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SJLA-LOOP: ANONEQUILIBRIUM, DRIFT-FLUX CODE FOR
TWO-PHASE FLOW IN NETWORKS

by

C. W. Hirt, T. A. Oliphant, W. C. Rivard,
N. C. Romero, and M. D. Torrey

ABSTRACT

A new, highly flexible computer code for transient, nonequilibrium, .wo-
phase flow in networks is described. Each component may have a one-
dimensional representation with a variable cross-sectional area. The flow
dynamics is governed by a set of nonlinear conservation laws based on a
generalized drift-flux model for two-phase mixtures. The equations are
solved by a partially implicit method that can use different time steps in dif-
ferent components.

In addition to being simple and modular, the code can use almost any set
of constitutive relations, property tables, or other special purpose features
required for different applications.

An example problem is provided to verify proper implementation of the
code on the user's system. It illustrates the automatic treatment of such
phenomena as critical two-phase flow without introducing special assump-
tions and the use of various input options to initiate a pipe break.

I. INTRODUCTION

The increasing demand for more accurate and more detailed predictions of two-phase flow
processes has prompted a flurry of activity in recent years. Much of this activity has been
generated and supported by efforts to provide better theoretical tools i r the analysis of
postulated nuclear reactor accidents. Leading this activity are numerous efforts in the US and
abroad to make better use of the many sophisticated numerical techniques developed during the
last twenty vears for single-phase flows. These efforts include several highly detailed models for
transient, two-phase flows in two and three dimensions. ' * Although such models are essential for
understanding complex. two-phase flow processes in localized regions. they cannot be used direc-
tly ‘or systems consisting of many coupled flow regions of various sizes. zeometries. and other
physical characteristics. For large svstems, zero- and one-dimensional flow models must be
coupled together in, so-called. network codes Some higher dimensional models mav be used for
one or two parts of a system, but their use is limited by the higher computing costs that thev en-
tail. Thus, for now, muitidimensional numerical computations will be confined largely to studies
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of fundamental two-phase flow processes, to detailed calculations in isolated regions, and to the
definition and verification of the simplified lower dimensional models.

To make the best use of the new developments for the practical analy s of full systems, we
must develop network codes that are compatible with the advanced multidimensional codes. Ad-
vanced network codes should use one-dimensional representations wherever possible to maintain
the minimum spatial definition that is necessary for flow transients. Futhermore, advanced
network codes should permit finite rate exchanges of mass, momentum, and energy between
phases as well as unequal phase velocities to adequately describe the many possible types of two-
phase flows.

In this report we describe SOLA-LOOP, an advanced network code derived from SOLA-DF, a
transient. two-dimensional code.’ SOLA-DF is based on a drift-flux approximation for the
dynamics of a two-phase mixture.* SOLA-LOOP is a relatively simple code that has no flow
regime maps, property tables, or other complicating features. Although developed for use in
nu-lzar reactor safety analysis, its simple structu:e offers a framework that may be used as the
hasis for developing other types of special-purpose network codes.

Section Il presents the differential equations that define the drift-flux model and describes the
simple approximations for the equation-of-state and other necessary constitutive relations for
water. Section III describes the numerical solution techniques used for one-dimensional compo-
nents and for coupling components into a network. Section IV lists the input parameters and
COMMON storage variables. The example problem results in Sec. V provide a means for
verification of the code when implemented at other installations or on other machines. A com-
plete listing of the code is provided in the Appendix. .

II. EQUATIONS, CONSTITUTIVE RELATIONS, AND EXCHANGE RATES

There are various forms for the drift-flux equati-ns that describe the dynamics of two-phase
fluid mixtures.® For our purpose w. .nose as dependent variables the mixture density », the
macroscopic vapor density p, (vapor mass per unit volume of mixture), the center of mass
velocity u, and the mixture specific internal energy I. Important auxiliary variables are the void
volume fraction 4, the relative velocity between phases u, = u, — w , and the rixture pressure p.
A. Equations of Motion

In terms of these dependent variables, the basic drift-flux equations used in SOLA-LOOP are

(1) The continuity equations,

_3_2 * l M = 0 (21)
3t A 9y
and
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(2) the momentum equation,

13 2,.%% 2 3p 9
at ’AWA(N’D ur)t'ay‘p'y’f‘ns: (2.3)

(3) and the internal energy equation,

[
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In these equations, the independent variables are time t and axial position v. The exchange
functions for mass and momentum are I and K, rcspectively. The ¢ - ofs of wall heat transfer or
bulk heating are described by the heat source function Q. Subscripts v and £ refer to properties
in the vapor and liquid states. Superscript zero on the densities refers to microscopic quantities,
whereas densities without superscripts are macroscopic values. The microscopic and
macroscopic densities are related through the void fraction as o, = #p.” and pp = (1 - ) ", where
A is defined as

8= (p,° = p*p,)p,°. (2.5)

The axial component of the gravitational accelera on is denoted by g,. The quantity A is the
time-independent, cross-sectional area ot the flow channel or pipe. In addition to representing
variable area ducts, suitably defined A values may be used to represent cylindrical coordinates
(A = r, the circumferential area per unit azimuthal angle), closed-off pipes (A = 0), or approx-
imations for orifices, valves, and abrupt area changes. In the latter cases. local flow losses from
rapid area changes are accounted for by adding the necessary pressure loss and energy dissipa-
tion to Egs. (2.3) and (2.4) through the terms f,,,and W.,,. Pipe wall friction is treat.< similarly

To complete these equations, constitutive relations and exchange rates must be specified.
Considerable care must be exercised when defining these relations. The choices made are gover-
ned by the intended use of the code. The best choices are those *hat can be tested against
suitable experimental data. Even with careful tcsting, however, the prejudices of different
researchers ofter. lead to different relations. [n the following we describe one set of simple models
used in the initial development of the SOLA-DF and SOLA-LOOP codes. These models are not
the best possible and, therefore, should not be taken as invariant features of these codes. Instead.
the codes are to be :2garded as skeletons offering a numerical solution algorithm that will work
with various choices.

B. Constitutive Relations

The equation of state in SOLA-LOOP is a relation that gives pressure as a function of densitv
and internal energy. Although fits to steam table data could be inserted in the equation-of-state
subroutines, for developmental purposes we chose a simpler approach. When the void fraction is
below a small, predetermined value 4. (typically 4. = 0.001), the fluid is assumed to be a pure li-
quid with the equation of state

\
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where a is the speed of sound in the liquid phase and p, is chosen [see Eq. (2.6)] to ensure
pressure continuity between the pure liquid and two-phase states when # = f.. In the two-phase
region # > A, the mixture pressure is equal to that of the vapor and is given by the polytropic gas

equation

p=(y- l)pslv .

These equations are combined into one equation

* *
p=(y=-1 p1/0 +alpl@ -0, 2.8
where
) ‘ @ 1£828
8 =

lﬁ £ 9 ca .
C

For saturated conditions we have found that y = 1.07 and a* = 10* cm*/ms’ offer reasonable ap-
proximations for many reactor safety problems.

In Egs. (2.4) and (2.6), separate values for vapor and liquid internal energies are required.
Because the basic dependent energy variable is the mixture internal energy, a separate prescrip-
tion must be given for determining the individual phase energies. Two prescriptions are used. [n
one the phases are considered to be at equal temperatures. In the other the vapor phase is con-
sidered tc be saturated. For many applications there is little ¢ifference between the two because
the large heat content of the liquid phase * _eps the liquid temperature nearly invariant. For sim-
plicity the vapor and liquid internal energies are specified as functions of the vapor and liquid
temperatures as

2
xv . Ev - Cv(Tv - To) - Cvl(Tv by To)
and
Ip =By + Co(T, = T ) = Cp (T, - T,)" 2.7)

where E, and E, are the saturated internal energies at temperature T,, and C,, Cy, C.. and Cq,
are constants chosen to fit steam table data in the temperature range of interest. For example, in
the system of units g, cm, K, and ms, the va'ues E, = 2.506 X 10*, Ey = 0.4174 X 10%, C,=6.67,C
= 44.34, C., = 0.0302. and Cy, = 0.0129 are good approximations for temperatures up to about T

= 600 K.
For equal-phase temperatures, the mixture temperature can be comprited from the mixture

internal energy as the solution of a quadratic equation

= 9
pL = p I, * Pply - (2.8)

When the vapor is considered to be saturated. its temperature is determined from the mixture
pressure by the relation

e 7.8 0333, (2.9)



where p is in bars. When the vapor temperature is known. one can easily compute the separate li-
quid and vapor internal energies and liquid temperature using Egs. (2.7) and (2.8).

C. Momentum ana Mass Exchange

An equation of mctinn for the relative velocity can be derived from equations that describe a
complete two fluid model.

3u

£,12 i I 1. 1\% _ o (2.10)
it 23y ut[Zu R P (p! pv)} . (p o 0 o) 55 . PPy Y 10)
£ v

The quadratic term in u,, on the left side of Eq. (2.10), is neglected because it generally is small
compared to the linear term. This significantly simplifies the numerical solution. Assuming the
vapor is a dispersed phase of small bubbles when 4 is small. or the liquid is a dispersed phase of
small droplets when # is large, we can estimate K from the drag on an individual bubble (or
droplet) times the number of bubbles (droplets) per unit volume N, The result is

r

S 12v )
Kzge—l(Cd fu l 4 -;—). (2.11)

where 4, and v are functions of # and the kinematic viscosities of the phases,

8, =8, v=v,(1-823 forecos

8, =1-08,v=v0%> for8>0.5 .
Also, C4 is a drag coefficient (generally of order unity) and S is the surface area per unit volume
of bubbles (droplets) with mean radiusr,

30/r° for 8 < 1/2

3(1 - 6)/:o for 8 > 1/2 .

The mean radius is related to the number density by the expressions

1/3
38
e (Zii) for 8 < 1/2

' 1/3
= 2_&1 - ¢ 0) 21"
e, * l. = ] for 0> 1/2 . (2.13)

The bubble number N often is assumed to be a constant, independent of space and time.
Because this is an approximation, it will not work when preferential nucleating sites exist or
when significant bubble breakup or coalescence occurs. The [ollowing discussion on mass ex-
change describes how . locally variable N can sometimes be estimated in terms of a critical
Weber number.

The form of the phase change model embodied in I is crucial if nonequilibrium effects are to
be predicted correctly. The model described here is still being developed and is not vet
sophisticated enough for use as a predictive tool without some acjustment. Nevertheless, it has

o



proved useful in numerous applications and is presented here to illustrate the types of considera-
tions necessary in the development of such models.
If we define q as the interfacial neat flux, a simple energy balance shows that

. g8
rage,
where )\ is the latent heat of vaporization and S is related to the bubble radius, r, according to S
= 36/r. The heat flux can be further defined as

B k,.(T2 - T’)/l '

where T. is the saturation temperature and ke is the thermal conductivity of the liquid whose
bulk temperature is T;. The length £ characterizes the thickness of the thermal boundary layer
over which the liquid temperature changes from its interior, buik value T; to the value T,
assumed to exist at the two-phase interface. Thus,

k.(T, = T.)8
W e | s 2.14
I Syt (2.14)

For a single, nontransiating pubble growing in an infinite fluid region, Ref. 6 shows that £ = L.,
where

In this expression r is the instantaneous bubble radius, which we define below.
When the bubbles are translating with respect to the surrounding liquid with speed U, then
£ = £, Moalem and Sidemian’ give the general expression

& o e W
LMl (RebPr) '

where Re, = 2rl # /w is the bubble Reynolds number, Pr = Cyus/k is the liquid Prandtl num-
ber, and w is the liquid shear viscosity. As the relative speed U increases, the length £, rapidly
decreases below the value of £., which represents stripping away of the thermal boundary layer
by relative flow. In an attempt to combine both of these effects, we have def'ned £ as the
reciprocal average of these limiting characteristic lengths,

+
[ u

(2.15)

Ll e
1
|
N'—o

kquation (2.14), with £ defined by the above equation, is a vapor generation rate theat includes
hoth finite heat conduction and relative velocity effects. However, the model still requires the
definition of rand U.

If the number of bubbles per unit volume is known, we can calculate the mean bubble radius
bv E3. (2.13) and use r = r.. Unfortunately, the number of bubbles generaily does not remain
constant in the dvnamic flow environment because bubbles larger than a certain size will break



up. The maximum stable bubble radius, r., can be estimated in terms of a critical Weber num-
ber W,

w
" (2.16)

r =

w 0,2 '
2°l U

where o+ is the interfacial surface tension. The value of W_ often is taken as 4 for turbulent flow
conditions.® Thus, we define r as equal to the minimum of r, and r,, and reserve N as an input
parameter that defines the initial number of nucleating sites per unit volume (or more correctly,
the minimurmn number of bubbles).

Finally, the relative speed U could be set equal to the magnitude of the average relative speed
|u, | between phases, but this would not account for local turbulent fluctuations that have been
averaged out in the definition of u,. Fluctuat uns in y, can locally strip away the individual bub-
ble thermal boundary layers and break up large bubbles. To account for such local effects we
define

U= lu v Blul , (2.17)

where u is the mass avera ed mixture velocity and 3 is a parameter that accounts for turbulent
fluctuations. We might expect 3 to have a magnitude of 0.1 or less because large turbulent
velocity fluctuations often have magnitudes as large as 10% of the mean velocities. In general,
the best value of 3 must be determined by comparison with experimental data.

Again we stress that the vapor generation rate described above is preiiminary and must be
critically tested against various situations hefore it can be recommended for general use.
Nevertheless, this model does include, as  _.cial cases, the models used by many other in-
vestigators, Also, it has produced good resu. ‘s in several different applications.

D. Flow Losses

Flow losses affect the momentum and energy of the flow through the terms f,., and W, in Egs.
(2.3) and (2.4), respectivelv. The term f,,, accounts for both distributed losses, such as pipe wall
friction, and local losses that occur at sudden area changes

2 f
3 T UPRE o.M 0.2 0
f'“: R[po (1 0)0.‘.9] Py u e 2.18)
2

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

f=za+bRe®, (2.19)

where

.225

a = 0.026 (k/ZR)o + 0.133 (k/2R) ,

b= 22.0 (2> | and

c = 1.62 (wam)? i3,



and R is the hydraulic radius. The quantity ¢r» is 8 two-phase friction multiplier

2 -1.75
op = (1-8) X

and ¢ accounts for the relative velocity effects
K 2
b=p, 01+ (p P u /pul/p .

'The coefficient f, relates to the local losses and is ziven by

£, = £(L/2R)/8y , (2.20)

where (L/2R) is the number of hydraulic diameters of an equivalent straight channel and Jy is
the segment length over which the loss occurs. The hydraulic radius can be specified as diiferent
from the component's geometric radius to treat flow through components with noncircular cross
sections and to model the effects of internal structure. By suitably specifying the hydraulic
radius in subroutine DEMXC and the number of flow passages CFRS, a simple model can be
made of a steam generator or core that consists of a bundle of many small flow passages. The lat-
ter quantity is used to multiply the friction tactor determined by Eq. (2.19).

The value of W.,, is determined from the rate of change of the fluid kiuctic energy associated
with the flow loss.

E. Wall Heat Flux

To represent heat exchanges in a core or steam generator, or to account for heat transfer with
pipe walls, the code has a vanable designated WT(J) that may be used as a wall temperature.
The locally added or removed rate of heat energy Q can be input for segments as QJS(JS) or
defined in terms of WT(J) in subroutine WALLT reserved for this purpose. Because the
specification of wall heat flux is problem dependent, WALLT has been left blank.

[I1. NUMERICAL SOLUTION METHOD

Different schemes can be used to solve numerically the equations given in Sec. II, although
each one will vary in accuracy, numerical stability, programming simplicity, flexibility, and
computational efficiency. Unfortunately, these desirable traits are often mutually exclusive. For
example, the use of implicit difference equations to achieve unconditional numerical stability
can result in poor accuracy and generally requires more complex programming and more com-
puter memory. Because different applications require different mixtures of the desirable
features, the choice of an optimum solution algorithm rarely can be made. Thus, the choice of a
numerical solution procedure generally requires a balance primarily between programming sim-
plicity and the flexibility for future evolution vs stability, accuracy, and computaticnal speed.
[nevitably, the choice rests on the developer's experience and prejudices.

In the SOLA-LOOP code, we tried to keep the programming simpie and to use a limited im-
plicitness. In all cases, point relaxation methods rather than direct solvers were used for coupled
sets of equations. Although poin* relaxation methods generally are recognized as simple, but in-
ferior to direct methods for linear equation systems, this is not necessarily true for nonlinear
equations where itcrative methods are used. Point relaxation methods permit considerabic



latitude for adding new features, changing boundary conditions, varying time steps. and making
other substantial changes in the basic code to adapt it to new applications.

Additionally, the code is written in a modular form consisting of numerous subroutines that
isolate individual logical and physical processes. This struct r2 makes the code particularly easy
to modify and extend for new applications.

The numerical algorithms used naturally separate into two classes: those used to solve the
basic flow equations in a single, one-dimensional component and those used to couple the com-
ponents into a network.

A. Mesh Construction for Components

The mesh for component I consists of JCEL(I) cells. In many components one typically uses a
mesh of cells that have identical properties such as radius, length, etc. Sometimes a component
may consist of a few uniform segments, but rarely are the cell properties in a component different
in every cell. We took advantage of this typical mesh structure and built SOLA-LOOP so that its
cells can be grouped into JSXI(I) segments having uniform properties. Thus, we do not have to
store all the cell quantities for all the cells in the mesh. This generally leads to a considerable
savings in storage and simplifies problem setups. If necessary, we can define different properties
for every cell by making each cell a segment. The first two cells JBO and JB1 and the last cell
JT1 in the component are dummy or fictitious cells used to set bonindary conditions and accom-
plish coupling of components (see Fig. 1). Two cells are needed at the beginning of a component
to set boundary conditions because velocities are located at the cell boundaries. All other depen-
dent variables are located at the cell centers. This staggered mesh arrangement is convenient for
many of the finite difference approximations. Throughout this report we refer to the cell JBO as
the first or bottom cell and to the cell JT1 as the last or top cell in component [.

B. Solution Algorithm for Components
A calculation cycle is broken down into four tasks. First, the momentum equation, Eq. (2.3), is

advanced explicitly in subroutine TILDE using the previous cycle values for evaluating all con-
tributions. Next, an iteration is mace in subroutine PITERP to replace the pressure used in the

J80| JB iJBZ j JT3[4T2[ 4T

Q;

—’Uj , (Ur)j

Fig. I
Arrangment of fictitious cells at the bottom and top of a compenent and location of dioen-
dent vartables in cell j.
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first task with advanced time values. An iteration is needed because the advanced pressures de-
pend on the velocities being calculated. This part of the cycle contains the main implicitness of
the numerical scheme. The pressure iteration permits sound waves to propagate more than one
mesh cell per cycle. In fact, this scheme is a variant of the ICE technique,’ which may be used for
very low speed (incompressible) flows as well as for high-speed flows that contain shock waves
and rarefactions. The third task in a cycle, performed in subroutine UPDATP, is to update all
other dependent variables. Finally, the fourth task consists of data output (subroutine DIAG),
time step controls (subroutine TIMCT), and bookkeeping operations (subroutine RESET).

For a purely explicit calculation, the iteration making up the second task may be omitted by
setting the input number IMP equal to zero. When two or more components are coupled, one
iteration pass is made through each component during task two. This is followed by updating the
boundary con ir‘ons that define the coupling between components (in subroutines JCTPIP and
BC) before the n.oxt iteration pass is started.

A simple flagging scheme may be used to omit iterations in selected components when such
iterations are not needed. For example. every component would be considered during the first
iteration; those components satisfying the convergence test would be flagged to indicate that
they should be omitted on a successive iteration. If the boundary conditions of any component
were changed significantly during the coupling calculations, the flag would have to be set to start
the iterations again. Such variations are particularly simple to implement with the point relaxa-
tion method.

1. Explicit Updating of Velocities. Before introducing finite difference approximations for
the momentum equation, Eq. (2.3), it is first written in the equivalent differential form,

u du 1 3 (Apvpl

du u .1 8 2 .13 1
ac "y Tpady\ o "r)= pay "8 *p fuise

(3.1)
which is a carrvover from previous codes in the SOLA series.'” [ts advantage is that u®*', rather
than (pu)""', is calculated directly. Its disadvantage is that it is not in conservation form, so we
do not get rigorous conservation of momentum in the difference approximation. However, when
percentage changes in dependent variables from one cell to the next are not large, the nonconser-
vation form of the momentum equation should not cause any problems. Although it probably
would be beneficial to monitor the total momentum of the system to check the accuracy of Eq.
(3.1), this has not been included in this version of the code. The difference equation used to ap-
proximate Eq. (3.1) is

2(p. = P.,y)
U =u, * 8t |- FUX - FDU + W2 S 0(lf ) : (3.2)
J ] [ DJ,~(Gyj + Eyj’l) L vis),

where p,..: = (3y,., p, + by, p,..)/(dy, + 4y,.,) and 1, is the explicit estimate for u’*'. Unless
otherwise noted, the boundary value of cell-centered quantities is always defined by linear inter-
polation, as in p,., ; used above. The indexing in Eq. (3.2) looks uncentered, but recall from Fig.
1 that u, refers to the velocity at the boundary between cells j and ) + 1. All terms on the right
side of Eq. (3.2) are evaluated in subroutine TILDE using time level n quantities. The convective
fluxes are defined as

r

1] A
FUX = ik L(uj uj-l)/éyj + (uj’i uj)/byj“]

J

+ alull [(uj- uj-l)/éyj - (u”1 - “j)/6y101]



k ! A (‘393) [(u>v<u) ]2
pj‘\“j + Ajﬂ)(éyj 03711.,,7 "1\ p i1 ') r’3+1

A
J

- alle) ¢ ()l [(ur)j_l - (ut)j]().

2
[(ur)rl + (urlj]

el e )t w - @]

The parameter a, shown in the convective fluxes, gives a variable amount of upstream differenc-
ing. When « is zero, the approximations reduce to the usual centered differenced form; however,
this results in an unstable algorithm.'' When « is unity, the approximations are the so-called
donor cell or fully upstream (or upwind) difference expressions, which are stable provided fluid
does not convect through more than one mesh cell in one time step. In general. numerical
stability is expected (see Ref. 11) when « is chosen such that

« > m [(201) | 2P0
)" oy

2. Implicit Pressure Calculation. In this part of the calculational cyvcle the n level pressures
in Eq. 13.2) are replaced by approximations for the n + 1 level pressures. This is done for compo-
nents in subroutine PITERP by solving for the pressure in each cell that satisfies the implicit
equation

F=p-1f(p, 0, =0, (3.3)
where f(5, 5., 1) is the equation of state that was evaluated using
p=p"1+D),

. .0
£, =011+ D),

and

i:x"-":o
p!l

' (3.4)

where D is an approximation to cell volume change per unit volume

5t 3 16 . A -
D= Aoy Au ™ Aj 6,—1 (Aj“) v, AJ‘§ uj-l) (3.3)

For the cell boundary areas, instead of a linearly interpolated vaiue we prefer to use a combined
geometric and arithmetic average

Biog = 30y Ropy /8y ¢ Agyy) (3.6)

11
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because A,., , vanishes when either A or A, ., is zero. The n + 1 level velocities must be used to
evaluate D, that is,

(3.7)

i o 25t ? N .
b j pj,x(ﬁyj + éyj,‘) i*l il J i)

Because the n + 1 level velocities depend on p, the implicit nature of Eq. (3.3) is obvious. The
pressure that satisfies Eqs. (3.3)-(3.7) is not quite p”*' because convective fluxes are omitted
from the estimates of the new densities p, oy, and energy [. The pressure would be equal to p*** if
the rest of the equations were in Lagrangian form. The ditference is not significant, however,
because for every cycle the iteration is always trving to drive p to its equation-of-state value. In
this sense p is a stored variable and is not identically equal to the equation-of-state value unless
the iterations are omitted and an explicit calculation is used. Note that densities and energies
are not actually changed during the iteration, because Eq. (3.4) is used only to estimate the new
values. To solve Egs. (3.3)-(3.7) a local Newton-Raphson procedure is followed, in which an es-
timate is needed for OF /dp in each cell. In SOLA-LOOP, estimates for these values are computed
at the beginning of each cycle in subroutine RESET by a numerical differentiation and the
values are stored. Once the iteration begins, new values are computed and stored after each
iteration. In summary, the following steps are performed for a single cell j.

a. Compute D according to Eq. (3.5) using the most updated values of u from Eq. (3.7).

b. Compute p, p,, and I from Eq. (3.4).

¢. Evaluate the equation-of-state function and calculate ip = — F/(0F/0, * .

d. Replace p, with p, + ip, and u, and u,., with

25t 8p
LR

8. *
30 Py

26t6p
u. =4 -
-1 j=1 ,
j j DJ_,‘(&Y

1t ByJ)

Continue this iteration process until all cells satisfy the convergence test

P'f(avavi)

v

p+E®, b, D

where ¢ is typically equal to 0.001.

3. Updating of Remaining Variables. After. smpleting the implicit portion of the cycle, new
time values for the remaining variables are re«.ily computed in subroutine UPDATP. The mix-
ture density changes only by convection,

n*l

5t r
pJ = pJ A?;J- LAj’i (pu)J’§ AJ'5 (OU))-s], ‘35)



where

1
(0w 1y = 3 [uy00; * 20 + alugl (o) = 0, )]

l -
(ou) .y = [uj_ltpj,, o) +alu | B pJ)]

Quantities on the right side of Eq. (3.8) are evaluated using n level values for » and the available
n + 1 level values of u,
The mixture energy equation then is approximated by

] Dn.’ 1

gl (pjrjom.{-ruv-m-m
i

( |
+ KJ [(u‘) + (u )] 1I ). + Qj‘) ’ (3.9)

Vll )

L

where

. 3 [,.,( V) Ly R L

1 \ '
FUL = [A. p,l,u “ Ay (pyl,u ]
w5, PanlPalete) Lt Ay (Patet)
This formulation separates the convective fluxes into vapor and liquid contributions where

1
(pvxvuv)j“’ ¥ | ‘(uv)j [(DVIV)J * @ lv)Jfl]

vvijrl

rat, 1 fo,1,), - 61 K

and similarly for (oglyus),., ,, where the vapor and liquid velocities used in these expressions are
defined as

(uv).j = uJ + (D‘ o (u ) /D oy
3.10)
(“l)j = “j - (pv)jﬂ; (“r)jlpj’h .

Corresponding expressions for the j — 1/2 boundary are obtained by replacing j with j — 1 in the
above definitions.

13
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The pressure work term in Eq. (3.9) is approximated as

P (P)iun * Piox * P | ()
LS o b .a,‘"- e I
37 . f) Py p_)#s ‘]

(4] \
2k t“- . (pv)Pil Piy * Py ) (DV)J_s o ‘ A
% | i= Py o Pi-y ' j=1

Quantities on the right side of Eq. (3.9) are evaluated using n level values for p, p., and I, whereas
n + 1 level values are used for u, p,, and the overall divisor . Finaily, the vapor density is up-
dated as

n+l k- 3.
(pv)J =(ov)106z( nUorJ), (3.11)

where

l / - 1
e WY_J [Ajoh Pyl soy ~ Aiy pvuv'J"l]

and

1 -
UL § 87 [o0); + 0] + ity [0 ®)5n]) -

The j = 1/2 boundary flux 1s obtained by replacing j with j — 1 in the above expression.

Care must be taken when approximating the vapor source term I'. When the mixture is not at
equilibrium and the relaxation rate is fast, I can be large and Eq. (3.11) may be numerically un-
stable. To avoid this, the densities in [ should be evaluated at level n + 1. For general formula-
tions of I', use of an iterative technique to solve Eq. (3.11) generally is necessary. Subroutine UP-
DATP provides such an iteration for the I' given by Eq. (2.14). There is, however, another more
serious problem that can arise when phase transitions are important. Because the effect of I' is
included at the end of a calculation cvele, its influence on the pressure, and hence the dynamics,
is not accounted for in the implicit pressure iteration. Therefore, some inaccuracies can be in-
troduced in the propagation »f compression and rarefaction waves when a large phase change oc-
curs during a single time step. A large phase change also may drive the equation-of-state
pressure far from the value obtained in the pressure iteration; excessive iterations, therefore,
may be required to solve the implicit equation in the next time cycle. In extreme cases, the itera-
tion may not even converge. This problem can be eliminated by using sufficiently small time in-
crements, 5t, although this sometimes leads to long computing times. A better solution, used
recently in the multidimensional code K-FIX (see Ref. 2), is to incorporate I into the implicit
portion of the cycle. Basicallv. the idea is to include I' in Eq. (3.4) for the estimated new time
vapor density. Because this more complicated formulation is not in SULA-LOOP, the user
should check his results for time-step dependence (accuracy) by performing a smaller time step
calculation when necessary.

Thermodvnamic equilibrium calculations can be achieved by using a large phase change rate,
or by replacing the vapor density equation with a calculation of the saturated vapor density and



using an equilibrium equation of state. The latter procedure often is preferable because it effec-
tively puts I" into the press' re iteration.

C. Component Boundary Conditions

Various types of boundary conditions may be used at the ends of the one-dimensional compo-
nent meshes. Prescribed velocities or pressures, together with densities ard temperatures, may
be used to represent inlet and exit conditions. For example, a guillotine break in a reactor system
pipe can be represented by assigning the ambient pressur: in the containment structure to the
end of the pipe. The closed end of a pipe or a closed valve is a common boundary condition re-
quiring a prescribed velocity of zero. Other boundary conditions that can be specified are un-
ifarm or gradient-free outflow and periodic boundaries in which the Hottom and top of a compo-
nent are joined together. As described in Sec. [I, abrupt area changes in axially aligned pipes can
be approximated through the variable area terms in the equations of motion. However, when the
pipes are joined together in elbows or when more than two flow regions are coupled at a common
junction, special coupling equations must be solved to get the appropriate boundary conditions
for each comporent.

All component boundary conditions are located in subroutines BC and JCTPIP, which make
changes or additions an easy task. The conditions available in these subroutines will be il-
lustrated by considering only the JBO (bottom) end of a component. The j = JT1 end conditions
are analogous.

1. Prescribed Velocity. A prescribed zero velocity for u(JB1) at the bottom of component I is
obtained by setting LBOT(I) = 1 or 2. A nonzero or time-varying prescription can be obtained
easily by a modification to subroutine BC. When u(.JB1) is not zero, one must also define values
for the pressure PB(M), the void fraction THB(M), and the temperature TEMB(M) as boundary
data set M, and assign MBOT(I) = M.

2. Uniform Outflow. A uniform or gradient-free outflow boundarv condition at the bottom
boundary of component I can be specified by setting LBOT(I) = 3. Use of this boundary condi-
tion requires the adcitional specification of PB(M), THB(M), TEMB(M), and the assignment of
MBOTI(I) = M.

3. Periodic Coupling. The top and bottom boundaries of component [ can be joined together
through the pericdic boundary condition specified by setting LBOT(I) = 4.

4. Prescribed Pressure. When pressure is prescribed at the JBO end it must be for cell JB1.
The u(JBO) is set equal to u(JB1) so that fluid can flow freely into or out of the specified pressure
region. Values must be specified for PB(M), THB(M), ana TEMB(M) with MBQT(I) = M. This
boundary condition is activated by setting LBOT(I) = 5.

5. Coupling Two or More Components. This boundary condition is less well defined than the
preceding ones because the multidimensional effects that occur at a junction, where several one-
dimensional regions join, cannot be inciuded in detail. The following description outlines the for-
mulation now available in SOLA-LOOP to couple components into a network.



D. Mesh Construction for a Junction Cell

A junction cell is a three-dimensional rectangular control volume that can join up to four com-
ponents in a plane, as shown in Fig. 2. The planar dimensions of junction cell K are ix, and dy,.
Flow in the third dimension is not permitted. This restriction allows the use of a two-dimensional

LANG(1)=4, KTOP(1)=K

JT12
LANG(1)=1
J12 5 Yk JT2
KTOP(1)=K i
JT2
LANG(1)=2, KTOP(I)=K
LANG(!1)=2, KBOT{i)=K
JB2
LANG(1)=3
JB2 5 Y JB2
KBOT(1)=K : X —
JB2

Fig. 2.
Junction cell ortentation for component coupling.
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LANG(!)=3
KTOP(1)=K

LANG(1)=1

KBOT(1)=K




rather than a three-dimensional solution algorithm for the junction cell. A one-dimensional com-
ponent may be attached perpendicular to any of the four faces of the junction. but only one com-
ponent is allowed per face and components opposite one another must have the same cross-
sectional areas at the junction. If no components are attached to a given junction face. it is
treated as a rigid wall boundary. The quantities LANG(I), KBOT(I), and KTOP(I) (Fig. 2)
provide the information that identifies which component ends are connected to which junction
faces.

The coupling of a junction cell and two or more components is accomplished by making the
junction ceil the neighboring cell to the JB2 or JT2 cells that belong to the adjoining ends of the
components. The JB1 or JT1 fictitious cells at the adjoining ends overlap the junction cell. The
centers of the overlapping cells coincide with the center of the junction cell so that cell-centered
quantities in the junction cell and cells JB1 and JT1 are identical. Furthermore, the boundaries
of the overlapping cells on which velocities are stored coin~ide with the boundaries of the junc-
tion cell so that velocities on the common boundaries are identical.

E. Solution Algorithm for a Junction Cell

Junction cell value are calculated using the two-dimensional analogues of the one-
dimensional equations . motion, Egs. (2.1)-(2.4). Likewise, the difference equations for junction
cells are the two-dimensional counterparts of the one-dimensional finite difference equations.
The only instance in which the two-dimensionality is not maintained is in the cross convection of
momentum. Because a one-dimensional compeonent can have momentum only in its axial direc-
tion, we cannot allow momentum entering the right or left side of a junction to be convected into
components connected to the top or bottom of the junction.

The planar dimensions éx, and dy, of junction cell K are calculated automatically by the code
from the adjoinirg component cross-sectional areas and cell sizes. The junction cell size is
calculated to provide comparable resolution to that in the adjoining components. To ensure the
coincidence between the junction and fictitious cell centers and boundaries, an additional seg-
ment is added automatically to the end of the component that adjoins the junction cell. This ad-
ditional segment contaias the required one or two fictitious ceils, depending on which end of the
component it is added to, and one real cell. Inclusion of this real cell, however, slightly increases
the component's overall length. If this is of concern, one can obtain a better approximation of the
actual length by specifying input data that are one cell short of the desired length (twe cells short
if junctions exist at both ends of the components).

The subroutines used to update the junction variables are similar to those used to update com-
ponents. The implicit pressure iteration is performed in PITERJ, and the remaining variables
are updated in UPDAT.J. Before entering the junction part of a calculation, junction boundary
conditions are computed from the attached components in the subroutine PIPJCT. After the
junction computations are finished, their new values are used to get new bc._rary conditions for
the attached components by subroutine JCTPIP.

F. Variable Time Steps and Subeycling

Network systems often contain low-speed flow with slowly varving properties in one region and
high-speed flow or flow that requires a finely detailed description in another region. The variable
time stepping and subcycling provisions in SOLA-LOOP are designed specitically for such
systems to provide efficient and accurate calculations.
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SOLA-LOOP contains provisions that allow the use of cdifferent time steps for integration in
each component and jurction cell in the network. Because the time steps can be significantly dif-
ferent in the various components, one component may be integrated several time steps to keep
pace with one time integration in another component. This subcycling feature provides the time
integration accuracy only where it is specifically needed, which significantly enhances the
overall computational efficiency. The time steps are determined by numerical stability require-
ments and other user-specified conditions.

For numerical stability the time step in each component and junction is limited by the flux
criterion that udt/dvisx) < 1.0/STABC, where typically STABC = 4. The time steps determined
according to this criterion in subroutine TIMCT are then increased or decreased by 1%. The
direction of this adjustment is determined by the relative ease of the previous time integration of
the system. If fewer than five system iterations were required, the time steps are increased;
o:herwise, they are decreased. The time step for the system generally is closely related to the
maximum time step determined for the components and junctions. The system time step
DELTQis not a coi1putational time step, but rather provides a time level toward which all the
components and junctions are integrated simultaneously. The system time step is increased or
decreased by 1%, based on the relative ease of the previous system integration and the number of
subcycles used. The system time step is increased if the number of subcycles is fewer than that
specified as NSUBDT, otherwise it is decreased.

IV. INPUT DATA, COMMON VARIABLES, AND SUBROUTINES AND FORTRAN
FUNCTIONS

The input data, COMMON variables, and subroutines and FORTRAN functions in SOLA-
LOOP are listed and described in this section. The input quantities are tabulated and defined
separately; they also appear in the COMMON variable lists and are identified there simply as an
input quantity. The descriptions of the input and COMMON variables, although brief,
hopefully will assist the user in relating the methodology, described in Sec. III, to its implemen-
tation in the code.

A. Input Data

Default FORTRAN  Algebraic
Value Symbol Symbol Definition
1.0 ALPHA a Parameter that determines the
amount of upstream dinerencing
in the convective flux terms.
Lqual to one gives full donor
cell differencing.
1.23¢ x 10* ASQ i Scouare of the speed of sound
for the liquid phase.
10* BNUM N Representative bubble (or droplet)

number density per cubic centi-
meter used in phase change and
interfacial friction model.



Default FORTRAN  Algebraic
Value Symbol Symbol Definitior

0.50 CDG Ca Drag coefficient used in the
interfacial friction model

0.0 CFRL(LIS) f, Local flow loss coefficient for
component [, segment IS [see
Eqgs. (2.18) and (2.20)].

1.0 CFRS(LIS) . Number of flow passages
through component [, segment
IS.

44.34 CHL C, Coefficient of the linear term
in the liquid internal energy
function.

0.0129 CHLI1 Cp Coefficient of the quadratic
term in the liquid internal
energy function.

6.67 CHV Ky Similar to CHL but for the
vapor energy function.

0.0302 CHV1 Cu Similar to CHL1 but for the
vapor energy function.

100.0 DELSTP - Time interval in milliseconds
between mass flux prints.
1.0x 10°* DELT Bt Starting time step for
the calculation.

5.0 DFVEL - Program control parameter that
determines whether the rela-
tive velocity is to be calcula-
ted (DFVEL = 1.) or set to zero
(DFVEL =0.,.

0.0 DPRST - Print delay interval, output
begins at time T = TSTART +
DPRST.

500.0 DTWPRT - Time interval between succes-
sive prints (subroutine DIAG).

0.0 DXS/LIS) ix Radius of component [, segment
IS.

0.0 DYS(LIS) dy Cell length in component I,

segment [S.
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Default
Value

FORTRAN Algebraic
Symbeol Symbol Definition

4.174 x 10¢

2.506 x 10¢

1.6 X 10-*

1.6 X 10~

1.76 x 10*

0.001

10

0.07

0.0

1.0

ECL E, Constant in the liquid internal
energy function.

ECV E. Similar to ECL but for the
vapor energy function.

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

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

ELHT A Latent heat of vaporization.

EPSI ¢ Pressure iteration convergence
test parameter.

ETEM Liquid and vapor phases are
maintained at equal temperatures
if ETEM = 1.0, if ETEM = 0.0,
the vapor temperature is maintained
equal to the saturation temperature
at the local pressure.

GAM1 (y-1) Parameter in the equation of
state.

GYS(LIS) gy Component of gravitational
acceleration in component .
segment IS.

IDXS(LIS) IDXS(LIS) = 1 when the hy-
craulic radius and the geome-
tric radius DXS are the same in
component [, segment [S. Otherwise,
IDXS (LIS) = 2 and the user must
furnish the appropriate hydraulic radius
in function DEMXC.

IMP Program control paramet :r whose
value determines whether an im-
plicit (IMP = 1) or explicit
(IMP = 0) solution method is
used.



Default FORTRAN Algebraic
Value Symbol Symbol Definition

1 JMHI(I) Determines the index JMH of the
last cell whose edge quantities

are to be computed in component
I.JMH = JT1 - JMHII).

1 JMLID) Determines the index JML of the
first celi whose edge quantities

are to be computed in component
[.JML = JBO + JMLI(D.

1 JPBI(I) Determines the index JPB of the
first cell whose centered quan-
tities are to be computed in
component [, JPB = JB1 +
JPBI(I).

1 JPTII) Determines the index JPT of the
last cell whose centered quan-
tities are to be computed in
component i. JPT = JT1 -
JPTIT).

0 KBOT() Number of junction connected
to the bottom of pipe I. A zero
value indicates an isolated end.

0 KTOP(I) Number of junction connected
to the top of pipe [. A zero value
indicates an isolated end.

0 LANG(D) Parameter that indicates the
orientation of component |
(see Fig. 2).

0 LBOT() Parameter that indicates the
type of boundary conditions to
be applied at the bottom of
component [ when it is an
isolated end (see Sec. [II C).

0 LTOP(I) Similar to LBOT(]) except
for an isolated top ond.

0 MBOT() Parameter that specifies the
boundary data set (if appli-
cable) for the bottom end of
component [.
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Default
Value

FORTRAN  Algebraic

Symbol

Symbol

Definition

1.0

1.0

0.0

0.0

0.0

€.0

0.958

4.0

10#°

MTOP(I)

NJS(LIS)

NSUBDT

OMG

PHCH

PB(M)

PII)
QJS(LIS)

RG
RL

STABC

TBRA(N)

P¢°

Similar to MBOT(I) except for
the top end of component .

Number of real cells in com-
ponent [, segment 1S. NJS
values adjusted in sub-
routine INPUT automatically
account for fictitious cells,

as required.

Desired number of subcycles
(see Sec. [IL.F).

Relaxation parameter for the
calculation of 4p in the pres-
sure iteration. A value of
OMG = 1.7 often improves the
rate of convergence for low
Mach number flows.

Parameter whose value deterniines
whether phase change is computed

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

Pressure associated with bound-
ary data set M.

Initia! pressure in component [.

Rate of change of internal
energy density in component I,
segment IS caused by heat
addition.

Pipe wall roughness.

Microscopic density of
the liquid.

Stability control constant in
time step determination,
At S 1/STABC éy/u.

Time at which calculation
is to be interrupted and
input data changed.



Default FORTR .Y  Algebraic
Value Symool Symbol Definition
373.0 T 1o Reference teraperature for
liquid and vapor internal
energy functions.
0.0 TEMB(M) Temperature associated with
boundary data set M.
0.0 TEMII) . Initial temperature for
component [.
0.0 THB(M) . Void fraction associated with
boundary data se* M.
0.001 THC f. Void fraction below whicii the
fluid is treated as pure liquid.
0.0 THID) Initial void fraction for
component [.
0.0 TSTART Initial time for the problem.
10¢ TWFIN - Time when the problem is
complete.
0.0 TWSTP - Time at which mass flux prints
begin.
0.0 VIS(LIS) Initial velocity in compo-
nent [. segment IS.
3.0x10°* VISL vy Kinematic viscosity of
the liquid.
2x10"* VISV vy Kinematic viscosity of
the vapor.
B. COMMON Variables
FORTRAN Algebraic
Symbol Symbol Definition
ALPHA @ Input quantity
ASQ al Input quantity
BNUM N Input quantity
CDG Cq Input quantity

[
.



FORTRAN Algebraic

Symbol Symbol Definition

CHL C, Input quantity

CHLI Cu Input quantity

CHV Cy Input quantity

CHV1 Cwi Input quantity

CPl r Constant =

CYCLE Counter advanced by one for each minimum
time step calculated.

DELSTP Input quantity

DELT st Input quantity

DELTOQ System time step—usually equal to NSUBDT x DTMN.

DFVEL Input quantity

DPRST Input quantity

DTMN Smallest time step for components and junctions.

DTWPRT Input quantity

ECL E, Input quantity

ECV E, Input quantity

EDL Input quantity

ED. Input quantity

ELHT A Input quantity

EPSI ¢ Input quantity

ETEM Input quantity

FLG Iteration logic control flag.

GAM1 (y-1) Input quantity

IBREAK Counter for number of interrupts (o change
input data.

IL Total number of components.

IMP Input data

ISTEP Counter for number of subcycles to advance
solution one system time step.

ITER Counter for number of iterations between junctions

and components to achieve convergence during one
system time step.

JBO Index of first fictitious cell at bottom
of a component.

JB1 Index of second fictitious cell at bottom
of a component.

JB2 Index of first real cell at bottom of a
component.

JMH Index of last cell whose edge quantities are computed
for a given component.

JML Index of first cell whose edge quantities are computed
for a given component.

JPB Index of first cell whose centered quantities

are computed for a given component.



FORTRAN  Algebraic

Symbol Symbol Definition
JPT Index of last cell whose centered quantities
are computed for a given component.
JT1 Index of fictitious cell at top of a component.
JT2 Index of last real cell at top of a component.
KDO Index for adjacent cell's edge quantities when

top ot component | is conpled to the junction and
LANG(I) = 1, or when bottom ot component | 1s
coupled to the junction and LANG(I) = 3.

KMO Index for adjacent cell's centered quantities when
top of component [ is coupled to the junction and
LANG(I) = 1. or when bottom of component [ is
coupled to the junction and LANG(I) = 3.

KOD Index for adjacent cell's edge quantities when
top of component [ is coupled to the junct‘on and
LANG(]I) = 2, or when bottom of component [ is
coupled to the junction and LANG(I) = 4.

KOM Index for adjacent cell's centered quantities when
top of component | is coupled to the junction and
LANG(I) = 2, or when bottom of component [ is
coupled to t*2 junction and LANG(]) = 4.

K0o Ir.dex for cell’ . centered quantities in the
junction ¢ ‘1.
KOP Index for ac jacent cell's centered quantities when

top of component I is coupled to the junction and
LANG(I) = 4, or when bottom of component | is
coupled to the junction and LANG(I) = 2.

KoU Index for adjacent cell's edge quantities when top of
component [ is coupled to the junction and LANG(I) = 4,
or when bottom of component [ is coupled to the junction
and LANG(I) = 2.

KPQ Index for adjacent cell's centered quantities when top of
component I is coupled to the junction and LANG(I) = 3,
or when bottom of component [ is coupled to the junction
and LANG(I) = 1.

KL Total number of junctions.

KTQU Logic control parameter; KTOU = 1 if there are no
junction cells; otherwise, KTOU = 2.

KUQ Index for adjacent cell's edge quantities when top

of component [ is coupled to tne junction and LANG(I) = 3,
or when bottom of component [ is coupled to the junction
and LANG(I) = 1.

ML Total number of boundary data sets.

NSUBDT Input quantity

OMG Input quantity




FORETRAN  Algebraic
Symbol Symbol Definition
PHCH - Input quantity
PNV 437N
PRST Input quantity
RG k Input quantity
ROL ' Input quantity
SDTC - Internal time step control parameter similar
to STABC.
T Problem time
TC T, Input quantity
THC f. Input quantity
THC1 1.0-9,
TIMA - Advanced system time toward which time step controller
attempts to bring all junction and component times.
TSTART Input quantity
TWFIN Input quantity
TWPRT - Problem time for next print.
TWSTP Input quantity
VISL v Input quantity
VISV vy Input quantity
BETA(J) (OF/dp), ' Recriprocal derivative of pressure
tunction given by Eq. (3.3).
BETAK(K) (3F/dp), ' Similar to BETA(J) but for junctions.
DTIM(D St Time step for component .
DTIMK(K) 1 Time step for junction K.
DXK(K) 6%« Dimension of junction cell K.
DXKC(K) Temporary storage for value of DXK(K).
DYK(K) 0¥ Dimension of junction cell K.
DYKC(K) Temporary storage for values of DYK(K).
E(h 15 Time n + 1 specific internal energy for
component cells.
EB(M) . Specific internal energy for boundary data set M.
EINC(D Initial specific internal energy for component I.
EK(KI B Time n + 1 specific internal energy for junction K.
EKC(K) Initial specific internal energy for junction K.
EN(D 3 Time n specific internal energy for component
cells.
ENKI(K) It Time n specific internal energy for junction K.
GAM(K) - Geometry dependent computational parameter
for junctions.
IBOT(D) Logic control parameter for bottom end of
component [; IBOT(I) = 1 for an isolated
end and 2 if end is coupled to a junction.
ITOP) Similar to IBQT(I) but for top end of component L.
JCEL(D Number of cells in component I, including the

three fictitious ceils.



FORTRAN  Algebraic
Symbol Symbol Definition
JMHI(I) Input quantity
JMLI(D) Input quantity
JPBI(I) Input quantity
JPTII) Input quantit
JREF(I) Reference value used to calculate value of JBO
for component .
JSF(J) Single subscript used to obtain doubly
subscripted quantities.
JSXI(I) Number of segments in component [.
KBOT() -- Input quantity
KTQP(K) Input quantity
LANG(I) - Input quantity
LBOT() - Input quantity
LTOP(I) “e- Input quantity
MBOT() . Input quantity
MTOP(I) Input quantity
P(J) P Pressure (or component cell J.
PB(M) Input quantity
PKIN) Pressure (five per junction) associated with
junction K.
PI(I) - Input quantity
ROJ) ) Time n + 1 mixture density for component
cell J.
ROB(M) - Mixture densit: for boundary data set M.
ROINC(D) . Initial mixture density for cells in
component [.
ROK(N) Time n + 1 mixture densities {five per
junction) associated with junction K.
ROKC(K) Temporary storage for initial mixture
density in junction cell K.
RON(J) 2l Time n mixture density for component
cell J.
RONK(N) ok Time n mixture densities (five per junction)
associated with junction cell K.
RV(J) (pv)7™! Time n + 1 macroscopic vapor density for
component J.
RVB(M) Macroscopic vapor density for boundary data set M.
RVINC(D - Initial macroscopic vapor density for cells n
component I.
RVK(N) (pe)B*! Time n + ! macroscopic vapor densities (five per
junction) associated with junction cell K.
RVKC(K) - Temporary storage for initial macroscopic
vapor densities in junction cell K.
RVN(J) 1pv)? Time n macroscopic vapor density for

component cell J.



FORTRAN Algebraic

Symbol Symbol Definition

RVNKI(N) .- Time n macroscopic vapor densities (five per
junction) associated with junction cell K.

TBRA(I) - Input quantity

TEMB(M) Input quantity

TEMI(I) Input quantity

TEMKI(K) Input quantity

THBM) Input quantity

THI(D - Input quantity

THK(K) - Input quantity

TIM(I) Time level for component [.

TIMK(K) Time level for junction K.

ViJ) uj*! Time n + 1 center of mass veiocity for
component cell J.

VD(J) (u,)?*? Time n + 1 relative velocity for
component cell J.

VDKI(N) - Time n + 1 relative velocities (four per junction)
associated with junction cell K.

VK(N) - Time n + 1 center of mass velocities (four per junc-
tion) associated with junction cell K.

YN(J) uf ", me n center of mass velocity for
component ce _J.

VNKI(N) Time n center of mass velocities (four per junc-
tion) associated with junction cell K.

VP(J) T, Vapor production rate for component cell J.

VPKI(K) Vapor production rate for junction cell K.

WT(J) -- Wall temperature for component cell J.

CFRS(LIS) - Input quantity

DXS(LIS) bx, Input quantity

DYS(LIS) by, Input quantity

GYS(LIS) g2 Input quantity

IDXS(LIS) Input quantity

NJIS(LIS) Input quantity

QJS(LIS) Q, Input quantity

VIS(LIS) Input quantity

(. Subroutines and FORTRAN Functions

ADVANCE

ARAV
BC

BREAK
DEMXC

DIAG

Control program to advance calculation one time step.

Defines cell center and adge cross-sectional areas.
Implements specified boundary conditions.

Controls calculation interrupt for specification of new input data.
Defines hydraulic radius for components.

Control program for printing comporent and junction ceil solution quantities.



DIAGA Control program to print component times and time increments

LIAGB Control program to print mass tluxes at component ends.

DRIFT Calcuiates relative velocity between phases.

ELCAL Calculates liquid internal energy.

EVCAL Calculates vapor internal energy.

FRIC Calculates effects of distributed and local friction.

INFNC Calculates initial state-equation variables.

INPUT Sets defauit values, reads and prints input data.

JCTO Initializes junction cell data storage arrays.

JCTPIP Shifts updated junction cell variables to appropriate componer:! cell data arrays.

JSET Sets indexes requirad for component cell computations.

KSET Sets indexes required for junction cell computations.

LOGCPR Prints program logic control and storage index parameters.

PCAL Computes pressure from equation of state.

PIPJCT Shifts updated component cell variables to appropriate junction cell arrays.

PITERJ Determines n + 1 pressures and velocities for junction ceils by an iterative procedure.

PITERP Determines n ~ 1 pressures and velocities for component cells by an iterative procedure.

PSET Sets component and junction cell pressure arrays from equations of state—used with
explicit soiu.on method.

PUMP Provides capability for specifying a pump model.

RBBNCAL Calculates bubble (or droplet) radius from number density and void fraction.

RBWNCAL Calculates critical bubble (or droplet) radius from Weber number.

RESET Resets cell data arrays for next time step and com putes relaxation coefficient OF ‘dp.

RVCAL Computes vapor density from vapor equation of <tate.

SETUP Sets program constants, initializes celi variab'+ rrays, and prints processed quantities,

SPCAL Computes saturated pressure from temperatu s .

STCAL Computes saturated temperature from press:. re.

TEMC Cemputes fluid mixture temperature.

THCAL Computes void fraction from equation of state for § < 4.

T'LDE Computes time n + 1 velocity estimates for all cells.

TINCT C mputes time steps for all components and junctions.

VDA TAL Computes momentum exchange function.

VDKrCAL  Computes derivative of momentum exchange fu: n with respect to relative velocity.
VPRO Computes vapor production rate.

V. EXAMPLE PROBLEM

To verify proper implementation of the SOLA-LOOP code on a user's computing system, an
example problem is included. A schematic of the problem geometry is shown in Fig. 3. A cons-
tant pressure pump (p = 7.5 MPa) induces flow of a 500 K liquid through a single branching
system into a pressurized vessel (p = 7.0 MPa). The flow is calculated until steady state is
achieved. A guillotine break is then made in one of the line branches at its vessel connection and
a portion of the blowdown transient is calculated. Figure 4 shows the dimensions and com-
putational zoning for the pipe system, which contains three components and one junction. The
bottom end of component (pipe) 1, which is connected to the vessel, is treated as an isolated end
with a constant pressure outflow boundary condition. At the time of the break the houndary con-
dition will be changed to ambient conditions to reflect the pipe’'s separation from the vessel. The
top end of pipe 1 and the hottom ends of pipes 2 and 3 are connected to the junction. The top end
of pipe 2 remains connected to the vessel during the entire calculation and is described by an
isolated constant pressure outflow boundary. The top end of pipe 3 is treated as an isolated cons-
tant pressure inflow boundary to simulate the pump.
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Fig. 3.
Single loop system geometry for example problem,

The input data that specify the problem are as follows. Recall that the pipe cells adjacent to
the junction are furnished automatically by the code to provide a compatible coupling with the
automatically sized junction cell.

)

P=7 J MPa

DXS(1,1) = 3.5 DXS(1,2) = 5.0 DXSi2,1) =5.0
DXS(2,2) =35 DXS(3,1) =75 DYS(1,1) =5.25
DYS(1,2) = 2255 DYS(2,1) = 22.5 DYS(2,2) =5.25
DYS(3,1) = 23.75 EDL = 1.36 X 10-* EDV = 1.67 x 107

ELHT =183 x 10* KBOT(2) =1 KBOT(3) =1
KTOP(1) = 1 LANG(1) =2 LANG(2) =2
LANG(3) = 1 LBOT(1) =5 LTOP(2) = 5
LTOP(3) =5 MBOT(1) =1 MTOP(2) = 1
MTOP(3) = 2 NJS(1,1) =5 NJS(1,2) = 4
NJS(2,1) =4 NJS(2,2) =5 NJS@3,1) =8
NSUBDT =5 PB(1) = 70.0 PB(2) = 75.0
PI(1) = 72.0 PI(2) = 72.0 PI(3) = 73.0

RG = 0.05 ROL = 0.83 TBRA(1) = 2000.0

TEMBI1) = 500. TEMBI(2) = 500. TEMI(1) = 500.
TEMI(2) = 500. TEMI(3) = 500. TWFIN = 3000.
VISL=14x10"* VISV =12 x 10°*

At 2.0 s, when the break in pipe 1 occurs, the input data are changed to include the foilowing
values.

DELT=10x10"* MBOT(1) =3 PB(3) = 1.0
TEMB3) = 373. THB(3) = 0.995

The input data and other processed data and logic control parameters are listed in Table [ as
part of *he standard output. Note that the size and initial data for the junction cell have been
determined automatically by the code. Also note that an additional segment has be:n added to
the top of pipe 1, which contains one real and one fictitious cell. This additional real cell aiters
the pipe length slightly and the user should be cognizant of this in the input data specificatios.
Additional segments are similariy added to the bottom ends of pipes 2 and 3. These segments
each contain two fictitious ceils and one real cell. The data that specify the initial states in the

30
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Structure of the computing mesh for example problem
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components and junctions are printed in Table II as the CYCLE = 0. TIME = 0 solution. The
solution after one svstem time step is given in Table III to provide the user with an immediare
check. The steady state solution at 2 s just before the break in pipe 1 is given in Table [\ The
solution durir.g the blowdown transient at 0.5 s after the break is given in Table \

3



TABLEI

EXAMPLE FROBLEM INPUT DATA

PROBLE™ "ITLE « COOE CENTER EXAMPLE JULY 66,1978 SOLA-LOOP
INPUT CONSTANTS
ALPHA = 1 . 000LOV0E+00
ASQ = | .23%0000E«0%
NUM = | 0000000E +0%
CDG = 5.0000000€-01
CHML = % 43%0000E+01
CMLl = | .2900000€-02
CHY = 5.6700000E+00
CHVl « 3. 0200000€-02
CPI =  3.1%1%927€+20
DELT = | .0C0000CE-03
DELSTP » 1.0000000€+02
OFVEL = 0.
OPRST « 0.
OTWPRT » $.0000000€ ~02
ECL = «. 17%0000E+03
ECv =  2.5060000€+0%
EDL = 1.4200000€-06
€DV = | .6800000E-07
ELWT = | B73C000E+0%
EPSI = |.0000000E-03
ETEM « | .0000000E+00
GAMI =  7.0000000€-02
IMP = | .0000000€+00
NSUBDT = 2
OMG = | .0000000E+00
PHCH = | .0000000E+00
RG « +.0000000€-03
ROL = 8 .4S4“0000E-0!
STABC = . 0000000€+00
TC » 3.7300000€+02
THC = | .0000000€-03
TSTART = O,
T IN = 2 .6000000€+03
TWSTP » 0.
vISL = | .5000000€-06
VISV = | .8000000€- 0%
BOUNDARY CONDITION INPUT Mmoo 3
™ TEMS P8 T8

! «.8900000E+02 7.2000000E+01 0O
“.8900000€E+02 7.S000000€E~0! O
3.7300000E+02 1|.00C0000E+00 9.3%00000E-01

-
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PIPE INPUT

JCEL LANG USXI

‘

JOINT QUANTITIES

4 .8900000€E+02 7.2000000E+0!
2 +.8900000€+02 7.2000000€+0!
7.2000000€+01

TEMI

“+ 8900000€+02

oK

2.2%00000€+01

M.SH DEPENCENT PROPERTIES

JS NJS 1DXS
1 ? 1
2 “ 1
3 2 1
1 3 1
2 - 1
3 ] ]
i 3 1
4 9 1

PROCESSED

TEME

.8900000E ~0e

8900000€+02

.7300000E+02

TEMI

.8900000€ +02

8900G0CE 02

.8900000€-02

TEMK

890000CE+~02

3.500000€+00
$.000000€-00
S.000000€E+00
S.000000€+00
5.000000E+00
3.500000€+00
7.500000€ +00
7.500000€+00

INITIAL STATE

~4

oxs

P8

2000000E-0!

.5000000E+01
.0000000E-0C

Pl

.2000000€+01
.2000000E+C!

2000000E+01

oy

-2000000€E+01

TABLE 1 (cont)

TEMK

0.
0.
0.

™!

K

« 8900000E+02 7.2000000E+0! 0

5.2%0000€+00
2.2%0000€+0!
2.2%0000€+01
2.2%0000€+01
2.2%0000€E+01
5.2%0000€+00
1.000000E+01
2.375000€E+0!

0.
0
9.

ors

cooocoocooo

VARIABLES

™8

3500000E-0!

™I

L=l

THK

vIis
0.
0.
0.
0.
0.
0.
0.
0.
ROB
8.4865%06E-0!
8.4889717€-01
.. T79%2101E-03
ROINC
8. +BES40GE-0!

8.4865-06E-01
9.4865«06E-01

RCKC

8.4865406E-C!

T

GYS

"

D o -

CFRL
o.
0
0.
0
0.
0.
0
0.
ve €8
2114162E-05% 9
211I62E-0% 9
672:!012€-2« 6
RVINC
21i41626-0% 3
1.2119162E-0%5 9
1.211%162E-0% 9
Rvwl
1.211%]82E-05 9

CFRS

. 14«0300€E+03
144J300E~-03
.64S0537€+03

EINC

. 19%0300E-0C3
1%%080NE~C3
14%Q800E~03

m
A
O

{we0900E+03

000000E+00
.0000C0E~C0
.D0CI00E~C0
.000U0CE~00
.00C000E+00
.000000E+00
.000G00E~CO
.000000E-C0

aus

0.

0.

0.

0.

0.

0.

0.

o.

JSX1 JCEL
< e
3 i3
2 1

33
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LOGIC PRINT

JREF JCEL Ml
b 13 l
13 13 !
28 12 i

1 1 1
i e I
1 3 i
I - 1
1 -] i
i 8 i
} 7 1
2 8 I
2 9 1
e 10 1
2 1 1"
3 ie 1
3 13 21
1 s 2
! 13 2
1 16 2
2 17 2
2 18 12
e 19 12
e 20 12
3 21 @22
3 22 &
3 23 a2
3 v 22
3 & 2
3 26 22
1 27 3
1 28 3
1 29 3
2 30 13
e 3 13
e 3 13
e N i3
2 WM 13
e 3% 13
2 3% 13
2 3 13
2 38 13

S|

TABLE I (cont)

Bl JPT| XBOT XTOP LBOT LTOP MBOT MTOP UB!

1 ) 0 1 S 0 1 0 2
I 1 I 0 0 S 2 1 18
I 1 1 o '} S 0 2 28

JT1

180T iTOP
1 2
2 1
2 I



TABLEII

EXAMPLE PROBLEM INITIAL DATA

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6,1978 SOLA-LOOP
ITER= 0 TIME= 0. DELTO= |.00000E-03 OTMN= | .00000E-03 CYCLE= 0 ISTEP= 0
TiMC 1)=-] 0000CE-06 DTIM( |)= 0. TIM( 2)=-].00000E-06 OTIM( 2)= 0.

TiMt 3)=-]1.00000E-06 OTIM( 3)= Q.
TIMK( 1)=-] . 00000E-06 OTIMK( 1i= Q.

| J v vD = RO vP

| 2 0. 0. 7.2000€+01 8.4865E-01 0

1 3 0. 0. 7.2C00€+01 8.4865E-01 0.

1 - 0. 0. 7.2000E+01 8.486%€E-0! 0.

1 S 0. 0. 7.2000E+01 8.4865E-01 0.

i ] 0. 0. 7.2000E+01 8.4865E-01 0.

1 7 9. 0. 7.2000E+0! 8.4865E-01 0.

1 8 0. 0. 7.2000E+01 8.4B6SE-01 0.

1 9 e. 0. 7.2000E+01 8.4865E-0! .

1 10 0. 0. 7.2000E+01 8.4B65E-01 0.

1 -1} 0. 0. 7.2000E+01 8.4865E-01 0.

1 12 0. 0. 7.2000E+01 8.4865E-01 0.

1 13 0. 0. 7.2000E+01 8.4865E-0! 0.

H J RV £ ™ TEM TSAT WT
1 e 1.2114€~-05% S. 1IN 1E+03 -3.8348E-03 % .8900E+02 5.6092€E+02 0.
1 3 1.2114E-0% 9. 1844 1E+03 ~3.8348BE-03 % .8900E+02 S.6092€E+02 0.
1 B 1.211ME-08 9. 144 1E+03 ~3.8348E-03 % .8900E+02 S.6092E+02 0.
1 - 1.2114€-05 9. 144 1E+03 -3.8348E-03 “4.8S00E+02 S.6092E+02 0.
1 6 1.211+E-05 9. I441E+03 ~3.834BE-03 “4.8300E+02 5.6092E+02 0.
1 7 1.2114€-05 3. 14 1E+03 -3.834BE-03 “.8S00E+02 5.6092E+02 0.
I 8 1.2114€-0% 9. I441E+03 -3.8348E-03 “4.8900E~02 S.6092E+02 0.
l 9 1.2114€-0% Q. |W1E+03 -3.8348E£-03 4.8900E+02 5.6092E+02 0.
1 10 1.2114€-05 9. I1441E+03 -3.8348E-03 4 .B900€E+02 5.6092E+02 0.
1 11 1.2114E-0% 9. 144 1E+03 ~-3.8348E-03 “.8900E+02 5.6092€+02 g.
1 12 1.2114€-0% 9. 144 1E+03 ~3.834+8E-03 4.8900E+02 S.6092E+02 0.
1 13 1.2114E-0% 9. 144 1E+03 -3.8348E-03 4.8900€+02 5.6092€+02 .
i J v vD P RO VP

e 19 0. 0. 7.2000E+91 8.4865E-0! 0.

2 186 0. 0. 7.2000E+01 B8.4865€E-01 0.

2 17 0. 0. 7.2000€+01 8.4865E-01 0.

2 18 0. 0. 7.2000E+0! 8.4865E-0! 0.

2 19 0. 0. 7.2000E+01 8.4865E-01 0.

e 20 0. 0. 7.2000E+01 8.4865E-01 0.

e 2l 0. 0. 7.2000E+01 8.4865E-01 0.

e e2 0. 0. 7.2000E+01 8.4865E-01 0.

e 23 0. 0. 7.2000E+0! 8.486SE-01 Q.

e 2av 0. 0. 7.2000E+01 8.4865E-01 0.

e 25 0. 0. 7.2000E+01 8.4B65E-0! g.

2 @26 0. 0. 7.2000E+0! 8.4865E-01! 0.

I J RV E T TEM TSAT WT
2 15 1.2114€-0% 9. 1M E-03 -3.8348€-03 4.8800E+02 S.8092E+C2 0.
2 16 1.2114€-08 9. IWH1E+03 ~-3.8348E~-03 “+.89C0E-02 S.6092€ 02 0
2 17 1.211%€-08 9. 1N E+03 -3.P_4BE-03 % .8S00E-~02 5.8092€+02 g.
2 18 1.2114€-0% 9. 144 1E+03 -3.834%8BE-03 “.880CE~02 5.6082E+02 0.
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o
1

2l1s=2%
.21 14E-0%
.2114E-0%
.211%E~-0%
2114E-0%
.2114E-0%
,2114€E-08
.2114E-05
v

- e . . e e e

oo ooovooo0oooo

RV
21 14E-05%
L2114E-05
21 14E~-08
.2114€E-05
.21 14E-0%
.21 14E-05
.21 14E~-0%
.21 14E-08%
L2114E-0%
.2114E-05
.2114E~08

il i R Sy S ———

P
7.2000000E+01

IS4 1E+03
AW IE«03
144 1E«D3
144 E«03
144 1E+03
199 1E+03
1N E-D3
LI441E+03

vD

VOWwWLwLwwww

oo oo oobooooo o

3
184 1E«03
I8N IE«Q2
LINMIE-D2
LMY IE«03
AWM 1E+03
. IN41E+03
.I4Y1E+03
194 1E-03
.IWNE+03
19N 1E«03
CIN41E+D3

OWODOVODVVDWOLWW

RO
8.4865S406E-01

TABLE Il (cont)

-3

=3,
-3
=%
+3.
=
-3.
3

NN NNN

~

-3.
-3.
-3.
-3.
-3.
-3,
-3.
-3.
-3.
-3_
-4

B8348BE-03
B8348E-03
8348E-03
834BE-03
B34BE-03
B8348E-03
8348€-03
B348E-03
P

.2000E+0!
.2000E+0!
.2000E+01
.2000E+01
.2000E+01
.2000€E+01
.2000€E+01
.2000E+0!
.2000€E+01
.2000E+01
.S000E~0!

™
8348E-03
8348E-03
8348E-03
8348E-03
B8348E-03
8348E-03
8348E-03
8348E-03
8348E-03
8348E-03

.1224€-03

RV

DO ODODDODODODDO®ODO®D 4 & £ F 5 5 50

4 &£ ¥ £ F &5 5 5 5 5o

1.2114162€-05 9

.8900E+02
.8900€E+02
.8900€E+02
.8900E+02
.B8900E+02
.B900E+02
.8900E+02
.8900E+02
RN

.4865E-01
.4865E-01
.4865E-01
.4B6SE-0!
.4B865E-01
.4B65E-0!
.4B65E-01
.4B863E-01
.4B6SE-0!

“B65SE-01
.4890E-0!

TEM

.8900E«02
.BS0CE+02
.8900E+02
.B900E+02
.B900E+02
.B900E+02
.B900E+02
.8900€E+02
.8800E+02
.B900E+C2
.8900E+~02

€
1440300€E+03

DA RADW,m

Oooo0oocoocoooooo o

LeABS NS RS RS RS RV Y IS RS )

.8092€E+02
.6092E+02
.6092€+02
.6092€+02
.60%2€E+02
.6092E+02
.B092E+02
.5092€+02

ve

TSAT

-60S2E+02
.6082E+02
.6092E+02
.6092E+02
.6092E+02
.6092€+02
.6092E+02
.B092E+02
.6092E+02
.B092E+02
.6372€+02

vP

Oooooobooo

oo o0ocoocoooo o

WT



TABLE I}

EXAMPLE PROBLEM SOLUTION AFTER ONE CYCLE

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6,1978 SOLA-LOOP

ITER= | TIME= |.00000E-03 OELTO= |.01000E-G3 OTMN= | .0I1C00E-03 CYCLE= 1 ISTEP= |
TiMt 1= 9.99000€E~-0% OTIM( 1)= ' 01000E-D3 TiMt 2)= 9.99000E-0% OTiMt 2)= |.01000E-03
TiM( 3)« 9.99000E-0% OTIM( 3)= |.0100CE-03
TIMK( (1= 9.99000€-0% OTIMK( {)= {.0i000E-03 ‘
\
|

! J v vD - RO vP

2 5.0012€-15 0. 7.2000E+01 §.4865E-0! 0.

1 3 0. 0. 7.2000E+01 8.4865€-01 0.

T 0. 0. 7.2000E+N1 8 4B8BSE-01 0.

15 0. 0. 7.2000E+0! 8. 4BBSE-0! 0.

1 & 0. 0. 7.2000€+0! 8.4865E-01 0

17 0. 0 7.2000€E+01 §.4BESE-01 0.

1 8 0. 0. 7 2000E+01 8.4865€-01 0.

19 0. 0. 7.2000E+01 8.4865E-0! 0.

1 10 0. 0. 7.2000E+0! B8.4865E-01 8. |
i t -1t 9. 0. 7.2000€E+01 8.4865E-01 0.

1 12 4.7631E-17 0. 7.2000E+01 8.4865E-01 g.

I 13 2.2148E-1% 0. 7.2000€+01  B8.486SE-01 0.

I J RY E ™™ TEM TSAT wT

P2 1.2114£-08 9.1441E+03  -3.8348E-03 4.8900E+02 5.60926+02 0.

b ¥ 1.2114€E-05 3.1441E+03  -3.8348£-03 4 .B900E+02 5.6092€+02 0.

1 . 1.2114E-05 9. 1441E+03 -3 .834BE-03 4.8900E+02 5 B092E+02 0. ‘

P 5 1.2114€-05 9. 1441E+02  -3.834BE-03 “ . B900E+02 S .8092E+02 n

1 8 1.2114E-05 9.1441E+03 -3.8348BE-03 “.8900E+02 5.6092E+02 0 |

1 ? 1.2114€-05 9. 144 1E+03 -3 B34BE-02 4 .B900E+02 5.6092€+02 0. |

1 8 1.2114€-05 9.1441E+03  -3.834BE-03 4. 8900E+02 5.6092E 02 0. |

1 9 1.2114€-9% 9. 1441E+03  -3.834BE-03 4 B90NE+02 5.8092E+02 0. |

i 10 1.2114E£-0% 9. 1441E+03 -3 834BE-03 4 .B900E~02 S.6092€ +02 0.

11 | .21 14E-08 9. 144 1E+03 -3.8348E-03 4 . B900E+02 5.B032€+02 0. |

112 1.2114€-0% 9. |44 1E+03 -3 .834BE-03 4 .B900E+02 5.6092€+02 0. |

113 1.2114€-08 9.1441E+03 -3.834B8E-03 4 .8900€+02 5 B092E+02 0. |

] J v vD = RO VP

2 1% 2.2148E-15 0. 7.2000¢+0! 8.4865E-01 0.

2 16 0. 0. 7.2000€+01 8. 4B6SE-01 0.

2 17 0. 0. 7.2000E+01 8.486%5€-01 0.

2 18 0. 0. 7.2000€+01 8.4865E-01 0.

2 19 0 0. 7.2000€E-01 8. 4865€-01 0.

2 20 0. 0. 7.2000€+01 8. 4BB5€-01 0.

2 21 0. 0. 7.2000E+01 9.486SE-01 0.

2 22 0. 0. 7.2000E+01 8. 4865E-01 0.

2 23 0. 0. 7.2000E+0: 8, 4865€-0! 0

2 24 -9.6962€-15 0. 7.2000E+01 8.4865€-01 0

2 28 -5.0012€-1% 0. 7.2000E+0! 8. 4863E-01 0

2 26 -5.0012€-15 0. 7.2000E+01 9. 4BESE-0| 0.

I J RV £ TH TEM TEAT Gt

2 18 1.21148-08% 3. 144]E+03 -2 .83BE-03 4. B900E-22 5 80%2€.02 q.

2 18 1.2114E£-05 3. |44]E+03 -3 33w2E-02 <. 38900E+22 S 8092€+02 9

2 17 1.2114€-05 3.144E+03 -3.83u8E-03 w B900E-02 S 8092E-02 9

2 1 1.211%€~0% Q. jW4|E+03 -3 .8348E-03 < 8900E+02 3 8092£-02 3
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Rt LTV LU T L T W

B O I e

19
20
a1
a2
23

2%

28

30
31
32
33
EE
3%
36
37
38

1

ce
29
30
31

33
34
35

37
38

D S ———

L

e s =~ ===~

.21 14€E~0%
L2114€-05%
.21 14E-0%
.2114€-0%
L21I%E-05%
.2114€-0%
.21 14E-0%
L211I4E-05%

v

.983%E-15

. 1972€-09
.4882€ -4
. 4B8B2E - 04

RV

21 I4E~-05
.211%E-0%
L21INE~05
.2114E-0%
.2114£-0%
.2114€E-0%
.2114E-0%
2114€-0%
.211%E-0%5
.211¥E-0S
.2114E-08

P

I 7.2000000E+01

IME =
PIPE |
PIPE 2
PIPE 3

1.00000E-03
BOTTOM MASS FLUX =
BOTTOM MASS FLUX =
BOTTOM MASS FLUX =

VWL Dvwowwww

VCOVOWOWOW

oo oo oooo o

14 1E-03
L 144 E+03
TR Rk |

| $1E+03

1w 1E+03
CINMIEQ3
L 144 1E+03
LlesiE«02

vD

£
14 1E+03

194 1E+03
N4 1ED3
144 E«03
IN4E-03
L IM%IE«03
.14 1E-02
IS4 1E+03
INMIE-D3
CIM4IE«O3
LINMIE-D3

RO
8.4865406E-01

1.63340€E-13
1.4762%€E-13
T.47353E-13

TABLE 11 (coent)

-3.8348E-03
-3.83%8E-03
-3.8348E-03
-3.834BE-03
-3 B74BE-03
-3.8348BE-03
-3 .83I4BE-03
-3 B34BE-03
p

£ & &F F ¥ s 5

.2000E+01
.2000E+0!
.2000€E+01
.@000E+Q!
.2000E+0!
.2000E+01
.2000E+01

2000E+01
.2000E+01

2000€+0!
.S000E+01

™

~3.8348E-03
~-3.8348E-03
-3.8348E-03
-3.8348€-03
-3.8348E-03
-3.834BE-03
-3.8348E-03
-3.8348E-03
-21.8348E-03
-3.834BE-03
-4.1224€E-03

NN NN NN NN
oo ooooOoOmO®

& & & & & 5§ 85855 5%

RV

1.2114162E-05 9.(“40S00E+03

.B900E~02
.8900€+02
.B900E~02
.8900E+02
.B900E+02
.8900E+02
.8900E+02
.8900E+C2
RO

L4BBSE-01
L4B65E-01
.4B6S5E-0!
LMBBSE-01
.4B6SE-01
L4BESE-01
.“BE6SE-0!
.4B6SE-0!
.4BBSE-01
.4BBSE-0I
.4890E-0!

TEM

.B900E+02

8900E+02

.8900E+02
.B900E+02
.BQ00E+02
.8900E+02
.8900E+02
.B8900E+02
.B900E+02
.B900€E+02
.B900E~02

€

TOP MASS FLUX =
TOP MASS FLUX = -] B63340E-13
TOP MASS FLUX = -2 23246E-02

(L S R S RV R S S

oo ooooovooooo o0

LE RS RRS RN RS RS S RS R U

.B092E+02
.B092E+02
.B092E+02
.BOS2E+02
.B092E+02
.6092€E +02
.B092E+02
.6092E+02
ve

TSAT

.6092€+02
.6092€E+02
.B092E+02
.B092E+02
.B092€E +02
.B6092E+02
.6092E +02
.6092E+02
.6092E+02
.6092E+02
.6372E+02

VP

3. 1TWTNE-1S

oo oocooocCc

oo oocoocoboooo

Wt



PROBLEM TITLE =

| TER=

MUY MU — MU MUY TU MU MO MU MU MU MU MUY MU e s e e o o o s s o e e o e e e e e e b e o e S e e o

TiMt
TIM¢

TimM(

WO IO & whuo

EXAMPLE PROBLEM SOLUTION AT INSTANT OF PIPE BREAK

CODE CENTER EXAMPLE

TABLEIV

JULY 6,1978

SOLA-LOOP

| TIME= 2.00107E<03 OELTO= |.00000E-02 OTMN= |.00000E-02
TiMt 2)= 2.00038E+03 DTIM(

li= 2.00038E+03
3)= 2.00104E+03
)= 2.00104E+03

e e Gus g S e e G e e e

- ———— QDWW O WO

- . e e

v

.878SE+00
.BBIBE~00
.B862E+0C
.8918E+00
.B96SE+00
.4 136E+00
-9,
-9.
-9.
-9.
-9.
.3587€-0!

2938€-01
29%2E-01
304%E-01
3303€-0!
3738€E-01

RV

.2106€E-05
.2106E-05
.2105E-05
.210SE-05
.2108€E-0%
2111E-05
.2112€E-0%
.21126-0%
.2112€-05
.2113E-05
.2113E-08
.2119E-05

v

. 3569€-01
.3040E-01
.2938E-01
.2909€-01
.2922€-01
.4134E+00
.8976E+00
.8989E+00
.B998E +00
.9003€+00
.9C0SE+00
.900%€+00

RY

.2115€-0%
.21 14E-0S
.2113E-08
.2112€-05
.2112€-0%8

DT IM(
DTIMt

DOVLLLVLVLVLVwOVVWWwLwY

O Wwwww

oo ooooo o

uoooocoooocoo o

)= 6.60176E-0!
3)= 1.00000E-0D2

OTiMKt 1= |.00000E-02

vD

£

CINM4E03
L IM4NESD3
L1443E+03
1M83E03
L1983E+03
LIWN3E+03
LIN43E+03
L1442E+03
L 1M42E+03
L I4N2E+03
L INN2E+03
L I442E+03

vD

€

. 1442E+03
. 1442E-03
L 14%2E+03
L1442E+03
L1WNZE+03

NN d DA A A -

-3,
.4B4TE-03
-3.
. 3923t -03
-3,
ot A
-3.
-3,
=3.
*%.
-,
. 1649E-03

-2

-

AN NN NN a9

S I |

-

P
0000E+00

.1837€E+01

1682€E+C1

.1572E+01
. 15%2E+01
.2352€+01
.2777E+01
.2B8S1E+01

2934%E~01

. 3072€+01
.3309€E+01
.4S83E+0!

™
4B47€-03

3616E-03

S956E-03
8291E-03
9150€-03
9417E-03
9714€-03
0070E-03
0S34E-03

P

.45S83E+0!
.3412E+01
.3276E+01
.3230E+01
.3205€+01
.3188E+0!
.2806E+01
.2010E+0!
.2001E~01
. 1998E+01
. 1988E+C!
.2000€E~01

™

. 1649E-03
-
-¥.
=3
.9%587€-03

111%€-03
9889€-03
9713E-03

£ &£ & F F F FFFFgxs

DOO®LW®DOOODDODODD

& & & s

DTODODDODODDD®

RO
4B834E-0!
“834E-01

.482%E-0!
.s@8esE-01
L4BuSE-C1

“865E-01

.N872E-01
L4B8T7%E-0!
.4877€-01
.4B8B0E-0!
.<EB4YE-0!
LMBG3E-01

TEM

.8901E-02
.8901E+02
.B901E+02
.8900E+02
.8900E+02
.8900E+02
.8900€+02
.8900€E+02
.8800E+02
.B900E+~02
.8900€+02
.8900E~02

RO

.4893E-01
.4889€-01
L4B7BE-01
L4877E-01
.4878E-01
487SE-0!
.4870E-01
L4BEB%E-01
L4BBME-D]
.486SE-0!
.+866E-0!
.4866E-01

TEM

.8900E+02
.8900E+02
.8900E+02
.8900E+02
.8S00E+02

DA AN AN W OO0 O0OO0OODOLOOLOOLOLOO

OOuvouvoovoooocooooo o

(SIS LIRS LAY RN

CYCLE=s 4213
2= §.60176E-01

VP

TSAT

.7300€+02
.B077E+02
.6062E+02
.6052E+02
.B043E+02
.B126E+02
.8166E+02
.B173E+02
.6180€E+02
.6193E+02
.6216E+02
.B334E+Ce2

P

TSAT

L6334k +02
.622sE~02
.B212E+02
.6208E+02
.6206E+02

OO0 oocoooooooooooOo oo

O o oooo

ISTEP= 2

WT

39



L1W43E.03
LIw43E+03
L1N83E-03
LI4M3E-03
L IMMNE-D3
L I4NME+03
L1MM4E«03
vo

Oooooooooooo oo

E
L 1442E+03
194 3E+03
L1W42E+03
L1N42E+03
. 1442E€+03
CINNE«D3
144 1E+03
144 E«03
L IWH1E«03
C1MS1E+03
LIN1E+03

VOOV VODIDOVDWWwW

RC
8.4893316E-0!

TABLE IV (cont)

-3,
-3,
-3,
-3
-3,
-3
-3,

N NNNdN NN AdY

-4,

-4
-4
-4
-4,
-4
-,
-,
-4
-4

1.2114675E-05 9.1441669€+03

9501E-03
8913€-03
813%€-03
B147€-03
8292€-03
8415€-03
g41SE-03
)

.4583E+01
.4SBTE01
.4ST70E+0!
.NSE66E 01
.45SBSE+0!
.462SE+01
. 4BB3E+Q!
.MT7S3E+01
.4B32E-~0!
.N91SE+01
.S000E+0!

™
1649€-03

.5521€E-03
.@%10E-03
.2203€-03
. 1995€-03

1798E-03

.1615€-03

144BE-03
1293E-03

.114SE-03
. 1224€-03

RV

BOTTOM MASS FLUX = -6.13294E+J1
MASS FLUX = 6.23873E-0!

2 20 1.2112€-0%
e 21 1.2111E-05
2 ee 1.2110E-0%
e 23 1.2110E-0%
2 24 1.2111E-0%
2 2 1.2111E-0%
2 @26 1.2111E-0%
I J v
3 28 -8.33%2€-01
3 29 -8 .4048E-01
3 3 ~8.4390€-01
3 3 -8.4701€E-01
3 3R -8.4962E-01
3 33 -8.5168E-01
3 3 -8.5320€-01
3 35 -8.5421E-01
3 3 -8.8%T4E-01
3 -8.5481E-01
3 38 -8 .5481E-01
| J RV
3 28 1.2115€-0%
3 29 1.2131E-08
3 20 1.2116€E-0%
3 31 1.2115€-0%
3 32 1.2115€E-0%5
I 33 1.2115€-0%
3 3 1.2115€-0%
3 35 1.2114€-0%
3 36 1.2114€E-0%
3 37 1.2114E-0%
3 38 1.2114€E-05
® P
1 7.4582766E+0!
TIME = 2.00107E+03
PIPE 1
PIPE 2 BOTTOM
PIPE 3

40

BOTTCM MASS FLUX = -].25216E+02

.B890CE~02
.BS00E~02
.B901E+02
.8901E+02
.8901E+02
.B901E+02
.8901E+02
RO

£ &£ §F 5§ 5 5 3

.4893E-0!
.S011E-01
.4900E-01
.4BSBE-0!
L 4B96E-0!
.489SE-0!
.4893E-01
.4B92E-0!
.4890E-01
.4B8BSE-01
.4890E-01
TEM
.8900E+02
.BS00E+02
.B900E+02
.8900E+02
.8900E+02
.8S00E+02
.8S00E+02
.BS00E+02
.B900E+02
.8900E+02
.8900E+02

£ & &£ ¥ £ ¥ £ 5 575 3

3

.B20%E+02
.6188E+02
.6093E+02
.6093E+02
.6092€+02
.6092€+02
.6092€+02
vP

LE R0 NS S R T R

oooooococoo o0

TSAT
.B6334E+02
.6334E+02
.6332E+02
.6332€+02
.B334E+02
.6338E+02
.B343E+02
.B349E+02
.6357E+02
.6364E+02
.6372E+02

LELBLE S RNE R RS RN Y RS R R

Ve

TOP MASS FLUX = -6.2499BE+01

TOP MASS FLUX =

6.20713€E+01

TOP MASS FLUX = -|.28233E+02

ODo0oo0oo0o0oO

oo ococoocooo0 o

WT



TABLEV

EXAMPLE PROBLEM SOLUTION AT 0.5s AFTER PIP¥ BREAK

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6.1978 SOLA-LOOP
ITER= 2 TIME= 2.50010E+03 DELTO= 2.22725E-0! DTMN= | 11362€-01 CYCLE= 10121 [STEP= 2
TiMt 1)= 2.50007€+03 OTIM( 1)= |.11362€~C! TIM( 2:= 2.50007€E+03 OTIM( 2)= 2.22725E-01

TiMt 3i= 2.50007E+03 OTIM( 3)= 2.22725€-01
TIMKt 1)= 2.5S0007€+03 OTiMk( 1)= 2.2272%E-01

1 J v s} B RO VP
1 2  ~1.1717€E+01 0. 1.0000E+00 7.0110€E-01 0.

I 3 -9.8351E+00 0. 1.7208BE+01 7.0110€-01 “.3133€-02

I %  =9.7472€+00 0. | BYB7E+DI 8.36%0E-01 2. 0835 -0

1 S -9.7350E+00 0. | . SI4BE+0! 8.437%€-01 2.2800E-05

I & -9.7182€+00 0. | 3860E+01 8 4“B0E-01 0.

17 =7.2342E+00 0. “ 08S5E+01 8.4627E-01 0.

1 8 -4 .7S74E+00 0. 5.0876E+0! 8. 4B9SE-01 0.

! 9  -4.7565£+00 0. 5. 1305€+01 8 .4698BE-01 0.

1 10 =4.7%5]E+00 0. 5. 1793E+01 8.4702£-01 0.

1 11 -4.783SE+00 0. 5.2325€E+01 8.4707E-01 0.

1 12 =4.7%32€E+00 0. 5 .2918E+01 8.4715€-01 0.

¥ 13 4.7312€-01 0. 7. 4434E+01 8.4885€-01 0.

ENE RV £ ™ TEM TSAT WY
1 2 2.0550€-03 9. I467E+03 1.7312€-01 4. B791E+02 3.7300E+02 0.
I 2.0550€-03 3. 1487E+03 1.7312€-01 4.87S1E+02 4.7738€+02 0.
14 1.3126E-0% 9. 149RZ+03 | .0807€-02 4 B90BE+02 4.8081£+02 0.
1 s 2.3%05€-0% 9. 14836403 1.9324£-03 4. 89126402 4. B27HE 02 0.
1 B 1.2056€-0% S.1486E+03 7.2497E-04 “.8911E+02 4. B4BOE-02 0.
R 1.2077€-05 9.148B0E+03 -1.0171E-03 4.8908E+02 5.24B3E+02 0.
I 8 1. 2086E-0% F.I47BE+03 -1 .8154£-03 4.BS0%E+02 5. 3B14E+02 0.
1 9 1.2087€-0% 9. I4B4E+03 -] .8%6BE-02 4 .A308E+02 5.38687E+02 0.
1 10 1.2087€E-0% 9. 1459E+03  -1.3033E-03 4 BY04E«02 5.3827E+02 !
T 1 | . 2088€-0% 9. 1455€+03 - .9556E-03 4.8903€+02 5.3392€+02 0.
112 1.2089€-05 9.1450E+03 -2.0567E-03 4 8902¢+02 5. 4084E+02 0.
1 13 1.2114€-0% 3. I447E+03 -4 .0BBBE-02 4.8901E+02 S .8320E+02 0
3 v vD P R0 ve

2 15 4.7312€-01 0. T . 4eINES0] 8 488S5£-01 0.

2 18 4.7298E-01 0. 7.2365€+01 8. 486%E-01 g.

2 17 4.72%9€-01 0. 7.2378E+01 8. 4BESE-0) 0.

2 18 4.7209€-01 0. 7.2383€+01 8.4883€-0! 0.

2 19 4.7159€-01 0. 7.23282€+01 8 486%E-0) 0.

2 20 7.1632€-01 0. 7.2371E+0! 8.4869€-01 0.

2 2! 9.6133€E-01 3. 7.22%3€+01 8.4869E-01 0.

2 22 9.6122€-01 0. 7.2048BE+0! 8. 4BE7E-01 0.

2 23 9.8113€E-01 0. 7.2038E+0! 8.4867E-01 0.

2 v 3.6108E-01 0. 7.202%€+01 8. 4886E-0! 0.

2 25 9.6107€-0! 0. 7.2012€+0! 8. 4868E-01 9.

2 26 9.6107E-0! 0. 7.2000€E+01 8. 4886E-0! 0.

g ]V £ ™ TEM TSAT WT
2 1% 1.2114€-0% 3.I48TE+03 -4 .088BE-03 4 .8801£+02 5 .8320E-02 4}
2 18 1.2111E-0% 3. 1447€+02 -3 .8728£-03 4 .8901E+02 5. 8127E+02 9
T 1.2111E-0% 3. 1447E+03 -3 8722£-03 4 8801E-02 2.5128E+02 0
2 18 1.2111E-05% 3.1447E+03 -3 8738E-03 < 8801E-02 S 512%€-02 0

41




LAWY TE03
1NN TE«03
CINNTESD2
CIMNTESD3
L 1W4TE+03
L1MeTE«03
144 T7E«03
. IN4TE«03

vD

Vowwowwow

o000 oooo0ooo o

£
. IYSTE+03
LAWMTE+03
L INMTE+03
L IM4BE+03
. 1W4SE+03
L 14N4E.D3
L I44ME«D3
L1944 3E+03
L 1442E+03
194 2E+03
C1NY1ELD3

DOOVWLDDOLVLRL WD

RO
8.488S173E-01

TABLE V (cont)

-3.8732€-03 “.8901E+02
-3.8722€-03 4.8901E+02
-3.8795€-03 % .8901E+02
-3.8565%€-03 “ . 8901E~02
~3.8501E-03 “4.8901E+02
-3.8%33E-03 “.B901E~02
~-3.8368E-03 «.8801E+02
~3.8368E-03 “4.8901E-02
° R0
T.4N34E-01 B8.488%5E-0!
7.4466E «01 8 .4886E-01
T.4S18E+0! 8.4886E-01
7.4582E+01 8.4886E-01
7.4639€+01 8.4887E-01
7.4692€+01 8.4887E-01
T . 4TNBE+D! 8.4B88BE-0!
7.4802E+0! 8.4888E-0|
7.4865€E+G1 8.4889€E-01
7.4932€+01 8.4889€-01
7.S000€E+01 8.4890E-0!
T TEM
-4 . 0E86E-03 4.8901E+02
-4.0764E-03 4.8801E+02
« =%.0777€-03 “.8901E+02
~4.0840E-03 4.8301E+02
-4.089%5€-03 “.8901E+02
-4.09%SE-03 4.B901E+02
-4 .099%E-03 4.8901E+02
-4.104SE-03 &« BS01E+02
~4.1099€E-03 4.8900E+02
-4.1160€E~-03 4.8900E+02
-4 122%E-03 4.8900E+02
RV £
1.2113513E-05 9. 14468877€+03

BOTTOM MASS FLUX = -3.1B144E«02

e 19 1.2111E-0%
2 20 1.2111€-09%
2 21 1.2111E-09
e 22 1.2111E-05
e 23 1.2111E-0%
2 24 1.2111€-0%
e 25 1.2111E-0%
2 26 1.2111E-0%
I J v
3 28 -2.3180E+00
3 29 -2.3180E+00
3 30 -2.3183€+00
3 3 ~2.3188€+00
3 32 -2.3193E+00
3 33 -2.3199€+00
3 3 -2.320%€+00
3 35 -2.3209€E+00
3 36 -2.3212€+00
3 37 -2.321%E+00
3 38 -2.3214E+00
1 J RV
3 @28 1.2114€-0%8
3 29 1.2114€E-0%
3 30 1.2114E-05
3 3 1.2114€-0%
3 3 1.2114€-08
3 33 1.2114€-0%
3 ™ 1.2114€E-05
A 1.2114€-08
3 36 1.2114€-0%
3 N 1.2114€-0%
3 38 1.2114€E-0%
- P
1 7.44338SBE+0!
TIME = 2.50010E+03
PIPE 1
PIPE 2 BOTTOM
PIPE 3

MASS FLUX =

3.15423E+01

BOTTOM MASS FLUX = -3 .47711E+02

B129€+02
.8128E+02
.B117€+02
.6097€E+02
.6096E+02
.609SE+02
.BOS%E+02
.B092E+02
VP

L8 U RS RS RN RS R S

OCoocooooceoeco0o

TSAT
.6320E+02
.B323E+02
.6328E+02
.6334E~02
.B6339€+02
.u3W4E+02
.B349E+02
.B3S4E~02
.B360E+02
.6266E+02
.6372E+02

LR RS RS REE S IS T S Y Y

VP

TOP MASS FLUX = -3.1622%E+02

TOP MASS FLUX =

3.13885€~01

TOP MASS FLUX = -3.4B232E+02

Oooo0ocooooo

Coo0ooo0voooOooOo L

WT



VI. SUMMARY

We have described a new computer program, SOLA-LOOP, for the solution of transient, two-
phase flow in networks composed of one-dimensional components. The fluid dynamics 1s
described by a nonequilibrium, drift-flux formulation of the fluid conservation laws. We have
used relatively simple numerical solution procedures and modular programming to provide a
framework that can be easily modified and adapted to different kinds of network flow problems.
In addition, we used a limitea amount of implicitness to relax excessively restrictive time step
limitations encountered in purely explicit integration methods. Even though SOLA-LOOP has a
simple structure, its flexibility offers capabilities for treating a wide range of two-phase flow
problems.
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FORTRAN IV LISTING OF THE SOLA-LOOP CODE

APPENDIX

*COMDECK , LOOPC
COMMON
1 ALPHA ASQ, BNUM oG, CHL ,
1 CHV, CHVI, CcPI, CYCLE, DELSTP,
1 DELTO, DF VEL . OPRST, DTMN, DTWPRT
1 ECv, EOL, €EDv, ELMT, EPSI,
1 FLG, GamM1 | |BREAK I, IMP,
1 ITER, JBo, 81, JBe . JMH
1 JPB, JPT, JTE, Jre. KDO.
| KMO, x0D KOM, KJ0, KQOP,
1 KPO, KTOU, U0, M., NSUBOT,
| PHCH, PNV, PRST, RG, ROL ,
1 STABC, Y ©. ™C, THC1 ,
| TSTART, TWF IN, TWPRT | TWSTP, VISL,
c
COMMON
| CFRL110, ), CFRS(10, &, DxS¢10, 8, DYS(10, 8},
| IDXS(10, 8), NJSI10, 8), QUS(10, 8, VIS(10, &)
(
COMMON
| BETA(200), BETAK! B, DTIML10), DTIMK( B,
| DxxCt 6), DYx(30), DYKC( &), E£(200),
i EINCCIOY, Ex(30), EKC! B), EN(200) ,
1 GAM(30), 1807101, ITOP(10), JCEL 1O,
1 JMLT0), JPBI10), JPTI(10), JREF(10),
1 JSXI1(10), KBOT(10), KTOP(10), LANG110),
1 LTOP(10), MBOT(10), MTOP(10), P1200),
1 PLOIOY, PK(30), RO(200), ROB! S5,
| ROK(30), ROKC( 8), RON(200) , RONK (301,
I RVB! S, RVINC(10), RvK 130, RVKC( B),
| RVNK(30), TBRA( 10, TEMB! S, TEMI(10),
I THB( 5, THI(10), THK( B), TiML10),
1 v(200), vD(200), vOK (30, VK30,
I YNK(30), vP(200) ., vPKI( B, WT (200}
(o
COMMON TITLE(8) NP, NS, NJ,NK,NM
c
REAL [MP NUA NUC
INTEGER CYCLE
903 FORMATI(//7/7)

950 FORMAT(1Mi)

951 FORMAT( 18K PROBLEM TITLE =
953 FORMAT(IS.7E15. 7

.BA1O /)

CHLI,
DELT,
ECL.
ETEM,
ISTEP,
ML,
KL,
KOU,
oMG,
SOTC.
TIMA,
visvy

GYS(10, 8,

Dxki(30),
EBt 8,
ENK (30,
JMHI (10D,
JSF (2000,
LBOT(10),
PB( 5),
ROINCII0?Y,
RV(200),
RVN(200) .
TEMK( &),
TIMK( 8,
VN(200) ,

LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOORC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LooPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
Loneg
LOCPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOOPC
LOoOPC

OO AN E -
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*COMDECK LOOPCP

OO0 0O000O000000

USERS W!TH COMPILERS CONTAINING THE PARAMETER OPTION SUBSTITUTE
THE FOLLOWING CARDS.
PARAMETER (NP=|0 NS=8 ,NJ=200 ,NK=6 ,NM=5)

COMMON

| CFRLINP ,NS)., CFRSINP,NS), DXSINP ,NSJ,

l

IDXS (NP NS} ,

COMMON
BETAINJ),
DXKC (NK ) ,
EINCINP) |
GAMISeNK) ,
JMLIINP) |
JSXIINP) ,
LIOPINP) ,
PLINP) ,
ROK (SeNK) |
RVBINM) ,
RVNK (SeNK) ,
THB(NM) ,
VINJ),
VNK (SeNK ) ,

NJS (NP NS) ,

BETAK INK I,
DYK (S5eNK ) ,
EKISONK) ,
IBOTINP) ,
JPBI INP) |
KBOT (NP) ,
MBOTINP) |
PK(S*NK) ,
ROKC (NK ),
RVINC(NP) ,
TBRAINP) |
THI(NP) ,

VDINJ) ,

VPINJI ,

GUJSINP ,NS) ,

DTIMINP) ,
DYKCINK) ,
EKCINK) ,
ITOP(NP) ,
JPTLINP) ,
KTOPINP) |,
MTOPINP) ,
ROINJ) ,
RON(NJ) |
RVK{S*NK) ,
TEMB(NM) ,
THIK INK ) ,
VDK (S*NK) ,
VPK (NK) ,

DYS(NP ,NS) ,
TQUS (NP ,NSJ ,

DT IMKINK: |
EINJ),
ENIND) ,
JCEL INP) ,
JREF (NP) |
LANG (NP) ,
PINJ) ,
ROBINM) |
RONK (S*NK ) ,
RVKC (NK ) ,
TEMI (NP,
TIMINP] ,
VK (SoNK ) ,
WTINJ)

GYS (NP ,NS) ,
VISINP NS)

DXK (S*NK) ,
EBINM) ,
ENK (S*NK) ,
JMHI (NP,
JSF (NJ) ,
LBOTI(NP) ,
PBINM) ,
ROINC (NP},
RVINJ) ,
RVNINJ) ,
TEMK (NK ) ,
TIMK(NK) ,
YNINJ) ,

LCOPCP
LOOPCP
LUOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LooPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOCPCP
LOOPCP
LOOPCP
LOOPCP
LOOPCP
LOooOPCP
LOOPCP
LOOPCP

WO SO E W~
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*0ECK ,LOOP
PROGRAM MAIN( INP OUT ,FSET3=0QUT FSETIO=INP]
*CALL .LOCPC
c
¢CALL LOOPCP
C
NP=10
NS=8
NJ=200
NK =6
NM=5
C-==-UNITS-GM-CM-MS-K
c
C--== INITIALIZATION
CALL [INPUT
CALL SETUP
CALL JCTO
CALL BC
CALL PIPJCT
CALL JCTRPIP
CALL D1AG
CALL RESET
c

c CALCULATIONAL LOOP
| TIMA=TIMA+DELTO
OTMY=1.01
IFCITER.GT.S.0R. ISTEP.GT .NSUBDT) OTMY=0.99
DELTO=DTMY*DELTO
IFIT.GT.TWFIN) GO TO %

CALL ADVANCE

C oUTPUT
IF(T.LT.TWPRTIGO T0 2
C LONG PRINT
TWPRT =TWPRT +DTWPR T
CALL DIAG
GO T0 3
@ IF(CYCLE-ISTEP.GT.11G0 TO 3
CALL DIAG
3 CONTINUE
{FIT.LT.TWSTP) GO TO 1
c SPECIAL PRINT
CALL DlAace
TWSTP=TWSTP+DELSTP
GO TO 1
4 CONTINUE
CALL EXIT(30)
END

= ¥ % %= ¥ ¥ 3 = = = = = 8 = = ' 477 2 % 3 % ® = % 2 = £ 3 % = =2 =

SUBROUT INE ADVANCE
*CALL .LOOPC

LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LocpP
LOOP
LOooP
L 00P
LOCP
LO0OP
LOOP
LOCP
LOOP
LOOP
LOoP
LOCP
LOOP
LOoP
LOCP
LOooP
L.OCP
LOOP
LOoOP
LOOP
LoorP
LOCP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOCP
LOCP
LOOP
LOOP
LooP
LOOP
LoOP
LOCP
LOCP

LCCP
LOOP

WO SO s Wy —



ISTEP=0
1 CONTINUE
ISTEP=|STEP+!
C---- CALCULATE ONE TIME STEP
C-=-- TILDE CALCULATION
CALL BREAK
CALL PUMP/
CALL TILDE
C---- PRESSURE [TERATION LOOP
ITER=0
FLG=1MP
S IF(FLG.EQ.0.) G. ") 2
FLG=0.
ITER=|TER+|
CALL PITERP
CALL PIPJUCT
CALL PITERY
CALL JCTPIP
CALL 8C
[FIITER.GE.S0%) FLG=0.
GO T0 5
IFCITER.LT.S0S) GO TO %
WRITE(S,960)
NEX=NEX+|
IFINEX.GE.S) T=] .E+I0
4 CONTINUE
C--=-~ FINAL UPDATE
CALL UPDATP
CALL PIPJCT
CALL UPDATY
CALL JCTPIP
CAaLL BC
IFCIMP.LT.0.SICALL PSET
CALL WALLT
CALL RESET
IF(T.LT.TIMA-DTMN/2.0)G0 TO I
RE TURN
360 FORMAT(IX,SHITER =305)
END

Ut

% %= 2 8 = 2 = = = 8 = s = s s ///// = = 3 = m 3 3 _ =T 3 = 3 = ®

FUNCTION ARAV(JL,JIP)

*CALL ,LOOPC

(===~ AREA AVERAGE
ARUI =DXS(JIP) #e2
ARD!=DXSiJ]l )1 %2
ARAV=Z . *ARU!*ARD1/ (ARU!+ARD1!
RETURN
END

T 3 82 ¥ 3 2 2 ¥ ® =T = =T = =
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LOOP
LOOP
LooP
LOoP
LooP
LOOP
LOooP
LOOP
LOooP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOoP
LOOP
LOoP
LOCP
LooP
LoorP
LOOP
LOOP
LOOP
LooP
LooP
LoorP
LoorP
LOOP
LOOP
LooP
LoorP
LOoP
L
LOOP
LooP
LOOP

LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOCP

4

57

S8
60
61

63
64
65

67

69
70
71
72
73
™
75
76
77
78
79
80
81

83
B84

86
87
88
83
30
g1
92

93

97
96
338
100



SUBROUT INE BC
*CALL ,LOOPC
C--=- BOUNDARY CONDITION CONTROL PROGRAM
00 32 I=1,IL
IF.7IM(1).GT.TIGO TO 32
DELTsDTIM(])
CALL JSET(I)
[1=18OT( 1)
GO TO 133,44),11
CONT INUE
RO(JPB~-1)=RO(JPB)
RVIJPB-1)=RVIJPB)
P(JPB-|)=P(JPB)
E(JPB-1)=E(JPB)
L1=LBOT(])
GO TO (172,174,176,178,176) L1
ViJML ) =0.
GO TO 180
VIiJML ) =0.
GO TO 180
IFIL1.NE.S) GO TO 177
M1 =MBOT ()
P(JPB-1)=PBI(M])
IFCITER.GT.1.AND.FLG.GT. M) GO TG 180
Mi=MBOT(])
IF(VveJML) .LT.0.) GO TO 181
E(JPB-1)12(2.0°EB(MI) -] .0-ALPHA)*E(JPB) )/ (] .0+ALPHA)
RO(JPB-1)=(2.0°ROB(MI)~(1.0-ALPHA I *RO(JUPB) )/ (1 .0+ALPHA)
RVIJPB-11=(2.0°RVB(ML)~(]1.0~-ALPHA) *RVIJUPB) )/ (1 .0+ALPHA)
CONT INUE
VIJML=-1)=sVIJML)
GO T0 180
VIJML=1)=VIJMH)
RO(JPB-1)=RO(JUPT)
RVIJPB-11=ROIJIPT)
PLUPB~1)=P(JUPT)
CIIPB-11=E(JPT)
CONT INUE
[1=1TOP( 1)
GO TO (35,.36).!1
CONT INUE
RO(JUPT+ | )1=RC(JIPT)
RVIJPT+ )1 =RVIPT)
PIJPT+ 1 1=P(JUPT)
E(JPT+1)=E(JUPT)
Li=LTOP(])
GO TO (152,15%,156,158,156!,L1
VIJMH) =0,
GO TO 161
VIJMH) =0 .
G 10 161
Ml=MTOP(!)
IF(L1.NE.S) GO TO 157
PIPT+ | 1=PB(M|)
IFtviomH) .GT.0.) GO TQ 182
EiJPT+]!=(2.0%B(MII=(1 C-ALPHAI*E(JPT) )/ 1] C+ALPHA)




RO(UPT+1)12(2.0°ROBIMII=1(].0~-ALPHA) *RO(JPT) )/ (1 .0+ALPHA)
RAVIJPT+11=(2.0°RVBIML1~(] .0-ALPHA) *RV(JPT) )/ 1] .0+ALPHA)
CONT INUE

VIJMHS ] ) 3V (UMM}

GO TO 161

ViJMH) =V ML~

RO(JUPT+1)=RO(UPB)

RVIJPT+])=RVIJPB)

PIJPT+ | 1=P(UPB)

E(JPT+1)=E(JPB)

CONT INUE

CONT INUE

CONT INUE

RETURN

EMND

2 = = % = % = = = = = = = = = J//// = =2 =2 8 T = 3 = 2 =T ® S = =3 ®

SUBROUT INC BREAK

¢CALL ,LOOPC

C---- BREAK CONTROL
IF(T.LT.TBRA(IBREAK)) GO TO 1
|BREAK = |BREAK + |

C--=-READ INPUT BREAK DATA
CALL INPBR

C CHECK FOR TIME STEP REDUCTION
IF(DELT.GE.OTMN) GO TO !
DO 10 I=],1IL

10 OTIM(1)=DELT

IFIKTOU.EQ.1) GO TO |
DO 20 K=1,KL
20 OTIMK(K:=DELT

DELTO=DELT
1 CONTINUE

RETURN

END

s = = = = ¥ 3 T = s = = = =® = ///// = 3 3 % 2 % = 3 % T 3 = 2 8 =

FUNCTION DEMXC(J!,J1P)
*CALL .LOOPC
C-==-=- RADIUS FOR FRICTION FORMULA
[1=0XStJ1)
GO TO (1.2),11
| DEMXC=.5¢(DXS(J1)+DXS(JIP))
GO 10 3
seesesse REPLACE NEXT STATEMENT WiTH APPL[CABLE DEFINITICN OF
HYDRAUL IC RADIUS [F DIFFERENT THAN STATEMENT |
2 DEMXC=0.
3 CONTINUVE




RETURN LOOP 203

END LOOP 2ny

3 8 = = %" = & & &8 = = 3 = » ///// = &2 2 8 %8 = ® = % 32 = 3 8 s ®
SUBROLT INE D1AG Loor 205
*CALL .LOOPC LOOP 206
C-==-=- LONG DIAGNOSTIC PRINT LOCP 207
IF(PRST.GT.TIRETURN LOGP 208
WRITE(9,950! LOOP 209
WRITE(9,951) TITLE LOOP 10
CALL DIAGA LOGCP 2l
WRITE(9,30%) L 2ie
DO 1 I=1,1L LGCP 213
CALL JSET(I) LOCP 21
Ji=JB81 LOoP 2ils
Je=JTi LOoP 216
WRITE(9,4T) LOOP 217
00 2 usJl .2 LOOP 218
WRITE(D,49)[,J,VIJ) ,VD(J) ,PLJ) ,ROLY) VP LOOP 219
2 CONTINUE LOOP 220
WRITF(39,48) LOOP eel
00 & =41.,02 LOOP 222
TH=(RUL-RO(J)*RY(J} ) /ROL LooP 223
TEM=TEMC(RO(J) ,RV(J) ,E(J) . P(J)) LOOP =0
TSAT=STCAL(P(JU)) LOCP 2%
WRITE(9,50)1,J,RVIJ) E(J),TH, TEM, TSAT . WT(J) LOOP 2286
6 CONTINUE LOOP 227
1 CONTINUE LOoP =r={:]
G0 TO (3,4) ,KTOU LOOP 229
4 WRITE(9,80%) LOOP 230
WRITE(S,980) LOOP 231
D0 S K= KL LOOP 232
CALL KSETI(K) LOOP 233
WRITE(9,953)K,PK (KOO} ,ROK (KGO) ,RVK (KOO) ,EK (KCO) , VPK (K ) LOoP 234
S CONTINUE LOOP 235
3 CONTINUE LOoP 236
WRITE(9.303) LOooP a37
RETURN LOoP 238
47 FORMAT(2X, IHI,3X, IHJ, 11X, 1MV, 13X, 2HVD, 11X, IHP, ! IX,2HRO. | 1 X, 2HVP) LOOP 239
48 FORMAT (2X, 1M1, 3X, IHJ,8X,2HRV, [ 3X, IHE, 12X, 2HTH, 12X, 3HTEM, 12X, LooP 240
I4HTSAT, 12X, 2HWT) LOOP 24!
R FORHAT(lx.la.lx.ls.Bx.lPen.n.sx.xpsn.u.lx.wcll.w.SX.XPE:I.M.Sx. Loce 24¢
1IPEIL.W) LOOP cul
S0 romnnx.la.lx.ls.Zx.mEn.u.sx.mcn.n.sx.xpsu.n.sx.xr-'cn.u.zx. LOooP 2un
TIPELL .Y, 3X,IPEIL. %) LOOP 245
S0% FORMAT(//) LOOP 2us
960 FORMAT (WX, IHK,T7X, 1H2, 14X, 2HRO, 13X, 2HRY, 13X, |HE , | IX . 2H4VP) LOooP 247
END LOOP 248

- 8 = = = = = 2 = = = = = s = fFr77/4 = - = = = = e = = = = = = = o
SUBROUTINE DIAGA LCOP Z.43
*CALL .LOOPC LOOP 250

C LoorP 2s1



c DIMENSION BFLUXINPI , TELUX(NP)
DIMENSION BFLUX(10!, TFLUX(10)
C---- SHORT DIAGNOSTIC PRINT
WRITE(9,50) ITER,T.DELTO.OTMN, CYCLE, ISTEP
IF(IL.EQG.1) GO TO S
=L
IF(MOD(IL,.2) .EQ.0) GO TO %
Ii=lL~-1
w WRITE(9,55) (1. TIM(1), 1,0TIMCD) =1, 11)
IFtl1.EQ.IL) GO TC 6
& WRITE(9.%5! IL.TIMOIL) 1L, OTIMOIL)
6 [FIKL.EQ.0) RETURN
IFIKL.EQ.1) GO 10 8
K=Kl
iFi{MOD(KL .2).EQ.0) GO TO 7
K1=KL~-1
7 WRITE(9.60) K, TIMKIK) K, OTIMKIK) K=] K1)
[F(K]l.EQ.XKL) RETURN
8 WRITE(9,.65) KL .TIMK(KL) KL, DT IMKIKL)
RE TURN
ENTRY DIAGB
c SHORT PRINT OF MASS FLUX AT BOTTOM AND TOP OF PIPES
DO 10 I=1,1L
CALL JSET(D)
JSB=JSF (JUB1)
JST=JSF (Ji2)
Ji=JB1
IF(viJBl) .LT.0.)J1=uB2
Je=JT2
IF(VIJT2) .LT.0.)J2=JT]
BFLUX(1)=ROCJII*VIJBL) *(DXS(JSB)**2)* P!
TFLUX (1) =RO(J2) *V(JT2) * (DXS(JST)**2) *CPI
10 CONTINUE
WRITE(9,8%5) T,(l BFLUXIT! TFLUX(L) , I=1,1IL)
RE TURN
45 FORMAT(3X, YHTIM(, 12,2H)= IPE12.5,3X,5HOTIM(, [2,2H)=,1PE12.5}
S0 FORMAT(IHO,SHITER=,[13,74 TIME=,(IPE12.5,84 DELTO=,IPEl2.5
17TH OTMN=,1PE12.5.84 CYCLE=,16,84 I[STEP=, 12}
S5 FORMAT (2(3X, WHTIM(,12.2H)=,IPEI2.5,3X,SHOTIM(,[2.28H) =, IPE12.5))
60 FORMAT (2(3X . SHTIMK(, 12,2H)=,IPE12.5.3X AHOTIMK(, 12.2H) =, IPE12.5)!}
65 FORMAT(3X . SHTIMK(, K 12.24)=,IPEI2.5.3X ,6HOTIMK(,[2,2H)=,IPE]2.5)
85 FORMAT(1HO,THTIME = ,IPE12.5 /(5X,SHPIPE ,12,3X,
| 19HBOTTOM MASS FLUX = ,IPE12.5,3X,!6HTOP MASS FLUX = ,IPEI2.5))
END
ll.t.ll.lll‘.'./,«'/,’/llts't:t.llltﬂt
SUBROUTINE DRIFT
*CALL ,LOOPC
IFIDFVEL.LT. .S GO TO 20%
C---- COMPUTE ORIFT VELOCITY

52

00 | I=1,IL

LOooP
LoorP

LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
.O0P
LOOP
LooP
LOOP
LOOP
LOOP
' Q0P
LOOP
LOOP
LOoOP
LOOP
LOOP
LooP
LOooP
LOOP
LOOP

LooP
LOCP
LOOP
LooP
LCOP

es3

254

257

259
260
261

263
264
265

267
268
269
270
271

a7e
273
27
275
276
277
278
279
280
28l

282
283
284
2es
286
287
288
283
290
29l

292
293
294
295

296
[+ 7
€98
c99
309



0

4700

4350

204

*CALL

IF(TIMLL) .GT.TIGO TO |

DELT=0TIMC(])
CALL JSET(D)
DO 36 J=JML ,JMH

JC=JSF (J)
JCP=JSF (J+1)
DLYUR=DYS(JCP) +QYSLJUC)

ROU= (DYS(JCP) *RO(J) +DYS(JC) *RO(J+1 1) /0L YU

RYU= (DYS(JCP) *RV(J)+DYS(JC) *RV(J+1))/0LYUR

IFtJ.G6T.JB1) GO TO 28

ROI=RO(J+1)

RVI=RV(J+1)

GO T0 29

IF(J.LT . JT2) GO TO 0

RO1=RO(J)

RVI=RV(J)

GO TO 29

RO =ROU

RV I=RVU

CONT INUE

TH=(ROL+RV!-RC|) /ROL

[F(TH.GT . THC.AND.TH.LT.THC1!) GO TO %700

vD(J)=0.

GO TO 36

CONT INUE

THI=TH

[F(TH]1.GT.0.5)THI=].0-THI

RB=REBNCAL (TH1)

VON=VD(J)

AREA=3 *TH|/RB

NUC=V|SL

IFITH.GT..S) NUC=VISV

NUA=NUC/ (| . -TH1)*¢2. 5§

VDO=DELT®* (1 . 0/ROL-TH/RV1)/10.5*DLYU2)*(P(J+1)1-P(J)}

VOM=DELT*RO!/(RVI*tRO1-RVi))

UDM=ABS (VD(J))+] . 0E-10

UDMT =UDM

VOKD=VOKCAL (RO ,UDM, TH1 ,AREA ,NUA ,RB)

VOKDP=VDKPCAL (RO ,VD(J) ,THI ,AREA)

VDIJ)=VD ()= (VD1 J) +VDOM*VDKD*VD ( J) -VDO-VDN)
/11 .0+VOM® ( VDKD+VDKDOP*VD(J)))

UDM=ABS(VDI(J) )+ .E-10

IF LABS( (UDMT-UDM) 7 (UDMT+UDM) ) .GT. .01) GO TO 4950

CONT INUE

CONT INUE

CONT INUE

RETURN

END

= = = ® 3 = T &8 = ® = = = 88 8 ///// = 3 3 = 2 3§ = 3 3 &2 = 8 T =

FUNCTION EVCALTI)

.LOOPC

EVCALSECVACHV* I T -TCI-CHVI®(T]=TC19e2
RETURN

LooP
LOOP
LoorP

LOoP
LoCoP
LooP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOF
LOOF
LooP
LOOP
LOooP
LOOP

LOOP
LOOP
LoorP
LOoP
LOOP
LOCP
LOooP
LOoP
LOOP
LOOP
LOOP
LocP
LOOP
LOOP
LOCP
LOooP
LOCP
LOOP
LOCP
LOoOP
LOOP
LOOP
LOOP
LOOP

LCOP
LOOP
+O0P
LOOP

301

302
303
30%
30S
306
307
308
309
310
311

312
313
31y
315
316
317
318
319
320
321

3e2
323
324
325
326
327
228
329
330
331

332
333
334
33s
236
337
338
339
LY
3wl

w2
w3
Ius

35
346
N7
348

(ad (L
N &
o w
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53



END

% & 8 T s = 3 % * = = = = = = /////] = 2 = = 3

FUNCTION ELCAL(TD)

*CALL ,LOOPC

ELCAL=ECL+CHL®(T1-TC)-CHL1*(T1-TC)**2
RETURN
END

2 ® = = = s 2 2 s = = 3 s = = ///// = = 2a m m = 3 ® = 2 = = ®m 2 =

SUBROUTINE FRIC(I,J,V1)

*CALL .LOOPC
C---- COMPUTE FRICTION EFFECT

54

IF(RG.LE.0.) RETURN
VAl=ABSI(VIJ))
IF(VAL.GE.EPSIIGO TO |1
Visvi)

RETURN

11 CONTINUE

vi=viJ)
JC=JSF (J)
JCP=JSF (J+1)
IF(CFRS(JC!.NE.O..OR.CFRL(JC).NE.O0.) GO TO 1
RETURN

1 CONTINUE
DLYUS=0YS(JCP)+0YS(JC)
ROU= (DYS(JCP)I*RO(J) +DYSI(JCI*ROtJ+1) ) /DLYUR
RVU= (DYS(JCP) *RVI(J)+0YS(JCI*RY(J+1))/0LYUR
IF(J.GT.JUB1) GO TO 12
RVI=RVIiJ#1)
RO1=RO(J+1)
GO T0 '3

12 IF(J.LT.JT2) GO TO 1%

RVI=RV(J)
RO1=RO(J)
GO T0 13

1% RVI=RVU

RO1=ROU

13 CONTINUVE

TH=(ROL+RV|-RO1) /ROL
IFITH.LT.THC) TH=THC
IF(TH.GT.THC! ) THeTHC
CHI=RV1/RO1*(].+(ROI-RV1)/ROI*VDI(JI/VIJ]))ee2
DEMX=DEMXC (JC , JCP)

REN=2. *DEMX*VAI/VISL
RGR= . 5*RG/DEMX

FLA= Q26°*RGR** .22%+. |33*RCR
FLB=22.*RCR** 44

FLC=| .B2°RGR** . | 3%

FLC2= (FLASFLB/REN®*FLC)

LooP
LooP
LOOP
LOOP
LocrP

LOOP
LCOP
LOOP
LooP
LOoP
Loor
LOOP
LOooP
LOOP
LOooP
LOooP
LooP
LooP
LOCP
LOOP
LOooP
LOOP
LCoP
LOOP
LooP
LOOP
LOOP
LOOP
LOooP
LOoP
LoorP
LoorP
LoorP

LOOP.

LOooP
LoorP
LooP
LOoP
LooP
LOOP
LOoP
LOCcP

-
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359
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372
373
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378
376
377
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379
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381
382
383



PHIS=1./(].-TH)**| 75
FLC=FLC2*(ROI/ROLI*(1.-CH])**2/DEMX*PHIS
IFITH.EQ.THC1) FLC=FLC2/DEMX
CFRS1=(DYS(JC) *CFRS(JC) +DYS(JCP) *CFRS(JCPY 1 /DLYUR
FLCT=2. *OELT*FLC*CFRSI
CFRULI=(DYS(JC)*CFRL ( JC)+DYS(JCP) *CFRL (JCP) ) /DL YUR
FLCL=DELT*CFRL!*2.0°ROL/ (RO(J)I+RO(J*]))
TLCT=FLCT+FLCL

VI=SSIGN(]. ,VIJI)®(=] +(].+2.*FLCTeVALl) 2 S)/FLCT
EE= 25°(VA|=**2-V]**2)

EN(JI=EN(J) +EE

EN(J*11=EN(J* ]| ) +EE

RE TURN

END

2 ®* = = = 2 3 = ® &= = s = s 3 ///// = = = 2 2 ¥ 3 = = = 3 T = =z =

SUBROUTINE INFNC(TIN,PIN,THIN,ROI ,RVI E1)
*CALL ,LOOPC
C---- SETS UP STATE VARIABLES
IF(THIN.LT.THC1) GO TO 36
C--~= VAPOR STATE (P.T)
TH=THIN
EVT=EVCAL(TIN)
ELT=ELCAL(TIN)
RV1=RVCAL (EVT ,PIN,TH)
ROI=RVI+(1.~TH)*ROL
E1=(RVI*EVT+(ROI1-RV]) *ELT)/ROI
GO TO 40
36 CONTINUE
TSAT=STCAL (PIN)
EVSAT=EVCAL (TSAT)
ELSAT=ELCAL(TSAT)
IF(THIN.LT.THC) GO TO 38
C-=~- SATURATED STATE (P,TH)
RV1=RVCAL (EVSAT ,PIN, THIN)
RO1=RVI+(1.-THIN) *ROL
El=(RVI*EVSAT+(].~THIN) *ROL*ELSAT)/RO!
TIN=TSAT
GO TO %0
38 CONTINUE
C---- LIQUID STATE (P, T)
ELT=ELCAL(TIN)
PSAT=SPCAL(TIN)
EVSAT=EVCAL (TIN)
RV1=RVCAL (EVSAT ,PSAT, THC)
TH=THCAL (EVSAT ,PIN,RVI)
ROI=RVI+(].-TH)*ROL
E1=(RVI*EVSAT+(].-TH) *ROL*EL T /RO
40 CONTINUE
RETURN
ENO

® = = % = & = = = 8 = = = = = ///// = = = 3 % 8 8 ® 2 3 ® ¥ = = =




*CALL

O

100

105

Comm=

SUBROUT INE INPUT

— et e e s G e e G e e

,LOOPC

NAMEL [ST 7/ DATUMS /

ALPHA ASQ, BNUM, CDG. CFRL,
CHL , CHLI, CHvV, CHVI, DELSTP,
OF VEL . DPRST, OTWPRT, DOxs. ovs.
£Cv, EDL, EDV. ELHT, EPSI,
GAMI | GYS. 10XS., IMP, JMHI
JF3I, JPTL, KBOT, KTOP, LANG,
LTOP, MBOT, MTOP, NJS, NSUBDT,
PHCH, P8, #1. QJus, ]G,
STABC, TBRA, TC. TEMB, TEMI .,
THC , ™1, TITLE. TSTART, TWF IN,
vis., vVISL. VISV
NI =NP
NE=NS
N3=NJ
N4 =NK
NS=NM

ZERO OQUT THE ARRAYS LR LR LR RS
LENA=G*NI *N
LENB=25°N1 +76*Nu+ | 4*N3+E6°NS
ALTER IF ADD!TONAL VARIABLES ADDED TO COMMON
00 100 L=1,LENA

CFRLI(L)=0.

DO 105 L=1,LENB

BETA(L)=0.

SEEEE Srr e LA R R
DEFAULT VALUES SETUP
ALPHA=] .

ASQ=1.234E+4

BNUM=10000.

C0G=.5

CHL =44 34

CHL1=.0129

CHV=6.67

CHV1=.0302

CP1=3. 14159265

DELSTP=100.

DELT=.001

DFVEL=0.

DPRST=0.

DTWPRT=S00.

ECL=.91TuUE+y

ECV=2.S06E+4+

EDL=1.8E-6

EDV=1.8E-7

ELHT=1 76E +%

EPSI=.001

ETEM=1,

GAMi=.07

IMP=| .0

CFRS,
DELT.
ECL.

ETEM,
JMLI,
LBor,

THB,

TWSTP,

LOOP
LooP

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
Loo"
Lo-=
LOw
LOoOP
LOOP

w48
449

450
451
452
453
4S4
455
456
457
wse
453
460
461

462
463
4B4
4BS
466
467
468
4639
470
471

472
473
47
475
476
477
478
4738
480
481

482
«83
484




1S
8
€
c
T,

NSUBDT=1
OMG=1| .
PHCH=1 .
RG=0.
ROL=.958
STABC=4.0
TC=373.
THC=.001
TITLE(1)=10H
TITLE(2)=10H
TITLE(3)=10H
TITLE(%)=10H
TITLE(S)=10H
TITLE(B)=10H
TITLE(7)=10H
TITLE(B)=10H
TSTART=0.
TWF IN=10000.
TWSTP=1,
VISL=3.0E-6
VISv=2 0E-%
00 1S I=1,NI
JMLIC] =]
JMHI (] ) =]
JPBI(])=]
JPTI(] =]
CONT INUE

0O 18 N=1 NI
TBRA(N)=] .E+20
DO 18 M=] N2
CFRS(N M)=] .
[DXS (N, M) =]
CONT INUE

READ(10,DATUMS)

LIST INPUT CONSTANTS

WRITE (9,950
WRITE(9,951) TITLE
WRITE (9,888

WRITE (9,921 ) ALPHA
WRITE(S,971)ASQ
WRITE (9,968) BNUM
WRITE(9,923)C0C
WRITE(S,373)1CHL
WRITE(9,935)CHLI
WRITE (9,924)CHV
WRITE(9,9361CHVI
WRITE(9,334)1CP1
WRITE(9,965)0ELT
WRITE(S,338)0ELSTP
WRITE (9,928)1DF VEL
WRITE (S, ,94%0)LARST
WRITE(9,36% 0TWPRT
WRITE(9,328)ECL
WRITE(S,92%)ECY
WRITE(9,9311EDL
WRITE(9,930)E0V

LOOP
LOoOP
LOooP
LooP
LOOP
LOOP
LOOP
.0oP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOCP
LOOP
LOOP
LooP
LOOP
LoGoP
LOOP
LoorP
LOOP
LoorP
LOOP
LOOP
LOCP
LooP
LOooP
LOCOP
LOOP
LOCP
LOOP
LOOP
LOCP
LOOP
LOCP
LCOP
+00P
LOo%

LQoP

503
S04
505
S06
507
S08
509
510
Sii

Sie
%513
Siw
315
S16
517
Si8
519
520
S21

se2
523
Seu
5%
Se6
527
528
529
530
S31

s32
533
S3.
535
S36
537
S38
539
sS40
Sui1

Ske
S43
Sy

545
546
47
S48
543
550

sS1

88e

553

S5
=88

=56
557
=28
=59

S60



(g

35

0

Comm=

13

Conma

58

WRITE(3,9291ELHT
WRITE (9,966 EPS]
WRITE(9,961 1ETEM
WRITE (9,362)CAM!
WRITE(S,937) IMP
WRITE(S,3%1INSUBDT
WRITE (9,920 0MC
WRITE(9,3932)PHCH
WRITE(9.372)RC
WRITE(9,9687)ROL
WRITE(9,942) STABC
WRITE(9,327)TC
WRITE (9,3960) THC
WRITE(9,970C) TSTART
WRITE(9,3963) TWF IN
HWRITE(9,939)TWSTP
WRITE(9,97TwIVISL
WRITE(9,975)VISV
WRITE(9,903)

CALCULATE NUMBER OF PIPES,JOINTS,AND BOUNDARY SETS

DO 30 I[=1,NI

JCEL(]1=0

D0 2% J=1,Ne
IFINJS(],J).EQ.0) GO TO 25
JSXI(li=y

JCEL (1) =JCEL ([)eNJS(I U}
IL=1

CONT INUE

CONT INUE

KL=0

D0 35 I=1,IL
KL=MAXO (KL ,KBOT (1) ,KTOP(]))
COMTINUE

ML=0

00 40 M=1 NS
IFII(TEMB(M)+PG(M)+ROBIM) I NE.Q.) ML=M
CONT INUE

BOUNDARY CONDITION CONSTANTS
IF(ML.EQ.0) GO TO 13
WRITE(9,950!

WRITE(9,976)ML

WRITE(9.97TT

D0 9 M=| ML
WRITE(9,953)M,TEMB(M) ,PBIM) , THB(M)
CONT INUE

CONT INUE

ELEMENT DEPENDENT CONSTANTS
IFLIL.NE.Q) GO TO 1%

WRITE (9,389

CALL EXIT(20)

CONT INUE

WRITE(9,803)

WRITE 2,378 1L

WRITE (9,379

00 10 l=},IL

wrvi e, w8001 ,JCEL (T LANG I  JSXI(])

LTEMICL) PIED) ,THICD)

LOOP
LOOP
i.00P
LOoOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoP
LUOP
LOOP
LooP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOoP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LooP
LOCP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOCP
LOCP

LOOP
LOOP
LOOP
LOOP
LoorP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOCP

561
36e
563
564
565

567

569
570
571

s72
$73
574
575
576
577
S78
579
S80
S8l

s8e
583
S84
585
S8é
587

590
581
Ss2
593
594

596
597
598
599
600
601
602
603
60%
80S
606
607
608
809
610
611
6le
613
6l4
815
816
617
618



10
Cooms

45

4B

47

8

43

5

Coman

CONT INUE
JOINT QUANTITIES
IF(KL.EQ.0) GO TC 3

DO S0 K=1,KL
NPIPX=0
NPIPY=0
D0 49 I=1,IL

IF(KBOTI(]).NE.¥! GO TO 46
IF(LANG( [ .EQ.1.0R.LANG(1) .EQ.3) GO TO 45
NP [PY=NPPY+|

IFINPIPY.EQ.1) DYKIK)=DYS(],1)
IF(DYS(L,1).LT.DYK(K) ) DYK(K)=DYS(], 1)
RADY=DXS([,1)

GO TO 48

NP [PX=NP | PX+]

IFINPIPX.EQ.!) DXK(K)=DYS(], 1)

IFDYSOI,1).LT.DXK(K)) DXK(K)=DYS(],1)
RADX=DxS(1,1)

GO TO 48

IF(KTOP(]).NE.K) GO TO 49
NSEGI=JSXI(1)

IF(LANG(1) .EQ.|1.OR.LANG(!).EQ.3) GO TO 47
NP IPY=NP|PY+|

IF(NPIPY . EQ.1) DYK(K)=DYS(] ,NSEGI])
IF(DYS(! ,NSEGI).LT.OYK(K)) DYK(K)=0YS(] NSEG!)
RADY=DXS ([ ,NSEGI)

GO TO 48

NP [PX=NP [PX+|

IF(NPIPX.EQ.1) DXKIK)=DYS(] ,NSEG!)
IF(DYS(! NSEGI) .LT.OXK(K))IDXK(K)=0YS(! ,NSEG])
RADX=0XS (] ,NSEGI)

PKIK)=PKIK) + PI(])

TEMK(K)=TEMK(K) + TEMI(])

THIK (K)=THK(K) + THI(])

CONT INUE

RNPIP=]| .0/FLOATINPIPX + NPIPY)
PK(K)=PK(K)*RNP P

TEMK (K)=TEMK (K] *RNP 1P

THK (K)=THK (K) *RNP | P
IF(NPIPX.EQ.Q)RADX=SGF T (RADY*OYK (K) )
IFINPIPY EQ.Q0)RADY=SQRT (RADX *OXK (K) )
IF(NPIPX.EQ.0)DXK (K} =RADY
IF(NPIPY.EQ.0)1DYK (K) =RADX
DZONE=RADY**2/DXK (K

DZTWO=RADX**2/DYK (K)
DZMAX=AMAX ] (DZONE ,DZTWO)

OXK (K) =RADY**2/DZMAX

DYK (K) =RADX**2/DZMAX

CONT INUE

WRITE(9.,903)

WRITE(9,38% KL

WRITE(9,98%)

DC S5 K=1 ,KL
WRITE(9,953)K,DXK (K) ,DYK(K) ,TEMK (K] ,PK(K) , THK (K}
CONT INUE

CONT INUE

MESH DEPENDENT PROPERTIES

00 60 I=1,!L

LOoP
LOooP
LO0P
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOoP
LOOP
LOOP
LOooP
LooP
LOOP
LOCP
LOoP
LOooP
LoorP
LOOP
LOOP
LOCP
LooP
LOOP
LOOP
LOOP
LOOP
LooP
LooP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOCP
LoorP
LOOP
LOoP
LOOP
LOCP
LOOP
L00

0N
e

LooP

59



IFIKBOT(]).EQ.0) GO TO 65 LOOP 677
JL=JSXit]) LOOP 678
00 S% Ju=1 UL LOOP 6579
LaJdL+2-J LOOP 68C
NJSEI,L)=NJSIL L=1) LOOP 681
IOXS(1,L)=1DXS(].L=1) LooP 682
DXS(i,L)=DXS(!,L-1) LOoP 683
OYSt!I,L)=0YS(I,L-1) LooP 684
VIStI,L)=VIS(L L-1) LooP 685
GYS(I,L)=GYS(I.L-1) LooP 686
CFRL(! . L)=sCFRL( ,L-1 LOOP 687
CFRS(1,L)=CFRS(I,L-1} Loop 688
5S4 CONT INUE LOoOP 689
JSXI (1 )=JSXI(])e] LOoP 690
JCEL(1)=JCEL (1143 LooP 691
NJSt1,11=3 LOOP 692
K=KBOT([) LOOP 893
DYS(].1)=DXKI(K) LOOP 694
IFILANG(!]) .EQ.2.0R.LANG(]) .EQ.%) DYS(],1)=DYKI(K) LOOP 695
GO TO S5 LOOP 696
65 NJS(I,1)1=NJS(],1)2 LOOP 657
JCEL(1)=JCEL( 1)1 +2 LOOP 638
55 IF(KTOP(1).EQ.0) GO TO 75 LOOP 699
JSXItI)=JSXI(1)+] LOOP 700
L=JSXIt]) LooP 701
NJSII,L)=2 LOOP 702
IDXS(I,L=IDXS(I,L-1) LOOP 703
OXS(I.L1=0XS(],L-1) LOCP 704
VISt L)=svIS(I .L=-1) LOOP 705
QYS! . ,L)=GYS(L] L=-1) LOOP 706
CFRUCI,LI=CFRLIT . L-1) LOOP 707
CFRS(I,L)=CFRS(] . .L-1) LOOP 708
QUSt!I,.Li=QuSti.L-1) LOOP 709
K=KTOP( ) LOOP 710
OYS(1,L)=DXK(K) LOOP 711
IFILANG([).EQ.2.0R.LANG([).EQ.%) DYS(!],L)=DYKIK) LOOP 712
JCEL(1)=JCEL (] }e2 LOOP 713
GO TO 60 LOOP T4
75 L=JSXIt( 1) LOooP 718
NJSTT,L)=NJS(: L)+ L.oCP 716
JCEL (1) =JCEL(])#] LOOP 717
60 CONT INUE LOCP 718
P 209,803 LOOP 719
whTE(S,981) LooP 720
WRITE(9,3983) LOOP 721
DO & I=1,IL LOOP 722
JLsJsSxit(l) LOOP 723
00 & J=1. LOOP 724
JS=l+(J-1)*N] LOOP 728
WRITE19,982)1,J.NJS(JS), [DXS(JUS) ,DXS(JS) ,.DYS(JS) . VISIJS) ,GYSIJS), LOOP 726
ICFRL (JS) ,CFRS(JS) ,QUS(JS) LOOP 727
4 CONTINUE LOOP 728
RETURN LOOP 723
LOCP 730

ENTRY [NPSR LOOP 731
LOGCP 732

READ(10,0ATUMS) _00P 733

RETURN LooP T34



320 FORMAT(10X, 94 OMG = ,IPEIS.T)
921 FORMAT(I0X, 9H ALPHA = [ IPEIS.T)
923 FORMAT (10X, 9M COG = ,IPEIS.T)
924 FORMAT(I0X, 94 CHV = ,IPEIS.T)
925 FORMAT(10X, 94 ECV = ,IPEIS.T)
926 FORMAT(10X, 94 ECL = ,IPEIS.T)
327 FORMAT (10X, 9M TC = ,IPEIS. T
928 FORMAT (10X, 9H DFVEL = ,IPEIS.T)
929 FORMAT(10X, 9H ELHT = _IPEIS.T)
930 FORMAT(I10X, 94 EDV = ,IPEIS.T)
93] FORMAT(10X, 94 EDL = ,IPEIS.T)
932 FORMAT(IO0X, 94 PHCH = | IPEIS.T)
934 FORMAT(10X, 94 CPI = ,IPEIS. T
935 FORMAT(10X, 94 CHL! = ,IPEIS.T)
936 FORMAT(10X, 9H CHV]I = ,IPEIS.T)
937 FORMAT(IOX, SH IMP = _IPEIS.T)
938 FORMAT (10X, SHDELSTP = _IPEIS. T
939 FORMAT!IOX, 9H TWSTP = | IPEIS . 7)
940 FORMAT(I0X, 9M DPRST = _IPEIS.T)
Q4| FORMAT(0OX, SHNSUBDT = ,13)

Q42 FORMAT(10X, 9H STABC = ,IPEIS.T)
960 FORMAT(10X, 9H THC = ,IPEIS. D)
961 FORMAT(10X, 94 ETEM = IPEIS.T)
962 FORMAT(10X, 94 GAMI = | IPEIS.7)
963 FORMAT(10X, 94 TWFIN = ,IPEIS.T)
964 FORMAT (10X, SHDTWPRT =  IPEIS.7)
965 FORMAT(10X, 94 DELT = ,IPEIS.T)
966 FORMAT(IOX, 94 EPSI = ,IPEIS.T)
967 FORMAT(10X, 94 ROL = ,IPE!S.7)
968 FORMAT(10X, 94 BNUM = _|PEIS.7)
S70 FORMAT( 10X, SHTSTART = ,IPEIS.7)
971 FORMAT(10X, 9M ASQ = ,IPEIS.T)
972 FORMAT (10X, 9H RG = ,IPEIS.T)
973 FORMAT(I0X, 94 CHL = ,iPEIS.T)

974 FORMAT(10X, 94 VISL = ,IPEIS.T)
975 FORMAT(IO0X, SH VISV = ,IPEIS.T)

976 FORMAT (10X, 33HBOUNDARY CONDITION INPUT ML = ,[5/7)
977 FORMAT (42H M TEMB P8 THB/ /)
978 FORMAT( 10X ,2SHPIPE [NPUT iL = IS/
379 FORMAT (43H I JCEL LANG JUSXI| TEMI Pl
14H T™IZ7)

380 FORMA (4I5,BE!1S.T)
981 FORMAT (10X ,2SHMESH DEPENDENT PROFERTIES/ /)
982 FORMAT(415,7E14.8)

S83 FORMAT (45K I JS NJS 1DXS Dxs oYs .
156+ VIS GYS CFRL CFRS ,
2 10X, 3HQusS 11)

S84 FORMAT(10X,30HJOINT QUANTITIES KL = ,IS5/7)

985 FORMAT (4SH K 8} (4 Orx TEMK
125M PK THK/ /)

9688 FORMAT (10X, ISHINPUT CONSTANTS, /)
389 FORMAT(38H ERROR *** THIS SYSTEM =AS NO PIPES
END

S % % 8% ® % % 8 = 3 ¥ = = = = / % 2 % % 82 % =T 3 T =T = =

LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOF
LOOP
LOooP
LOCP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOF
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LooP
LOoP
LOCP
LOOP
LOOP
LooP
LOCP
LOOP
LOCP
LOOP
LOOP

735
736
737
738
739
740
iy
T4
743
Tus
g
746
747
748
749
750
751
752
753
‘75“
758
756
57
758
759
760
761
762
763
784
765
*67
7€8
788

170
771
772
773
7%
775
776
Naui
778
779
780
781
78¢e
783
TEs
785
786
-g7
788

61



SUBROUT INE JCTO

*CALL ,LOOPC

C---- INITIALIZATION OF JUNCTION CELL
C--==- CREATES AND INITIALIZES ADJACENT STORAGE CELLS
GO TO (17.,18: ,KTQU

62

18

30

-

DO 30 K=1,KL
PKI(K)=0.
DXKC (K ) =DXK (K)
DYKC (K) =DYK (K)
DYK(K) =0,

OXK (K)=0.

CONT INUE

00 | K=] KL

IF(TIMKIK) .GT.TIGO TO 1

DELT=DTIMKI(K)
CALL KSET(K)

DXk (KOO ) =DXKC (K)
DXK (KPQ) =DXKC (K)
DXK (KOP) =DXKC (K)
DXK (KMO ) =DXKC (K
DXK (KOM) =DXKC (K
DYK (KOO) =DYKC (K)
DYK (KPQ) =0DYKC (K)
DYK (KOP) =DYKC (K)
OYK (KMO) =DYKC (K)
DYK (KOM! =0YKC (K}
ROK (KOO) =ROKC (K)
ROK (KPQ) =ROKC (K)
ROK (KOP) =ROKC (K )
ROK (KMO ) =ROKC (K)
ROK (KOM! =ROKC (K)
RVK (KOO ) =RVKC (K)
RVK (KPO) =RVKC (K)
RVK (KOP) =RVKC (K
RVK (KMO) =RVKL (K)
RVK (KOM) =RVKC (K)
EK (KOO) =EKC (K)
EX(KPQ) =EKC (K)
EK (KOP)=EKC (K)
EK (KMO) =EKC (K
EX (XOM) =EKC (K)

PK (KOO) =PCAL (EK (KCO) ,ROK (KQOQ) ,AVK (KQO) )

PK (KPQ) =PK (KDQ)
PK (KOP) =PK (KOO}
PK (KMQ) =PK (KOO)
PK (KOM) =PK (KOO
VK (KUO) =Q.

VK (KOU) =0.

VK (KDO)=0.

VK (KOD)=0.
GAM(KUO! =0.
GAMIKOU) =0.
GAM(KDO) =0.
GAM(KOD) =0.
CONT INUE

20 2 I=l,IL

LocP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOUOP
LOOP
LOOP
LOOP
LOOP
LOoOP
LOOP
LOOP
LOOP
LOOP
LOCP
LooP
LOooP
LOOP
LOOP
LCOOP
LOoP

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOooP
LOOP
LOooP
LOooP
LOOP
LocP
LOOP
LOCP
LOOP
LOOP
LooP
LOocP
LOOP
LOCP
LOOP
LOOP
LOOP
LOCP

7es
7320
791

782
793
794
735
796
797
7398
799
800
801

802
803
80%
805
806
807
808
809
810
811

812
813
Slw
815
816
817
818
819
820
821

8ee2
823
8cw
8eS
826
827
828
829
830
831

832
833
834
835
836
837
838
839
840
841

842
843
Juu



13- ]

16
10

17

IFtTIM(L).GT. TGO TO 2
DELT=DTIM(])

CALL JSET( D)
JSB=JSF (JB!)
JST=JSF (JT1)
11=180T¢ 1)

GO TO i3.%3.11
K1=KBOT (]}
thl_‘m(l)

CALL KSETI(K!)

GO TO (5,6.7.8),L1
CONT INUE

DXK (KPO ) =DYS! JSB)
GAM(KUO) =1,

GO 70 9

CONT INUE

DYK (KOP) =DYS( JSB)
GAMIKOU) =1 .

G0 T0 9

CONT INUE

DXK (KMO) =0YS (JSB)
GAMIKDO) =1 .

GO T0 9

CONTINUE

0. (KOM) =0YS (JSB)
GAM(KCDI =1 .

CONT INUE

CONT INUE
11=1TOP( )

GO TO (10,1i) .11
K1=KTOP(])
LI=LANGI( )

CALL KSET(K])

GO TO t1%,15.12,.13).L1
CONT INUE

DXK (KPQO ) =DYS(JST)
GAM(KUO) =] .

GO TO 186

CONT INUE

DYK (KOP)=DYSIJST)
GAMIKOU) =] .

GO TO 18

CONT INUE

OXK (KMO i =DYS(JST!
GAMIKDO) =1 .

GO T0 16

CONT INUE

DYK (KOM) =QYS(JST)
GAM(KOD) =] .

CONT INUE
CONTINUE

CONT INUE

CONT INUE

RETUAN

END

LOGP
LOOP
LOOP
L0ooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LOooP
LOoP
LOOP
LOOP
LOooP
LOOP
LooP
LOOP
LOoOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOOP
LOoP
LOOP
LOooP
LOoP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP

845
846
847
848
849
850
85i

8s3

857

859
860
861

863
864
865

867
868
863
870
B71
872
873

T4
87%
876
877
878
879
880
881
882
883
884
885

887

889
830
891

833

89s
896
897
8398
839

63



SUBROUTINE JCTPIP

*CALL .LOOPC

Ce=== JUNCTION TO PIPE SHIFT

64

00 I I=1,IL
CALL JSET(D)
JSB=JSF (UB1)
JST=JUSF(JT2)
11=180T(])
GO0 TO (2.3).11
3 K1=KBOT(])
LI=LANG(])
IF(TIMKIKLI).GT.TIGO TO 2
CALL KSET(K!)
RO(JB!1)=ROK (KOO)
RV (JBI1 ) =RVK (KQQ)
E(JB1)=EKIKOO)
P1JUB1)=PK(KQOQ)
VPIJUBL)=VPKIK])
970 (4.5.86,7).L1
% v:..80)1=(DYS(JSB) *VKIKDO) + (DXK (KOO ) -DYS(JSB) ! *VK (KUQ) ) /DXK (KOO)
ViJB!1)=VKI(KUQ)
GO T0 8
S VIJBO)=(DYS(JSB) *VK(KOD) + (DYK (KOO) -0YS(JSB) ) *VK (KOU) ) 7/DYK (KQO)
VIJBI1 ) =VK(KOU)
GO T0 8
6 VIJUB0)=~(DYS{JSB) *VK(KUQ) + (DXK(KOQ) -0YS(JSB) ) *VK (KDQ) ) /DXK (KOO)
ViJBl)=-VKI(KDO)
GO TO0 8
7 VIJBO) =~ (DYS(JSBI *VKIKOU) + (DYK(KOQ) -DYS(JSB) ) *VK (KOD ) 1 /DYK (KUQ)
ViJBl1=-VK(KOD)
8 CONTINUE
2 CONTINUE
[1=1TOP( )
GO TO (9,100,111
10 KI=KTOP( [}
LI=LANGI(])
IF(TIMK(K]).GT.TIGO TO 9
CALL KSET(KI1)
RO(JT ) =ROK (KQO)
RVIJT 1) =RVKI(KOO)
E(JT1)=EK(KOO)
PtJT 1) =PK(KOO)
VPIJT1 ) =VPKIK])
GO TO (13,1%,11.,12).L1
I VIJT) == (DYS(JST) *VK(KDO) + (DXK (KOO) -DYS(JST) ) *VK (KUD) ) /DXK (KCO)
VIJT2) =~VK (KUO)
GO TO 1S
12 VIJT1 ) == (DYSIJST) *VKIKOD )+ (DYK (KOO -DYS(JST) ) *VK (KOU) ) /DYK (KOO
VIJT2) =-VK(KOU)
GO TO 15
13 VIJTI) = (DYSIJST) *VK(KUQ) » (DXK (KOO) =DYS(JST) } * VK (KDO) ) /OXK (KOO
ViJT2)=vK(KDO)
GO T0 1%
1% VIJT1)=(DYS(JSTIeVK(KOU) +» (DYK (KOQ) -DYS(JST) ) *VK(KOD ) ! /DYK { KOO)
VIJT21=VK (KOD)

LOoP
LOooP

LOOP
LOoP
LCOP
LooP
LooP
LOOP
LooP
LooP
LOoP
LOOP
LOoOP
LooP
LOOP
LoorP
LOOP
LOOP
LOOP
LOOP
LoorP
LOOP
LOOP
LooP
LooP
LooP
LOooP
LooP
LOOP
LooP
LOOP
LOooP
LooP
LOOP
LOOP
LoorP

LOOP
LOoP
LOOP
LOOP
LOoP
LOOP
LOOP
LCOP
LooP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LCOP
LOooP
LOCP

3800
901

30c
203

306
907
08
909
910
9il
912
913
=R
315
916
917
918
319

930
931
932
933
934
935
936
937
938
9339
340
941

gue
943
34y
us
946
Su7
348
943
950
351

9se
953
s



15
9
i

*CALL ,

*CALL
Coven

*CALL

CONT INVE
CONT INUE
CONT INUE
RETURN
END

S = = % ® % 38 % = 3 = = = = = /////] =m = 8 8 ® = = = 3 = = S T B =

SUBROUTINE JSET([)
LOOPC

PIPE INDEX ALGEBRA
JBO=UREF () +]
JB1=UB0+|
JB2=UBl1+1
JT1=UB0+JCEL ()~
JTe=JT1-1
JML=UBO0+JMLI (1)
GMH=JT | =UMK] (1)
JPB=UB1+JPBI ()
JPT=JT1=-UPTI(])
RETURN

END

n-----llt--a-ll/////l.c::-a:.ts:.st

SUBROUT INE KSET(K)

.LOOPC

JUNCTION INDEX ALGEBRA
Kl=(K=])*5
KOO=K1+]
KPO=KO00+!
KOP=K0Q+2
KMO=K00+3
KOM=K00+4
KUO=K 1+
KOU=KUO+ |
KDO=KUQ+2
KOD=KUO+3
RETURN

END

.II.I..I..".II/,‘;,"/ ® = 3 32 2 = 3 8 ®» =T = ® = = =2

SUBROUT INE LOGCPR

.LOOPC

WRITE(9,850)
WRITE (9,360
WRITE(9,961)
00 1 i=1,1L

LO0OP
LOOP
LO0P
LOOP
LooP

LOOP
LOOP
LOOP
LOOP
LooP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP

LOooP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOoP
LOOP
LOOP
LoCcP
LOOP
LooP
LOOP

LOoCP
LooP
LOOP
LOOoP
.OCP

LocP

955

957
3958
959

960
961

963
364
965

967

969
970
971
972
973

97y
975
976
977
978
979
980
981
382
283
S8v
985
S86
987
988

0 W W W wm
N — O

i

GO W wwww
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CALL JSET(1) LooP 995

WRITE(9,90%) | ,JREF (1) ,JCEL (1) ,JMLICT) , JMHIC1) ,JPBI (1), JPTLLD) LOoOP 996
1 .KBOT(1) . KTOP(1),LBOT(1),LTOP(]) MBOT(]) MTOP(I),J8!,JT1,IBOT(I), LOOP 997
21T0P(1) LooP 398
I CONTINUE LooP 999
WRITE (9,303) LOOP 1000
WRITE(9.962) LOOP 1001
DO 0 I=1.IL LOOP 1003
JSL=JSXI(1) LoorP 1004
DO 35 JS=1.JSL LOOP 1005
NI=NJS(],JS) LOOP 1006
DO 30 N=1,N| LOCP 1007
JuJe| LOOP 1008
WRITE(9,90%11,J5.J,JSF (J) LooP 1009
30 CONTINUE LooP 1010
35 CONTINUE LooP 1011
40 CONTINUE LooP 1012
RETURN LOOP 1013
905 FORMAT(2015) LOOrP 101%
960 FORMAT (10X, 11HLOGIC PRINT/ /) LOOP 1015
G681 FORMAT(S2H 1 JREF JCEL JMLI JUMHI JUPBI JPT] KBOT KTOP LBOT LOOP 1016
135HLTOP MBOT MTOP UBl1 JT1 IBOT ITOP /) LOCP 1017
962 FORMAT (25H P 1S J JSFLU /71 LOOP 1018
END LOOP 10189

S 8 2 8 % % T ® = = = = =2 ® = ///// = = = m 3 3 % 3 % = ® % % =
FUNCTION PCAL (ET ,ROT ,RVT) LoOP 1020
*CALL ,LOOPC LOOP 1021
C~=-=~ PRESSURE CALCULATION LOOP 1022
TH=(ROL+RVT-ROT I /ROL LOoP 1023
THTM=TH LOOP 1024
IF(TH.LT.THC) THTM=THC LOOP 102%
ETEMT=ETEM LOCP 1026
IF(TH.GT.THCIIETEMT=] . LOOP 1027
TEM=TEMC(ROT RVT ET.0.) LOoP 1028
IF(ETEMT .LT..S)TEM=285.2 LOOP 1029
EVI=sEVCAL (TEM) LOCP 1030
PT=CAMI *RV . *EV ]/ THTM+ASQ*ROL* ( THTM-TH) LOOP 1021
PTT=PI LOoOP 1032
IFIETEMT.GT..5) GO TO 6265 LOOP 1033
PCCO=117.8°CAM|*RVT/THTM LOOP 1034
PCC=PCCO* (CHV-CHVI®*(510.4-2.*TC)) LOOP 103%
PCC1=PCCO*CHVI®*|17.8 LOOP 1036
PT=PTT+2.*(.223*PCC1*+).287 LOOP 1037
6260 PTG=PT LooP 1038
PTA=PCC*PTG®* . 223-PCC I *PTG** . 446 LOOP 1039
PTaPTIG+ (PTT+PTA-PTG)/ (| .- . 223*FTA/PTG) LOOP 1040
IFLABS( (PT-PTG) 7 (PT+PTG)) .GT..01) GU TO 6260 L 10%1
5265 CONTINUE LOOP 1042
PCAL=PT LOOP 1043
RETURN LooP 1044
END LooP 1045

66



sCALL,

Co==~

s ® % = 2 =2 3 = = = =® =3 3 3 = /[,

SUBROUTINE PIPUCT
LOOPC

PIPE TO JUNCTION SHIFT
00O ! [=1,! )
IF(TIMOL).GT. TG0 TO !
CALL JSET([)
[1=1BOT( 1)

GO 1O 2.3).11
K1=KBOT(])
“I=LANG( )

CALL KSETIK!:

GO T0 (4,5,6.7).L1
ROK (KPO) =RO(JB2!
RVK (KPQ) =RV (UB2)
EX(KPOQ) =E (UB2)
PK(KPO)=P(JB2)

VK (KUQ) =V (JBI1 )
VOK (KUQ) =VD( JB1 !
GO TO B

ROK (KOP ) =RO(JB2)
RVK (KOP) =RV (UB2)
EX(KOP)=E (JB2)
PK(KOP)=P(UB2)

VK (KOU)=v(JB1)
VOK (KOU ) =VC (JB1 )
GO T0 B8

ROK (KMO) =RO( UB2)
RVK (KMO) =RV (UB2)
EK(KMO) =€ (JB2)
PK(KMO) =P (UB2)
VK(KDO)=-V(JB1)
VOK (KDO) =-vD(JB1)
G0 TO0 8

ROK (KOM) =RO ( UB2)
RVK (KOM) =RV (JB2)
EK(KOM) =E (B2

P (KOM) =P JB2)
VK(KOD)=-V(JB1)
VOK (KOC ! =-vD( B! )
CONT INUE

CONT INUE
I1=lTOP( 1)

GO TO (9,100,151
Kl1sKTOP(])
LI=LANG(])

CALL KSET(KI1)

GO TO (13,1%,11,.12),L!
ROK (KPQ)=sRO(JT2)
RVK (KPQ) =RV (JT2)
EKIKPO)=E (JT2)
PK(KPO) =P JT2)

VK (KUD) ==V (JT2)
VOK (KUQ ) ==vD(JT2)

Ty,

/

2 ¥ = =2 =T = 2 = = 2 = = = = =3

LOOP
LOOP
LOOP
LOCOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOooP
LOCP
LOCP
LOCP
LoOP
LOOP
LOOP
LCOF
LOCP
LOOP
LOOP
LOooP
LooP
LoorP
LOCP
LOOP
LooP
LOOP
LOoP
LOCOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP

1046
1047
1048
1049
1050
1051
1052
1053
105%
1058
1056
1057
1058
1058
1060
1061

1062
1063
106%
1065
10686
10€7
1068
1068
1070
1071

1072
1073
1079
107%
1076
1077
1078
1079
1080
108!

1082
1083
1084
108%
1086
1087
1088
1089
1090
1091

1092
1093
103

1096
1097
1098



*CALL,

—

Come=

68

200

GO TO 1S

ROK (KOP ) =RO(JT2!
RVK (KOP) =RV (JT2)
EK(KOP)=E (JT2)
PK(KOP) =P(JT2)
VK (KOU) ==V (JT2)
VOK (KOU) =-VD:iJT2)
GO 10 1S

ROK (KMO) =RO(JT2)
RVK (KMO) =RV (JT2)
EK(KMO) =E (T2
PK(KMO) =P (JT2)
VK (KDO) =vI(JT2)
VDK (KDQ) =vD(JT2)
GO TO 1S

ROK (KOM) =RO(JT2)
RVK (KOM) =RV (JT2)
EXK(KOMI=E (JT2)
PKIKOM) =P (JT2)
VK(KOD) =V (JT2)
VDK (KOD) =vD(JT2)
CONT INUE

CONT INUE

CONT INUE

RETURN

END

2 = % T ® 3 = = = = 88 = = s =® ///}/)/ = = 3= 3= = 2 % % £ = 3 = ® = =

SUBROUTINE PITERJ

LOOPC

PRESSURE [TERATIONS FOR JUNCTION CELLS
GO T0(100,200) .KTOU

CONT INUE

00 | K=1 ,KL

IF(TIMKIK) .GT.TIGO TO |

DELT=0TIMKIK)

CALL KSETI(K)

SM=-] .0E+10

ICT=0

XMX=] . 0E+10

XMN=0.0

P868=0.0

PBAR=PK (KDO)

O=DELT*( (VKIKUC)-VK(KDO) ) /DXK (KOO + (VK (KOU) -VK (KQD) ) /DYK (KOQ) )
ROT=RONK (KQQ) 7 (1.+C)
RVT=RVK(KOQ) ' (1.+D)

ET=ENK (KOO ) -PK (KOO *0/R0K (KOO
PT=PCAL(ET ROT RVT)

S=PBAR-PT

IF{ICT.NE.O.AND.S.NE.SM) BETAK (K] =(PBAR-PBB) / (S-SM!
PK (KCQ ) =PBAR-BETAK (K) *S

IF(S.GE.0.0'60 TO 20

XMN=PBAR

IFIPKIKOO) .GE . xMX)PK i KOO) =0 .50 ( XMN+XMX)

L 20P
LOOP
LooP
LOOP
LOoP
LooP
LooP
LOoP
LooP
LOoP
Loor
LOooP
Loer
LOooP
LOoP
LOoOP
LOOP
LooP
LOOP
LooP
LcopP
~00P
LooP
LooP
LOOP
LooP

LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoP
LOoOP
LO0oP
LOOP
LO0oP
LOOP

1099
1100
1101

102
1103
110%
1105
1106
1107
1108
1109
1110
1111

itie
1113
1114
1115
1116
1117
1.18
1119
1120
112}

11e2
1123
1124

112%
1126
1127
1128
1129
1130
1131
1132
1133
113%
1135
1136
1137
1138
1139
1140
1%}
l1%e
1142
114y
1148
1148
147
148
1149
1150



20

30

—

100

GO TO 30

XMX=PBAR

[F(PKIKOO) .LE . XMN)IPK (KOO ) =0 .5 ( XMN+XMX)

CONT INUE

DELP=PK (KOO ) -PBAR

IF (ABS(DELP) .LE .EPSI*PK(KOOQ) ) ICT=100
DLXR2=DXK (KOO +DXK (KPQ)

OLXL2=DxK (KMO) +DXK (¥.00)

DLYT2=DYK (KOO +DYK (KOP)

OLYB2=0DYK (KOM) +DYK (KOO}

ROKR= (DXK (KPQ) *ROK (KOO ) +DXK (KQ0Q) *ROK (KPQ) ) /DLXR2
ROKL = (DXK ( KMO ) *ROK (KOO ) +DXK (KOO ) *ROK (KMO: 1 /DLXL2
ROKT=(DYK (KOP) *ROK (KOO ) +DYK (KOO ) *ROK (KOP) ) /DLYT2
ROKB=(DYK (KOM) *ROK (K00 ) +DYK (KOO ) *ROK (KOM) ) /DL YB2
DUR=2. *DEL T*DELP/ (ROKR*DLXR2)
DUL=-2.*DELT*DELP/ (ROKL *OLXL2)

DVT=2. *DELT*DELP/ (ROKT*DLYT2)

DVvB=-2. *DELT*DELP/ (ROKB*DLYB2)

DUR=DUR*GAM(KUQ)

DUL =DUL *GAM (KDO)

OVT=0VT *GAMIKOU)

DVB=DVB*GAM (KOD)

VK (KUO) =VK (KUO ) +DUR

VK (KDO) =VK (KDO) +DUL

VK (KOU ) =VK (KQU ) +DVT

VK (KOD ) =VK (KOD) +0VB

SM=S

PEB=PBAR

ICT=ICT+1

IFLICT.GT.10)G0 T0 1|

FLG=1.0

GO T0 10

CONT INUE

CONT INUE

RE TURN

END

% % 3 % % % ® 3 5 = & = s = ®» ///// 3= = m 3 = 2 32 =T 3 ® = =T 2 ® =

SUBROUTINE PITERP

*CALL.LOOPC

S

PRESSURE [ TERATION FOR PIPES
DO I Is=1,IL
IF(TIM(]).GT.TIGO TO |
DELT=DTIM(])

CALL JSET(I)

DO 100 J=uPB,.UPT
JC=JSF (J)

JCPsJSF I _ 1)

JCM=JSF (J=1)
ARU=ARAV ( JC , JCP)
ARD=ARAVIJCM, JC!

SM=-1 Q0E+10

ICT=Q

XMx=1.0€E+10

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoorP
LOOP
LOOP
LOCP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoP
LOCP
LOCOP
LOOP
LCOP
LOCP
LCOP
LOOP
LOCF

LOOP
LOCP
LOOP
LOCP
LCOP
LOOP
LocP
LOooP
LocP
LOooP
LOOP

a0
< Ul

LCOP
LCOP
e

-

1151

1152
1153
115%
115%
1156
1157
1158
1159
1160
1161

1162
1163
116%
1165
1166
1167
1168
11638
1170
1171

1172
1173
117
1178
1176
1177
1178
1179
1180
1181

1182
1183
1184
118%
1186

1187
1186
1189
1190
1191
1192
1193

L I LY I Y
OO0 O WO W
O W@ )

n -

69



XMN=0 .
PB88=0.0
10 PBAR=P(J)

D=(DELT/ (DXSIJC) **2+DYS(JC)) ) *(ARU*VIJ]I-ARC*V(J-1))

O=AMAX](D,~-0.99)
ROT=RON(J)/ (]| . D)
RVT=RVNIJ)/11.+0)
ET=EN(JI-PLJ)*0/ROLY)
PT=PCALET,ROT . RVT)
S=PBAR-PT

IFC{ICT.NE.O.AND.S.NE.SM) BETA(J!=(PBAR-PBB)/ (S-SM)

Pi1J)=PBAR-BETA(J)*S
IF(S.GE.0.0)G0 TO 20
XMN=PBAR
IFIPLY) GE.XMXIP(J)=0 .5 (XMN+
GO TO 20

20 XMX=PBAR

XMX )

IFIPIJ) .LE. XMNIP(J)=0.5® (XMN+XMX)

30 CONTINUE
DELP=P(J) ~-PBAR

IF(ABS(DELP) .LE.EPSI*P(JU)[CT=100

DLYUS=DYS(JC!+DYS(JICP)
DLYD2=DYS(JCM)+DYS(JC)

ROU=(DYS JCPI*ROTJ)I»DYSIJCI*RO(J+1) ) /70LYUR
ROD=(DYS(JC) *RO(J-1)+DYS(J M) *RO(J) ) /DLYD2

DvU=2. *DEL T*DELP/ (ROU*DL YUS)
DVD=-2. *DELT*DELP/ (ROD*OLYD2)
VIiJi=viJ)+DVU
ViJ=11=ViJ=1)+0VD
SM=S
PBB=PBAR
ICT=ICT+1
IFCICT.GT.10:1G0 TO 100
FLG=1.0
GO T0 10
100 CONTINUE
I CONTINUE
RETURN
END

= %= 3 ® = = &8 = s = = s s = % ///// 3 m = = 3 = = = 8 T S S = = =

SUBROUT INE PSET

*CALL .LOOPC

C--== SET PRESSURE
DO ! I=1,1L
CALL JSET! D)

00 | Js P8, UPT

PiJI=PCAL(E(J] ,RO(J) ,RVIY))
1 CONTINUE

GO TO (2.3).KTOU
300 % K=] KL

CALL KSET(K)

PK KOO =PCAL (EK(KQOQ! ,ROK (KOO
4 CONTINUE

) ,RVK (KGO0

L.OOP
LOOP
LooP
LOooP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LooP
LooP
LOOP
LOOP
LOOP
LOOP
LooP
LooP
LOOP
LOOP
LOOP
LooP
LooP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LOCP
LOOP

LOCoP
LoorP
LOOP
LO0P
LocP
LocP
LocP
LooP
Loce

LOCP
LOOP

1203
120%
1205
1206
1207
1208
1209
1210
et
12'2
1213
121%
1215
1216
1217
1218
1218
1220
1221

lege
1223
1224
122%
1226
1227
1228
1229
1230
1231

1232
1233
1234
1235
1236
1237

1238
1239
1240
124!

1242
1243
|24y
1245
1246
1ew?
1248
1243
12%0
1251
12%2
1253
125



2 CONTINUE
RETURN
ENO

s ®» = % 3 = 3 = = = = = = = = ///// 3 = 3 = 2 = = 8 = =2 ¥ % 3 = s

SUBROUT INE PUMP (J, PHEAD)
*CALL ,LOOPC
C-=-=- PUMP PACKAGE

PHEAD=0.

RETURN

ENTRY PUMPA

RE TURBN

END

s ¥ T T 3 2 3 = = = = = = = = [/[//}//]

FUNCTION RBBNCAL (THL)
*CALL .LOOPC

RBBNCAL=(THMI/PNV)**0Q 33233

RETURN

END

2 = =T =T 2 =T = 2 = =8 =T = = ¥ =

& % 2 %= % 8 &= % ® = = = = = =2 ////]]/] = 2 = 2 3 T ¥ ® 8 3 = 3 = = =

FUNCTION RBWNCAL(J! ,ROI . KTRAN)
*CALL ,LOOPC
J=J1
GO TO (1,2) KTRAN
| VAVE=Q .S*ABS(VIJIevid=11)
VOAVE=0.S*ABS(VD(J)+VDI(J-1))
GO TO0 3

2 VAVE=0 . S*SQRT( (VK(KUQ) +VK(KDO) 1 **2+ (YK IKQU I +VK KQOD) 10¢2)
VDAVE=0.5*SGRT ! (VDK (KOU ) +YOK (KDO ) ) **#2+ (VOK (KOU) +VDK (KOG ) 1 **2)

3 VTB=(0. | *VAVE +VDAVE
RBWNCAL=0.0008/ (RO1*VTB®*2+] . 0E~10)
RETURN
END

® = %= 8 ® = 3 = = @ = = = &2 = /////

SUBROUT INE RESET

*CALL .LOOPC
DATA BETAC 7/ .88 /

C--~- RESET FOR NIXT TIME STEP
00 t I=1,IL

= = = = 2 3 ¥ = = =

LooP
LCoP
LOCP

LOOP
LOOP
LooP
LOOP
LOoP
LOGCP
LOOP
LOOP

LOOP
LooP
LOOP
LOoP
LOCP

LOOP
LOOP
LocP
LOOP
LOOP
LOOP
LOCP
LOOP
LooP
LOCP
LooP
LooP

LOoP
LocP
LOoP
LCoP
LocP

1295
1256
1257

12568
1259
1260
1261
1262
1263
1264
1268

1266
1267
1268
1269
1270

1271
1272
1273
127
1278
1276
1277
1278
1279
1290
128!
1e8e
1283

1284
1285
1286
1287
1288



~y

L]

e

|
3
4
8
Emmwv
Comns

[F(TIMt1).GT.7)G0 TO |
DELT=0TIML]}

CALL JSET(I)

DO 2 J=JB0,.JTI
YN(JI=VI(J)

RON(J)=RO(J)
RYN(JI=RV(J!}

ENtJI=ELD)

CONT INUE

CONT INUE

GG TO (8,9 .KTOU

00 7 K= KL

IF(TIMKI(K) .GT.TIGO TO 7
DELT=DTIMKIK)

CALL KSETIK)

VNK (KUOQ) =VK (KUQ)

VNK (KDC . =VK (KDO)

VNK (KQU ) =VK (KOU)

VNK (KOD) =VK (KCD)

RONK (KOO ) =ROK (KOO )

RONK (KPQ ) =ROK (KPG )

RONK (KMO ) =ROK (KMO )

RONK (KOP) =ROK (KOP
RONK (KOM | =ROK (KOM)

RVNK (KOQ) =RVK (KQO)

RVNK (KPO) =RVK (KPQ)

RVNK (KMO | =RVK (KMO)

RVNK (KOP ) =RVK (KOP)

RVNK (KOM) =RVK (KOM)

ENK (KCO) =EK (K0Q)

ENK (KPO) =K (KPO)

ENK (KMO) =EK (KMO)

ENK [KOP) =EK (KOP)

ENK (KOM) =EK (KOM)

CONT INUE

CONT INUE

ADJUST TIME STEP

CALL TIMCT

RELAXATION FACTOR

DO 3 I=1,IL
DELT=0TIM(I}

CALL JSET(1)

00 3 J=uB2,JT2

JC=JSF (J)

JCP=JSF (J*1)

JCM=JSF (J=-1)
ULYU2=DYS(JCP) +DYSI(JC)
DLYD2=DYS(JCM) +DYS(JUC)
ROU=(DYS(JCP!*RO(J)+DYS(JC)*RO(J+1))/0LYUR
ROD=(DYS(JC)*RO(J=1)+DYSIJCMI*RO(J) ) /DLYDR
[FtJ.£Q.JB2) ROD=RO(J)
IF{J.EQ.JT2) ROU=RO(J)
PTO=PCAL(E(J) ,ROCY) RVIJY)
DELP=-EPS|*PTO

Vi=2, *CELT*DELE/ (ROU*OL YU2)
VB=-2. *DELT*DELP/ (RCD*OLYD2!
ARU=ARAV( JC, JCP)
ARD=ARAV(JCM, JC)

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOOP
LOOP
LOoP
LOOP
LooP
LOOP
L.OOP
LooP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOF
LOOP
LOoP
LOOP
LCOP
LOOP

LOCoP

1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
130%
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
134
1342
1343
| 3us
1395
1346



DT=(DELT/(DXS(JC)**2+DYS(JC) ) ) *(ARU*VT-ARD*VB) LOOP 1347
ROT=RO( J!/(1.0+0T) LooP 1348
RVT=RV( J)/(1.0+0T} Loor 1349
ET=E( J)-PTO/RO( J)*DT LOOP 1350
PT=PCAL(ET ROT RVT) LoorP 1351
BETA( J)=OMG*DELP/ (DELP-(PT-PTQ)) LOOP 13%2
BETAIJ)=AMIN] (BETA(J) ,BETAC) LOOP 1353
IF(BETAtY) .LE. 0. BETA(J)=BETAC LooP 135%
3 CONTINUE LOOP 1355
GO T0 (5.6) .KTOU LOOP 1356
6 00 4 K=1,KL LOoP 1357
DELT=DTIMK(K) LOOP 1358
CALL KSET(K) LOOP 1359
ET=EX(KDO) LOOP 1360
ROT=ROK (KUO) LOOP 1361
RVT=RVK (KQO) LOOP 1362
PT=PCAL (ET ,ROT .RVT) LOOP 1363
PTO=PT LOOP 1 364
DELP=-EPSI*PTO . O0P 1365
UR=2, *DELT*DELP/OXK (KOO) / (ROK (KOO ) +ROK (KPO 1 ) LOOP 1366
UL=-2.*DELT*DELP/DXK (KOO) 7 (ROK (KMO ) +ROK (K00 ) ) LOOP 1367
VT=2 *DELT*DELP/DYK!KOQ) / (ROK (KOQ) +ROK [ KOP) ) LOOP 1368
vB=-2 . *DELT*DELP/DYKiKOO) / (ROK (KOM) +ROK (KDO) ) LOOP 1369
UR=UR*GAMIKUO) LOOP 1370
UL=UL *GAM (KDQ) LOOP 1371
VT=VT*GAM(KOU) ..OOP 1372
vB=VB*GAM(KOD) LooP 1373
OT=DELT*( (UR-UL)/DXK(KOOQ)+(VT-vBI/DYK (KOO ) LOOP 1374
F ST A0 L. +0T) LOOP 1375
NI +DT) LOOP 12378
A (KOO)-PTO*DT/ROK (KOO LOOP 1377
PT=PCAL (ET ,ROT ,RVT) LOOP 1378
BETAK (K)=0OMG*DELP (DELP-(PT-PTO)) LocP 1379
BETAK (K)=AMINI (BETAK (K) ,BETAC) LOOP 1380
IFIBETAK(K) .LE.D.) BETAK (K)=BETAC LOOP 1281
“ CONTINUE LooP 1382
S CONTINUE LooP 1383
RETURN LOOP 1384
END LOCP 1285

& %" % % 2 = ®» @ 3 = = & = = = ///// = 8 8 2 ®m B = % % % % %= = B =
FUNCTION RVCAL(E],PI,THI) LOOP 1286
*CALL .LOOPC LOOP 1387
RVCAL=THI*P1/ (CAMI*E 1) LOOP 1388
RETURN LOCP 1388
END LooP 1330

= = - = T = = - - = = = = = = y r 7 = = = = = = = = = = k4 = = = =
SUBROUT INE SETUP LooP 35!
*CALL ,LOOPC LOCP 352



Ce=== [NITIALIZE PARAMETERS
N2 =NP
FLG=1.
THC | =] . ~TH,
PNV =BNIUM*Y | 888
NEX O
IPLTG=0
T=TSTARTY
TIMA=TSTART~| .0E~-B
DTMN=DELT
SDTC=3.0
ITAG=0
ITER=0
CYCLE=0
DELTO=DELT
PRST=TSTART+DPRST
TWPRT=PRST
|BREAK = |

Commmn INITIALIZE STATE VARIABLES

DO '8 I=1.IL

CALL INFNCI(TEMIC(]1) PICI) , THICI) ,ROINC(]) RVINC(L) EINCC]I))

18 CONTINUE
DO 1] M= ML

CALL INFNCITEMB(M) ,PBIM) THB(M) ROB(M) RVBIM) EBI(M,)

11 CONTINUE
IFIKL.EQ.0) GO YO 61
00 60 K= KL

CALL INFNC(TEMK(K) PKIK) THK(K) ROKCI(K) RVKCI(K) EXC(k"®

60 CONTINUE

61 CONTINUE
WRITE(9,950)
WRITE (9,960
WRITE(S,961)
00 15 M=| ML

WRITE(9,953 )M, TEMB(M) .FB(M)

15 CONTINUE
WRITE(9,903)
WRITE(3,362)
DO 1% I=1, 1L

WRITE(9,995)1 ,TEML( 1) ,PI(])
IEINCCL)  JSXTt1) ,JCEL(L)

14 CONTINUE
IF(KL.EQ.0) GO TO 13
WRITE(9,903)
WRITE(9,963)
D0 10 K=} KL

WRITE(9,953 K, TEMK (K) ,PK(K)

10 CONTINUE
13 CONTINUE
C--=-- LOGIC SETUP
JREF (1)=0
IFLIL.EQ.1) GO TO 8
Ou 7 I=2,1L

JREF (1 )=JREF ([=1)eJCEL(I=])

T CONTINUE
8 CONTINVE
00 % I=1,IL

LTHB (M) (ROB (M) RVB (M) EB %)

JIHICD) ,ROINCET ) ,RVINCL ),

JTHK (K) ,ROKC (K) ,RVKC (K ,EKC(K)

LOoP
L.OOP
LOOP
LOOP
LOoP
LOOP
L.00P
LOoOP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LCOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoOP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooR
LOoOP
LOOP
LOOP
LOOP
LOoOP
LOOP
LCooP
LOOP
LOOP
LOOP
LOCP
L0oP
LOOR
LOoP
LOOP
Lone
LOoOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOoP

1393
139%
139%
! 396
1397
1398
1399
14C0
1401
1402
1403
190%
1405
14086
1407
1408
14098
1410
%11
iwl2
1+13
141l%
1418
1416
1417
1418
1419
1420
1421
14ee
14e3
1424
142%
1426
1427
1428
1429
1430
1431
1432
1433
1434
143%
1«36
1437
1438
1439
1440
1441
1442
Lk
e
L48E
1448
1447
|48
1449
1450



30

“0

Comne

1BOTI )=
K1=kBOT(1)
IF(K]I.GT.0) 10Tl )1e=2
ITOPt([)=)
Ki=sKTOP( )
IFIK].GT.0) ITOP(])=2
CONT INUE

KTOU=1

IFIKL.GT.0) KTOU=2
J=0

00 %0 I=1,IL
JSL=JSXI (1)

00 35 JUS=1,JSL
NI=NJS(|,JS)

DO 30 N=1 NI

JeJ+|
JSFiJ)sle1JS~1) N2
CONT INUE

CONT INUE

CONT INUE

CALL LOGCPR

INITIALIZE MESH VAR!ABLES

00 1 I=1,iL
CALL JSETI D)
TIM([)=TSTART-1.0E-6
OTIMt[)=0.0
D0 1 J=JB0.JT!
JC=JSF (J)
ViJisv]SiJC)
vOt(J) =0,
RO(JI=ROINCI])
RVIJI=RYINCI])
E(JI=EINCI])
WliJ)=0.0

Pt =PCALIE(J) RO(JI RV G}

CONT INUE

D0 62 I=],IL
CALL JSETID)

DO 62 J=JB0,JTI
VN(J)I=V(J)
RON(J)=RO(J)
RYN(J) =RV (J!
EN(JI=E(Y)

CONT INUE

GO TO (2.3) .KTOU
00 S k= KL
CALL KSET(K)
TIMK(K)=TSTART-| .0E-6
DTIMK(K)=0.0

VK (KUQ) =0

VK (KDO) =0,

VK (KQU) =0.

VK (KOD)=0.

VOK (KUQ) =0,

VOK (KDQ ) =0,

VOK (KQU) =0,

VOK (KOD) =0 .

ROK (KOO =ROKC (K)

I 3-1
w52
1453
1454
1455
1456
1457
1458
14S9
1460
1461
1462
1463
| 4B%
1468
1466
1467
1468
1463
170
1471
1472
1473
1T
147%
1476
1477
1478
1479
148N
1481
1+82
1483
|48
1485
| «BE
1487
1488
1483
14380
1=9]
1482
1493
1494
1465
14586
1487
1488
1499
1500
1501
1502
1503
150w
1%0%
1506
1%07

1508

~3

Rl



RVK (KOQ ) =RVKC (K)

EK (KOO ) =EKC (K)

PK (KOO ) =PCAL (EK (KO0 ) ,ROK (KOO) ,RVK (KOCI )
YNK (KUO ) =0 .

VNK (KDO ) =0 .

VNK (KQU ) =0 .

YNK (KOD) =0 .

RONK (KOO0 ) =ROK (KOQ)

RAVNK (KOO ) =RVK (KOO)

ENK (KOO ) =EK (KDO)

THB
EB /7))
THI
EINC

THK
EKC/ /)

5 CONTINUE
2 CONTINUE
RETURN
955 FORMAT([5,6E£15.7,18.19)
960 FORMAT (10X, 33HPROCESSED INITIAL STATE VARIABLES///)
381 FORMAT (42H M TEMB P8
14eH ROB RVB
62 FORMAT (42H 1 TEMI Pl
| wBH ROINT RVINC
211X, 9HJSX] 54 JCEL /7))
363 FORMAT (42H ® TEMK P
195K ROKC RVKC
END

*CALL

*CALL

..l.l.l..ll..ll/////..l'.l'll‘...-.

FUNCTION SPCALI(TI)

,LOOPC
SPCAL=((T1-255.21/117.81°*% 48
RE TURN
END

s = = 3 = = = 3 = = = s = = = ////] = =

FUNCTION STCAL(PL)

.LOOPC

STCAL=295.2+117 J*P1** 223
RETURN

END

s 8 8 = 8 = 3 s ® s = s = s ® ///// =8 % s 8 8 8 8 " " s 4= ==

FUNCTION TEMC(RO! ,RV! .EI ,P1)

*CALL .LOOPC

C-=-- TEMPERATURE CALCULATION
ITMT=|
T™T1=0.0

76

TCA=-(ROI-RV] I *CHL1-RV]*CHV!

LOOP
LOoP
LooP
LOooP
LooP
Lo
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOoOP
LooP
LOOP

LooP
LooP
LOOP
LOCP
LOOP

LoorP
LooP
LooP

LooP
LOGP
LooP
LooP
LooP
LooP

1509
1510
1511

1512
1513
151%
151%
1516
1517
1518
1519
1520
1521

1522
1523
1524

1526
1527
1528
1529
1530
1531
1532

1533
1534
153%
1536
1937

1528
1839
1540
1541
1542

153
| S4s
1548
1546
1547
1548



TCB=(RO| =RV | ) *CHL +RV | *CHY

TCC=ROI* (E1-ECL ) *RVI* ‘ECL~ECV)
IFIETEM.GT.0.5)60 TO %

TSATT=STCAL(P1)

EVAP=EVCAL I TSATT)

TCA=TCA+RVI*CHVI

TCB=TCB-RV | *CHY

TCC=TCC+RV1I*(ECV-EVAP)

CONT INUE

TMT=(TCC+TCASTMT | ¢02)/ (TCB+": . 0*TCACTMT )
IF(ABS(TMT=TMT|).LT.0.00%¢TMT G0 TO 10
[TMTe [ TMT+]

IF(ITMT.GT.10)G0 TO 10

TMT | =TMT

GO TO0 S

CONT INUE

TEMC=TMT+TC

RETURN

END

s = = ® = = 88 3 = = s = = s = ///// = =2 3 =

FUNCTION THCAL(E1,P1,RV1)

® = %= = = = %8 3 = = = = = = = ///// 2 = % = £ = =2 =2 = % 3 = = = =

¢CALL ,LOOPC

¢ THETA ASSUMED LESS THAN THC
THCAL=(GAMI *RVI*E ] /THC-P1 )/ (ASG*ROL ) + THC
RE TURN
END
SUBROUTINE TILDE

*CALL ,LOOPC

C-=~= TILDE CALCULATION

DO 1| I=!,IL
IF(TIM(1).GT.TIGO TO 1
CELT=DTIM(I)

CALL JSET(I)

DO 11 JsJML ,JUMH

JC=JSF (J)

JCP=SF (J+1)
Tis(UN(JI=YNIJ=1))/DYS(JIC)
Te=(VNI(J*] =VNI(J))/DYSIJCP)

FVY® SO(YNIJ)*(TI+T2)+ALPHA®ABS(YN(J) ) *1T|-T2))

ARU=DOXS(JCP) *e2
ARD=DXS(JC)**2
DLYB2=0YS(JCP!+0YS 1 UC)

ROBAR=(DYS(JCP) *RO(J) *DYS(JCI*RO( J+1 ) /DLYB2

DEN=ROBAR® (ARU+ARD ) *DL Y82
VOUR=VD(J) eVD I}

vO0D2=VD(J=11+VD(J)

ROSUSRV (J*1 12 (RO(J* 1 1=RVIJ+ 111 /RO(J*1

s = = 5 =T % =3 ® = 3 =

LOooP
LOOP
Looe
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOF
LOOP
LOOP
LOOP
LoorP
(Wole o
LOOP
LooP
LooP

LOOP
LooP
LOoP
LOooP
LOCP
LOOP

LOOP
LOOP
LO0P
LOCP
LOCP
LOOP
LOOP
LOOP
LOoP
LOoP
LOOP
LOOP
LooP
LOooP
LooP
LOOP
LOOP
LooP
LOooP
LOoOP
LoOP

1599
1550
1551

1552
1953
155
155%
1556
1557
1558
1559
1560
1561

1562
1563
1564
1565
1566
1567

1568
1568
1570
1571
1872
1573

1579
1879
1578
1877
1578
1979
1580
1981
1582
1583
1584
158%
1586
1587
1588
1589
1€80
1991
1592
1583
158



-

*CALL

-

20

ROSD=RV(J)* (ROIJ)=RVIJ) ) /ROLJ)
Y!-ARUGQOSUO(VDUe"ZOALPHA'AOS(VDUE) S IVDIJI=VDI(J*1 1))
Tw=ARD*ROSD* ( VOD2* *2-ALPHA*ABS (VDD2) * (D1 J-1 1=vDI(J) ) )
FVDY=(T3-T4)/DEN

ViSY=0.

CALL PUMPI(J PHEAD)

T6=P I J)=P(J*])

1322 *TH/ (ROBAR*OLYB2)

GYB=(DYS(JCP) *GYS(JC I +DYS(JC) *GYSIJICP) )y /DLYBE
T5=T3+GYB-FVY+VISY-FVDY+PHEAD*2 . /DLYB2

VIJ)=VN(J) +DELT*TS

caLl FRICtI J,vtI))

CONT INUE

CONT INUE

RE TURN

END

.-aa-.--s-n---://,’l!I.a-n-.-.::nn-c

SUBROUTINE TIMCT

.LOOPC

SMLP=0.938

IFLITER.GT.S)SMLP=1 .01

SDTC=AMAX! (STABC ,SDTC*SMLP)

DO ! I=1,IL

IF(TIMI]).GT.TIGO TO |
TIM(I)=TIM(1)+DTIMC])

TIMN=T [MA

IF{TIM(I).GT. TIMA-DTMN/2.0) TIMN=TIMA+DELTO
DvMX=] .0E~-10

CALL JSET(D)

D0 2 J=UML ,JMH

JCsJSF (J)

VOM=ABS (VD1 J))

VMM=ABS(VIJ))

DVMX=AMAX ] (CVMX , YDM/DYS(JC) . YMM/DYSI(JC))
CONT INUVE

DVMX=SDTC*DVMX
ANDT=AINT(i.0«DVMX® (TIMN-TIMI])))
OTIM(I)=(TIMN=TIM(]))/ANDT

CONT INUE

GO TO ¢10,20! .XKTOU

00 4 K= KL

IF(TIMK(K) .GT.TIGO TO &
TIMK(K)=T[MK(K)+DT[MKI(K)

TIMN=T [MA

IF(TIMKIK) .GT . TIMA-DTMN/2.0) TIMN=T IMA+DELTO
DvMx=] .0E-10

CALL KSETI(K)

V1=ABS (VDK (KUO))
V2=ABS (VDK (KOU) )
V3=ABS (VDK (KDO))
V4=ABS (VOK (KOD) )

VS=ABS (VK (KUQ) )

VB=ABS (VK (KOU! )

LOOP
LOOP
LooP
LooP
LooP
LOOP
LooP
LOOP
LooP
LooP
LOOP
LooP
LooP
LOOP
LOOP
LOooP

LOOP
LOOP
LOOP
LOOP

LooP
LOOP
LOOP
LOooP
LOOP
LooP
LooP
LOooP
LooP
LooP
LoorP
LoorP
LOooP
LOooP
LoorP
LCOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LooP
LOOP
LOOP
LooP
LooP
LOoP
Loce
LooP

1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1602
1610

1611
16812
1613
1614
1819
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1832
1633
1634
163%
1636
1637
1638
1639
1640
1641
1642
1643
1 B44
16495
1646



30

S0

“0

*CALL
Conen

200

V7=ABS (VK (KDO) |

VB=ABS (VK (KCD1)
DVMX=AMAX ] (V2 ,V% VB, VB ) /DYK (KOO)
DUMX=AMAX ] (V! V3 VS V7)) /DXK(KOZ)
DVMX=AMAX | (DVMX , DUMX )

DVvMx=2 0*SDTC *DyMX

ANDT=AINT (] . O«OVMX® (TIMN=TIMK(K) )
OTIMKC(K)=(TIMN=-TIMK(K))/ANDT
CONT INUE

CONT INUE

ADVANCE TIME AND CYCLE
IFTI(TIML1)-TSTART ) .LT.0.01*DELTO) GO TO 2%
TaT+DTMN

CYCLE=CYCLE+]

CONT INUE

COMPUTE NEW DT MIN AND MAX
OTMN=DELTO

DO 30 I=1,IL
DTMN=AMINI (DTMN DT IM(1 1)

CONT INUE

GO TO(40,50) .KTOU

D0 S5 K= KL
DTMN=AMIM] (DTMN DT IMK (K ) )

CONT INUE

CONT INUE

IF INSUBDT .NE. | ) RETURN

D0 60 I=1, 1L

DTIMU])=DTMN

GO TO (90,70) ,KTOU

00 80 K=] KL

DT IMK(K)=DTMN

CONT INUE

RE TURN

END

& &8 % ® » 28 828 2 &= = = = & = = //)/// = = 3 =8 ¥ 3 8 3 %3 = 328 = = = =

SUBROUT INE UPDATY

.LOOPC

FINAL UPDATE FOR JUNCTION CE.LS

GO TO(100,200) .KTOU

CONT INUE

D0 | K= KL

IF(TIMK(K) .GT.TIGO TO 1

DELT=DTIMK (K)

CALL KSET(K)

DL XR2=DXK (KOO) +0OXK (KPO)

DLXL2=0XK (KMO) +DXK (KOQ)

DLYT2=0DYK (KOO ) +DYK (KOP)

DLYB2=0YK (KOM! +DYK (KOO)

ROKR= (DXK (KPQ) *ROK (KOO ) +DXK (KQQ) *ROK (KPQ) )/ DLXR2
ROKL = (DXK (KMO ) *ROK (KOO ) +DXK (KOQ | *ROK (KMC) ) /DLXL2
ROKT= (DYK(KOP) *ROK (KOQ) +DYK (KOO ) *RCK (KOP) ) /DLYT2
ROKB= (DYK (KOM) *ROK (KOO +DYK (K00 ) *ROK (KOM) ) /DLYBR
RONKR= ( OXK (KPD) *RONK (KOO ! +DXK (KOO ) *RONK (KP2) | /DL XR2

LOOP
LOOP
LOoP
LOOP
LOOP
LooP
LooP
LOOP
L.OOP
LOOP
LOOP
LOOP
LOooP
LOCP
LOOP
LOCP
LOOP
LOooP
LOOP
LO0P
LCoOP
LOOP
LOoP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP

LooP
LooP
LOOP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOooP
LOOP
LOooP
LOOP
LOOP
LOOP

cep

1B%7
1648
1649
1650
1651

1652
1653
1654
1655
1656
1657
1658
1659
1660
1661

1662
1662
1664
1665
1666
1667
1668
1669
1670
1871

1672
1673
167
1675
1676
1677
1678
1679
1680

1681
1682
1683

1685
1686
1687
1688
1689
1890
1891
1852
1693
163
169%
1636
1637
1638



mL-IDXK(KMlOMtKOOIOOXKleHRWlml ) /DLXL2
mvuovmxom-uommoo»oovmxoonmmom »/0LYT2
nouti-«ovxu(m)-mmoonovx:xoo)-mmmn y /0L YBR
RVNKR-(DXK(KPO)‘RVNK(KOO)ODXKlKOOIORVNx(KPOI)/chna

RYNKL = (DXK { KMO ) *RVNK (K00 +DXK (KOO ) *RVNK (KMO) ) /0LXL2
nvmruovmxuh-Rvmmoo»oovx(xoo)-avmmwn y/0LYT2
NVNKB-(DYK(KOH)'RVNKtKOO)oOYK(KOOJORVNK(KOHu)/DLvae

ULR=VK (KUO) = VOK (KUOD) CRYNKR/ RONKR

ULL =VK (KDO ) = VDK (KDO ) *RVNKL / RONKL

ULT-VKIKOUl-vDKlKOU)~dVNKT/RONKT

ULB=VK (KOD ) - VDK (KCD ) *RYNKB/RONKB
uvn-vmxuonvom-tuo:umn-nvmmmomn
UVL-VK(KDO'ovox(KOO)O(RONKL-RVNKL)/RONKL
uvr-vmxwuvoxmou:um%avmrnmr

UVB=VK (KOD) +VDK (KOD) * (RONKB-RVNKB ) / RONKB

FLR=ULR® (RONK (KOQ) ~RVNK (KOO ) +RONK ( KPQ ) ~RVNK (KPO) J+ALP4A*ABS(ULR) *
1«Romu(oo;-avmmOO»-m«xPOnRvuuxPOnl
rLL-uLL-(RoM(:Kno;-nvmmmnnou(lxoox-nvm(xom | «ALPHA®ABS(JLL)*
l(RONK(KHOI'RVNK(KHO)-RONK(KOOI'RVNK(KOO))
FLY-\,LTO(ROM((KOO)-QVM(IKOOHRONUKOP’-RVM('KOPII*ALPHA'AB‘S‘ULY"
lfRONK(KOO)-RINK(KOO)-ﬂONK(KOPIoRVNk(KOP)l
rLs-u_a-(Romuom-nvm'xomonom«xco)—nvmmoon J+ALPHA*ABS (ULB) *
1tm(xom-nvmtxom-RONKcKomoRVNKtKOOx)
rvn-uvn-‘avnxzxoo»onvux(xpo))oALFnA-Aas:uvnx-(vax«xool-nvux«xpol)
FVL=UVL * (RVNK (KMO) +RVNK (KOQ) ) +ALPHA®ABS (UVL ) * (RVNK (KMO ) -RVNK (KCO) )
FyT=UVTe (RVNK (KOO ) +RVNK (KOP) ) +ALPHA*ABS (UVT ) * (RVNK (KOO ) ~RVNK (KOP) )
FVB=UVB® (RVNK [KOM) +RVNK (KOO ) +ALPHA *ABS (UVB ) * (RVNK (KOM; -RVNK (KOO 1)

C--=-= UPDATE RO

ROK (KOO ) sRONK (KOOQ) - . S*DELT* ( (FLR+FVR-FLL-FVL) /DXK (KCO)
lo(FLYOVVT-FLB-FVBl/OYK(KOO):

C-=--- ENERGY EQUATION

80

DLXR2=0XK (KQO) +DXK (KPQ)

DL XL 2=0XK (KMQ) +DOXK (KQO)

OLYT2=0YK (KOO +DYK (KOP)

DLYB2=0DYK (KOM) +DYK (KOO)
ROKR-(OXK(KPOI'RQ((KOO!’DXK!KOO)‘ﬂOK(KPOi ) /DLXR2
ROKL = ( DXK { KMO ) *ROK (KOO ) +DXK (K00) *ROK (KMO) ) /DLXL2
ROKT=(DYK (KOP) *ROK (KCOQ) +DYK (KOO) *ROK (KOP) y/DLYTR2
ROKB= (DYK (KOM) *ROK (KOO ) +DYK (K00) *ROK (KOM) ) /DL YB2
AVKR= {DXK (KPO) *RVK (KO0 +DXK (KOO) *RVK (KPQ) ) /DLXR2
RVKL = (OXK (KMO) *RVK (KOQ) +OXK (KOO ) *RVK (KMO) ) /0LXL2
RVKT= (DYK (KOP 1 *RVK (KOO +DYK (KOO) *RVK (KOP1 ) /CLYTZ
AVKB= (DYK (KOM) *RVK (KOO ) +DYK (KOO *RVK (KOM) ) /0L YB2
RLKR=ROKR~-RVKR

RLKL =ROKL ~RVKL

RLKT=ROK” -RVKT

RLKB=ROKB-RVKE

ROEC=RONK (KOD ) *ENK (KOO)

ROER=RONK (KPD) *ENK (KPO)

ROEL =RONK [ KMO ) *ENK (KMO)

ROE T=RONK (KOP) *ENK (KOP)

ROEB=RONK (KOM) *ENK (KOM)

IF(ETEM.GT..5) GO TO 425

TVC=STCAL (PX(KOQ) )

TVR=STCAL (PK(KPO!)

TVL=STCAL (PK(KMO) )

TVTaSTCAL (PK(KOP) )

TVB=STCAL (PK (KOM))

LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
L.OOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoOP
LOOP
LOoP
LOOP
LooP
LOOP
LooP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOoOP
LOOP
LOOP
LOOP
LooP
LOOP
LOcP
LooP
LOoP
LOOP
LOoP
LOCP
LO0P

1699
1700
1701
1702
1703
170%
170%
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
17186
1717
1718
1719
1720
1721
1722
1723
1724
V785
1726
1727
1728
1729
1730
1731
1732
1733
173%
173%
1736
1737
1738
1739
1740
17%1
1742
1743
| Tus
1748
1746
1747
1748
1748
1750
1751
1 7%2
1753
1 754
1758
1756



GO TO 430 LOOP ) 197
428 TVC=TEMC (RONK (KOO) , RYNK (KOO) ,ENK (KOO) ,PK (KOO) ) LOOP 1758
TVR=TEMC (RONK (KPO) ,RVNK (KPQ) ,ENK (KPO) ,PK (KPO) ) LCOP 1759
TVL = TEMC (RONK (KMO ) , RVNK (KMO) ,ENK (KMO ) ,PK (KMO ) ) LooP 1760
TYT=TEMC (RONK (KOP) ,RVNK (KOP ) ,ENK (KOP) ,PK (KOP) ) LOOP 1761
TVB=TEMC (RONK (KOM) , RVNK (KOM)  ENK (KOM) Pk (KOM)) LOoP 1768
w30 REVC=RVNK (KOO) *EVCAL (TVC) LOOP 1763
REVR=RVNK (KPQ) *EVCAL (TVR) LOOP 1764
RE VL =RVNK (KMO) *EVCAL (TVL) LOOP 1765
REVT=RVNK (KOP) *EVCAL (TVT) LOoP 1766
REVB=RVNK (KOM) *EVCAL ( TVB) LOOP 1767
REL C*ROEC -REVC LooP 1768
RELR=ROER-RE VR LooP 1769
RELL =ROEL -REVL LooP 1770
RELT=ROET-REVT LOOP 1771
RELB=ROEB-RE VB LoCF 1772
FRER=0.5% (UVR* (RCVC+REVR ) +ALPHA*ABS (UVR) * (REVC-REVR) LOoP 1773
1 +ULR® (RELC+RELR) +ALPHA*ABS (ULR) * (RELC-RELR)) LOoP 177
FREL=0.5¢ (UVL* (REVL+REVC ) +ALPHA®ABS (UVL ) * IREVL -REVC ) »LULL* LOOP 177%
| (RELLRELC ) *ALPHA®AHS (ULL ) * (RELL-RELC)) LOOP 1776
FRET=0.5¢ (UVT* (REVC+REVT ) +ALPHA®ABS (UVT ) * (REVC-REVT ) «ULT*(RELC» LOoP 1777
IRELT)+ALPHA®ABS (ULT) * (RELC-RELT ) LOOP 1778
FREB=0.5¢ (UVB* (REVB+REVC ) +ALPHA*ABS (UVB) * (REVB-REVC) +ULB* (RELB+ LocP 1779
IRELC) +ALPHA®*ABS (ULB) * (RELB-RELC)) LOOP 1780
FEC=(FRER-FREL ) /OXK (KOO + (FRET-FREB) . DYK (KOO) LOOP 1781
FPWe-PK (KOO) * { (VK (KUO) -VK (KDO) ) /DXK (KQQ) ¢ { VK (KQU ) -VK (KCD) ) /DYK (KOO LOOP 1782
1N LOOP 1783
TH= (ROL *RVNK (K00 ) ~RONK (K00 ) ) /ROL LOOP 178%
TH=AMAX] (TH, THC) LOOP 178%
TH=AMINI (TH,THC 1) LOOP 1786
THI=TH LOOP 1787
IF(TH!.GT.0.5)THI=1 .0-THI LOOP 1788
RB=RBBNCAL (TH1) LOOP 1789
CKN=_.5*CDG* ( (VDK (KUD) +VOK (KDO) ) **2+ (VOK (KOU ) +VDK (KOD) ) ¢#2) 20 . § LOOP 1790
1+12.0°VISV/RB LOOP 1791
FDIS=0.25°CKN*(0.375*THI/RB) *( (VDK (KUQ) +VDK (KDQ) ) **2+ (VDK (KOU) + LOOP 1732
| VOK (KOD) ) **2) *ROK (KOO) LOOP 1793
FOP=-PK (KOO *( ( { (RVNKR-RONKR+ROL ) /ROL - (RVNKR/RONKR ) !} *VOK (KUO) LOOP 179%
1= ( (RVNKL ~-RONKL +ROL | /ROL - RVNKL /RONKL ) *VDK (KDO) ) /DXK (KQQ) LOCOP 1795
2+ ( (RYNKT-RONKT+ROL ) /ROL~- RVNKT/RONKT ) *VOK (KOU) LOCP 1796
3~ { (RYNKB-RONKB+ROL ) /ROL - RVNKB/RONKB) *VOK (KOD) ) /DYK (KOO ) LOOP 1 7
C-==~ HEAT CONDUCTION LOOP 1728
TEM=ENK (K00) LOOP 1799
TEMR=ENK (KPO) LOOP 1800
TEML =ENK (KMO) LOoP 1801
TEMT=ENK (KOP) LCOP 1802
TEMBS=ENK (KOM) LooP 1803
THR= (ROL *RVNK (KPQ) ~RONK (KPO) ) /ROL LOOP 1804
THR=AMAX ! (THR, THC) LOooP 180%
THR=AMINI (THR,THC 1) L 18086
THL = (ROL *RVNK (KMO ) ~RONK (KMO ) 1 /ROL LOOP 1807
THL=AMAX | (THL , THC) LoCcP 1808
THL=AMINI (THL ,THC!) LOOP 1809
THT= (ROL +RVNK (KOP) ~-RONK (KOP) ) /RO LOoP 1810
THT=AMAX ! (THT  THC) LooP 1811
THT=AMIN] (THT THCI! LOCP 1812
THBS = (ROL +RVNK (KOM) -RONK (KOM) | /ROL LOOP 1813
THES=AMAX ] ( THBS, THC) LoOP 1814

81



THES=AMIN] (THBS , THC 1)

EXR=0.5* (EDV* ( TH+THR) +EDL* (2.0-TH=-THR) )

EKT=0 .50 EDV* ( THsTHT ) »EDL * (2. 0-TH-THT))

EKL=0.S* (EDV® { TH+THL ) +EDL * (2.0-TH=-THL))

EKB=0.5° (EDV® ( THeTHBS ) +EDL * (2.0-TH-THBS )
leEO(EKR'lYEHR-YEH)—EKL'(TEN-TEHL))/DIK(KOO)O'E
L+ (EKT® (TEMT-TEM) -EKB* ( TEM-TEMBS) ) /DYK (KDOQ) **2

C-==-= UPDATE ENERGY

Comm=

Commm=

82

Cones
wsi2

EK(KOO)-lﬂOECODELY°(-FEC°7DKS‘FDPODlFEOFPH))/ROK(KOO)
VAPOR DENSITY EQUATION
RVKtKOOD-RVNK(KOOD-.500£LT0((Fvn-FvLi/DXK(KOO)-thT-Fva)xovxxnoo:)
RVK (KOO ) =AMIN! (RVK (KQO) ,ROK (K0O) )

RVK (KOO ) =AMAX | (RVK (KOO) ,0.)

PHASE CHANGE

IF(PHCH.LT.0.51G0 "0 “S00

VPK (K)=0.

ROT=RCOK (KQO)

RVO=RVK (KOQ)

RyT=RVO

ET=EK (KOO)

TH= (ROL~-ROT+RVD) /ROL

THI=TH

IF(TH.LT.THC,OR.TH.GT . THC11GO TO SO0
IFITH.GT.0.5) THI=1.0-TH

RB=REBBNCAL [ TH1)

RBW=RBWNCAL (K ROT 2!

RB=AMIN| (RB RBW/

AREA=3 0°*THI/RB
TLQ=TEMC (ROT ,RVO .ET ,P(KOO1)

PSAT=SPCAL (TLQ)

EVSAT=EVCAL(TLQ)
RSAT=RVCAL (EVSAT ,PSAT TH)

1VSL=0

RBETA=] . 0E-S*ROL

IRVT=0

START [TERATION

CONT INUE

RVT=RVK (KOO

PT=PCAL(ET ROT ,RVT)

TVAP=STCAL (PT)

TLQsTEMC (ROT ,RVT ET . PT)

VPK (K) =VPRO ‘K, TH RSAT [RB,TLQ, TVAP AREA,2)
RATE=VPK (K)*DELT

RVEQ=RVT-RVO-RATE

IF (ABS(RVEQ/RSAT).LT.0.0011GC TO 4500
IFLIRVT.LE.231G0 TO 4420

WRITE(9 4413
WRITE(9,441%)K, IRVT ,RSAT ,RVO,RVT RATE ,TVAP,TLQ

w413 FORMAT(BX, 1HJ.BX , WHIRVT 10X ,4HRSAT, 16X, 3HRVO, 12X, 3HRVT , 12X,

Wik

JWHRATE , 12X, 4HTVAP , 16X, 34TLQ)
FORMAT (SX, 12.6X,15,6x,1PE12.5,6X E12.5,6X,E12.5,6X,E12.5,6X,E12.5,
16X,E12.5)

4420 CONTINUE

IRVT=[RVT+]

IFCIRVT.GT.2%)G0 TO «S00
IFCIRVT.EQ. 1 )SRH=SIGN(1 .0 ,RVEQ)
IFCIVSL.EQ. 160 TC w418
IF(RVEQ.GE.0.0)G0 TO “u41%

L OOP
LLOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOUP
LOCP
LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOoP
LOOP
LOCP
LOOP
LOooOP
LOOP
LOOP
LooOP
LOOP
LOOP
LOOP
LOOP
LooP
LOoP
LOOP
LOoP
LOooP
LOOP
LOoP

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoP
LOoP
LOOP
LCOP
LooP

1815
1816
1817
1gi8
1819
1820
182!
1822
1823
1824
1825%
1826
1827
1828
1829
1830
1831
1832
1833
1834
183%
1836
1837
1838
1838
1840
1841
1842
1843
1 B4
1845
1846
1847
1848
1849
1850
1851
1852
1853
18% ¢
1855
1856
1857
1858
1859
1860
1861
1862
1863
1 864
1865
1866
1867
1868
1863
1870
1871
1872



C---- SEEK BOUNDS
FMN=RVEQ
RVMN=RVK (KOO
IFISRH.GE.0.0)1VSL=1
RVK (KOO ) =AMIN] (RVT+RBETA ROT)
IFLIVSL.EQ.1) RVKIKOO) = 5% (RVMN+RVMX)
RBETA=2 (O°*RBETA
GO TO wwi2
4415 FMX=RVEQ
RYMX=RVK (KOO)
IFISRH.LT.0.0YIVSL=1
RVK (KOO ) =AMAX | (RVT-RBETA 0.
IFOIVSL.EQ. | IRVK (KOO =.5¢ (RVMN<+RVMX )
RBETA=2 (*RBETA
GO TO wui12
w418 CONTINUE
C-=--- CONVERGE BOUNDS
IFIRVEQ.LT.0.0)G0 TO wu22
RVIP=RYT-RVEG®* (RVMX-RVT )/ (FMX-RVEQ)
FMX=RVEQG
RVMX=RYT
RVK (KOO ) =RVTP
IFIRVTP.LT RVMNIRVK (KOO ) = . 5 (RVMN+RVMX )
GO TO 4wl12
Y422 RVTP=RVT-RVEQ® (RVT-RVMN) / IRVEG-FMN)
FMN=RVEQ
RVMN=RVT
RVYK(KQOQ)=RVTP
IF(RVTP.GT . RYMXIRVK (KOO ) = S* (RVMN+RVMX )
GO TO wwie2
4500 CONT INUE
1 CONTINUE
100 CONTINUE
RE TURN
END

= &8 = 3= ® = 2 ¢ = = = ® = = = ///// = = 2 =2 3 %= ¥ = =3 = ¥ T =z = =

SUBROUT INE UPDATP
*CALL .LOOPC
C-=== FINAL UPDATE FOR PIPES
00 3 I=1,IL
IF(TIM(I).GT.TIGO TO 3
DELT=DTIM( 1)
CALL JSET(ID)
00 | J=JPB,PT
JC=JSF (J)
JCP=USF (Jel )
JCM=USF (J-1)
Tie Se(VIJI*(RONIJI+RON(J+1) ) *ALPHA®ABS(V(J) ) *(RON(J! =RON(J*+11 !
T2= S0 (VIJ-1)1*(RONI(J=11+RON(J) I +ALPHA®ABS (VI J=~1) )1 ¢ (RON(J=~] 1 =RON L)
1)
ARU=ARAY ( JC , JCP!
ABRD=ARAV (JCM, JC)
RO(JISRON(J) = (DELT/ (DXS(JC)**2+0YS(JC) )1 *LARU*T | -ARD*T2}

LOCP
LOOP
LOOP
LooP
LCOoP
LOooP
LOOP
LOOP
LOooP
LOCP
LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LooP
LOOP
LO0OP
LooP
LOOP
LOorP
LOOP
LOOoP
LOCOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOoCcP

LOOP
LOCP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LO0P
LooP
LOCP
LOOP
LOOP
LOOP
LOocP
LOOP
LOCP

1873
1874
187%
1876
1877
1878
1879
1880
1881
1882
1883
188%
188%
1886
1887
1888
1869
1830
1891
1892
1893
18394
189%
1896
1897
1898
1899
1800
1901
1902
1903
190%
1308
1906
1907

1308
1909
1910

1611

e

1812
1913
191
191%
19186
1917
1318
1318
190
1821
1822
18232
18c
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| CONTINUE

C-=-~~ ENERGY EQUATION

84

CALL JST. (1)

DO 2 . =JPB,.UPT
+C=JSF, )

JCP=JSF (J+ 1)
JCM=JUSF 1 J=-1)
ARU=ARAV(JC, JCP)
ARD=ARAVI(JCM, JC!
OLYUR=DYSIJCP) +DYS(JC)
OLYD2=DYSI(JCM) +DYSIJC)

ROU= (DYS(JCP) *RON( J) +DYS{JC) *RON(J+ 1 ) ) /DL YUR
ROD=(DYS(JC) *RON(J~1 ) +DYSIJCMI *RONTJ) ) /DL YDR
RVU=(DYSIJCP) *RVNI(J) +DYS(JC ) *RYNI(J+1 1) /DL YU
RVD=(DYSIJC) *RYN(J=1)+DYStJCM) *RVYN(J1 ) /DL YD

RLU=ROU-RVU
RLU=ROD-RVD
VVU=VIJ)*RLU*VD(J) /ROU
VVD=V(J-11+RLD*VD(J~-11/RCD
VLU=V J) -RVYU*VD1 J) /ROU
VLD=V(J=1)-RVD*VD(J-1)/R0OD
POE=RON(J) *EN(J)
ROEM=RON(J-1)*EN(J=1)
ROEP=RON(J* 11 *ENI J* !}
IFIETEM.GT..5) GO TO 425

1000 CONTINUE
TEMA=STCAL (P(J))
IF(J.EQ.JB2) GO TO 1001
TEMAM=STCAL(P1J=-1))
GO TO 1002

100! TEMAM=TEMA

1002 IFtJ.EQ.JT2) GO TO 1003
TEMAP=STCAL (PiJ+1))
GO TO 100%

1003 TEMAP=TEMA

100% CONTINUE
GO TO “30

425 CONTINUE

TEMA=TEMC (RON(J] ,RVNIJ) .EN(J) P J))
TEMAM=TEMC (RON(J=1) ,RVN(J=1) ,EN(J=1]) PlJ=1))
TEMAP=TEMC(RON(J+1) ,RUNI(J*1) ENtJ*]l) PlJsl )

430 CEV=EVCAL (TEMA)
EEVM=EVCAL ( TEMAM)
EEVP=EVCAL ( TEMAP)
REV=RVNI(J) *EEV
REVM=RVNI(J-1)*€EEVM
REVP=RVN(J+] ) *EEVP
REL=" JE-REV
RELM=ROEM-REVM
RELP=ROEP-REVP

RIUVU= S (VWU (REV*REVP) «ALPHA*ABS (VVU) * (REV-REVP) |
RIUVD= . 5¢ (VVD* (REVM+REY ) «ALPHA*ABS (VVD I * (REVM-REV 1)
RIULU=.S* (VLU® (REL*RELP ) +ALPHA®ABS(VLU) * (REL-RELP) |
RIULD=.S*(VLD®* (RELM+REL ) *ALPHA*ABS (VLD) * (RELM-REL 1

DEN=OXS(JC1**2¢0YS(JUC)

FYV=(ARU*RIUVU-ARD*RIUVD) /DEN
FVL=(ARU*RIULU-ARD*RIULD! /DEN

T3=( (RVU-ROU+ROL ) /ROL ~RVU/ROU ) *VD ( J)

LooP
LooP

LOoOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP
LOOP
Loce
Loc™
LOOF

LooP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LUOP
LJOP
LOoP
LOOP
LOOP
LCOP
LOOP
LOOP

LOOP
LOoP
LooP
LOOP
LOCP

1925
1926
1927
19¢8
1929
1930
1931
1832
1933
1934
1935
1936
1937
1938
1839
1940
19%1
1942
1943
1949
1945
1946
1947
1948
1948
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1 964
1965
1966
1967
1968
1963
1970
1971
1972
1973
1974
1978
1976
1977
1978
1979
1980
1881
1982



Crnme

Comm=

w2

4420

Ty=( (RVD-ROD+ROL | /ROL ~-RVD/ROD) *vD1 J-1)
TieViJ)eT3

TeaViJ=1)+Ty
FRK=(P(LJ)/IDXSI(JC)**2¢0YS(JC) )1 *(ARU* T <ARD*T2)
TH= (ROL *RVN(J) -RON(J) ) /ROL
TH=AMAX ] ( TH, THC)

TH=AMIN] (TH,THC 1)

THI=TH

[FITHI.GT. . SiTHI=1. -THI

RB=RBBNCAL (TH] )

CKN= SeCDG*ABS(VD(J)+VD(J=1))+12 *VISV/RB
FOIS=.29°CKN* ( .37S*THI/RB) * (VD(J)+VD(J=]) )92
FQ=QUStJC)

TQ=~FVV-FVL-FUK+FDIS+FQ

TICsRON(J) *EN(J)+DELT*T3

E(J1=T10/RO(J)

DRIFT FLUX TERMS

Ti=s Se(YVUSIRUNIJ)+RYNIJ*1 )]
1 +ALPHA®ABS (VVU) * (RUNI(J) ~RVNI(J*1) )
T2=.5¢(VVD* (RUNI(J=1 i +RVNI(J) )
| *ALPHA*ABS (VVD) *IRVNI(J=1)1-RVYNI(J) )
RVIJI=RYN(J) - (DELT/ (DXSIJC!#02¢DYS(JC) ) 1 *(ARUCT | ~ARD*T2)
PHASE CHANGE

IF(PHCH.LT..S) GO TO 4500

VPiJ)I=0,

ROT=RO(J)

RVO=RV(J)

RVT=RVO

ET=E(J)

TH=(ROL-ROT+RVD) /ROL

THI=TH

IFITH.LT.THC.OR. TH.GT.THC1) GO TO 4S00
IF(TH.GT..S) THI=|.-TH

RB8=RBBNCAL ( TH! )

RBW=RBWNCAL (J,ROT , 1)

RB=AMIN] (RB,RBWI

AREA=3 *TH|/FB

TLQ=TEMC(ROT .RVD.ET.P(J))

PSAT=SPCAL (TLQ)

EVSAT=EVCAL(TLQ)
RSAT=RVCAL (EVSAT ,PSAT, TH)

IvSL=0

RBETA=| . E-S5*ROL

IRVT=Q

CCONT INUE

IFIRVIJ) .LT.0'RV(U)=0.0

RVT=RV(J)

PT=PCAL(ET,ROT.RVT)

TVAP=STCAL (PT)

TLO=TEMC (ROT ,RVT .ET.PT)
VPiLJ)sVPRO(J, TH RSAT ,RB, TLQ, TVAP ,AREA . |
RATE=VP(J)*DELT

RVEQ=RVT-RVO-RATE
IF{ABS(RVEQ/RSAT).LT. . 001} GO TO 4500
IFUIRVT LE.2%) GO TO wu20

WRITE(D, 0813
WRITE(S,.#%(v)J, IRVT RSAT FVO,.RVT RATE ., TVAR, TL]
CONTINUE

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOooP
LOOP
LCOP
LOOP
LOOP
LooFP
LOOP
LOOP
LOOP
LOCP
LOOP
LOooP
LOOP
LOOP
LOOP
LOOP

LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
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LOOP
LOOP
LOOP
LooP
LOOP
LOOP
LooP
LOoP
LOOP
LOOP
LOCP
LOOP
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LooP
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RBETA=2 *RBETA




FUNCTION VOKPCAL (RO! VD1 ,THI Al
*CALL .LOOPC

THTHI«1 . £~1!
VOKPCAL =0. 125°R0O! *A1/TH*CDG*SIGN( 1 . ,VO1)
RETURN

END

8 ¥ = % % 3 3 = 3 = 8 = = = = //)/// 2 =T =3 3 5 % = = = =2 ¥ 3 = 3 =

FUNCTION VPRO(JI ,TH] ,RSTI ,RBI,T1,.T2,Al .KTRAN)

*CALL .LOOPC
c PHASE CHANGE RATE
JeJl

GO TO (1,2) . KTRAN
| VAVE=Q.S*ABSI(VIJIsVIiJ=11)
VOAVE=0.5*ABS(VD(J)+vD(J=1))
GO T0 3
2 VAVE=0.S*SORT{ (VK IKUQ) »VK (KDO) ) ®*2+ (VK IKOU) +VK (KOD) 1 **2)
VOAVE=0 .5*SQRT ( (VDK (KQU! +VDK (KDQ) ) **2+ ( VOK (KQU ) +VOK (KQOD ) 1 ¢#2)

3 viBI
El=(

=0, | *VAVE +VDAVE
1.91*ROL*THI /RS | *CHL/ELHT*ABS(T1-T2)+

1(0.637+vVTBI1*RB1*ROL/EDL)**0.5)/RBI
VPRO=E | *Al /ELHT*EDL*CHL*(T1-T2)
RETURN

END

8 = 32 ® = 3 3 &= = 3 = = % = 2 ///// ® 8 ® %= = 2 = =z =T = =T = = 8 =

SUBROUTINE WALLT
*CALL .LOOPC

C----WALL

TEMPERATURE EQUATION

RETURN

END

% % 3 % 8 % = % % % 3 = = s = ///// ®m 2 =3 3 2 %8 % 3 S %  ®B 3 =X %

LOOP
LOOP

LOOP
LooP
LOOP
LOOP

LOOP
LOOP
LOoOP
LOOP
LOOP
LOoCP
LOOP
LoorP
LOOP
LOoP
LOOP
LOOP
LOOP
LOOP
LOOP

LOOP
LOOP
LOCP
LOoP
LOooP

2090
2081

209e
2093
2094
2095

2096
2097
2098
20998
2100
2i01
2102
2103
2104
210%
2106
2107
2i08
ci09
2110
eltll

elie
2113
ell%
211%
2116
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