB1 THRB2+RHO(1) RHO(2)+KIPH(1.) +DTe (THR1+RNO( 1)+ THRE2®
UTERMEKIPH(TJ) #DT* (B5+CS)

UTIL1C14) = (THRBZ#RHO( 2) 4BS*UTERI *RFS
UTIL2(1 )= ( THRBI*RHO(1) *CSPUTERM) *RFS
UTERMP=KIPH(LJ) #0T* (BSP+ CSP)

UTILPY (1) =( THRB2#RHO( 2} sBSP+ UTERMP) *RF S
UTILP2(1)=( THRBI*RHOC 1) » CSP+ UTERMP) *RF §
CONTINUE

bo 2099 J

CHECKER=20 z-nﬁo( (1,21

CNECKER= - CHECKER

1JsNAe(1P2x (J=1) 2 1=1)#1

IF(FLAG(LI .€Q.0CELL) GO TO 2099

1JP=1/oNQ

TFCFLAGCLIPY EQ.OCELL) GO TO 2099

THTB1=. S* CTHTIL 1 (14) + THTIL1(1JP))

THYB2=. 5¢ (THTIL2(T14)+ THTIL2(1JP))

PDIF=bT0DY* (P(I4)-P(1JP))

DS=RHO (1) *THV1 (1) + THTB1*PDIF#RHOC1) #THTB1%GOT
ES=RHO(2) #THV2(1J) + THTB2+PDI F+RNO( 2) #THTB22 60T
P1J=P(1J) +EPP*CHECKER

PI2P=P(1JP) -EPP*CHECKER

PDIFP=DTODY* (PTJ=PLJP)

DSP=RHO(TY & THVI (113 THTB1+POLEPLRHO( N THTB1+GOT
ESPERHOC2) 4 THV2C1J) + THTE2¢PDI FP+RNO( 2} THTB2¢6D
RGS=1. /(;umamnmnom-am2>oxmc<w-or-mm-anonmmaz-

RHO(2))
VTERHIKJPN(IJ)'DY'(DSOES)
VIILIC(IJ) = THTB2+RNO(2) # DS+ UTERM) *RGS
VTIL2(1J)= (THTBI*RNO( 1) sESPVTERM) *RGS
VTERMP=KIPH(I J) *DT2 (DSP+ESP)
VTILPY(14)= (THTB2#RHO(2) *DSP+VTERMP) *RGS
\é&l‘l‘.{'z‘ééﬁ =(THTB1*RHO( 1) *ESP+ VTERMP) *RGS

RETURN
END
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2
1“5 Coneav DIMEN
14646

SUBROUTINE BND
1447 ConsseasaveSET DOUNDARY CONDITIONS ON THETAS AND VELOCITIES+wses
1448 +CALL, COMEQY
1448 *CALL CINEN
1450 )

299
1651 u—wupz-h-mz-1)
1452 msmomz-u-nnm-n
1453 20 2199 Is2,1P1
1454 n:m( Pzaimm-m
1455 TF(FLAG(1J) . EQ.O0CELL) GO TO 2159
1456 IMS=I-Na
1457 IPS=1J+NA
1458 IJme1)-Nal
1459 LP=1JeNal
1450 b0 2189 me1,2
1461 LIALIR=1
1462 IMIATIA-NQ
1463 IPJA 1AM
4 TJNATIA-NQL
1465 LieleLikNaL
1466 IF(1.67.2) R 2150
1467 CovenanewaaHE LEFT BOUNDARY .....%#ees
1468 THTIL)CTNIA S THTC Y TR
1469 urmum»sunu IR¢N)
1470 UTILPY (IMJA=UTILP (IRN)
10 1FCd. ee.z) THTILACIMIA-NAD) = THTILA (IMJN)

472 1F(J.EQ. JPY) THTHZA(IHJAONQI)'THTIL‘KINN
1&73 2150 IF(J 67.2) GO
1474 Cronannaaea THE BOTTOM BOUNDARY .., réwee
1475 THTIL‘\(!JH)'TNTIHUJ)
1676 LZ(!JH)ITHTILz(!J)

1477 2160 lF(l LT.IPY) 60 T 170
1478 CrunnnananaTHE RIGHT m Y ceseotiRG

1629 THTILV(IPJA = THTILCILEN)

1480 UT!L\ %NA)-UT!U(XLON)

1481 A aUTILLICIL+N)

1482 IF(J EC.Z) THTILYCIPIA-NAL) = THTILACIPJA)
1483 IF(.EQ.JPY) THTILICIPIACNQALY =THTILICIPIA)
1484 CQQQQQQCQQQTHE T BOUNDARY . RI1i2]

1485 2170 IF(J.EQ.JPY) THTILICLJPAISTHTIL! ‘1IN
1486 Crawewanasd SPECIAL DOUNDARY CONDITION FOR TILDE PRIME wawee
1487 CrawananraaVELOCITIES AT A WALL (012076)*"“

1488 IF (J.EQ.2  .OR.FLAG(IJM).EQ LL)
1489 1 ILP1(IJHA)*VK!JHA)’(VTIL'I(IJA) YTILPI(140 )
1490 IF (J.EQ.JP1. OR. FLAGCIJP) . EQ. OCELL)
14N 1 VTILPA(1JN) =V1(1.|A) +(VTILICIIMA) <VTILP1(IIMN))

1492 2189 CONTINUE
1493 2199  CONTINUE
RETURN

1695 END
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1A 7 FHZBTIE“ 2

1498 COMEQV  DIMEN -

1499 SUBROUTINE PHZOTIL

1500 CawaranaseaCALCULATION OF D TILOE MND O TILDE PRINEssess

1501 CasaswnwwnaTO OBTAIN BETA AND THEN THE NEN PRESSUREwws&s

1502 CasswaseeraFINALLY, TEST D TILDE CONVERGENCE, COUNT ITERATIONS#saas
1503 ACALL, COnEQY

1504 *CALL,DIMEN

1505 2210 nusrtn=uusvxtr0

1506 D0 2299 J=2,d

1507 ConnwanwnasSEE coﬁnenrs ON CHECKERIOARD PATTERN IN SUBR. PHZUVessxs
1508 cnscxen-z-nootJ,zn

1509 Do 2

1510 cuscxen--cuﬁcxs

1511 LJ=Nan (1p2¢ (J=1)+1=1)+1

1512 IF(FLAGLIJ) ,EQ, OCELL) 60 TO 2299

1513 Im=I=li-Na

1514 IPi=IR=1i¢Na

1515 [JmIBe15-NaL

1516 14P=ITaL4+Nal

1517 CawsastanasUSE THETACLS) FOR NEIGHBOR 1f OBSTACLEsswss

1518 1FCFLARCTNID | B OtELLY T

1519 1FCFENG(In ). 0. OCELE) TRely

1520 IFCFUAGCTJM) . €0, OCELL) T8Iy

1521 LFCFUAGCTUP) . EQ.OCELD) IT=1J

1522 SSUMEST (1) +52(1N)

1523 XIR1=SIGN(.5,UTIL1(1))

1524 XIR2xSIGN(. S UTIL(I)

1525 XILI=SIGNC.5,UT] )

1526 XIL2=SIGN(. 5 UTIL2(IMI))

1527 XIT1»SI6NC. 5 VTILI(10))

1528 XIT2=SIGN(.5,VTIL2(14))

1529 XIBT=S1GN(. s,v11L1(ero)

1530 XIB2uSIGN(.5oVTIL2(14M)

1531 TiRare o LA e RS ITILI (1Y)

1532 THRB2= . 5% ( THTIL2(T1 1) + THTIL2(IR))

1533 THLBY=. 5o THTELIC 1) ¢ THTILI(IL))

153% THLB2a . 5# CTHTIL2CT ) + THTIL2(IL)

1535 THTB1= . 5o THTILICT D+ THTILA(I D))

153 THTB2= . S#CTHTIL2(TJ) + THTIL2(IT))

1537 THBE'= . S+ (THTLLICT )+ THTILIC18))

538 THBBZ2= . 5+ (THTIL2(1)) +THTIL2(IB))

1539 BTIL(I J) = SSUMFROXW

1540 1 CUTILICLY) *(( S#XIRA) STHTILACT L)+ (. S-XIRY)» THTLLALIR))
1561 ] SUTIL2(T0) #(C.5¢XTR2)#THTIL2(1 1)+ (.5=XIR2) # THTIL2(1R))
1542 3 -UTIL1(1HJ)*(( SEXILD*THTILICIL) + (. 5-XIL1) #THTILICI ) S
1543 3 TILZCIMI) € {, SeXIL2) # THTEL2CTL) # € 5~XILR)+ THTIL2(I4)))
1544 RN L R L B e s T O Y
1545 6 SVIILEiad) #((.5eXITR)*THTIL2CT J)+ (. 5~XIT2) #THTIL2¢IT))
1546 7 —UTILICIIM * ((.S+XIBI) # THTIL1C1B) + (o 5-XIBN # THTIL( 1))
1547 3 SVTILZ(LIO + ((5+X182) +THTIL2(16)+ (15-X182) *THTILZ(LN)))
1548 XIAP1=SIGNS(. S, UTILPI(1J))

1549 KIRP2=SIGN( .5, UTILP2(1J))

1550 XILP1=SIGN(. 5. UTILPI(IN)

1551 XILP2=SIGN(. 5 UTILP2(IMY))

1552 X1TP1=SIGN(. 5, VTILP1(1J))

1553 X1TP2=SIGNC. 5 VTILP2(T D)

1556 XI8P1=SIGN(. 5 VTILPI(1IM))

1555 X18P2=SIGN(.5.VTILP2(1IM))

1556 DTILP=SSUMERDR* CUTILPA(LS) #((.SHXIRBD*THTILI(LN)

1557 9 ~5<XIRP1) *THTIL1(IR))

1558 2 UTILP2(LH -(< SHIRPR) 4 THTILZ(LY

1559 3 RP2) « THTIL2(IR))

1560 3 -UTILP1(IHJ)'(( g S LT

1561 s “5=XILP1*THTICACI )Y

1562 6 UTILP2(INN)» (¢ 2ok ILP D) + THTI L2CID

1563 7 +(.5-rILP2) *THTILZ(IH))

1564 8 SROYSCUTILPACLY) *(CSOXITPTI* THTILICIY)

1565 9 ~5-XITP1) #THTILA(IT)

1568 1 STILPR(LY) +((.2PXITP2) A THTILR(I )

1567 2 +(L5=XITP2) *THTIL2(IT))

1568 3 ~VTILPICLIN + (CSXIEP1) 4 THTILACIB)

1569 2 5-XIBP1)*THTILAC(I)))

1570 5 VTILP2CL M *((.3oXIBPR A THTIL2(1E)

1571 6 +(,5-XI8P2) THTIL2(1N))

1572 ConwanrasanaNUMERICAL CALCULATION OF BETAtRawe

1573 BETA=( 2, *EPP*CHECKER) /(DTILP=DTIL(14))

1574 DP=OMsBETARDTIL(IY)

1575 PLISI=P(L 1) +DP

1576 CaranradewsMySTID, GT.O FORCES ITERATION. MUSTIT LACKS THIS#wwww
1577 CrnannnasusPQRER. IT IS FORMED ONLY FOR MONITOR PRINT, IF DESIREDwwwaw

1578 !F(ABS(DTIL(IJ)) GT.DTEST) !I.ISTID=NS 10+1

1579 IF(ABS(THTILICIS)+ THTIL2(14)=1.) (GT.EPSTH) MUSTIT=MUSTITe1
1580 2299 COMTINUE

1581 NUMIT=NUML T+ 1

1582 RETURN

1583 END

————

See notes
at
beginning
cf
Eppendix

See notes
at
teginning
cf
Appendix



1597 3009
1598

5 PRIN 2
g COMEQY  DIMEN

SUBROUTINE PMIN

58
3
588 C#wacwawansNORMALIZE PRESSURE BY SUBTRACTING MINIMUM PRESSUREs#swe

589 Cawsesseses FROM ALL PRESSURES, TO OBTAIN FINAL PRESSURES. (0SQ376)wews+
590 +CALL,COMEQY

591 *CALL,DIMEN

592 3000

PMIN=1, E+40

00 3009 J=2,JP1

b0 3009 I=¢,IP1

lJ‘NQ*(IPZ*(J-ﬂ'l-?)G

1F(FLAGCIJI) JNELOCELL) PMIN=AMINI(PRIN,P(1,))
CONTINUE

00 3019 J=2,JP1

1599 C"'"'""NORNALilEzCOL. 192 ALSO (WAS RESET IN PH2UV)ssass

b0 39 1=2
IJ-NO'(IPZ‘(J-1)*1- 141

1 IFCFLAGCIS) (NE.OCELL) P(I)=P(1J)-PHIN
1603 3019 CONTINUE

16 RETURN

EWD

1606

1607 PRVGEPP™™ 2
(O8 Comeav OIMEN

1609 SUBROUTINE PAVGEPP
1610 CrennnwnacnCALCULATE P AVERAGE AND EPSILON PRESSUREww###
1611 CotwewzaaseFOR USE IN CHECKERBOARD PLUS=MINUS FATTERN THAT#wease
1612 CornenansaxDISTINGUISHES THE TILOE PRIME QUANTITIES FROM THEIR#wwaw
1613 CseeavevenaTILDE COUNTERPARTS. ALSO USED IN BETA EQUATION wawas
1614 =CALL, COMEQY
1615 *CALL DIMEN
1616 3020 “PSUM=PDEN=0.

1617 00 3049 J—2,JP1

1618 DO 3049 1=2,1P1

1619 L=Nax (1P2¢ Cao1) ¢ 1-1) 11

1620 IFCFLAG(IJ) JEQ,O0CELL) GO TO 3049
1621 PSUM=FSUMHP(1J)

1622 PDEN=PDEN®1.

1623 3049 CONTINUE

1624 PAYG=PSUM/POEN

1625 1F(NCYC.GYT.1.0R.PAVG.GT.0.) GO TO 3070

1626 PAVG-(ABS(G)*VT*(MAX?(DTUVEL,DTVVEL))"Z)'AHIN'I(RHO(‘\),RHO(Z’")
1627 3070 EPP=.0\=PAVG

1628 RETURN

1629 END
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1630 T

1631 RERTERP 2

1632 COMEQV  DIMEN

1633 SUBROUTINE NEWTEMP

1634 (atonewnnanCALCULATE TEMPERATURES AT TIME (Ne1)swsuw

1635 Cowwwawnsas THEN STORE THIS FIELD OVER TEMPERATURES AT TIME (N)wsawe
1636 *CALL,COMEQV

1637 *CALL,DIMEN

1638 3100 00 3109 J=1,4P2

0 3109 I=1.1p2
16‘0 IJ=Na* (1P2¢(y-1)+1-141
1641 IFCFLAGC1J) (NE.OCELL) T1(XJ)=TI(LJ)~TSATK
1642 3109 CONTINUE
1643 107121, +ILPsDT
1664 T0=TWINK-TSATK
1645 TF=CAPPAWS DT
1648 GAMAXE=1.E+10
1647 p0 3149 J=2,JP1
1648 IFCJ. Gr..nof’m 10722, %07
1649 00 3149 1=2,1
1650 T0eNas (1P2RE gty + 1=1)#1
1651 TP1(14)=0.
1652 IFCFLAGCIJ) . EQ.OCELL) GO TO 3149
1653 IFCELAGCIY) LEQ.ACELL) GO TO 3140
1654 [FCFLAG(IJ) . EQ.BCELL) GO TO 3149
1655 IN=ILe19-NA
1658 IPJ=IR=1J+Na
1657 1JMe18=1J-Nal
1658 LIPaITe1 JeNal
1639 Cesuunertunlf NEIGHBOR IS 0BST, USE (1) VALUE( BUT [fsases
1660 CrasrssarawsMEIGHBOR 1S OUTSIDE MESN, USE STORED EXTERIOR VALUE.wwwws
1661 IFCFLASCINJ) ,EQ.OCELL) IL=1J
1662 LECFLAGCTPY) . €Q.OCELL) IR=IJ
1663 IFCFLAG(IJN) - EQ.OCELL) 1Bs1)
1664 IF(FLAGCIJP) . €Q.0CELL) IT=1J
1665 XIL=SIGN(.5, U1 (IM))
1666 XIR=SIGNC.5oU1(1))
1667 XI8=SIGNC. 501 (1JM))
1658 XIT=SIGNC.5¥1(10))
1669 crxt.-ummf-(( SHXIL) * THTILT (I *T1(IL)
167 1 CEXTL*THTILI(ID * T )
1671 CRXR=UV (1) -(( SHXTRY * THTILI(ID *T1(1J)
1672 1 +(25=XTR)* THTILA(TR) * TACIR)D
1673 CFXB=VICLIM * (. 54XIB) » THTILA (1B +TI(1B)
1674 1 +(25-X1B) * THTILICT D *TI(TI))
1675 CAXT=VICLY) « (L 5+ NPT« THTILA(I) #TI(1 )
1676 | +CEXITIRILI DY) |
1677 CURLYD=DT# CROX* CCFXL-CFXR) +ROY# (CFXB~CFX
1678 cum.vn.-ELsuaLaamJL-nr-muu(m-muLz(IJ)-RTsATK
1679 TA=THTIL1(1)+1,E-10-Cy
1680 T8=(THICT D +1.E 10)'T1(1J)*CURLYD
1681 TC=2DT+CAPPAZARS
1682 SQGAM= SARTCGAM(T J) ##2¢ TF)
1683 IF(ABS(TB-T1(1J)).6T.0.5) GO TO 3110
1684 GAMNEN=0. 004
1685 TNEW TB/TA
1686 60 T 3120
1687 3110 GAMNEW=SAGAM
1688 ITERM=TC/ (GAMNEN®1.E~10)
1689 TNEW= (TB+ZTERMN TO) 7 (TA*ZTERM)
1690 3120 TINEW= TNEN* TSATX
1691 IFCTANEN,LT.TSATK) GO TO 3130
1692 WHHF=HCKN/GAMNEN* { TWINK=TINEW)
1693 Lf (WHF,LE.HFCRIT) GO TO 3130
169% TNEW= (TRYZOT#HECT* THTELI{TS)) /TA
1695 GAMNEN= SQGAM
1696 3130 TPI(14)=TNEW
1697 GAMC1 J) =GAMNEN
1698 GAMM=MM1(GWM,GMNEH)
1699 G0 TO 3149
1700 CanesawnaraNET RESULT...A CELLS. .. T1=TECCK,
1701 Coeranawnasra B8 _CELL....T1=TSATK

1702 Carwwannnea(STEAM TEMP, (T2) ALWAYS = TSATK)#sswawawen
1703 3140 TP1(1J)=TECCK-TSATK
1'.'0; 3149 ggNTI

06 1,1P2
1207 U*NG'(IPZ*( =1)+1=1) 41
08 IF(FLAG(1J) .NE, OCELL) TP1(1J)=TP1(IJ)*TSATK
1 IFCFLAGCIS) LEQ.ACELL) GAM(IJ)=GAYM
0 IF(FLIG(I.I) £Q.BCELL) cAM(1))= GAMAX
1 3199 CONTINU
2 3250 00 3299 =2,
3 L‘NQ*(IPZ'(J-‘I)’Z-‘I)H
g 1R-NQ*(IPZ'(J-‘I)01P1~1)H
6

00 1=2 1P\
La=Nar (P2t -1+ 1-1) 41

28



(1) =TPI(I))

T

IF(I.EQ2) T1(1J-NA)=TPI(IR)
IE(I.EQ.IPT) TU(IJ+NQ)I=TI(IL)
IF(J.EQ.2) TI(IJ-NAD)=TI(IN
1F(J.EQ.UPY) TU(LJ+NAD=T1(1 N

CONTINUE
RETURN
END

1725 )
1726 POTTRETA™ 2

1727 CoMEQv

1728

DIMEN
SUBROUTINE MOVTHETA

1729 *CALL,COMEQY
1230 *CALL,DIMEN

1731 10 00 99 J=1,4P2
1732 00 99 1=151P2

1733 LI=NG (IPS= (J=1)+1-1) 41
1734 THI(IIY=THTILI(L])

1735 TH2(1 D =THTIL2(1 )
1736 CONTINUE

1737 RETURK

1738 END

129



130

L4 J——
m1 ConEQV
1242 SUBROUTINE FASE
1743 *CALL, COMEQY
1744 *CALL, DINEN
1743 CoeviSansarBASIC PHASE TRANSITION ENTRY POINTesass
1746 CraneernanaHERE, CALCULATE THE FLELDS OF BIG J AND S2ewaww
147 Connmunnsentid P, THE FLUK OUE TO PHASE TRANSET10RSenees

748 ENTRY FASES

1749 P20,

1750 5 95 $x2,4m1

1751 D0 99 I

1752 Tonkans Pbu-uox-nn

3753 TR CFLASEL D B0, OCELLY 80 TO 40

1754 BIGJ(1)) =0,

1755 TFCFLAGCLI) . €Q. ACELL. OR, FLAG() Y, Q. BCELL) 60 TO 20
58 B16J(1))=BIGILTH (1) « TH2(1J) # (TSATR-TA(1J)) «RISATK

1757 20 CONTINUE

1750 FPeFPADXDI=BIGIC L)

1757 60 IF(1.NE.IPY) 6O TO

374 SLanCIFoata o) e = 1red

S¥eY B1GICIL-NQ)=BIGI(1))

zma %g#u.um)smmu

783 99
1764 c-mmmrs».m.,a MEANS NET EVAPORATION IN SYSTEM
1765 ChsawanaanafP,GT.0 MEANS KET CONDENSATION IN SYSTER.....eeeaw
1766 re-rmmom-motz
00 199 2,491
63 20 199 &
1769 t.s-na-(xvziu-mmm

1770 IE(FLAG(LJ) .EQ.OCELL) 60 1O 199
1771 C"“"*“'Bl((i 1.0 1S CONDENSM’IQM, B16J.6T.0 IS EVAPORATION.

1772 S1(1J)=BlGJ(I.I) RRHO(Y

1773 SZ(IJ)H'-QIGJCIJ)*RRNO(Z)

1774 199 ONTINUE

17 RF.MN

1776 CrwanwannnaTHYS ENTRY CALCULATES MX FOR THU EQ. IN PHASE 1nweaw
1777 ENTRY FASEMX

1773 N0

b IAs BJR=. S'(BIGJ(IJ)OBXGJ(NOW)
1780 TF(BJR.LT.0.) NMe1

1781 nx(ZhBJMU‘ItIJ*NH)

1782 MWD =-1X ()

1783 REYURN

1784 CovnnwanansTHIS ENTRY CALCULATES MY FOR THV EQ. IN PHASE 1newaw
1285 ENTRY FASEMY

1786 =0

1787 8T=. S'(BIGJ(IJNBIGJ(IJ?NGD)
1788 IF(84T.LT.0,) M=

1789 lﬂ(Z):BJT-VNIJ'rﬂ)

1799 MY {V==My(2)

179 RETURN

1792 END

1793
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