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FOLA-LOOP: A NONEQUILIBRIUM, 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, iwo-
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 I

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 6r 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 years for single-phase flows. These efforts include several highly detailed models for
transient two-phase tiows in two and three dimensions." Although such modals are essential for
understanding complex two-phase flow processes in localized regions, they cannot be used direc-
tly for systems consisting of many coupled tiow regions of various sizes. geometries, and other
physical characteristics. For large systems. zero- and one-dimensional 110w models must be
coupled together in, so-called, network codes Some higher dimensional models may be used for
one or two parts of a system but their use is limited by the higher computing costs that they en-
tail. Thus, for now, multidimensional 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 is 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
nue! car reactor safety analysis, its simple structure offers a framework that may be used as the
basis for developing other types of special-purpose network codes.

Section II 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 far the drift-flux equations that describe the dynamics of two-phase
fluid mixtures.' For our purpose we . hose as dependent variables the mixture density p, 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 6, the relative velocity between phases u, = u, - un , and the mixture pressure p.

A. Equations of Motion

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

(1) The continuity equations,

(2*l)Op ,1 BApu s0
at A By

and )

1

(2.2)* A Du+ u =I,
y

l

:
1
I

+--t f - .
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(2) the momentum equation,

+fA "pu + u =- + pg +f (2.3)yg ,

(3) and the internal energy equation,

"", 8 (I, - I,) u,a + A pIu +

-{k. *u+ - u, +xu,2+w,g + q (2.4)e

In these equations, the independent variables are time t and axial position y. The exchange
functions for mass and momentum are r and K, respectively. The -' r.h of wall heat transfer or
bulk heating are described by the heat source function Q. Subscripts v and I 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 p, = vp," and or = (1 - 6) ps", where
6is defined as

e = (p * - p + p,)/p (2.5)g g.

The axial component of the gravitational accelera :on is denoted by gy. The quantity A is the
time mdependent, cross-sectional area or 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 Eqs. (2.3) and (2.4) through the terms f.,,and W,i Pipe wall friction is treats 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 that can be tested against
suitable experimental data. Even with careful toting, however, the prejudices of different
researchers often lead to different relations. In 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 regarded 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 density
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 de (typically e = 0.001), the fluid is assumed to be a pure li-e

quid with the equation of state

2
P * P, + a p, g ,

3
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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 8 = &c. In the two-phase
region 6 > 6e the mixture pressure is equal to that of he vapor and is given by the polytropic gast

equation

P (Y - 1)p l .
y

These equations are combined into one equation

(2 0)* 2 *
p = (y - 1) p l /0 +a pg (0 - 0) ,y

where

8 if 8 > 0
, - c
0 s

( 0, i f 6 < 0,

For saturated conditions we have found that y = 1.07 and a' = 10' cm /ms offer reasonable ap-2 2

proximations for many reactor safety problems.
In Eqs. (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. In
one the phases are considered to be at equal temperatures. In the other the vapor phase is con-
sidered to be saturated. For many applications there is little difference 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

T,[I, = E,+ C (T - T,) - Cyg(T -

y y y

and

Ig=Eg + C (Tg - T,) - Cg3(Tg - T,)2 , (2.7)g

where E, and E, are the saturated internal energies at temperature To, and C., Cs, C,i, and Cai
are constants chosen to fit steam table data in the temperature range ofinterest. For example, in
the system of units g, cm, K, and ms, the values E. = 2.506 x 104, E4 = 0.4174 x 10*, C, = 6.67, C
= 44.34, C,i = 0.0302, and Csi = 0.0129 are good approximations for temperatures up to about T

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

internal energy as the solution of a quadratic equation

(2.3)pI s p I,+ p igg.y

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

T = 255.2 + 117.8 po2n, (3,9)
y

4
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where p is in bars. When the vapor temperature is known, one can easily com pure the separate li.
quid and vapor internal energies and liquid temperature using Eqs. (2.7) and (2.8).

C. Momentum and Mass Exchange

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

+ h k "r zu+h(p = - %-K u, (2 W-p)g y ppg

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 e is small, or the liquid is a dispersed phase of
small droplets when e 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

fC I"r!K= ' '
'd1\ oI

where d and F are functions of 6 and the kinematic viscosities of the phases,i

e = e, v = v,(1 - e) 2.5 for e 10.5
-

3

-2.5e = 1 - e, v = v,e for e > o.5
3

Also, C is a drag coefficient (generally of order unity) and S is the surface area per unit volume
of bubbles (droplets) with mean radius r.,

1 3e/r, for e i 1/2
s= ? (2.12)

3(1 - e)/r, for e > 1/2-

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

r, = (3e \ /3
1

for e 1 1/2

r, = for e > 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 following discussion on mass ex-
change describes how ; locally variable N can sometimes be estimated in terms ot' a critical
Weber number.

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

5
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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 heat flux, a simple energy balance shows that

r = 1sx- '

where A 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

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

where T. is the saturation temperature and k4 is the thermal conductisity of the liquid whose
bulk temperature is T4. The length I characterizes the thickness of the thermal boundary layer

4

over which the liquid temperature changes from its interior, bulk value T, to the valueT.
assumed to exist at the two-phase interface. Thus,

k - T')S I2'I4Ir = *(TE

u

For a single, nontranslating oubble growing in an infinite fluid region, Ref. 6 shows that 1 = le,
where

}p*c,lT,-T,l'"
E =r

;; E, gc
v

.

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

f = 1. Moalem and Sideman' give the general expression

' is=r
u Re Pr '

b

where Re = 2rU pe"/m is the bubble Reynolds number, Pr = Cam /k is the liquid Prandtl num-
ber, and m is the liquid shear viscosity. As the relative speed U increases, the length f rapidly
decreases below the value of Ac, 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 I as the
reciprocal average of these limiting characteristic lengths,

j = j-- + j . (2.15)
e u

t.quatwn (2.14), with I defined by the above equation. is a vapor generation rate that includes
both 11 nite heat conduction and relative velocity effects. However, the model still requires the

definition of r and U.
If the number of bubbles per unit volume is known, we can calculate the mean bubble radius

by Eq. (2.13) and use r = r,. Unfortunately, the number of bubbles generally does not remain
constant in the dynamic tiow environment because bubbles larger than a certain size will break

6
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up. The maximum stable bubble radius, r., can be estimated in terms of a critical Weber num-
ber W ,,

oW
(2.16)c

r" = 2'2p Ug

where a 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 inputo

parameter that defines the initial number of nucleating sites per unit volume (or more correctly,
the minimum number of bubbles).

Finally, the relative speed U could be set equal to the magnitude of the average relative speed
lu l between phases, but this would not account for local turbulent fluctuations that have beenr

averaged out in the definition of u,. Fluctuat ons in u, can locally strip away the individual bub-
ble thermal boundary layers and break up large bubbles. To account for such local effects we
defino

(2 17)U = 13,1+ pigi ,

where u is the mass avera;ed mixture velocity and d is a parameter that accounts for turbulent
fluctuations. We might expect J 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 d must be determined by comparison with experimental data.

Again we stress that the vapor generation rate described above is preliminary and must be
critically tested against various situations before 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 ses eral different applications.

D. Flow Losses

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

2,i o ,2 , {g,yg)fyg = - f
. 2

(1 - $)*p p u pg g

.Pz

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

f a a + b Re * , (2.19)
*

where

a = 0.026 (k/2R)o J25 + 0.133 (k/2R) ,

b = 22.0 (k/2R)0.M and,

c = 1.62 (k/2R)0. G ,
!

|7,

i
i

,
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and R is the hydraulic radius. The quantity cre is a two-phase friction multiplier

fi,=(1-e)l75,*

and 4 accounts for the relative velocity effects

2* = p ll + (p - p )u,/pul fpy y

The coefficient fi relates to the local losses and is given by

(2 M
f3 = f(L/2R)/Ay ,

where (L/2R) is the number of hydraulic diameters of an equivalent straight channel and .ly is
the segment length over which the loss occurs. The hydraulic radius can be specified as different
from the component's geometric radius to treat flow through components with noneircular 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 f actor determined by Eq. (2.19).

The value of Wm is determined from the rate of change of the fluid kinetic energy associated
with the flow loss.

.

E. Wall Heat Flux

To represent heat exchsnges in a core or steam generator, or to account for heat transfer with
pipe walls, the code has a variable 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 flax is problem dependent, WALLT has been left blank.

III. 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 computational speed.
Inevitably, the choice rests on the developer's experience and prejudices.

In the SOLA-LOOP code, we tried to keep the programming simple 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 point relaxation methods generally are recognized as simple, but in-
ferior to direct methods for linear equation systems, this is not necessarily true for nonlinearj

equations where iterative methods are used. Point relaxation methods permit considerable

8
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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 structs..re 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 JB0 and JB1 and the last cell
JT1 in the component are dummy or fictitious cells used to set boimdary 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 JB0 as
the first or bottom cell and to the cell JT1 as the last or top cellin component I.

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 made in subroutine PITERP to replace the pressure used in the

JB0 JB1 JB2 j JT3 JT2 JT1

-+ Uj , (U,.)3-

Qi

Fig.1.
Arrangment of fictitious cells at the bottom and top of a component and location of depen-
dent variables in cellj.

7
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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 (subroutinc TINICT), 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 IAIP 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 condiHons that define the coupling between components (in subroutines JCTPIP and
BC) before the r. ext 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 variationo 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,

(3.1)2+u = Il+g +1 f0 "

8t By + pA By p r p By y p vis'u

which is a carryover from previous codes in the SOLA series.''Its advantage is that u *', rathera

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 be.en included in this version of the code. The difference equation used to ap-
proximate Eq. (3.1) is

; = , + a< - - - - ,,.@,, .'!;Q s, + (! 1.1.), .

~

(3.2)
.

where gj. , = (6y3.i p3 + 6y, gj.i)/(6y; + dy3.i) andli, is the explicit estimate for ui+'. Unless
otherwise noted, the boundary value of cell-centered quantities is always defined by linear inter-
polation, as in p3. used above. The indexing in Eq. (3.2) looks uncentered, but recall from Fig.
I that u; refers to the velocity at the boundary between cells j and j + 1. All terms on the right

j side of Eq. (3.2) are evaluated in subroutine TILDE using time level n quantities. The convective
fluxes are defined as

|
'

m.p, )., . ., . , u e,, . ~, . t . ., u e,, . ,.

. . , y j.,- ., ., ua , - ~,., - ., u e ,.;r r

j 10
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and

| . .2

^j+1 [\ pppj3 y g

/g ("r}j ' ("r}j+1,p ,g(A) + Apg)(6yj + Oyg)j

I

+ al(u,)) + (u,)),31iu,))-(u,)),3_ - A) (u,)j,3 + (u,)j

- al(u,)),3 + (u,))|
~ '

}u,)),3 - (u,)).

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

P p u,6t"u6tj vg

W* 2
/ p 6y ,,\

2. Implicit Pressure Calculation. In this part of the calculational cycle the n level pressures
in Eq. (3.2) 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 - f(6. 6 , I) = 0 , (3.3)y

where f(3, E., I) is the equation of state that was evaluated using

6 = p"/(1 + D) ,

6, a p /(1 + D) ,y

and

n

I=1"-hD (3.4),

|p

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

6
D=aa[ m 3, , A). u) - A). u .3 (3.5)j

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

+ A ,g) (3.6) |A ,g/(AJA ,g = 2Aj jjj
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vanishes when either A, or A .i s zero. The n + 1 level velocities must be used toibecause A .ia 33

evaluate D, that is,

(3 7)n+1 * - 26t a n

"j ~ P ,g(6y) + 6y),g) Pj,g - Pj,1 *P
+Pj jJ j

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 3,3,, and energy I. The pressure would be equal to p +5 ifa

the rest of the equations were in Lagrangian form. The difference is not significant, however,
because for every cycle the iteration is always trying 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 Eqs. (3.3)-(3.7) a local Newton-Raphson procedure is followed, in which an es-
timate is needed for SF/Op in each cell. In SOLA-LOOP, estimates for these s alues 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 3, E., andi from Eq. (3.4).
c. Evaluate the equation-of-state function and calculate 5p = - F/(8F/8@.
d. Replace pj with p, + 6p, and u, and uj. with

26t6p

,j , ,j , P ,g(6y) + 6ygg)j

and

26t6p
"j-1 * "j - 1 p

*

g (6yg g + 6y )j

Continue this iteration process until all cells satisfy the convergence test

.
P - f(h, P, I)

. . .
<E ,

P.+ f(9, P,, I)

where e is typically equal to 0.001.

3. Updating of Remaining Variables. Afterc ampleting the implicit portion of the cycle, new
time values for the remaining variables are resdaly computed in subroutine UPDATP. The mix-
ture density changes only by convection,

A -A (pu) (3.8)
j g (pu)P *P - 3 y ,

12
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. .

where

(pu)).g=} ,u)(p) + p).g) + alu) (p) - p).3)

(pu)).g=} u .3(9 3 + p ) + alu) 31 (p),1 - p )'3 j 3,j

Quantities on the right side of Eq. (3.8) are evaluated using n level values for o and the available
n + 1 level values of u.

The mixture energy equation then is approximated by

I"+1 = pI)+6t|-M-FUI.-Mg j

,

+{K) (u,)) + (u,)),3 2 + (wy9)j + gj (3.9),

where

* A p,I u, - A ,g yp I u,A y) , J, j yv
_

M * A Oy ^j+\ l 1"A ~ ^j-5 EE
l 1"A ),g

*

This formulation separates the convective fluxes into vapor and liquid contributions where

Ev v"v ("v}j (E I )J * (E I )J+1,*
vv vv

IpI),-(pI))3},+ alu |y yy yy

and similarly for (o:I4us)3.u, where the vapor and liquid velocities used in these expressions are
defined as

(u ), = u) + (p )).g (u,))/pgy g

(3.10)

(u )) = u) - (p ) g (u,))/pg.g y

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

!
j (p )3,g j (p )3,g- p ,g + pgP y y

("r)j
,

A * _

" A)6y) j+ j o p

(p )3.g p .g + pt IP )J-\
-

3 vy

("r}j-1 '~ ^j-\ "j-1 ~*
o pg

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 u3, p;, and the overall divisor p3. Finally, the vapor density is up-
dated as

(p )"'l = (p )) + 6t (- FRU + f ) (3.11),
y y j

where

A,g(pu}),g-A,g(pu)),gFRU = g j y y j y yy

and

P ",),g * $ hu ), ip ) (p )) 3 + M u,1) ip ), - (p )),3 |
+v y y , y y y

The j - 1/2 boundary flux is obtained by replacing j with j - 1 in the above expression.
Care must be taken when approximating the vapor source term F. When the mixture is not at

equilibrium and the relaxation rate is fast, r can be large and Eq. (3.11) may be numerically un-
stable. To avoid this, the densities in r should be evaluated at level n + 1. For general formula-
tions of r, use of an iterative technique to solve Eq. (3.11) generally is necessary. Subroutine UP-
DATP provides such an iteration for the r given by Eq. (2.14). There is, however, another more
serious problem that can arise when phase transitions are important. Because the effect of f is
included at the end of a calculation cycle, 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 of 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, />t, 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 r into the implicit
portion of the cycle. Basically, the idea is to include r 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.

Thermodynamic 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

14
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using an equilibrium equation of state. The latter procedure often is preferable because it effec-
tively puts l' 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 ar_d 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 pressurt 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-
iform or gradient-free outflow and periodic boundaries in which the bottom and top of a compo-
nent are joined together. As described in Sec. II, 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 component.

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 11-
lustrated by considering only the JB0 (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 Iis
obtained by setting LBM(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( AI), the void fraction THB( A1), and the temperature TEAIB( A1) as boundary
data set AI, and assign 51BM(I) = A1.

2. Uniform Outflow. A uniform or gradient-free outflow boundary condition at the bottom
boundary of component I can be specified by setting LBOT(I) = 3. Use of this boundary condi-
tion requires the adc.itional specification of PB(51), THB( A1), TEA!B( AI), and the assignment of
31 BOT (I) = 51.

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

4. Prescribed Pressure. When pressure is prescribed at the JB0 end it must be for cell JBl.
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( AI), THB( A1), and TEA 1B( AI) with AIB0T(I) = 11. This
boundary condition is activated by setting LBWr(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 included in detail. The following description outlines the for-
mulation now available in SOLA-LOOP to couple components into a network.

15
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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 planc, as shown in Fig. 2. The planar dimensions of junction cell K are 6x, and 6y . '

Flow in the third dimension is not permitted. This restriction allows the use of a two-dimensional

LANG(I)=4, KTOP(l)=K

JT2
,

L A NG(1)= 1 L ANG(I)=3
JT2 s yu JT2

KTOP(l)=K KTOP(l)=K'

s x.

JT2

LANG(1)=2, KTOP(l)=K

L ANG(t)=2, KBOT(l)=K
i i

I
~

JB2
I

|
LANG(l)=3 L A NG(1)= 1

'

JB2 | | JB2* s ya
' k- KBOT(l)=KKBOT(l)=K sXk

JB2
,

!

L A NG(1)=4, KBOT(l)=K

Fig. 2.
,

Junction cell orientation for component coupling.

16



. .

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), KBCfr(I), and KTOP(l) (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 cell 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 overlspping 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 coincide 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 valuec are calculated using the two-dimensional analogues of the one-
dimensional equations e motion, Eqs. (2.1)-(2.4). Likewise, the difference equations forjunction
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 component 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 6x and 6y. ofjunction cell K are calculated automatically by the code
from the adjoining 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 contains the required one or two fictitious cells, 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 (two cells short '

ifjunctions 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 UPDATJ. 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 bcadsry conditions for
the attached components by subroutine JCTPIP.

F. Variable Time Steps and Subcycling

Network systems often contain low-speed flow with slowly varying properties in one region and |
high. speed flow or flow that requires a finely detailed description in another region. The variable |

tirne stepping and subeycling provisions in SOLA-LOOP are designed specifically for such
systems to provide efficient and accurate calculations.
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SOLA. LOOP contains provisions that allow the use of different time steps for integration in
each component and jur.ction cellin 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 subeycling 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 u5t/5y(5x) s 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;
otherwise, 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
DELT0is not a computational 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 subeycles 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 difarencing
in the convective flux terms.
Equalto one gives full donor
cell differencing.

1.234 x 10' ASQ a So,uare of the speed of sound8

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.
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Default FORTRAN Algebraic
Value Symbol Symbol Definitior

0.50 CDG C. Drag coefficient used in the
interfacial friction model.

0.0 CFRL(I,IS) fi Local flowloss coefficient for
component I, segment IS [see
Eqs. (2.18) and (2.20)].

1.0 CFRS(I,IS) Number of flow passages---

through component I, segment
IS.

44.34 CHL C, Coefficient of thelinear term
in the liquid internalenergy
function.

0.0129 CHL1 Cai Coefficient of the quadratic
term in theliquid internal
energy function.

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

0.0302 CHV1 C,i Similar to CHL1 but for the
vapor energy function.

100.0 DELSTP Time intervalin milliseconds---

between mass flux prints.

1.0 x 10-* DELT 6t Starting time step for
the calculation.

0.0 DFVEL -- Program control parameter that
determines whether the rela-
tive velocity is to be calcula-
ted (DFVEL = 1.l 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 DXSil.IS) 6x Radius of component I segment
IS.

0.0 DYS(I,IS) dy Celllength in component I.
segment IS.

19
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Default FORTRAN Algebraic
Value Symbol Symbol Definition

4.174 x 10' ECL E, Constantin theliquid internal
energy function.

2.506 x 10* ECV E. Similar to ECL but for the
vapor energy function.

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

tivity to the specific heat
for the liquid.

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

tivity to the specific heat
for the vapor.

1.76 x 10' ELHT A Latent heat of vaporization.

0.001 EPSI e Pressure iteration convergence
test parameter.

Liquid and vapor phases are1.0 ETEM ---

maintained at equaltemperatures
if ETEM = 1.0;if ETEM = 0.0,
the vapor temperature is maintained
equalto the saturation temperature
at the local pressure.

0.07 GAM 1 (7-1) Parameterin the equation of
state.

0.0 GYS(I,IS) g, Component of gravitational
acceleration in component I,
segment IS.

IDXS(I,IS) = 1 when the hy-1 IDXS(I,IS) ---

draulic radius and the geome-
tric radius DXS are the same in
component I, segment IS. Otherwise,
IDXS (I,IS) = 2 and the user must
furnish the appropriate hydraulic radius
in function DEMXC.

Program control paramet-r whose1.0 IMP ---

value determines whether an im-
plicit (IMP = 1) or explicit
(IMP = 0) solution method is
used.

20
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Default FORTRAN Algebraic
Value Symbol Symbol Definition

1 JMHI(I) --- Determines the index JMH of the
last cellwhose edge quantities
are to be computedin component
I.JMH = JT1 - JMHI(I).

1 JMLI(I) -- Determines the index JML of the
first cellwhose edge quantities
are to be computed in component
I. JML = JB0 t JMLI(I).

1 JPBI(I) Determines the index JPB of the--

first cell whose centered quan-
tities are to be computed in
component I. JPB = JB1 +
JPBI(I).

1 JPTI(I) Determines the index JM of the---

last cell whose centered quan-
tities are to be computed in
component I. JN = JT1 -
J W I(I).

0 K B M (I) -- 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 I. A zero value
indicates an isolated end.

O LANG(I) Parameter that indicates the--

orientation of component I
(see Fig. 2).

O LBOT(I) Parameter that indicates the---

type of boundary conditions to
be applied at the bottom of
component I whenit is an
isolated end (see Sec. III.C).

1

0 LTOP(I) --- Similar to LBOT(I) except ;
for an isolated top end. '

l

0 MBOT(I) -- Parameter that specifies the i

boundary data set (if appli- |
cable) for the bottom end of I
component I. |

I
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Default FORTRAN Algebraic
Value Symbol Symbol Definition

0 AITOP(I) --- Similar to 51BFI'(I) except for
the top end of component I.

O NJS(I,IS) .- Number of real cells in com-
ponent I, segment IS. NJS
values adjusted in sub-
routineINPUT automatically
account for fictitious cells,
as required.

1 NSUBDT Desired number of subeycles---

(see Sec. III.F).

Relaxation parameter for the1.0 OhtG ---

calculation of 6p in the pres-
sure iteration. A value of
OhtG = 1.7 often improves the
rate of convergence for low
Alach number flows.

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

Pressure associated with bound-0.0 PB(ht) --

ary data set 51.

0.0 PI(I) --- Initial pressure in component I.

0.0 QJS(I,IS) Q Rate of change ofinternal
energy density in component I,
segment IS caused by heat

,
'

addition.

C.0 RG k Pipe wall roughness.
F

0.958 RL p/ Siicroscopic density of
the liquid.

,

Stability control constant in4.0 STABC --

time step determination,
.it s 1/STABC Sy/u.

Time at which calculation10" TBRA(N) --

, is to beinterrupted and
! input data changed.
|
t

O
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Default FORTRAN Algebraic
Value Sym'aol Symbol Definition

373.0 TC T. Reference temperature for
liquid and vaporinternal
energy functions.

Temperature associated with0.0 TEAIB(A1) --

boundary data set A1.

Initial temperature for0.0 TEAII(I) ---

component I.

0.0 THB(A1) Void fraction associated with--

boundary data set A1.

0.001 THC 9 Void fraction below which the
fluid is treated as pure liquid.

0.0 THI(I) -- Initialvoid fraction for
component I.

0.0 TSTART Initial time for the problem.--

10' TWFIN --- Time when the problem is
complete.

Time at which mass flux prints0.0 TWSTP ---

begin.

0.0 VIS(I,IS) --- Initial velocity in compo-
nent I. segment IS. j

3.0 x 10-' VISL y, Kinematic viscosity of j
'

the liquid.

2 x 10-* VISV a. Kinematic viscosity of
the vapor.

B. COMMON Variables

|

FORTRAN Algebraic
Symbol Symbol Defmition

ALPHA 'a Input quantity

ASQ a' Input quantity
BSDI N Input quantity
CDG C. Input quantity
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FORTRAN Algebraic
Symbol Symbol Definition

CHL C, Input quantity
CHL1 C,i Input quantity
CHV Cv Input quantity
CHV1 Cvi Input quantity
CPI r Constant r
CYCLE Counter advanced by one for each minimum---

time step calculated.
DELSTP -- Input quantity
DELT dt Input quantity
DELTO System time step-usually equal to NSUBDT x DTMN.---

Input quantityDFVEL ---

Input quantityDPRST -

Smallest time step for components and junctions.DTMN --

DTWPRT --- Input quantity
ECL E, Input quantity
ECV E, Input quantity
EDL --- Input quantity

Input quantityEDV ---

ELHT A Input quantity
EPSI e Input quantity

Input quantityETEM --

Iteration logic centrol flag.FLG --

GAM 1 (7-1) Input quantity
Counter for number of interrupts to changeIBREAK --

input data.
Total number of components.IL --

Input dataIMP ---

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

ITER --- Counter for number ofiterations between junctions
and components to achieve convergence during one
system time step.

JB0 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 cellat bottom of a---

component.
JMH Index oflast cell whose edge quantities are computed---

for a given component.
Index of first cell whose edge quantities are computedJML ---

for a given component.
JPB --- Index of first cell whose centered quantities

,

are computed for a given component.

N



- __

. .

FORTRAN Algebraic
Symbol Symbol Definition

JFI' Index oflast cell whose centered quantities---

are computed for a given component.
JT1 Index of fictitious cell at top of a component.---

JT2 Index oflast real cell at top of a component. I---

KD0 Index for adjacent cell's edge auantities when-

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

Index for adjacent cell's centered quantities whenKMO ---

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

KOD Index for adjacent cett's edge quantities when--

top of component Iis coupled to the junct on andi

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

Index for adjacent cell's centered quantities whenKOM --

top of component Iis coupled to the junction and
,

LANG(I) = 2, or when bottom of component Iis
coupled to tha junction and LANG(I) = 4.

Ir.dex for cell' , centered quantities in theK00 ---

junction ec tl.
Index for a6acent cell's centered quantities whenKOP ---

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

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

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

KL --- Total number of junctions.
Logic control parameter; KTOU = 1 if there are noKTOU ---

junction cells; otherwise, KTOU = 2.
KUO Index for adjacent cell's edge quantities when top i

- - -

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

ML --- Total number of boundary data sets.
NSUBDT --- Input quantity I

OMG -- Input quantity

|
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FORTRAN Algebraic
Symbol Symbol Definition

Input quantityPHCH ---

PNV 4/3 r N-

PRST --- Input quantity
RG k Input quantity
ROL p/ Input quantity
SDTC Internal time step control parameter similar--

to STABC.

T -- Problem time
TC T. Input quantity
THC 8 Input quantity

1.0 - 0THCl -

TINIA -- Advanced system time toward which time step controller
attempts to bring all junction and component times.

TSTART -- Input quantity
TWFIN --- Input quntity
TWPRT --- Problem time for next print.

TWSTP --- Input quantity
VISL y, Input quantity
VISV r, Input quantity
BETA (J) (OF/Op)(' Recriprocalderivative of pressure

function given by Eq. (3.3).

BETAK(K) (DF/Op)=-' Similar to BETA (J) but for junctions.
DTINI(I) 6ti Time step for component I.

DTINIK(K) 6t= Time step for junction K.

DXK(K) 6x. Dimension of junction cellK.
Temporary storage for value of DXK(K).DXKC(K) --

DYK(K) 6y. Dimension of junction cell K.

DYKC(K) Temporary storage for values of DYK(K).---

E(J) li'' Time n + 1 specific internal energy for
component cells.

EB(SI) -- Specific internal energy for boundary data set AI.
Initial specific internal energy for component I.EINC(I) ---

EK(K) It'$ Time n + 1 specific internal energy for junction K.
Initial specific internal energy for junction K.EKC(K) ---

ES(,1) I'l Time n specific internal energy for component
cells.

ENK(K) It Time n specific internal energy for junction K.
Geometry dependent computational parameterGANI(K) ---

for junctions.

IBCTr(I) --- Logic control parameter for bottom end of
component I: IBCfI'(I) = 1 for an isolated
end and 2 if end is coupled to a junction.

ITOP(D --- Similar to IBCTr(D but for top end of component I.

JCEL(D --- Number of cells in component I. including the
three fictitious cells.

!
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FORTRAN Algebraic
Symbol Symbol Definition

Input quantityJMHI(I) --

Input quantityJMLI(I) --

Input quantityJPBI(I) --

Input quantityJPTI(I) -

Reference value used to calculate value of JB0JREF(I) ---

for component I.
Single subscript used to obtain doublyJSF(J) ---

subscripted quantities.
Number of segments in component I.JSXI(I) ---

Input quantityKBM(I) ---

Input quantityKTOP(K) ---

LANG(I) --- Input quantity
LBM(I) --- Input quantity

Input quantityLTOP(I) ---

Input quantityMBM(I) --

Input qt.antityMTOP(I) ---

P(J) p3 Pressure ior component cell J.
Input quantityPB(M) ---

Pressure (five per junction) associated withPK(N) --

junction K.
Input quantityPI(I) -

R0(J) pi+8 Time n + 1 mixture density for component
cell J.

Mixture density for boundary data set M.ROB (M) --

ROINC(I) -- Initial mixture density for cellsin
component I.

Time n + 1 mixture densities (five PerROK(N) --

junction) associated with junction K.
ROKC(K) --- Temporary storage for initial mixture

density in junction cell K.
RON(J) p1 Time n mixture density for component

cell J.

RONK(N) pt Time n mixture densities (five per junction)
associated with junction cell K.

RV(J) (p.)1*' Time n + 1 macroscopic vapor density for
component J.

Macroscopic vapor density for boundary data set M.RVB(M) --

RVINC(I) --- Initial macroscopic vapor density for cells in
component I.

RVK(N) (p)t** Time n + 1 macroscopic vapor densities (five per
junction) associated with junction cell K.

Temporary storage for initial macroscopicRVKC(K) ---

vapor densities in junction cell K.
RVN(J) tp.)1 Time n macroscopic vapor density for

component cell J.
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FORTRAN Algebraic
Symbol Symbol Definition

Time n macroscopic vapor densities (five perRVNK(N) -

junction) asaociated with junction cell K.
Input quantityTBRA(I) ---

TEN 1B(ht) --- Input quaritity
TE111(I) --- Input quantity

Input quantityTEh1K(K) --

Input quantityTHB(51) ---

THI(I) --- Input quantity
Input quantityTHK(K) ---

TIA1(I) Time level for component I.-

Timelevel forjunction K.TI51K(K) --

V(J) u'j* $ Time n + 1 center of mass velocity for
component cellJ.

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

Time n + 1 relative velocities (four per junction)VDK(N) ---

associated with junction cell K.

VK(N) -- Time n + 1 center of mass velocities (four perjunc.
tion) a mociated with junction cell K.

VN(J) u'J 7.me n center of mass velocity for
component ce .J.

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

VP(J) r3 Vapor production rate for component cell J.

VPK(K) r= Vapor production rate for junction cell K.
Wall temperature for component cell J.WT(J) ---

Input quantityCFRS(I,IS) ---

DXS(I,IS) 6x3 Input quantity
DYS(I,IS) dyj Input quantity
GYS(I,IS) g3 Input quantity

Input quantityIDXS(I,IS) ---

NJS(I,IS) -- Input quantity
QJS(I,IS) Q3 Input quantity

Input quantityVIS(I,IS) ---

C. Subroutines and FORTRAN Functions

ADVANCE Control program to advance calculation one time step.
ARAV Defines cell center and edge cross-sectional areas.

BC Implements specified boundary conditions.
BREAK Controls calculation interrupt for specification of new input data.
DESIXC Defines hydraulic radius for components.
DIAG Control program for printing comporent and junction cell solution quantities.
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DIAGA Control program to print component times and time increments.
DIAGB Control progrr.m to print mass fluxes at component ends.
DRIFT Calculates 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 default values, reads and prints input data.
JCTO Initializes junction cell data storage arrays.
JCTPIP Shifts updated junction cell variables to appropriate component cell data arrays.
JSET Sets indexes required 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 cells by an iterative procedure.
PITERP Determines n v 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 solt.acn nethod.
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 computes relaxation coefficient OF/Op.
RVCAL Computes vapor density from vapor equation of rtate. ;

SETUP Sets program constants, initializes cellvariab% irrays, and prints processed quantities.
SPCAL Computes saturated pressure from temperater . ;

STCAL Computes saturated temperature from pressue.
TEMC Computes fluid mixture temperature.
THCAL Computes void fraction from equation of state for 6 < 0,.
TILDE Computes time n + 1 velocity estimates for all cells.
TIMCT Ce:nputes time steps for all components and junctions.
VDhCAL Computes momentum exchange function.
VDKPCAL Computes derivative of momentum exchange fut n with respect to relative velocity.
VPRO Computes vapor production rate.

V.EXAMPLEPROBLEM

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 branchcs 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 outtlow boundary condition. At the time of the break the boundary 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 bottom 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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PRESSURIZED VESSEL

PUMP
P = 7. .) M P a P = 7.5 M P a

'O

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.

DXS(1,1) = 3.5 DXS(1,2) = 5.0 DXS(2,1) = 5.0
DXS(2,2) = 3.5 DXS(3,1) = 7.5 DYS(1,1) = 5.25
DYS(1,2) = 22.5 DYS(2,1) = 22.5 DYS(2,2) = 5.25
DYS(3,1) = 23.75 EDL = 1.36 x 10-* EDV = 1.67 x 10-'
ELHT = 1.83 x 10' KBM(2) = 1 KBM(3) = 1
KTOP(1) = 1 LANG(1) = 2 LANG(2) = 2
LANG(3) = 1 LBM(1) = 5 LTOP(2) = 5
LTOP(3) = 5 MBM(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
TEMB(1) = 500. TEMB(2) = 500. TEMI(1) = 500.
TEMI(2) = 500. TEMI(3) = 500. TWFIN = 3000.
VISL = 1.4 x 10-* VISV = 1.2 x 10-'

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

DELT = 1.0 x 10-* MBM(1) = 3 PB(3) = 1.0
TEMB(3) = 373. THB(3) = 0.995

|
| The input data and other processed data and logic control parameters are listed in Table I as

part of the 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 beer. added to
the top of pipe 1, which contains one real and one fictitious cell. This additional real cell alters
the pipe length slightly and the user should be cognizant of this in the input data specification.
Additional segments are similarly added to the bottom ends of pipes 2 and 3. These segments
each contain two fictitious cells and one real cell. The data that specify the initial states in the

30



_ _ _ ___ _ -_ _

. .-

.

a
OUTLET

:ia
~

T
: s y=5.25

._.

-- T

_ JL

-s y=22.5
__

2
_

-

p q s y=23.75 [- 15-cm diom
,

300cm 3 : NLET
- a

J200cm= ,

_

1

_

*-- l O - cm d i a m*

_

_

Fie. 4.
Structure of the computing mesh for example problem.

..

-*2*-- 7- C m d i o m
o :

OUTLET
U

components and junctions are printed in Table II as the CYCLE = 0, TIME = 0 solution. The
solution after one system time step is given in Table III to provide the user with an immediate
check. The steady state solution at 2 s just before the break in pipe 1 is given in Table IV. The
solution durir.g the blowdown transient at 0.5 s after the break is given in Table V.
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TABLEI

EXAMPLEI'ROBLEM INPUT DATA

1 PROOLCM !! TLC = C00C CCNTER CXAMLC M Y 6.1978 5OLA-LOOP

Iwuf CONSTANTS

ALPHA = 1.000bO00C+00
ASO = l.2340000C+0%

DeUM = 1.0000000C+0%
COG = 5.0000000C-01
CK = % .4 3%0000C +0 8

. CK1 = 1.2900000C-02
'

CHV = 6.6700000C+00
; CHvl = 3.0200000C-02

CPI = 3.1415927C+00
DCLT = l.0000000C-03

OCLSTP = 1.0000000C+02
DFVEL = 0.s

OPR$7 = 0.
Ofwmf = S.0000000C+02

CCL = 4.17%0000C+03
CCW = 2.5060000C+0%
COL = l.4200000C-06
COV = 1.5000000C-07

CLHI * l.8730000C+0%
CPSI = 1.0000000E-03
CTEM = 1.0000000C+00
GAMI = 7.0000000C-02
l*= 1.0000000C+00

NS4207 = 2
OMO = 1.0000000C+00

"
PHCH = 1.0000000C+00

RG = 4.0000000C-03
ROL = 0.4540000E-01

STA8C = 4.0000000C+00
TC = 3.7300000C+02

THC = 1.0000000C-03
TSTART = 0.
TWIN = 2.6000000C+03
TWSTP = 0.

i VISL = 1.5000000E-06
a VISV = l.9000000C-05

BOUNDARY CON 08YION INPUT %= 3

M TCP6 P9 TF6

I %.8900000C+02 7.2000000C+08 0. -

2 %.8900000C+02 7.5000000C+01 0.
3 3.7300000C+02 1.0000000C+00 9.950000CC-04
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TABLE I (cont)

P!PE INPUT IL * 3

| JOEL LANO JSxt TEMI P! TH8

I 9 2 2 4.0900000E+02 7.2000000E+0! 0.
2 9 2 2 4.0900000E+02 7.2000000E+0i 0.
3 0 1 I w.3900000C+02 7.2000000E+01 0.

JOINT CUANTiflES KL * I

K 0xx OYK TEMK PK THK

I 1.0000000E+0i 2.2500000E+08 4.8900000E*02 7.2000000E*01 0.

PL5H OEPDOENT PROPERTIES

I JS NJS 10xS OXS OYS vlS OYS CFRL CFRS QJS

I l 7 I 3.500000E+00 5.250000E+00 0. O. O. 1.000000E+00 0.
I 2 4 1 5.000000E+00 2.250000E+0! 0. O. O, t.000000E*00 0.
t 3 2 1 5.000000E+00 2.250000E+01 0. D. O. 1.000100E+00 0.
2 1 3 1 5.000000E+00 2.250000E*01 0. O. O. t.000000E+00 0.
2 2 4 I 5.000000E+00 2.250000E+0! 0. D. O. 1.000000E+00 C. I

2 3 6 1 3.500000E+00 5.250000E*00 0. O. O. l.000000E+00 0.
#

3 1 3 1 1.500000C+00 1.000000E+0! 0. 0. O. l.000000E+00 0.
3 2 9 1 7.500000E+00 2.375000E*03 0. O. O. l.000000E*00 0.

PROCESSED lNITIAL STATE VARIABLES

M TEMS PB THS RCS Rv8 EB

I w.8900000E+02 7.2000000C+0! 0. 8.we65406E-01 1.2114162E-05 9.lwa0900C+03
2 4.8900000E+02 7.500000"E+01 0. 8.4009717E-01 1.211%162C-05 9.twwC900E+03
3 3.7300000E+02 3.0000000E+00 9.9500000E-01 w.79w2101E-03 5.6721012E-04 6.6*50537E+03

i TEMI PI TH! ROINC RVINC E!NC JSxt JCEL
I

I

1 4.9900000E+02 7.2000000E+01 0. 8.we65*0GE-01 1.2tiwl62E-05 9.tww0900C+03 3 13 I

8.- 065*06E-Cl 1.2114862E-05 9.!**090CE*03 3 132 4.9900G00E+02 7.2000000E+01 0. *

3 4.8900000E+02 7.2000000E+01 0. 9.4665*06E-01 1.2t!*162E-05 9.!**0900E-03 2 12

K TEMk PK THK RCKC Rvk0 Ex0

I w.8900000E*02 7.2000000E+01 0. 9.*065406E-01 1.2114162E-05 9.twa0900E+03
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TABLE I (cont)

LOGIC PRIPsi

! JICF JCLL Jt.I JMMI #91 #f t K907 MTOP L90f LTOP 7907 Mf0P J01 Jfl 1907 ITOP

I O 13 I I I l 0 1 5 0 1 0 2 13 1 2
2 13 13 I I I I L 0 0 5 0 t IS 26 2 1

3 26 12 I I I l i O O 5 0 2 29 30 2 I

IP IS J JSFfJI

I I ,I I
'1 I 2 I

I l 3 I
I I -4 I
I i 5- 1

I I 6 I
I I 7 I
I 2 8 11

1 2 9 Il

i 2 10 Il

i 2 Il ll

I 3 12 al
I 3 13 21
2 1 14 2
2 1 15 2'
2 I 16 2
2 2 17 12
2 2 18 12
2 2 19 12
2 2 20 12
2 3 El 22
2 3 22 22
2 3 23 22
2 3 24 22
2 3 25 22
2 3 26 22
3 1 27 3
3 1 29 3
3 1 29 3
3 2 30 13
3 2 38 13
3 2 32 13
3 2- 33 13
3 2 34 13
3 2 35 13
3' 2 36 13
3 2 37 - 13
3 2 38 13
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TABLE II

EXAMPLE PROBLEM INITIAL DATA

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6.1978 SOLA-LOOP

ITER = 0 TIME = 0. DELT0= 1.00000E-03 DTMN= 1.00000E-03 CYCLE = 0 ISTEP= 0
TIMt 11=-l.00000E-06 DTIME 13= 0. TIMt 2)=-1.00000E-06 DTIMt 2)= 0.
TIMt 31=-l.00000E-06 DTIMt 31= 0.
TINKt ll=-1.00000E-06 DTINKt 11= 0.

I J V VD P RO VP

1 2 0. O. 7.2000E+01 8.4865E-01 0.
I 3 0. O. 7.2000E+01 8.4865E-01 0.
1 4 0. O. 7.2000E*01 8.4865E-01 0.
I 5 0. O. 7.2000E+01 8.4865E-01 0.
I 6 0. O. 7.2000E+01 8.9865E-01 0.
I 7 3. O. 7.2000E+0! 8.4865E-01 0.
I 8 0. O. 7.2000E+01 8.4865E-01 0.
I 9 C. O. 7.2000E+01 8.4865E-01 0.
I 10 0. O. 7.2000E+0! 8.4865E-01 0.
I II 0. O. 7.2000E+01 8.4865E-01 0.
I 12 0. O. 7.2000E+0! 8.4865E-01 0.
I 13 0. O. 7.2000E+0! 8.4865E-01 0.
I J RV E TH TEM TSAT WT
I 2 1.2114E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 3 1.2tl4E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 4 1.2tl4E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
1 5 1.211%E-05 9.1941E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 6 1.2tl4E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
1 7 1.211%E-05 9.14%IE+03 -3.8348E-03 9.8900E+02 5.6092E+02 0.
I 8 1.2tl%E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 9 1.211%E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 10 1.2tl4E-05 9.1441E+03 -3.83%8E-03 4.8900E+02 5.6092E+02 0.
I 11 1.2tl4E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 12 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 13 1.2114E-05 9.14%IE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I J V VD P RO VP
2 15 O. O. 7.2000E+01 8.4865E-01 0.
2 16 0. O. 7.2000E+0! 8.4965E-01 0.
2 17 0. O. 7.2000E+0i 8.9865E-01 0.
2 18 0. O. 7.2000E+01 8.4865E-01 0.
2 19 0. O. 7.2000E+01 8.4865E-01 0.
2 20 0. D. 7.2000E+01 8.4865E-01 0.
2 21 0. O. 7.2000E+01 8.4865E-01 0.
2 22 0. O. 7.2000E+0! 8.4865E-01 0.
2 23 0. O. 7.2000E+01 8.4865E-01 0. |

2 29 0. O. 7.2000E+01 8.4865E-01 0,

2 25 0. O. 7.2000E+01 a.4865E-01 0.

2 26 0. O. 7.2000E+01 8.4865E-01 0.
I J RV E TH TEM TSAT WT )
2 15- 1.211%E-05 9.194tE+03 -3.8340E-03 4.8900E+02 5.6092E+02 0. I

I2 16 1.2114E-05 9.1441E+03 -3.834BE-03 4.8900E+02 5.6092E *02 0.
2 17 1.2114E-05 9.1441E+03 -3.P *8E-03 '+ . 8900E + 02 5.6092E+02 0.
2 18 1.2114E-05 9.144tE+03 -3.83%8E-03 4.890CE+02 5.6092E+02 0. l
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TABLE II(cont)*

2 19 1.211%s-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
2 20 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
2 21 1.2114E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
2 22 1.2114C-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
2 23 1.2114E-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.6052E+02 0.
2 24 1.2114E-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
2 25 1.2il4E-05 9.144tE+03 -3.8340E-03 4.9900E+02 5.6092E+02 0.
2 26 1.2114E-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.5092E+02 0.
I J V VD P RO VP

3 20 0. O. 7.2000E+01 8.4865E-01 0.
3 29 0. O. 7.2000E+0! 8.4865E-01 0.

3 30 0. O. 7.2000E+0! 8.4865E-01 0.
3 31 0. O. 7.2000E+01 8.4865E-01 0.
3 32 0. O. 7.2000E+0! 8.4865E-01 0.
3 33 0. O. 7.2000E+01 8.4865E-01 0.
3 34 0. O. 7.2000E+0! 8.4865E-01 0.
3 35 O. O. 7.2000E+01 8.4865E-01 0.
3 36 0. O. 7.2000E+01 8.4865E-01 0.
3 37 0. O. 7.2000E+0! 8.4865E-01 0.
3 38 0. O. 7.5000E+01 8.4890E-01 0.
! J RV E TH TEM TSAT WT

3 28 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 Se6092E+02 0.

3 29 1.2114E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.

3 30 1.2114E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
3 -31 1.2114E-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
3 32 1.2114E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0. '

3 33 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
3 34 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
3 35 1.2tl4E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
3 36 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
3 37 1.2114E-05 9.144tE+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
3 38 1.2tl4E-05 9.1441E+03 -4.1224E-03 4.8900E+02 5.6372E+02 0

i

K P RO RV E VP
1 7.2000000E+01 8.4865406E-01 1.2tl4162E-05 9.1440900E+03 0.

|
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TAB'LE Ill

EXASIPLE PROBLE>t SOLUTION AFTER ONE CYCLE

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6.1978 SOLA-LOOP

ITER = 1 TIME = 1.00000E-03 DELT0= 1.01000E-03 DTMN= 1.01000E-03 CYCLES ! ISTEP= 1

TIMI 18= 9.99000E-04 DTIMt 11= 1.01000E-03 TIMt 2:= 9.99000E-04 OT!Mt 28= 1.01000E-03
TIMt 38= 9.99000E-04 DTIMt 31= 1.0100CE-03
TINKt 11= 9.99000E-04 OTINKt li= 1.01000E-03

! J V VD P RO VP

I 2 5.0012E-15 0. 7.2000E+01 8.4865E-01 0.
I 3 0. O. 7.2000E+01 8.4865E-01 0.
I 4 0. O. 7.200CE+0i 8.4865E-01 0.
1 5 0. O. 7.2000E+01 8.4865E-01 0.
I 6 0. O. 7.2000E+0! 8.4865E-01 0,

1 7 0. O. 7.2000E+0! 8.4865E-01 0.
I 8 0. O. 7.2000E+01 8.4865E-Ot O.

I 9 0. O. 7.2000E+01 8.4865E-01 0.
I 10 0. O. 7.2000E+0! 8.4865E-01 0.

*
I 11 0. O. 7.2000E+01 8.4865E-01 0.
I 12 4.763tE-17 0. 7.2000E+0! 8.4865E-01 0.
I 13 2.214BC-15 O. 7.2000E+01 8.4865E-01 0.
I J RV E TH TEM TSAT WT

I 2 1.2114E-05 9.1941E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 3 1.2114E-05 9.144tE+03 -3.83%BC-03 4.8900E+02 5.6092E+02 0.
I 4 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 5 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
I 6 1.2114E-05 9.144tE+03 -3.8348E-03 4.89CCE+02 5.6092E+02 0.
I 7 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 8 1.2114E-05 9.1441E+03 -3.834BE-03 4.890CE+02 5.6092E+02 0.
I 9 1.2tt4E-05 9.1441E+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I 10 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
I It 1.2114E-05 9.144tE+03 -3.8340E-03 4.890CE+02 5.6092E+02 0.
I 12 1.2It4E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
I 13 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
I J V VD P RO VP

2 15 2.2148E-15 0. 7.2000C+0! 8.4865E-01 0.
2 16 0. O. 7.2000E+0! 8.4865E-01 0.
2 17 0. 0. 7.2000E+01 8.4865E-01 0.
2 18 0. O. 7.2000E+0! 8.4865E-01 0.
2 19 0 O. 7.2000E+0! 8.4865E-01 0.
2 20 0. O. 7.2000E+01 8.4865E-01 0.
2 21 0. O. 7.2000E+01 8.4865E-01 0.
2 22 0. O. 7.2000E+01 8.4865E-01 0.
2 23 0. O. 7.2000E+0: 8.4865E-01 0.
2 24 -9.6962E-15 0. 7.2000E+0! 8.4865E-01 0.
2 25 -5.0012E-15 0. 7.2000E+01 8.4865E-01 0.
2 26 -5.00 2E-15 0. 7.2000E+01 8.4865E-01 0.
I J RV E TH TEM TSAT WT

2 15 1.2114E-05 9.144tE+03 -3.8348E-03 4.8900E+02 5.6092E+02 0.
2 16 1.2tl4E-05 9.1441E+03 -3.8342E-03 4.890CE+02 5.6092E+02 0.
2 17 1.2114E-05 9.1941E+03 -3.8348E-03 4.890CE+02 5.6092E*02 0.
2 18 1.2114E-05 9.1441E+03 -3.8340E-03 4.090CE+02 5.6092E+02 0.
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TABl.E lII (cont)

2 19 1.2114E-05 9.144tE+03 -3.8340E-03 4.0900E+02 5.6092E+02 6.
2 20 1.2114E-05 9.144tE+03 -3.0340E-03 4.0900E+02 5.6092E+02 0.
2 21 1.214E-05 9.1441E+03 -3.0340E-03 4.0900E+02 5.6092E+02 0.
2 22 1.2114E-05 9.In41E+03 -3.034BC-03 4.0900E+02 5.6092E+02 0.
2 23 1.2tl4E-05 9.144tE+03 -3.0?40E-03 4.0900E+02 5.6092E+02 0.
2 24 1.2tl4E-05 9.1441E+03 -3.8340E-03 4.0900E+02 5.6092E+02 0.
2 25 1.2tl4E-05 9.1441E+03 -3.0349E-03 4.0900E+02 5.6092E+02 0.
2 26 1.2114C-05 9.1441E+03 -3.0340E-03 4.0900E+02 5.6092E+02 0.
I J V VD P RO VP

3 28 4.9834E-15 O. 7.2000E+01 8.4065E-01 0.
3 29 0. O. 7.2000E+01 0.4065E-01 0.
3 30 0. O. 7.2000E+0! 8.4065E-01 0.
3 31 0. O. 7.2000E+0! 8.4865E-01 0.
3 32 0. O. 7.2000E+01 0.4865C-01 0.
3 33 0. O. 7.2000E+0! 8.4865E-01 0.
3 34 0. O. 7.2000E+0! 9.4065E-01 0.
3 35 0. O. 7.2000E+01 8.4065E-01 0.
3 36 -3.1972E-09 0. 7.2000E+01 8.4865E-01 0.
3 37 -1.4882E-04 0. 7.2000E+0! 9.4865E-01 0.
3 30 -1.4002E-04 0. 7.5000E+0i 8.4090E-01 0.
I J RV E TH TEM TSAT WT
3 20 1.2114E-05 9.1441E+03 -3.8340E-03 4.8900E+02 5.6092E+02 0.
3 29 1.2114E-05 9.1441E+03 -3.03%BE-03 4.0900E+02 3.6092E+02 0.
3 30 1.2114E-05 9.144tE+03 -3.0340E-03 4.0900E+02 5.6092E+02 0
3 31 1.2114E-05 9.144tE+03 -3.834BE-03 4.8900E+02 5.6092E+02 0.
3 32 1.2114E-05 9.144tE+03 -3.03%BC-03 4.0900E+02 5.6092E+02 0.
3 33 1.2114E-05 9.144tE+03 -3.83%BE-03 4.0900E+02 5.6092E+02 0.
3 34 1.2114E-05 9.1441E+03 -3.834BE-03 4.8900E+02 5.6092E+02 0.
3 35 1.2tl4E-05 9.1441E+03 -3.8340E-03 4.0900E+02 5.6092E+02 0.
3 36 1.2114E-05 9.144tE+03 -3.0340E-03 4.0900E+02 5.6092E+02 0.
3 37 1.2114E-05 9.144tE+03 -3.0348E-03 4.6900E+02 5.6092E+02 0.
3 38 1.2tl4E-05 9.4441E+03 -4.1224E-03 4.8900E+02 5.6372E+02 0.

K P RO RV E VP

1 7.2000000E+01 8.4865406E-Ot 1.2114162E-05 9.1940900E+03 0.

TIME = 1.00000E-03
PIPE I 80TTOM MASS FLUX = 1.63340E-13 TOP MASS FLUX = 3.17474E-15
P!PE 2 BOTTOM MASS FLUX = 1.47625E-13 TOP MASS FLUX = -1.63340E-13
P!PE 3 BOTTOM MASS FLUX = 7.47353E-13 TOP MASS FLUX = -2.23246E-02
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TABLEIV

EXASIPLE PROBLEM SOLUTION AT INSTANT OF PIPE BREAK

PROBLEM TITLE = CODE CENTER EXAMPLE JULY 6.1978 - SOLA-LOOP

ITER = 1 TIME = 2.00107E+03 OELT0= 1.00000E-02 DTMN= 1.00000E-02 CYCLE = 4213 ISTEP= 2
.

TIMt lia 2.00038E+03 DTIMt ta= 6.60l?6E-01 TIMt 23= 2.00038E+03 DTIMt 21= 6.60176E-01
TIMI 3)= 2.00104E+03 DTIMt 3)= 1.00000E-02
TIMKt lia 2.00104E+03 DTINKt Il= 1.00000E-02

1 J V VD P RO VP

1 2 -I.0785E+00 0. 1.0000E+00 0.4834E-01 0.
I 3 -1.8818E+00 0. 7.1837E+01 8.4834E-01 0.
I 4 -1.8862E+00 0. 7.tG82E+0! 8.4825E-01 0.
I 5 -1.8919E+00 0. 7.1572E+0! 8.4828E-01 0.
I 6 -1.8965E+00 0. 7.1542E+01 8.4845E-01 0.
t 7 -1.4136E+00 0. 7.2352E+0! 8.4865E-01 0.
1 O -9.2938E-01 0. 7.2777E+01 8.4872E-01 0.
I 9 -9.2942E-01 0. 7.2851E+01 8.4874E-01 0.
I 10 -9.3044E-01 0. 7.2934E+0! 8.4877E-01 0.
I 11 -9. 330 3E-01 0. 7.3072E+0! 8.4880E-01 0.
I 12 -9.3730E-01 0. 7.3309E+01 6'. * 684E-01 0.
I 13 9.3587E-01 0. 7.4583E+0! 8.4893E-01 0.
I J RV E TH TEM TSAT WT

I 2 1.2106E-05 9.1444E+03 -3.4647E-03 4.0901E+02 3.7300E+02 0.
I 3 1.2106E-05 9.1444E+03 -3.4647E-03 4.8901E+02 5.6077E+02 0.
I 4 1.2105E-05 9.1943E+03 -3.3616E-03 4.890tE+02 5.6062E+02 0.
1 5 1.2105E-05 9.1443E *03 -7.3923E-03 4.8900E+02 5.6052E+02 0.
I 6 1.2100E-05 9.1443E+03 -3.5956E-03 4.8900E+02 5.6049E+02 0.
I 7 1.2 tile-05 9.1443E+03 -3.8291E-03 4.8900E+02 5.6126E+02 0.
I 8 1.2112E-05 9.1443E+03 -3.9150E-03 4.8900E+02 5.6166E+02 0.
I 9 1.2tl2E-05 9.1442E+03 -3.9417E-03 4.8900E+02 5.6173E+02 0.
I 10 1.2112E-05 9.1442E+03 -3.9714E-03 4.8900E+02 5.6180E+02 0.
I il I.2113E-05 9.1442E+03 -4.0070E-03 4.8900E+02 5.6193E+02 0.
I 12 1.2113E-05 9.1442E+03 -4.0534E-03 4.8900E+02 5.62tSE+02 C.
I 13 1.2ttSE-05 9.1442E+03 -4.1649E-03 4.8900E+02 5.6334E+02 0.
I J V VD P RO VP

2 15 9.3569E-01 0. 7.4583E+01 8.4893E-01 0. ;

2 16 9.3040E-01 0. 7.3412E+0! 8.4889E-01 0. )
2 17 9. 2938E-01 0. 7.3276E+01 8.4878E-01 0. ;

2 18 9.2909E-01 0. 7.3230E+01 8.4877E-01 0. 1

2 19 9.2922E-01 0. 7.3205E+01 8.4876E-01 0. |

2 20 1.4134E+00 0. 7.3188E+01 8.4875E-01 0. I
2 21 1.8978E+00 0. 7.2006E+01 8.4870E-01 0. !

2 22 1.8989E+00 0. 7.2010E+0! 8.4864E-01 0. l
2 23 1.8998C+00 0. 7.2001E+0! 8.4864E-01 0.
2 24 1.9003E+00 0. 7.1998E+01 8.4865E-01 0.
2 25 1.9C05E+00 0. 7.1990E+01 8.4866E-01 0. .

'

2 26 1.9005E+00 0. 7.2000E+0! 8.4866E-01 0.
I J RV E TH TEM TSAT WT

-2 15 1.2115E-05 9.14*2E+03 -4.1649E-03 4.8900E+02 5.633*E+02 3.
2 16 1.2114E-05 9.1442E+03 -4.1114E-03 4.8900E+02 5.6225E-02 0.
2 17 1.2tt3E-05 9.1442E+03 -3.9889E-03 4.8900E+02 5.6212E+02 0.
2 18 1.2tl2E-05 9.1942E+03 -3.9713E-03 4.8900E+02 5.6200E+02 0.
2 19 1.2112E-05 9.1442E+03 -3.9587E-03 4.8900E+02 5.6206E+02 0.
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TABLE IV (cont)

2 20 1.2tl2E-05 9.1443E+03 -3.9501E-03 4.8900E+02 5.6204E+02 0.
2 21 1.2 tile-05 9.1443C+03 -3.8913E-03 4.8900E+02 5.6168E+02 0.
2 22 1.2110E-05 9.1443E+03 -3.8135E-03 4.8901E+02 5.6093E+02 0.
2 23 1.2il0E-05 9.144 3E + 03 -3.0147E-03 4.8901E+02 5.6093E+02 0.
2 24 1.2 tile-05 9.1444E+03 -3.8292E-03 4.8901E+02 5.6092E+02 0.
2 25 1.21tlE-05 9.1444E+03 -3.8415E-03 4.8901E+02 5.6092E+02 0.
2 26 1.2111E-05 9.1444E+03 -3.8415E-03 4.990!E+02 5.6092E+02 0.
I J V VD P RO VP

3 28 -0.3352E-01 0. 7.4583E+0i 8.4893E-01 0.
3 29 -0.4048E-01 0. 7.4587E+0! 8.50llE-01 0.
3 30 -0.4390E-01 0. 7.4570E+0! 8.4900E-01 0.
3 31 -8.4701E-01 0. 7.4566E*01 8.4898E-01 0.

3 32 -0.4962E-01 0. 7.4585E+01 8.4896E-01 0.

3 33 -0.5168E-01 0. 7.4625E+0! 8.4895E-01 0.
3 34 -0.5320E-01 0. 7.4683E+01 8.4893E-01 0.
3 35 -0.542tE-01 0. 7.4753E+01 8.4892E-01 0.
3 36 -0.5474E-01 0. 7.4832E+0! 8.4890E-01 0.
3 37 -0.548tE-01 0. 7.4915E+01 8.4889E-01 0.
3 38 -0.5401E-01 0. 7.5000E+01 8.4890E-01 0.
I J RV E TH TEM TSAT WT

3 28 1.2tl5E-05 9.1442E+03 -4.1649E-03 4.8900E+02 5.6334E+02 0.
3 29 1.213tE-05 9.1443E+03 -5.5521E-03 4.8900E+02 5.6334E+02 0.
3 30 1.2tl6E-05 9.1442E+03 -4.2410E-03 4.8900E+02 5.6332E+02 0.
3 31 1.2tl5E-05 9.1442E+03 -4.2203E-03 4.8900E+02 5.6332E+02 0.
3 32 1.2115E-05 9.1442E+03 -4.1995E-03 4.8900E+02 5.6334E+02 0.
3 33 1.2115E-05 9.144tE+03 -4.1790E-03 4.8900E+02 5.6338E+02 0.
3 34 1.2115E-05 9.144tE+03 -4.1615E-03 4.8900E+02 5.6343E+02 0.
3 35 1.2tl4E-05 9.1441E+03 -4.1448E-03 4.8900E+02 5.6349E+02 0.
3 36 1.2tl4E-05 9.1441E+03 -4.1293E-03 4.8900E+02 5.6357E+02 0.

3 37 1.211SE-05 9.144tE+03 -4.Il49E-03 4.0900E+02 5.6364E+02 0.
3 38 1.2tl4E-05 9.144tE+03 -4.1224E-03 4.8900E+02 5.6372E+02 0.

K P RO RV E VP

1 7.4582766E+01 8.4893316E-01 1.2tl4675E-05 9.1941669E+03 0.

TIME = 2.00107E+03
P!PE I BOTTOM MASS FLUX = -6.13294E+31 TOP MASS FLUX = -6.24998E+0!
PIPE 2 BOTTON MASS FLUX = 6.23873E+01 TOP MASS FLUX = 6.20713E+01 .

P!PE 3 BOTTCM MASS FLUX = -1.25216E+02 TCP MASS FLUX = -1.28233E+02
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TABLEV

EXAMPLE PROBLEM SOLUTION AT O.5 s AFTER PIPE. BREAK

PROOLEM TITLE = CODE CENTER EXAMPLE JULY 6.1978 SOLA-LOOP

ITER = 2 TIME = 2.50010E+03 DELTO= 2.22725E-01 OTMN= 1.Il362E-01 CYCLE = 10121 ISTEP= 2
TIMI 1 = 2.50007E+03 DTIMI I)= 1.Il362E-01 TIMt 2 = 2.50007E+03 DTIMt 21= 2.22725E-01
TIMt 31= 2.50007E+03 OTIM( 31= 2.22725E-01
T! mkt 13= 2.50007E+03 OTINKt 11= 2.22725E-01

1 J V VO P RO VP

1 2 -1.1717E+01 0, 1.0000E+00 7.0110E-01 0.
I 3 -9.8351E+00 0. 1.7200E+01 7.0!!OE-01 4.3133E-03
1 4 -9.7472E+00 0. 1.8467E+01 8.3640E-01 2.063GL-04
1 5 -9.7350E+00 0. 1.9146E+01 8.4379E-01 2.2000E-05
1 6 -9.7182E+00 C. 1.9860E+01 8.4480E-01 0.
I 7 -7.2342E+00 0. 4.0855E+0! 8.4627E-01 0.
I 8 -4.7574E+00 0. 5.0876E+01 8.4695E-01 0.
I 9 -4.7565E+00 0. 5.1305E+01 8.4698E-01 0.
I 10 -4.7551E+00 0. 5.1793E+01 8.4702E-01 0.
I 11 -4.7535E+00 0, 5.2325E+01 8.4707E-01 0.
I 12 -4.7432E+00 0. 5.2918E+01 8.4715E-01 0.
I 13 4.7312E-01 0. 7.4434E+01 8.4885E-01 0.
I J RV E TH TEM TSAT WT

i 1 2 2.0550E-03 9.1467E+03 1.7312E-01 4.8791E+02 3.7300E+02 0.
1 3 2.0550E-03 9.1467E+03 1.7312E-01 4.8751E+02 4.7738E+02 0.
I 4 1.3126E-04 9.149eE+03 1.0007E-02 4.0908E+02 4.8091E+02 0.
I 5 2.3505E-05 9.1993E+03 1.9324E-03 4.8912E+02 4.8274E+02 0
I 6 1.2056E-05 9.1986E+03 7.2497E-04 4.8911E+02 4.8460E+02 0.
I 7 1.2077E-05 9.1980E+03 -1.0171E-03 4.8909E+02 5.2463E+02 0.
I 8 1.2006E-05 9.1476E+03 -1.8154E-03 4.8909E+02 5.3814E+02 0.
I 9 1.2007E-05 9.1464E+03 -1.8566E-03 4.8906E+02 5.3867E+02 0.
I 10 1.2087E-05 9.1459E+03 -1.9033E-03 4.8904E+02 5.3927E+02 0.
I 11 I.2000E-05 9.1455E+03 -1.9556E-03 4.8903E+02 5.3992E+02 0.
I 12 1.2089E-05 9.1450E+03 -2.0567E-03 4.8902E+02 5.4064E+02 0.
I 13 1.2tl4E-05 9.1447E+03 -4.0606E-03 4.8901E+02 5.6320E+02 0.
I J V VD P AO VP

2 15 4.731&EZ01 0. 7.4434E+01 8.4885E-01 0.
2 16 4.7290E-01 0. 7.2365E+01 8.4869E-01 0.

2 17 4.7259E-01 0. 7.2378E+0! 8.4869E-01 0.
2 18 4.7209E-01 0. 7.2383E+0! 8.4869E-01 0.
2 19 4.7159E-01 0. 7.2382E+0! 8.4869E-01 0.
2 20 7.1632E-01 0. 7.2371E+0! 8.4869E-01 0.
2 21 9.6133E-01 3. 7.2259E+01 8.4869E-01 0.
2 22 9.6122E-01 0. 7.2040E+0! 8.4867E-01 0.
2 23 9.6113C-01 0. 7.2036E+01 8.4867E-01 0.
2 24 9.6100E-01 0. 7.2024E+01 8.4866E-01 0.
2 25 9.6107E-01 0. 7.2012E+01 8.4866E-01 3.
2 26 9.6107E-01 0. 7.2000E+0i 8.4866E-01 0.
! J RV E TH TEM TSAT WT
2 15 1.2114E-05 9.1447E+03 -*.0686E-03 4.8901E+02 5.6320E+02 0.
2 IS 1.2111E-05 9.1447E+03 -3.8728E-03 4.8901E+02 5.6127E+C2 0.
2 17 1.211tE-05 9.1447E+03 -3.8732E-03 4.8901E+02 5.6128E+02 3.
2 18 1.2111E-05 9.1447E+03 -3.8739E-03 4.8901E+02 5.6129E+02 0.
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TABLE V (cont)

2 19 1.2IllE-05 9.tk47E*03 -3.0732E-03 4.090lE+02 5.6129E+02 0.
2 20 1.2 tile-05 9.1447E+03 -3.0722E-03 4.0901E+02 5.6120E+02 0.
2 21 1.2111E-05 9.1447E+03 -3.0795E-03 4.0901E+02 5.6tl7E+02 0.
2 22 1.2111E-05 9.1447E+03 -3.0565E-03 4.090lE+02 5.6097E+02 0.
2 23 1.2111E-05 9.1447E+03 -3.0501E-03 4.090lE+02 5.6096E+02 0.
2 24 I.2 tile-05 9.1447E+03 -3.0433E-03 4.0901E+02 5.6095E+02 0.
2 d5 1.28tlE-05 9.1947E+03 -3.0360E-03 4.0901E+02 5.6094E+02 0
2 26 1.2111E-05 9.1447E+03 -3.0360E-03 4.0901E+02 5.6092E+02 0.
I J V VD P RO VP

3 20 -2.3100E+00 0. 7.4434E+01 0.4005E-01 0.
3 29 -2.3100E+00 0. 7.4466E+0! 8.4006E-01 0.
3 30 -P.3103E+00 0. 7.4519E+0! 8.4006E-01 0.
3 31 -2.3100E+00 0. 7.4502E+0i 8.4006E-01 0.
3 32 -2.3193E+00 0. 7.4639E+0! 8.4007E-01 0.
3 33 -2.3199E+00 0. 7.4692E+01 0.4007E-01 0.
3 34 -2.3205E+00 0. 7.4746E+01 0.4000E-01 0.
3 35 -2.3209E+00 0. 7.4002E+01 0.4000E-01 0.
3 36 -2.3212E+00 0. 7.4065E+01 0.4009E-01 0.
3 37 -2.3214E+00 0. 7.4932E+0! 8.4009E-01 0.
3 30 -2.3214E+00 0. 7.5000E+0i 8.4090E-01 0.
I J RV E TH TEM TSAT WT
3 20 1.2114E-05 9.1447E+03 -4.0606E-03 4.0901E+02 5.6320E+02 0.
3 29 1.2tl4E-05 9.1447E+03 -4.0764E-03 4.0901E+02 5.6323E+02 0.
3 30 1.2114E-05 9.1447E+03. -4.0777E-03 4.0901E+02 5.6320C+02 0.
3 31 1.2tl4E-05 9.1946E+03 -4.0040E-03 4.0901E+02 - 5.6334E+02 0.
3 32 1.2tl4E-05 9.1445E+03 -4.0095E-03 4.0901E+02 5.6339E+02 0.
3 33 1.2114E-05 9.1444E+03 -4.0945E-03 4.090lE+02 5.6344E+02 0.
3 .34 1.2tl4E-05 9.1444E+03 -4.0994E-03 4.0901E+02 5.6349E+02 0.
I 35 1.211'E-05 9.1443E+03 -4.1045E-03 4 090lE+02 5.6354E+02 0.
3 36 1.2114E-05 9.1442E+03 -4.1099E-03 4.0900E+02 5.6360E+02 0.
3 37 1.2tl4E-05 9.1442E+03 -4.!!60E-03 4.0900E+02 5.6366E+02 0.
3 30 1.2tl4E-05 9.1441E+03 -4.1224E-03 4.0900E+02 5.6372E+02 0.

K P RO RV E VP
I 7.4433050E+0! 8.4005173C-01 1.2113513E-05 9.1446077E+03 0.

TIME = 2.50010E+03
PIPE I DOTTOM MASS FLUX = -3.16144E+02 TOP MASS FLUX = -3.16225E+02
PIPE 2 00TTON MASS FLUX = 3.15423E+0! TOP MASS FLUX = 3.13005E-01
PIPE 3 00TTON MASS FLUX = -3.47711E+02 TOP MASS FLUX = -3.40232E+02
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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 is
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 limited 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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APPENDIX*

FORTRAN IV LISTING OF THE SOLA-LOOP CODE

'CONDECK.LOOPC LOOPC I
COMMON LOOPC 2

1 ALPHA. ASO. ONUM. CDO. CHL. CHLI. LOOPC 3
1 CHV. CHV1 CPI. CYCLE. DELSTP. DELT. LOOPC 4
i DEL 70 OFVEL. OPRST. OTMN. OTWPRT. ECL. LOOPC 5
1 ECV. EDL. EDV. ELHT. EPSI. ETEM. LOOPC 6
I FLG. GAMI. IBREAK, IL. IMP. ISTEP, LOOPC 7
I ITER. J00 J01. J02. JMH. JML. LOOPC 8
1 JPO. JPT. JTI. JT2. KDO. KL. LOOPC 9
i KNO. K00., KON. K00 KOP. KOU. LOOPC 10
t KPO. KTOU. KUO. ML, NSUBOT. OMG. LOOPC ll

i PHCH. PNV. PRST. RG. ROL. SOTC. LOOPC 12
1 STABC. T. TC. THC. THCl. TIMA. LOOPC 13
I TSTART. TWFIN. TWPRT. TWSTP. VISL. VISV LOOPC 14

C LOOPC IS
COMMON LOOPC 16

I CFRLit0. 81. CFRSil0. 01 DXSil0. Bl. DYSt!O. Bl. GYSt10. 81 LOOPC 17
I IDXSt!O. Bl. NJSil0. 03 OJSil0. 83 V!Sil0. 83 LCOPC 18

C LOOPC 19
COMMON LOOPC 20

1 BETAt2001 BETAkt 61 OTIMitol. DTINKt 6). DxKt30). LOOPC 21
1 DXkCt 61 DYKt30), OYKCI 61 Et2001 EBt 51 LOOPC 22
1 EINCtIDI. Ekt301 EKCl 63 ENt2003 ENKt303 LOOPC 23
1 GAMi30). 100f(101 ITOPt10). JCELi103 JMH!t10). LOOPC 29
I JMLI(101 JPBIt10). JPTit101 UREFil03 .tSF t 200 3 LOOPC 25
I JSXItt08 K90Til0). KTOPtIO). LANGt101 LBOT(101 LOOPC 26
i LTOPtIDI. M00Titol. MTOPtt01 Pt2001 P8t 51 LOOPC 27
1 PI(103 PKt30). Rot 2003 ROBt 51 R0!NCil01 LOOPC 28
I R0kt301 ROKCf 61 RONt2001 RONKt30). Avt2001 LOOPC 29
1 RVBt St. RVINCtt01 RVKt30). RVKCt 61 RVNt200). LOOPC 30
1 RVNKt301 TBRA(10). TEMO( 51 TEMI(103 TEMKt 61 LOOAC 31
1 THet 51, THitt01 THKt 61 T!Mtt03 TIFKt 61 LOOPC 32
I Vt2001 VDt2001 VDKt30). VKt30). VNt2001 LOOPC 33
I VNKt303 VPt2001 VPKt 61 WTt2001 LOOPC 39

C LOOPC 35
COMMON TITLEtBl.NP.NS.NJ.NK.NM LOOPC 36

C LOOPC 37
REAL IMP.NUA.NUC LOOPC 38
!NTEGER CYCLE LOOPC 39

C LOOPC 90
903 FORMATt///1 LOOPC 41
950 FORMATIIH1I LOOPC %2.

951 FORMATtiOH PROBLEM TITLE = ,OA10 /3 LOOPC 43
953 FORMAft15.7E15.73 LOOPC 49

C LOOPC %5
C LOOPC 46
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*COMDECK LOOPCP LOOPCP I

C LOOPCP 2

C USERS WITH COMPILERS CONTAINING THE PARAMETER OPil0N SUBSTITUTE LOOPCP 3

C THE FOLLOWING CARDS. LOOPCP 4

C PARAMETER (NP=10,NS=8,NJ=200,NK=6,NM=5) LOOPCP 5

C LOOPCP 6

C COMMON LOOPCP 7

C I CFRLINP.NS), CFRSINP.NS). DXS(NP.NS). DYS(NP,NSI, GYS(NP.NS). LOOPCP 8
C 1 IDXS(NP.NSI, NJS(NP.NSI, QJS(NP.NS). TQJSINP.NSI, VIS(NP.NSI LOOPCP 9
C LOOPCP 10

C COMMON LOOPCP 11

C 1 BETA (NJ), BETAKINK), DT!M(NPl. OTIMK(NKl. DXKtS*NK), LOOPCP 124

C I DXKC(NK), DYK(5'NK1, DYKC(NK1 E(NJ). EB(NMI, LOOPCP 13

C 1 EINCINPl. EKtS*NKl. EKC(NKl. EN(NJ), ENK(5'NKl. LOOPCP 1%

C 1 GAM (5'NKl. IBOT (NPI, ITOP(NPl. JCELINPl. JMHl(NPl. LOOPCP 15

C 1 JMLI(NP), JPBI(NPI, JPTl(NPl. JREF(NPI, JSF(NJa, LOOPCP 16

C 1 JSXI(NPl. K80T(NPl. KTOP(NPl. LANG(NPI, LBOT(NPl. LOOPCP 17

C 1 LIOPINPl. MOOT (NPI, MTOP(NPI, P(NJ), PB(NMI, LOOPCP 18
C I PI(NPl. PKtS*NKl. RO(NJ), ROB (NMI, R0lNC(NP3, LOOPCP 19
C 1 ROK(5'NKl. ROKC(NKl. RON(NJa, RONK(5'NK), RVtNJ), LOOPCP 20
C 1 RVB(NM), RVINC(NPl. RVKt5'NK), RVKC(NKl. RVN(NJ), LOOPCP 21*

C 1 RVNKIS*NK), TBRA(NPI, TEMBINMt. TEMl(NPl. TEMK(NKl. LOOPCP 22
C 1 THB(NM). THl(NPl. THK(NK). TIM (NPl. TIMKINKl. LOOPCP 23
C 1 V(NJ), VDINJ), VOKIS*NKl. VKtS*NKl. VN(NJ), LOOPCP 24
C 1 VNKtS*NKl. VP(NJ), VPKtNK), WTINJ) LOOPCP 25
C LOOPCP 26
C LOOPCP 27

,

46

__
- -



.- .

*0ECK. LOOP LOOP 1

PROGRAM MAINilNP.OUT.FSEr9sOUT.FSET10=lNP) LOOP 2
* CALL.LCOPC LOCP 3
C LOOP 4

* CALL LOOPCP LOOP 5
C LOOP 6

NP=10 LOCP 7
NS=8 LOOP 8
NJ=200 LOOP 9
NK=6 LOOP 10
NM=5 LOOP '. 1

C LOOP 12
C----UNITS-GM-CM-MS-K LOOP I3
C LOCP 14
C---- INITIALIZATION LOOP 15

CALL INdVT LOOP 16
CALL SETUP LOOP 17
CALL JCTO LOOP 18
CALL BC LOOP 19
CALL PIPJCT LOOP 20
CALL JCTPIP LOOP 21
CALL DIAG LOOP 22
CALL RESET LOOP 23

C- LOOP 24
C CALCULATIONAL LOOP LOOP 25

1 TIMA=TIMA+DELTO LOOP 26
DTMY=1.01 LOOP 27
IFitTER.GT.5.OR.ISTEP.GT.NSU807) DTMY=0.99 LOOP 28
DELT0=DTMY*DELTO LOOP 29
IFtT.GT.TWFINI GO TO 4 LOOP 30

C LOOP 31
CALL ADVANCE LOOP 32

C LOOP 33
C OUTPUT LOOP 34

IF(T.LT.TWPRTIGO TO 2 LOOP 35
C LONG PRINT LOCP 36

TWPRT=TWPRT+DTWPRT LOOP 37
CALL DIAG LOOP 38
GO TO 3 LOCP 39

_ 2 IFICYCLE-ISTEP.GT.11GO TO 3 LOOP 40
1 CALL DIAG LOOP 41

3 CONTINUE LOCP 42
IFtT.LT.TWSTPI GO TO I LOOP 43

C SPECIAL PRINT LOOP 44
CALL DIAG 8 LOOP 45
TWSTP=TWSTP+CELSTP LOOP 46
GO TO I LOOP 47

9 CONTINUE LCOP 48
CALL EXIT (30) LOCP 49
ENO LOCP 50

m . . . = = .== == = === r//// e = = . . . . . = = . . . . .
1

i

SUBROUTINE ADVANCE LCCP 51 |
' CALL.LOOPC LOOP 52 I

I
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C LOOP 53

-ISTEP=0 LOOP G4

I CONTINUE LOOP 55

ISTEP=ISTEP+1 LOOP 56

C---- CALCULATE ONE TIME STEP LOOP 57

C---- T!LOE CALCULATION LOOP 58
CALL SREAK LOOP 59
CALL PUMP /; LOOP 60

CALL TILOE LOOP 61

C---- PRESSURE ITERATION LOCP LOOP 62

1TER=0 LOOP 63
FLG=lMP LOOP 64

5 IF(FLG.EQ.0.3 Oc ') 2 LOOP 65
FLG=0. LOOP 66
ITER =lTER+1 LOOP 67
CALL PITERP LOOP 68
CALL PIPJCT LOOP 69
CALL PITERJ LOOP 70
CALL JCTP!P LOOP 71

CALL BC LOOP 72
IF(ITER.GE.505) FLG=0. LOOP 73
GO TO 5 LOOP 74

2 IF(ITER.LT.5CS) 00 TO % LOOP 75
WRITE (9.S60) LOOP 76
NEX= HEX +1 LOOP 77
IFINEX.GE.53 T=l.E+10 LOOP 78

4 CONTINUE LOOP 79
C---- FINAL UPOATE LOOP 80

CALL UPOATP LOOP 81
CALL PIPJCT LOOP 82
CALL UPOATJ LOOP 83
CALL JCTPIP LOOP 89
CALL BC LOOP 85
IF(IMP.LT.O.5) CALL PSET LOCP 86
CALL WALLT LOOP 87
CALL RESET LOOP 88
IF(T.LT.TIMA-0TMN/2.0lGO TO 1 L 9P 89
RETURN LOOP 90

960 FORMAT (IX,9HITER =505) LOOP 91
ENO LOOP 92

e e a e a ....=..=/////=============.

FUNCTION ARAVtJ1,JIP) LOOP 93
* CALL.LOOPC LOOP 94
C---- AREA AVERAGE LOOP 95

ARUl=0XS(JIP)**2 LOOP 96
ARO!=DXS(Jil**2 LOOP 97
ARAv=2.*ARUI*AROl/(ARUl+AROI) LOOP 98
RETURN LOOP 99
ENO LOCP 100

e e e e e a e a e e a e e a a ///// a a a a e a a e e e a a e a e

i
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SUBROUTINE BC LOOP IOI

* CALL.LOOPC LOCP 102

C---- BOUNDARY CONDITION CCNTROL PROGRAM LOOP 103

00 32 !=1 lL LOOP 104

IF(TIMill.GT.TIGO TO 32 LOOP 105

DELT=0TIMill LOOP 106

CALL JSET(1) LOOP 107

Il= IBOT (Il LOOP 108

GO TO (33.443.!! LOOP 109

33 CONTINUE LOOP 110

R0(JPB-Il=R0tJP91 LOOP III

RvtJP9-ll=RVtJP93 LOOP 112

PtJP9-11=PtJPB) LOOP 113

E(JPB-Il=EtJPSI LOOP 114

Ll=LBOTtil LOOP 115

GO TO il72.174.176.179.17Gl L1 LOOP II6

172 VtJHLl=0. LOOP 117

GO TO 180 LOOP 118

174 VIJML1=0. LOOP 119

GO TO 180 LOOP 120

176 IFILI.NE.51 GO TO 177 LOOP 121

Ml=MBOT(il LOCP 122

PtJPS-Il=P9tMll LOOP 123

177 IF(ITER.GT.I.ANO.FLG.GT.03 GO T0 100 LOOP 124

Ml=MBOT(1) LOOP 125
IFtVtJMLI.LT.0.3 GO TO 181 LOOP 12S

EtJP9-it=(2.0*EBtMll-tl.0-ALPHAl'EtJPBil/(1.0+ ALPHA) LOOP 127
R0tJPO-Il=t2.0*R00tMll-(1.0-ALPHAl*R0tJP811/tt.0+ ALPHA) LOOP 128
RV(JP8-Il=t2.0*RVBtMll-(l.0-ALPHAl*RVtJPBil/tt.0+ALPHAl LOOP 129

18I CONTINUE LOOP 130
V t JML-I l =V t JNL ) LOOP 131

GO TO 180 LOCP 132
178 VtJML-Il=V(JMHI LOOP 133

R0(JPO-Il=R0tJPT) LOOP 134
RVtJPB-ll=R0tJPil LOOP 135
PtJP8-Il=PtJPT) LOCP 136
EtJPB-ll=EtJPil LOOP 137

180 CONTINUE LOCP 138
44 !!=lTOP(!) LOOP 139

GO TO (35.36).!! LOOP 140
35 CONTINUE L OOP 141

RotJPT+13=ROtJPTl LOOP 142
RVtJPT+1)=RytJPTl LOOP 143
P(JPT+13=PtJPT) LCCP 144
E(JPT+13=EtJPil LOOP 145
L1=LTOPill LOCP 146
GO TO (152.154.156.158.156).L1 LOOP 147

152 VtJMHl=0. LOCP 148
GO TO 161 LOOP 149

154 VtJMHl=0. LOCP 150
GG TO 161 LOCP 151

156 Ml=MTOPt!) LOOP 152
IFill.NE.51 GO TO 157 LCCP 153
PtJPT+1)=P8(Mil LCCP 15*

157 IFtVivMHl.GT.0.3 GO TO 182 LCCP 155
E t JPT + 11 = t 2. 0 *E8 (Ml l-( 1. 0- ALPH A l 'E t .PT ) l / t t . 0+ ALPWA ) LCCP 156
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R0tJPT+13=t2.0*R00tMll-fl.0-ALPHAl*ROtJPTil/tt.0+ ALPHA) LOOP 157

RvtJPT+13=(2.0*Rv8tM18-il.0-ALPHAl*RVtJPTil/tt.0+ ALPHA) LOOP 158

182 CONTINUE LOOP 159

V t JMH+ 1 I =V t Jr*H 1 LOOP 160

GO TO 161 LOOP 161

ISO VtJMHl=VtJML-Il LOOP 162

R0tJPT+1)=R0tJPO) LOOP 163
RVtJPT+ll=RytJP83 LOOP 164

PtJPT+11=PtJPB) LOOP 165

E(JPT+11=EtJP81 LOOP 166

161 CONTINUE LOOP 167

36 CONTINUE LOOP 168

32 CONT!NUE LOOP 169

RETURN LOOP 170

EPO LOOP 171

.=====a = = = = = = = = ///// = = = = = = = = = = = = = = =

SU8 ROUTINE BREAK LOOP 172

* CALL.LOOPC LOOP 173

C---- BREAK CONTROL LOOP 179

IF(T.LT.TORAtlBREAKil GO TO 1 LOOP 175
,

18REAK=IBREAK+1 LOOP 176
C----READ INPUT BREAK DATA LOOP 177

CALL INPOR LOOP 178
C CHECK FOR TIME STEP REDUCTION LOOP 179

IFIDELT.GE.DTMN) GO TO 1 LOOP 180
DO 10 !=1 lL LOOP 181

10 OTIMill=DELT LOOP 182
C LOOP 183

IFtKTOU.EO.11 GO TO I LOOP 189
DO 20 K=1.KL LOOP 185

20 OTINKtKi=DELT LOOP 186
C LOOP 187

DELT0=DELT LOOP 188
I CONTINUE LOOP 189

RETURN LOOP 190
ENO LOOP 191

e a e e a e = = = = = = = = = ///// ===============

FUNCTION OEMXCtJ1.JIP) LOOP 192
* CALL.LOOPC LOOP 193
C---- RADIUS FOR FRICTION FORMULA LOOP 199

Il= CxStJll LOOP 195
GO TO'(l.21.II LOOP 196

1 DEMXC=.5+t0xStJII+0xStJtPil LOOP 197
GO TO 3 LOOP 198

C ******** REPLACE NEXT STATEMENT WITH APPLICABLE DEFINIT!CN OF LOOP 199
C HYCRAULIC RADIUS IF DIFFERENT THAN STATEMENT I LOOP 200

2 CEMXC=0. LOOP- 201

, 3 CONTINUE LOOP 202
!

$0

e
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PETURN LOOP 203
END LOOP 204

. ... =a e a e = = = = = ///// = = = = = = = = = = = = = = =

SU8 ROUTINE O!AG LOOP 205
* CALL.LOOPC LOOP 206
C---- LONG O! AGNOSTIC PRINT LOOP 207

IF(PRST.GT.TIRETURN LOOP 208
WRITE (9.950) LOOP 209
WRITE (9.951) TITLE LOOP 210
CALL DIAGA LOOP 211
WRITE (9.904) LOOP 212
00 1 !=1.lL LOOP 213
CALL JSET(!) LOOP 214
JI=J81 LOOP 215
J2=JTl LOOP 216
WRITE (9.47) LOOP 217
00 2 J=JI.J2 LOOP 218
WRITE (9.49)l.J.VtJ).VD(J).P(J).R0(J) VP(J) LOOP 219

2 CONTINUE LOOP 220
WRITF(9.48) LOOP 221
00 E MJI.J2 LOOP 222
TH=(RUL-R0(J)+RV(J))/ROL LOOP 223
TEM =TEMC(R0(J).RVtJ).E(J).P(J)) LOOP 224
TSAT=STCAL(P(J)) LOOP 225
WRITE (9.5011.J.RVtJ).E(J).TH. TEM.TSAT.WT(J) LOOP 226

6 CONTINUE LOOP 227
1 CONTINUE LOOP 228

GO TO (3.4).KTOU LOOP 229
4 WRITE (9.904) LOOP 230

WRITE (9.950) LOOP 231
00 5 K=1.KL LOOP 232
CALL KSET(K) LOOP 233 |

WRITE (9.953)K.PKtK00) POK(K00).RVK(K00).EKtK00).VPKtK) LOOP 234 I

5 CONTINUE LOOP 235
3 CONTINUE LOOP 236 )WRITE (9.903) LOOP 237 l

RETURN LOOP 238
47 FORMAT (2X. lHl .3X !HJ. l l X. lHV.13X.2HVD. I lX . lHP. ! ! X.2HRO.18 X .2HVP) LOOP 239
48 FORMAT (2X.!Hl.3X.lHJ.8X.2HRV.13X.lHE.12X.2HTH.12X 3HTEM.12X. LOOP 240

14HTSAT.12X.2HWT) LOOP 241
49 FORMAT (IX 12.1X.13.3X.!PE!!.4.3X lPEll.4.3X.IPEll.4.3X lPEll.4.3X. LOOP 242

IIPEll.4) LOOP 243 ,

50 FORMAT (!X.12.1X.13.3X.lPEll.4.3X.lPE!!.4.3X lPEll.4.3X.lPE!!.4.3X, LOOP 244 |lIPEll.4.3X.lPEll.43 LOOP 245 4

904 FORMAT (//) LOOP 246 |
960 FORMAT (4X.!HK.7X.lHP.14X.2HRO.13X.2HRV.13X lHE.13X.2HVP) LOOP 247 |

ENO LOOP 248

....== e a e = = = . = ///// = = = = = = = = = = = = m . =

|
SL8 ROUTINE DIAGA LOCP 249

' CALL.LOOPC' LOCP 250
C LOOP 251 -

I
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LOOP 252
C DIMENSION OFLUXtNPI,TFLUXtNPI

LOOP 253DIMENSION BFLUXIIO!,TFLUXt10)

LOOP 254
C---- SHORT DIAGNOSTIC PRINT

WRITEt9,501 ITER,T.0ELTO,DTMN. CYCLE.lSTEP LOOP 255
LOOP 256IFill.EO.ll GO TO 5
LOOP 257

II=ll
LOOP 258IFtM00tIL,21.EO.03 GO TO 4
LOOP 259

II=IL-l
LOOP 260,

4 WRITEt9,551 LI.TIMill.l.0TIMtII,I=1.Ill
LOOP 261IFill.EO.lLi GO TO 6
LOOP 2625 WRITEt9.451 IL.TIMtill.lL.DTIMill)
LOOP 263

6 IFtKL.EO.01 RETURN
LOOP 264IFtKL.EQ.!! GO TO 8
LOOP 265

Kl=KL
IFtMODtKL,21.EO.01 GO TO 7 LOOP 266

LOOP 267Kl=KL-l
7 WRITEt9.60) (K.TIMKtki.K.OTIMKtK),K=1.K13 LOOP 268

LOOP 269IF(Kl.EQ.KL) RETURN
LOOP 2708 WRITEt9,651 KL.TIMK(KLI.kL.DTIMKtkt)
LOOP 27]

RETURN
LOOP 272

ENTRY DIAG 8
C SHORT PRINT OF MASS FLUX AT BOTTOM AND TOP OF PIPES LOOP 273

LOOP 27400 10 I=1.lL
LOOP 275CALL JSETtli
LOOP 276JSa=JSFtJ811
LOOP 277JST=JSFtJT2)
LOOP 278J1=J81

IFEVtJ8tl.LT.O.lJi=J82 LOOP 279
LOOP 280J2=JT2

IFIVtJT21.LT.O.lJ2=JTl LOOP 281

BFLUXttl=R0tJll*VtJ8tletDXStJS81**2)*:Pt LOOP 282

TFLUXttl=R0tJ21*VtJT21*tDXStJSTl**23* CPI LOOP 283
LOOP 28410 CONTINUE

WRITEt9.85) T tt,8FLUXtli,TFLUXt!),1=1.!L) LOOP 285

RETURN ' OOP 286
45 FORMATt3X.4HTIMt,12,2Hl=,lPE12.5.3X.5HDTIMt.12.2Hl=.lPE12.51 LOOP 287
50 FORMATtlHO.5HITER=,13.7H TIME =.lPE12.5,8H OELTO=,lPE12.5, LOOP 288

17H DTMNs.!PE12.5.8H CYCLE = 16,8H ISTEP=.12) LOOP 289
55 FORMAft2t3X 4HTIMt.12.2Hl=.lPE12.5.3X.5HDTIMt.12.2Him,IPE12.511 LOOP 290
60 FORMATt2t3X,5HTINKt.12.2Hl=,lPE12.5.3X.6HDTIMKt,12.2Hl=,lPE12.51) LOOP 291

65 FORMATt3X.5HTIMKI.12.2Hl=,lPE!2.5.3X,6HDTIMKt.12.2Hl=,lPE12.51 LOOP 292
85 FORMATilHO,7HTIME = .lPE12.5 /t5X.5HP!PE .!2.3X. LOOP 293

.lPE12.51) LOOP 2941 19H80TTOM MASS FLUX = ,lPE12.5.3X.16HTOP MASS FLUX =

LOOP 295END

///// e e a e = = = = = = = = = = =e a a e a e s e e a e a e s a

SUBROUTINE DRIFT LOOP 296-
LOOP 297* CALL.LOOPC

IFtDFVEL.LT. 51 GO TO 204 LOOP 298

-C----~ COMPUTE CR!FT VELOCITY LOOP 299

00 I tal.!L LOOP 303

52
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IF(TIMtII.GT.TIGO TO I LOOP 301

DELT=DTlH(1) LOOP 302

CALL JSET(!) LOOP 303

DO 36 J=JML.JMH LOOP 304

JC=JSF(J) LOOP 305

JCP=JSF(J+1) LOOP 306

DLYU2=DYS(JCPl+0YS(JC) LOOP 307

ROU=(DYS(JCPl*R0(Ji+DYS(JCl*R0(J+111/DLYU2 LOOP 308

RVU=(DYS(JCPl*RV(J)+DYS(JC)*RVtJ+lll/DLYU2 LOOP 309
IF(J.GT.Jall GO TO 20 LOOP 310

R0l=R0(J+ll LOOP 311

RVl=RV(J+13 LOOP 312
-GO TO 29 LOOP 313

28 IF(J.LT.JT2) GO TO 40 LOOP 314

R0l=R0(J) LOOP 315

RVI=RVtJ) LOOP 316
GO TO 29 LOOP 317

40 R0l=ROU LOOF 318
RVl=RVU LOCP 319

29 CONTINUE LOOP 320
TH=(ROL+RVI-RCll/ROL LOOP 321
IF(TH.GT.THC.AND.TH.LT.THCII GO TO 4700 LOOP 322
VD(Ja=0. LOOP 323
GO TO 36 LOOP 324

4700 CONTINUE LOOP 325
TH1=TH LOOP 326
IF(THl.GT.O.5)THl=1.0-THI LOOP 327
Re=RBONCAL(THis LOOP 328
VDN=VD(J) LOOP 329
AREA =3.*THl/R8 LOOP 330
NUC=VISL LOOP 331
IF(TH.GT. 5) NUC=VISV LOOP 332
NUA=NUC/(1.-THit**2.5 LOOP 333
VDO=DELT*(1.0/ROL-TH/RVil/(0.5'DLYU2)+(P(J+13-P(Jll LOOP 334
VDM=DELT*ROl/(RVl*tROI-RVill LOCP 335
UOM= ABS (VD(Jil+1.0E-10 LCCP 336

4950 UDMT=UDM LOOP 337
VDKD=VDKCAL(ROl'.UDM.THl. AREA.NUA.RBI LOOP 338
VDKDP=VDKPCAL(ROI.VD(J).THl. AREA) LOOP 339
VD(Ji=VD(Ji-IVDtJ)+VDM'VDKD*VD(Ji-VDO-VCN) LOOP 340

t /(I 0+VDM*(VDKO+VDKDP*VD(Jll) LOOP 341
UDM= ABS (VD(Jll+1.E-10 LOCP 342
IF(ABS ((UDNT-UDMI/(UDMT+UOMil.GT. 01) GO TO 4950 LOOP 343

36 CONTINUE LOOP 344
I CONTINUE LOCP 345

204 CONTINUE LOCP 346
RETURN LOOP 347
ENO LOOP 348

. . . . . . . . . . . . . . = ///// . . . . . . . . . . . . . .

FUNCTICN EVCALtill LCCP 349
' CALL.LOOPC LCCP 350

-EVCAL=ECv+CHV+(T1-TCI-CHVI'(T1-TCl**2 LOCP 351
RETURN LOOP 352

53



. o

END LOOP 353

= = = = = = = = = = = = = = = ///// = = = = = = = = = = = = = = =

FUNCTION ELCAL(Til LOOP 359
* CALL,LOOPC LOOP 355

ELCAL=ECL+CHL*(T1-TC)-CHLl*(TI-TC)**2 LOOP 356
RETURN LOOP 357
END LOOP 358

= = = = = = = = = = = = = = = ///// = = = = = = = = = = = = = = =

SUBROUTINE FRIC(1.J.Vil LOOP 359
* CALL.LOOPC LOOP 360
C---- COMPUTE FRICTION EFFECT LOOP 361

IF(RG.LE.0.1 RETURN LOOP 362
val =ABStVtJI) LOOP 363
IF(val.GE.EPSilGO TO 11 LOOP 369
VI=VtJI LOOP 365
RETURN LOOP 366

11 CONTINUE LOOP 367
Vl=VtJi LOOP 368
JC=JSF(J1 LOOP 369
JCP=JSF(J+1) LOOP 370
IFICFRS(JCI.NE.O..OR.CFRL(JCI.NE.0.1 GO TO ! LOOP 371
RETURN LOOP 372

1 CONTINUE LOOP 373
DLYU2=0YS(JCPl+0YS(JC) LOOP 379
ROU=(0YS(JCPl+R0(J1+0YS(JC)+R0(J+11)/0LYU2 LOOP 375
RVU=(0YS(JCPl*RVtJ)+0YS(JC)*Ry(J+131/DLYU2 LCOP 376
IF(J.GT.J811 GO TO 12 LOOP 377
RVI=RVtJ+Il LOOP 378
R0l=R0(J+1) LOOP 379
GO TO 13 LOOP 380

12 IF(J.LT.JT21 00 TO 14 LOOP 381
RVI=RVtJa LOOP 382
R0l=R0(J) LOOP 383
GO TO 13 LOOP 38%

14 RVI=RVU LOOP 385
R0l=ROU LOOP 386

13 CONTINUC LOOP. 387
TH=(ROL+RVI-R0ll/ROL LOOP 308
IF(TH.LT.THCITH=THC LOOP 389
IF(TH.GT.THCl)TH=THCl LOOP 390
CHl=RV!/R0l*(1.+(R01-RVil/R0l*VD(J1/VtJil''2 LOOP 391
DEMX=0EMXC(JC.JCP) LOOP 392
REN=2.*DEMX' val /VISL LOOP 393
RGR=.5*RG/DEMX LOOP 394
FLA= 026*RGR**.225+.133*RGR LOOP 395
FL8=22.*RGR**.44 LOOP 396
FLC=1.62*RGR**.134 LOOP 397
FLC2=(FLA+FL8/REN**FLC) LOCP 398
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PHIS=1./(1.-THl++1.75 LOOP 399
FLC=FLC2*(ROl/ ROLL *(1.-CHil**2/CEMX*PHIS LOOP 900
IF(TH.EQ.THCl) FLC=FLC2/CEMX LOOP 401

CFRSt=(DYS(JCl*CFRS(JCl+0YS(JCPl*CFRStJCPil/DLYU2 LOOP 402
FLCT=2.*0ELT*FLC*CFRSI LOCP 403
CFRL1=(0YS(JCl*CFRL(JCl+DYS(JCPl*CFRL(JCPil/DLYU2 LOOP 404
FLCL=DELT*CFRLl*2.0*ROL/(RO(J)+RO(J+111 LOOP 405
TLCT=FLCT+FLCL LOOP 406
Vl= SIGN (1.,VtJil*(-1.+(1.+2.*FLCT*VA1)**.51/FLCT LOOP 407
EE=.25*(val **2-Vl**2) LOOP 408
EN(Ji=EN(Ji+EE LOCP 409
EN(J+13=EN(J+11+EE LOOP 410
RETURN LOOP 411

END LOCP 412

,

= = = = = = = = = = = = = = = ///// . = = = = = = = = = = = = = =

SUBROUTINE INFNC(TIN, PIN. THIN.ROi,RVI.Eli LOCP 413
* CALL.LOOPC LOOP 414
C---- SETS UP STATE VARIABLES LOOP 415

IF(THIN.LT.THCl) GO TO 36 LOOP 416
C---- VAPOR STATE (P.Tl LOOP 417

TH= THIN LOOP 418
EVT=EVCAL(TINI LOCP 419
ELT=ELCAL(TINI LOOP 420
RVI=RVCAL(EVT, PIN.TH1 LOOP %21

ROl=RVl+(1.-TH3*ROL LOOP 422
El=(RVI*EVT+(ROI-RVil *ELTl/ROI LOOP 423
GO TO 90 LOOP 424

36 CONTINUE LOOP 425
TSAT=STCAL(PINI LOOP 426
EVSAT=EVCAL(TSATI LOCP 427
ELSAT=ELCAL(TSAT) LOOP 428
!F(THIN.LT.THCl GO TO 38 LOOP 429

C---- SATURATED STATE (P.TH) LOOP 430
RVI=RVCAL(EVSAT, PIN,THINI LOOP 431
ROl=RVI+(1.-THIN)*ROL LOOP 432
El=(RV!'EVSAT+(1.-THINI*ROL*ELSATl/ROI LOOP 433
TIN =TSAT LOOP 434
GO TO 90 LOOP 435

38 CONTINUE LOOP 436
C---- LIOUlO STATE (P.Tl LOOP 437

ELT=ELCAL(TIN) LOOP 430
PSAT=SPCAL(TIN) LOOP 439
EVSAT=EVCAL(TINI LOOP 440
RVl=RVCAL(EVSAT.PSAT.THCl LOCP 441
TH=THCAL(EVSAT. PIN RVil LOOP 442
ROl=RVI+(1,-THI*ROL LOCP 443
El=(RV!'EVSAT+(1.-THl+ROL*ELTl/ROI LOOP 444

40 CCNTINUE LOOP 445
RETURN LOOP 446
ENO LOCP 447

e e e s e e a e e e = = = e s ///// = = = = = = = = = = m a = = =

55



. .

SU8 ROUTINE INPUT LOOP 448

' CALL.LOOPC LOOP 449

LOOP 450
C

LOOP 451NAMELIGT / DATUMS /
1 ALPHA. ASQ. BNUN. CDG. CFRL. CFRS. LOOP 452

I CHL, CHL1. CHV. CHV!. DELSTP. DELT. LOOP 953

1 DFVEL. DPRST. DTWPRT. DXS. DYS, ECL. LOOP 459

I ECV. EDL. EDV. ELHT. EPSI. ETEM. LOOP 955

I GAMI. GYS. IDXS. IMP. JMHl. JMLI. LOOP 456

1 JP31 JPT1 KBOT. KTOP. LANG. L80T. LOOP 957

I LTCP. MOOT. MTOP. NJS. NSU80T. ONG. LOOP 958

i PHCH. PB, Pl. OJS. RG. ROL. LOOP 459

i STA8C. TBPA. TC. TEM 8 TEMI. THB. LOOP 460'

1 THC. THI, TITLE. TSTART. TWFIN. TWSTP, LOOP 461

1 VIS. VISL. VISV LOOP 462
LOOP 463

C

NI=NP LOOP 46%

N2=NS LOOP 965

N3=NJ LOOP 466

hh=NK LOOP 467

N5=NM LOOP 468

C LOOP 969
**** ''''' **** LOOP 970C ZERO OUT THE ARRAYS

LENA=9'NI'N2 LOOP 471

LEN8=25'N1+76*N4+14*N3+6*NS LOOP 972

C ALTER IF AD0! TONAL VARIABLES ADDED TO COMMCN LOOP 473
00 100 L=1.LENA LOOP 474

100 CFRLtL1=0. LOOP 475
DO 105 L=1.LEN8 LOOP 476

105 8ETAIL)=0. LOOP 977

C ****** ****** ***** LOOP 478
C---- DEFAULT VALUES SETUP LOOP 479

ALPHA =1. LOO" 480
ASQ=1.234E+4 LO:4 481

ONUM=10000. LOW 482
CDG=.5 LOOP 483
CHL=44.34 LOOP 48%

CHL1=.0129 LOOP 485
CHV=6.67 LOOP 486
CHVl=.0302 LOOP ~ 487
cpl =3.14159265 LOOP 488
DELSTP=100. LOOP 989
DELT=.001 LOOP 490
DFVEL=0. LOOP 491

DPRST=0. LOOP 992
DTWPRT=500. LOOP 993
ECL=.917%E+4 LOOP 49%

ECv=2.506E+9 LOOP 495
EDL=1.6E-6 LOOP 496
EDV=1.EE-7 LOOP 497
ELHT=1.76E+4 LCOP 498
EPSt=.001 LOOP 499
ETEM=1. LOOP 500
GANI=.07 LOOP 501
IMP =1.0 LOCP 502
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NSUBOT=1 LOOP 503
OMG=1. LOOP 504
PHCH=1. LOOP 505
RG=0. LOOP 506
ROL=.958 LOOP 507
STABC=4.0 LOOP 508
TC=373. LOOP 509
THC=.001 '.OOP SIO
TITLEttl=10H LOOP 511
TITLEt21=10H LOOP 512
TITLEt31=10H LOOP 513
TITLE (41=10H LOOP 514
TITLEt51=10H LOOP 515
TITLEt61=10H LOOP 516
TITLEt73=10H LOOP 517
TITLEt0l=10H LOOP 518
TSTART=0. LOOP 519
TWFIN=10000. LOOP 520
TWSTP=0. LOOP 521
VISL=3.0E-6 LOOP 522
VISV=2.0E-4 LOOP 523
00 15 !=1.NI LOOP 524
JMLI(!)=1 LOOP 525
JMHIt!I=1 LOOP 526
JP81(Il=1 LOOP 527
JPTit!!=I LOOP 529

15 CONTINUE LOOP 529
DO 18 N=1.N! LOOP 530
TBRAIN)=1.E+20 LOOP 531
00 18 M=1.N2 LOOP 532
CFRSEN.Ml=1. LOOP 533
IDXSIN.Ml=1 LOOP 534

18 CONTINUE LOOP 535
C LOOP 536

READ (10. DATUMS) LOOP 537
C LOOP 538
C---- LIST INPUT CONSTANTS LOOP 539

WRITEt9.9501 LOOP 540
WRITEt9.9511 TITLE LOOP 541
WRITEt9.988) LOOP 542
WRITEt9.9211 ALPHA LOOP 543
WRITEt9.9711ASQ LOOP 544
WR!TEt9.968iBNUM LOOP 545
WRITEt9.9233CDG LOOP 546
WRITEt9.9731CHL LOOP 547 ;
WRITEt9.9351CHLI LOOP 548 i

WRITEt9.924)CHV LOOP 549 1

WRITEt9.9361CHVI LOOP 550 )
WRITE (9.9341 CPI LOCP 551 1
WRITEt9.9651DELT LOOP 552
WRITEt9.93810ELSTP LCOP 553
WRITEt9.928)CFVEL LOOP 554 i
WRITEt9.9401DdRST LOOP 555 |

WRITEt9.9641DTWPRT LOOP 556
WRITEt9.9261ECL LOCP 557 I
WRITEt9.9253ECV uCOP 558
WR!TEt9.931IEDL LOOP 559 |WRITE (9.9301EDV LOOP 560

|

|

|
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WRITEt9.9291ELHT LOOP 561

WRITEt9.9661EPS! LOOP $62
I WRITEt9.96taETEM LOOP 563

WRITEt9.96210AMI LOOP 564

WRITE 19.93711MP LOOP 565
WRITEt9.9411NSUBOT LOOP 566

WRITEt9.920lOMG LOOP 567
i

WRITEt9.932)PHCH LOOP 568'

WRITEt9.9721RG LOOP 569

WRITEt9.9671ROL LOOP 570

WRITEt9.942) STABC LOOP 571

WRITEt9.9271TC LOOP 572

WRITEt9.960lTHC LOOP 573
i WRITEt9.970lTSTART LOOP 574
| WRITE (9.9631TWFIN LOOP 575

{ WRITEt9.9391TWSTP LOOP 576
WRITEt9.9743VISL LOOP 577
WRITEt9.9751VISV LOOP 578
WRITEt9.903) LOOP 579

C . LOOP 580
| C CALCULATE NUM8ER OF PIPES. JOINTS.AND BOUNDARY SETS LOOP 581

00 30 !=1.N! LOOP 582
| JCELt!)=0 LOOP 583

| 00 25 J=1.N2 LOOP 584
IF(NJStl.J).EQ.03 GO TO 25 LOOP 595i

JSx!(Il=J LOOP 586
JCEL i l l =JCEL i l l +NJS( 1.J1 LOOP 587
IL=1 LOOP 588

25 CONTINUE LOOP 589
30 CONTINUE LOOP 590

KL=0 LOOP 591
l 00 35 !=1 !L LOOP 592
| KL= max 0tKL.KBOTt!) KTOPtill LOOP 593
I 35 CONTINUE LOOP 594

| ML=0 LOOP 595
| 00 40 M=1 N5 LOOP 596

IFttTEM8tMl+P3tMl+ ROB (Mil.NE.0.1 ML=M LOOP 597
40 CONTINUE LOOP 598

C LOOP 599
C---- BOUNDARY CONDITION CONSTANTS LOOP 600

IFtML.EO.03 GO TO 13 LOOP 601
FRITEt9.9503 LOCP 602

! WRITEt9.9761ML LOOP 603
WRITEt9.9771 LOOP 604
00 9 M=1.ML LOOP 605
WRITEt9.9533M. TEM 8tM) P9tM).TH8tMI LOO'P 606

9 CONTINUE LOOP 607
13 CONTINUE LOOP 608

C---- ELEMENT DEPENOENT CONSTANTS LOOP 609
IFt!L.NE.01 GO TO 14 LOOP 610
WRITE (9.9891 LOOP 611
CALL Ex!Tt201 LOOP 612

14 CONTINUE LOOP 613
WRITEt9.9031 LOOP 614
WRITE 19.9781!L LOOP 615
WRITEt9.979) LOOP 616
00 10 !=1.!L LOOP 617
ansetid.w20ll.JCELtil.LANGt *).JSXIt!).TEMitta,PitII.TH!tli LOOP 618
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10 CONTINUE LOOP 619
C---- JOINT QUANTITIES LOOP 620

IFtKL.EQ.03 GO TO 3 LOOP 621
00 50 K=1 KL LOOP 622
NPIPX=0 LOOP 623
NPIPY=0 LOOP 624
00 49 !=1.!L LOOP 625
IF(K80T(ll.NE.K) GO TO 46 LOOP 626
IFILANG t ! ) .EQ'. l .OR.L ANG( I ) .EQ. 3) GO TO 45 LOOP 627
NPIPY=NPIPY+1 LOOP S28
IF(NP!PY.EO.11 OYKtKl=0YS(I.tl LOOP 629
IF(0YS(1,1).LT.0YK(K)) OYKtK1= dis (1.Il LOOP 630
RADY=DXS(I.Il LOOP 631
GO TO 48 LOOP 632

45 NPIPX=NPIPX+1 LOOP 633
IF(NP!PX EO.ll OXKtKl=0YS(f.ll LOOP 634
IF(0YS(! ll.LT.DXKtKil OXKtK)=DYS(I.ll LOOP 635
RA0X=0XS(I.ll LOOP 636
GO TO 48 LOOP 637

46 IF(KTOP(II.NE.Kl GO TO 49 LOOP 638
NSEGl=JSXI(l) LOOP 639
IF(LANG(II.EQ.l.OR.LANG(!).EQ.31 GO TO '+7 LOOP 640
NPIPY=NPIPY+1 LOCP 641
IFINP!PY.EQ.Il OYKtK)=DYS(1 NSEGI) LOOP 642
IF(0YS(!.NSEGI).LT.0YKtK)) OYKtKl=0YS(!.NSEGI) LOOP 643
RADY=DXS(I.NSEGI) LOOP 644
GO TO 48 LOOP 645

47 NP!PX=NPIPX+1 LOOP 646
IF(NPIPX.EQ.ll OXK(K)=DYS(1.NSEGI) LOOP 647
IF(0YS(1 NSEGII.LT.0XK(KilDXKtKl=0YS(f NSEGI) LOOP 648
RA0X=DXS(I.NSEGil LOOP 649

48 PK(Kl=PK(K) + PI(!) LOOP 650
TENKtK1=TEMKtK) + TEMit!) LOCP 651
THK( A*1 =THK (K) + THl(!) LOCP 652

49 CONTINUE LOOP 653
RNP!P=1.0/ FLOAT (NP!PX + NPIPYi LOOP 654
PKtK)=PK(Kl'RNP!P LOOP 655
TENK(Kl=TEMKtK)*RNPIP LOOP 656
THK(Kl=THKtK)*RNPIP LOOP 657
IF(NPIPX.EQ.0 IRA 0X=SCRT(RADY'OYKlKI) LOOP 658
IF(NPIPY.EQ.0IRADY=SQRT(RA0X'OXKtKI) LOOP 659
IF(NP!PX.EO.010XK(K)=RADY LOOP 660
IF(NPIPY.EQ.010YK(K)=RADX LOOP 661
OZDNE=RADY'*2/0XX(K) LOOP 662
OZTWO=RA0X''2/DYKtK) LOOP 663
OZMAX=AMAXI(0 ZONE.DZTWO3 LOOP 664
DXK(K)=RADY'*2/0 ZMAX LOOP 665
OYKtKl=RA0X'*2/0 ZMAX LOOP 666

50 CONTINUE LOOP 667
WRITE (9.903) LOOP 668
WRITE (9.9843kl LOOP 669
WRITE (9.985) LOOP 670
00 5 K=1.KL LOOP 671
WRITE (9.9531K.0XKtKl.0YK(K),TEMK(K).PKtK).THK(K) LOCP 672

5 CONTINUE LOOP 673
3 CONTINUE LOOP 674

C---- MESH CEPENCENT PROPERTIES LOOP 675
DO 60 I=1.!L LOOP 676
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| IF(K80T(II.EO.03 GO TO 65 LOOP 677
A=JSX I ( I l LOOP 678
00 54 J=1.JL LOOP 679
L=JL+2-J LOOP 60C

NJS(!.L)=NJS(!.L-1) LOOP 681

10XS(1.L1=10XS(1.L-Il LOOP 682
DXSti.Li=0XS(!.L-11 LOOP 683

; OYS(I.L1=0YS(1.L-1) LOOP 684
VIS(I.L)=VIS(I.L-1) LOOP 685'

GYStI.L1=GYS(I.L-il LOOP 686
CFRL(!.L1=CFRL(!.L-11 LOOP 687
CFRS(1.Ll=CFRSt!.L-Il LOOP 688

54 CONTINUE LOOP 689
JSX!(!)=JSXX(I1+1 LOOP 690
JCEL(!l=JCEL(I)+3 LOOP 691

NJS(l.I1=3 LOOP 692
K=KBOT(1) LOOP 693
DYS(I.1)=0XKtK) LOOP 694
IFILANGt!).EO.2.OR.LANGt!).EO.4) DYSt!.1)=DYKtK) LOOP 695
GO TO 55 LOOP 696

65 NJS(I.ll=NJS(1,11+2 LOOP 6S7
JCEL(I)=JCEL(!l+2 LOOP 698

55 IF(KTOP(II.EO.0) GO TO 75 LOOP 699
JSXIII)=JSXI(II+1 LOOP 700
L=JSXI(Il LOOP 701
NJS(I.L1=2 LOOP 702
IDXS(I.L1=lDXS(f.L-Il LOOP 703
DXS(1.Ll=0XS(1.L-1) LOOP 704
VIS(!.L1=VIS(1.L-Il LOOP 705
GYS(!.L1=GYS(1.L-1) LOOP 706
CFRL(I.L1=CFRL(1.L-il LOOP 707
CFRS(!.L1=CFRS(I.L-Il LOOP 708
QJS(!.L)=0JS(1.L-1) LOOP 709
K=KTOP(!) LOOP 710
OYS(1.L1=DXKtK) LOOP- 711
IFILANG(II.EO.2.OR.LANGtII.EO.43 DYS(!.L1=0YKtK) LOOP 712
JCEL(ID=JCEL(!)+2 LOOP 713
GO TO 60 LOOP 714

75 L=JSXI(13 LOOP 715
NJS(I.L1=NJS(I.Ll+1 . LOOP 716
JCEL(I)=JCEL(11+1 LOOP 717

60 CONTINUE LOCP 718
b if I(9.903) LOOP 719
Wh TE(9.9811 LOOP 720
WRITE (9.983) LOOP. 721
00 4 !=1.!L' LOOP 722
.JL*JSX!(I) LOOP 723
00 4 J=1.JL LOOP 724
'JS=l+(J-1)*N1 LOOP 725
WRITE (9.98211.J.NJS(JSt.10XS(JS).0XS(JS).0YS(JS).VIS(JSt.GYS(JS). LOOP 726

ICFRL(JS).CFRS(JS).0JS(JS3 LOCP 727
4 CONTINUE LOOP 728

RETURN LOOP 729
C LOCP 730

ENTRY INP9R LOOP 731
C- LOOP 732

READ (10. DATUMS) LOOP 733
RETURN LOCP 734
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C LOOP 735
920 FORMATi toX. 9H ONG = .IPE15.7) LOCP 736
921 FORMATt10X. 9H ALPHA = .lPE15.7) LOOP 737
923 FORMAT (10X. 9H COG = .lPE15.7) LOOP 738
924 FORMATil0X. 9H CHV = .lPE15.7) LOOP 739
925 FORMATt!OX. 9H ECV = .lPE15.7) LOOP 740
926 FORMATt!OX. 9H ECL = .lPE15.7) LOOP 791

927 FORMAT (10X. 9H TC = .lPE15.7) LOOP 742
928 FORMATtt0X. 9H OFvEL = .lPE15.7) LOOP 743
929 FORMATtIOX. 9H ELHT = .lPE15.7) LOOP 744
930 FORMAT (IOX. 9H EDV = .lPE15.7) LOOP 745
931 FORMAT (10X. 9H EDL = .lPE15.7) LOOP 796
932 FORMATtt0X. 9H PHCH = ,lPE15.7) LOOP 747
934 FORMAT (10X. 9H CPI = .lPE15.7) LOOP 748

.lPE15.7) LOOP 749935 FORMAT (10X. 9H CHL1 =

.lPE15.7) LOOP 750936 FORMAT (10X. 9H CHVI =

937 FORMAT (10X. 9H IMP = .lPE15.7) LOOP 751
938 FORMAT (10X, 9HDELSTP = .lPE15.7) LOOP 752
939 FORMAft10X. 9H TWSTP = .1PE15.7) LOOP 753
940 FORMAT (10X. 9H DPRST = .lPE15.7) LOOP 754
991 FORMAT (10X. 9HNSUBOT = .!31 LOOP 755
942 FORMAT (10X. 9H STABC = .lPE15.7) LOOP 756
960 FORMAT (10X. 9H THC = .lPE15.7) LOOP 757
961 FORMAT (10X. 9H ETEM = .lPE15.7) LOOP 758
962 FORMAT (10X. 9H GAMI = .lPE15.7) LOOP 759
963 FORMAT (10X. 9H TWFIN = .lPE15.7) LOOF 760
964 FORMAT (10X. 9HOTWPRT = !PE15.7) LOOP 761
965 FORMATtIOX. 9H CELT = .lPE15.7) LOOP 762
966 FORMAT (10X. 9H EPSI = .!PE15.7) LOOP 763
967 FORMAT (10X. 9H ROL = .lPE15.7) LOOP 764
968 FORMAT (10X. 9H BNUM = .lPE15.7) LOOP 765
970 FORMAT (10X, 9HTSTART = .lPE15.7) LOOP 766
971 FORMAT (10X. 9H ASQ = .!PE15.7) LOOP 767
972 FORMATitoX. 9H RG = ,lPE15.7) LOOP 768
973 FORMAT (10X. 9H CHL = .1PE15.7) LOOP 769
974 FORMATt!OX. 9H VISL = .lPE15.7) LOCP 770
975 FORMAT (10X. 9H VISV = .lPE15.7) LOOP 771
976 FORMATil0X.39H60UNOARY CONDITION INPUT ML = .!5//) LOOP 772
977 FORMAT (42H H TEM 8 PB THB//) LOOP 773
978 FORMAT (10X.25HPIPE INPUT IL = .15//) LOOP 774
979 FORMAT (43H I JCEL LANG JSXI TEMI PI LOOP 775.

Il4H THl//) LOOP 776
900 FORMAi(415.6El5.7) LOOP 777
981 FORMAT (10X.25HMESH DEPENCENT PROFERTIES//) LOOP 778
902 FORMAT (415.7E14.63 LOOP 779
983 FORMAT (45H I JS NJS IDXS DXS DYS LOOP 780.

156H VIS GYS CFRL CFRS LOOP 781.

2 10X.3HQJS //l LOOP 782
904 FCRMAT(10X.30HJOINT OUANTITIES KL = .!5//) LOOP 783
985 FORMAT (45H K DXK OYK TEMK LOCP 784,

125H PK THK//) LOOP 785
988 FORMAft10X.15HINPUT CONSTANTS //l LOOP 786
989 FORMAT (38H ERROR *== THIS SYSTEM HAS NO P! PES 1 LOOP 787

ENO LOOP 788

======= = = = = = = = = ///// ===============
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LOOP 789
SU8 ROUTINE JCTO

LOOP 790
' CALL.LOOPC
C---- INITI ALIZATION OF JUNCTION CELL LOOP 791

C---- CREATES AND INITIALIZES ADJACENT STOPAGE CELLS LOOP 792
LOOP 793GO TO tl7.183.KTOU
LOOP 79418 00 30 K=1.KL
LOOP 795PKtK)=0.
LOOP 796OXKCtkl=0XKtK)
LOOP 797

DYKCtK)=0YKtK)
LOOP 798DYKtKl=0.
LOOP 799OXKtKl=0.
LOOP 800

30 CONTINUE
LOOP ODIDO 1 K=1.KL
LOOP 802IFETIMKtK).GT.TIGO TO 1
LOOP 803DELT=0TIMKtki
LOOP 804CALL KSETtK)
LOOP 805DXKtKOOl=0XKCtK)
LOOP 806DXKtKP0l=DXKCtK)
LOOP 807DXKtKOPl=0XKCtK)
LOOP 800DXKtKM0l=0XKCtK)

DXKtKOMl=0XKCtK) LOOP 809

OYKtKOOl=0YKCtK) LOOP 810

OYKtKPol=0YKCtki LOOP 811

DYKtKOPl=0YKC(K) LOOP 812

OYKtKMol=0YKCtK3 LOOP 813

OYKtKOMl=0YKCtK) LOOP 814

ROKtKOOl=ROKCtK) LOOP 815

ROKtKP0l=ROKCtK) LOOP 816

ROKtKOPl=ROKCtK3 LOOP 817

R0ktKM0l=ROKCtK) LOOP 818

ROKIKOMl=ROKCtK) LOOP 819

RVKtK00l=RVKCtK) LOOP 820

RVKtKPol=RVKCtki LOOP 821

RVKtKOPl=RVKCtK: LOOP 822

RVKtKMol=RVKCtK) LOOP 823

RVKtKOMl=RVKCtKI LOOP 824

EKtK00l=EKCtK) LOOP 825

EKtKPOl=EKCtK) LOOP 826

EKtKOPl=EKCtK) LOOP 827

EKtKMol=EKCtK) LOOP 828

EKtKOMl=EKCtK) LOOP 829
PKtK00l=PCAltEKtK00).ROKtKOO),RVKtKOO11 LOOP 830

PKtKP0l=PKtK001 LOOP 831

PKtKOP)=PKtK001 LOOP 832

PKtKM0l=PKtKOO) LOOP 833

PKtKOMl=PKtKOO) LOOP 834

VKtKU0)=0. LOOP 835

VK(KOUl=0. LOOP 836

VKtK00l=0. LOOP 837e

VKtK00l=0. LOOP 838

GAMIKU0l=0. LOOP 839

GAMtK0Ul=0. LOOP 840

GAMtK00l=0. LOCP 841

GAMtKOOl=0. LOOP 842

1 CONTINUE LOOP 843

00 2 !=I.!L LCCP 944

L
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IF(TIM (!).GT.T!GO TO 2 LOOP 895
OELT=DTIM(!) LOGP 846
CALL JSET(l) LOOP 847
JSB=JSF(J811 LOOP 848
JST=JSF(JTil LOOP 849
Il=IBOf(11 LOOP 850
GO TO (3.93.11 LOOP 851

4 K1=K80T(!i LOOP 852
L1=LANG(Il LOOP 853
CALL KSET(Kil LOOP 854

GO TO (5.6.7.81.L1 LOOP 855
5 CONTINUE LOOP 856

DXKtKPOl=DYS(JSB) LOOP 857
GAM (KUOl=1. LOOP 858
GO TO 9 LOOP 859

6 CONTINUE LOOP 860
DYKtKOPl=DYS(JSB) LOOP 861

GAM (KOUl=1. LOOP 862
GO TO 9 LOOP 863

7 CONTINUE LOOP 869
Dxk(KMOl=DYS(JSB) LOOP 865
GAM (KDOl=1 LOOP 866
GO TO 9 LOOP 867

8 CONTINUE LOOP 868
D m(KOMl=DYS(JS81 LOOP 869
GAM (KODi=1. LOOP 870

9 CONTINUE LOOP 871
3 CONTINUE LOOP 872

!!=ITOP(l) LOOP 873
GO TO (10.111,11 LOOP 874

11 Kl=KTOP(Il LOOP 875
L1=LANGt!) LOOP 876
CALL KSET(Kil LOOP 877
GO TO (14.15.12.131.LI LOOP 878

12 CONTINUE LOOP 879
DXKtKPOl=0YS(JST) LOOP 880
GAM (KUOl=1. LOOP 881
GO TO 16- LOOP 882

13 CONTINUE LOOP 883
DYKtKOPl=DYS(JST) LOOP 889
GAM (KOUl=1. LOOP 885
GO TO 16 LOOP 886

14 CONTINUE LOOP 887
OXKtKMOl=0YS(JST) LOOP 888
GAM (KD01=1. LOOP 889
GO TO 16 LOOP 890

15 CONTINUE LOOP 891
OYKtKOMl=0YS(JST) LOOP 892
GAM (KODi=1. LOOP 893

16 CONTINUE LOOP 894
10 CONTINUE LOOP 895
2 CONTINUE LOOP 896

17 CCNTINUE -LOOP 897
RETURN LOOP 898
ENO LOOP 899

.==....... e = = = ///// = . . . . . . . = = = = = = =
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SUBROUTINE JCTPIP LOOP 900
' CALL.LOOPC LOOP 901

C---- JUNCTION TO PIPC SHIFT LOOP 902
00 1 !=1.lL LOOP 003
CALL JSET(Il LOOP 904
JSB=JSF(JBti LOOP 905
JSi=JSF(JT2) LOOP 906
Il=lBOTill LOOP 907
GO TO (2.31.11 LOOP 900

3 Kl=KBOT(l) LOOP 909
L1=LANG(!) LOOP 910
IF(TINKtK!).GT.TIGO TO 2 LOOP 911
CALL KSET(Kil LOOP 912
R0(JBil=R0KtK003 LOOP 913
RV(JBil=RVKtK001 LOOP 914
E(JBil=EKtKOOI LOOP 915
P(J81)=PKtK001 LOOP 916
VP(JBil=VPK(Kil LOOP 917
00 TO (4.5.6.71.LI LOOP 918

4 v':,90l=(DYS(JS81*VKtKD0l+(DXKtKOOn-DYS(JS813'VKtKUOll/DXKtK001 LOOP 919
VtJ811=vKtKUOI LOOP 920
GO TO 8 LOOP 921

5 VtJB0l=(DYS(JS8l'VK(KOOl+(DYKtKOOI-DYS(JSB))*VK(KOUll/DYKtKOO3 LOOP 922
VtJBil=VK(KOU) LOOP 923
GO TO 8 LOOP 929

6 VtJB0l=-(DYS(JSBI'VKtKUOl+(DXKtK001-0YS(JSBil'VKtKDOll/DXKtK001 LOOP 925
VtJBil=-VKtKD03 LOOP 926
GO TO 8 LOOP 927

7 V(J00l=-(DYS(JS81'VKtKOUl+(DYKtK001-0YS(J5Bil'VKtKOOst/DYKtKUOI LOOP 920
V(JB11=-VKtKODI LOOP 929

8 CONTINUE LOOP 930
2 CONTINUE LOOP 931

!!=lTOP(!) LOOP 932
GO TO (9.103.!! LOOP 933

10 KI=KTOP(l) LOOP 934
L1=LANG(Il LOOP 935
IF(TIMKtK11.GT.TIGO TO 9 LOOP 936
CALL KSET(Kil LOOP 937
R0(JT!)=ROKtK001 LOOP 938
RVtJTil=RVKtK001 LOOP 939
E(JTI1=EKtK001 LOOP 990
P(JTil=PK(K001 LOOP 941
VP(JTil=VPKtKil LOOP 942
GO TO (13.19.II.121.L! LOOP 943

11 vtJTil=-(DYS(JST!*VK(KDOl+(DXK(KOO3-DYS(JSTil'VKtKUOll/0XKtK001 LOOP 994
VtJT21=-VKtKUOI LOOP 945
GO TO 15 LOOP 996

12 V(JTit=-(DYS(JSTl*VK(KOOl+(DYK(K001-DYS(JST))'VKtKOUll/DYKtKOO) LOOP 947
VtJT2)=-VKtKOU) LOOP 948
GO TO 15 LOOP 999

13 VtJTil=(DYS(JSil'vKtKUOl+tDXKtKOO3-DYS(JSTil'VKtKOO)l/DXKtK001 LOOP 950
VtJT21=VKtKDO) LOOP 951
GO TO 15 LOOP 952

I4 VtJTil=(DYS(JSil'VKtKOUl+(DYKtK001-DYS(JSTil'VK(K0011/DYKtK001 LOOP 953
VtJT2)=VKtK001 LOCP 954
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15 CONTINUE LOOP 955
9 CONTINUE LOOP 956
i CONTINUE LOOP 957
RETURN LOOP 958
ENO LOOP 959

e a e s e e a a = = = s a = a ///// e = = = = = = = = = = = = = =

SUOROUTINE JSET(l1 LOOP 960
* CALL.LOOPC LOOP 961
C---- PIPE INDEX ALGEBRA LOOP 962

J00=JREF(!)+1 LOOP 963
J0l=J80+1 LOOP 964
JB2=JBl+1 LOOP 965
JTl=J80+JCEL(Il-1 LOOP 966
JT2=JTI-l LOOP 967
JML=J00+JMLI(l) LOOP 968
JMH=JTI-JMHitti LOOP 969
JPO=JBl+JP8!(1) LOOP 970
JPT=JTI-JPTIll) LOOP 971
RETURN LOOP 972
END LOOP 973

= ==============/////========..==.

SUBROUTINE KSET(K) LOOP 974
' CALL.LOOPC LOOP 975
C---- JUNCTION INDEX ALGEBRA LOOP 976

Kl=(K-l)*5 LOOP 977
K00=Kl+1

LOOP 978
KPO=K00+1

LOOP 979-
KOP=KOO+2 LOOP 900
KM0=K00+3

LOOP 981
KOM=KOO+9

LOOP 992KUO=Kl+I
LOOP 983

KOU=KUO+1
LOOP 989

KDO=KU0+2
LOCP 985

K00=KUO+3
LCCP 986

RETURN
LOOP 987

END
LOOP 988

= a- e e a e e a e e = a = = = ///// e e e a = = = . . . . . . . .

SUBROUTINE LOGCPR LOCP 989
* CALL.LOOPC

LOOP 990
WRITE (9.9503 LCCP 991kRITE(9.9603-

LOOP 992
WRITE (9.9611 LCCP 993
00 1 !=l.lL

LOCP 999
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CALL JSET(!I LOOP 995
WRITE (9.905)I.JREF(l1.JCEL(I).JML!(lI,JMH!(!1.JP8I(!1.JPT!(l1 LOOP 996

1.K80T(ll.KTOP(II.LBOT(!).LTOP(II.M80T(!).MTOP(!).J81.JT1.lBOT(II. LOOP 997

alTOP(!) LOOP 998

'
1 CONTINUE LOOP 999

WRITE (9.903) LOOP 1000

WRITE (9.9621 LOOP 1001

J=0 LOOP 1002

DO 90 !=1.lL LOOP 1003

JSL=JSXI(Il LOOP 1004

00 35 JS=l.JSL LOOP 1005

Nt=NJSt1.JS1 LOOP 1006

DO 30 N.I.NI LOOP 1007
l J=J+1 LOOP 1008

WRITE (9,90511.JG.J.JSF(J) LOOP 1009

30 CONTINUE LOOP 1010

35 CONTINUE LOOP 1011

40 CONTINUE LOOP 1012
RETURN LOOP 1013

905 FORMAT (20I5) LOOP 1014

960 FORMAT (10X.11HLOGIC PRINT //) LOOP 1015
961 FORMAT (52H I JREF JCEL JMLI JMHI JP81 JPfl KBOT KTOP LOOT LOOP 1016.

135HLTCP NBOT MTOP J81 JTl 180T ITOP //) LOOP 1017
962 FORMAT (25H IP IS J JSF(J) //l LOOP 1018

ENO LOCP 1019

!
!

....... ........,,,,,...............

FUNCTICN PCAL(ET. ROT.RVT) LOOP. 1020
* CALL.LOOPC LOOP 1021
C---- PRESSURE CALCULATION LOOP 1022

| TH=(ROL+RVT-ROT 1/ROL LOOP 1023
THTM=TH LOOP 1024
IF(TH.LT.THCITHTM=THC LOOP 1025
ETEMT=ETEM LOCP 1026
IF(TH.GT.THCllETEMT=1. LOOP 1027
TEM =TEMC(ROT.RVT.ET.O.) LOOP 1028
IF(ETEMI.LT. 51 TEM =255.2 LOOP 1029
EVl=EVCAL(TEMI LOCP 1030
PT=GAMI*RVi'CVl/THTM+ASQ'ROL*(THTM-TH) LOOP 1031

| PTT=PT LOOP 1032
l IF(CTEMT.GT. 51 GO TO 6265 LOOP 1033

PCC0=ll7.8*GAMI'RvT/THTM LOCP 1034
PCC=PCCO*(CHV-CHVl+(510.4-2.*TCal LOOP 1035
PCCl=PCCO*CHvi*ll7.8 LOOP 1036
PT=PTT+2.*(.223*PCCl**l.287 LOCP 1037

6260 PTG=PT LOOP 1038
PTA=PCC+PTG**.223-PCCl*PTG**.446 LOOP 1039
PT=PTG+(PTT+PTA-PTGI/ti. .223*PTA/PTG) LOOP 1040
IF(A8S((PT-PTGirtPT+PTGil.GT. 011 00 TO 6260 LOOP 1041

6265 CONTINUE LOOP 1042
PCAL=PT LOOP 1043
RETURN LOOP 1044

.' ENO LOCP 1045
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= = = = = = = = = = = = = = = ///// ===============

SU8 POUT!NE PIPJCT LOOP 1046
* CALL.LOOPC LOOP 1047
C---- PIPE TO JUNCTION SHIFT LOOP 1048

00 1 !=1.!L ,
LOOP 1049

IF(TIM (1).GT.T)GO TO I LOOP 1050
CALL JSET(13 LOOP 1051
Il=IB0T(!) LOOP 1052
GO TO (2.33.11 LOOP 1053

3 Kl=KBOT(!) LOOP 1054
it=LANG(1) LOOP 1055
CALL KSETtKil LOOP 1056
GO TO (4.5.6.73.L1 LOOP 1057

4 ROKtKP0l=R0(J82) LOOP 1058
RVKtKP0l=RV(J821 LOOP 1059
EKtKPol=E(J823 LOOP 1060
PKtKP0l=P(JB21 LOOP 1061
VKtKUOl=VtJ81) LOCP 1062
VDK(KUOl=VD(J811 LOOP 1063
GO TO 8 LOOP 1064

5 ROK(KOPl=R0(J823 LOOP 1065
RVKtKOPl=RVtJ82) LOOP 1066
EKtKOP)=E(J823 LOOP 1067
PK(KOP)=P(J828 LOOP 1068
VKtK0Ul=VtJBil LOOP 1069
VDKtKOul=VCtJ013 LOOP 1070
GO TO 8 LOOP 1071

6 ROK(KM0l=R0(J82) LOOP 1072,

RVKtKM0l=RVtJ821 LOOP 1073
EKtKMol=E(J821 LOOP 1074
PKtKMO)=P(JB2) LOOP 1075
VKtKDO)=-V(J813 LOOP 1076
VDKtKD0l=-VD(J811 LOOP 1077
GO TO 8 LOOP 1078

7 ROKtKOMl=R0tJ823 LOOP 1079
RVKtKOMl=RVtJB2) LOOP 1080
ExtKOM1=E(J821 LOOP 1081
PKtKOMl=P(JB2) LOCP 1082
VKtK00)=-VtJBil LOOP 1093
VDK(KOCl=-V0tJ81) LOOP 1084

8 CONTINUE LOOP 1085
2 CONTINUE LOOP 1086

Il=ITOPt!) LOOP 1087
GO TO (9.101.! LOOP 1088

10 Kl=KTOPt!) LOOP 1089
L1=LAN0(!) LOOP 1090

.C ALL KSET(Kil LOOP 1091
GO TO (13.14.ll.12).LI LOOP 1092

11 ROK(KP0l=R0(JT2) LOCP 1093
RVK(KPol=RVtJT2) LOOP 1094
EKtKPOI=E(JT2) LOOP 1095
PKtKP0l=P(JT2) LOOP 1096
VKtKUOl=-VtJT21 LOOP 1097
VDKtKUOl=-VD(JT21 LOCP 1098
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GO TO 15 LOOP 1099
LOOP 110012 ROk(KOPl=RO(JT2)
LOOP 1101RVKtKOPl=RVtJT2)
LOOP 1102EKtKOPl=EtJT23-
LOOP !!O3PKtKOPl=P(JT2)
LOOP 1104VKtKOUl=-VtJT2)
LOOP !!05VDKtKOU1=-VD;JT21
LOOP 1106GO TO 15
LOOP !!O713 ROKtKNOl=RO(JT2)
LOOP 1100RVKtKM01=RVtJT2)

EKtKMOl=E(JT2s LOOP 1109

PKtKMOl=P(JT2) LOOP 1110

VKtKDOl=VtJT2) LOOP !!!!

VDKtKDOl=VD(JT2) LOOP 1112

GO TO 15 LOOP 1113

14 ROKtKOMl=RO(JT21 LOOP 1114

RVKtKOMl=RVtJT2) LOOP 1815

EK(KOMl=EtJT2) LOOP 1116

PKtKOMl=P(JT21 LOOP 1117

VKtKOOl=vtJT23 LOOP l'.18
VDKtKOO1=VDtJT21 LOOP 1119

15 CONTINUE OOP 1120

9 CONTINUE LOOP 1121

1 CONTINUE LOOP !!22

RETURN LOOP !!23

END LOOP !!24

= = = = = = = = = = = = = = = ///// = = = = = = = = = = = = = = =

SUBROUTINE PITERJ LOOP 1125

* CALL.LOOPC LOOP !!26

I C---- PRESSURE ITERATIONS FOR JUNCTION CELLS LOOP |127
GO TO(100.2003 KTOU LOOP 1I28

200 CONTINUE LOOP 1129
DO 1 K=1 KL LOOP !!30

IFITINKtK1.GT.TIGO TO 1 LOOP 1131

DELT=OTIMKtK) LOOP 1132
CALL KSET(K) LOOP 1133
SM=-1.0E+10 LOOP 1134
ICT=0 LOOP 1135
XMX=1.0E+10 LOOP- 1136
XMN=0.0 LOOP 1837
P90=0.0 LOOP 1138

.30 PBAR=PKtKOO) LOOP 1139
O=DELT*(IVKtKUOI-VKtKDOll/DXKtKOOl+(VKtKOUI-VKtKOO3)/DYK(KColl LOOP 1140
ROT =RONKtKOOl/ti.+C1 LOOP 1141

RVT=RVKtKOOl/tt.+D) LOOP 1142
ET=ENKtKCOl-PK(KOOl+0/ROKtKOO) LOOP 1143
PT=PCALIET. ROT.RVT1 LOOP 1144
S=PBAR-PT LOOP 1145
IF(!CT.NE.O.ANO.S.NE.SMI BETAKtKl=(PBAR-P881/tS-SM) LOOP 1146
PK(KCOl=P9AR-BETAK(Kl*S LOOP '147
IFts.GE.O.01GO TC 20 LOOP 1148

s- XMN=P9AR. LOOP 1149
IFtPKtKOO).GE.xMX1PKtKOOl=0.5*tXMN+XMX) LOOP 1150
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GO TO 30 LOOP 1151

20 XMX=PBAR LOOP 1852

IF(PKtK003.LE.XMN)PKtK00l=0.5*(XMN+XMX) LOOP 1853

30 CONTINUE LOOP 1154

DELP=PK(KOOI-PBAR LOOP 1155

IF(ABS (DELP1.LE.EPSI'PK(KOOlllCT=100 LOOP 1156

DLXR2=DXKtK00l+0XKtKP01 LOOP 1157

DLXL2=DXKtKM0l+DXKtKOO LOOP 1158

DLYT2=DYKtK00l+DYK(KOP) LOOP 1159

DLYB2=DYKtKOM1+0YKtK001 LOOP 1160

ROKR=(DXK(KP01*ROKtKOOl+DXK(KOOl'ROk(KPOll/DLXR2 LOOP !!61

ROKL=(DXKtKM01*ROKtK001+0XKtKOOl'RCKtKM0ll/DLXL2 LOOP 1162

ROKT=(DYKtKOPl*ROK(KOOl+0YKtKOOl'ROKtKOPil/DLYT2 LOOP 1163

ROK8=(DYKtKOMI'ROKtKOOl+DYK(K00l'RCK(KOMll/DLYB2 LOOP 1164

DUR=2.*DELT*DELP/(ROKR'DLXR2) LOOP !!65

DUL=-2.*DELT*DELP/(ROKL*0LXL21 LOOP 1166
DVT =2. * DEL T'DELP/ (ROKT * DLY T2) LOOP !!67

DV8=-2.*DELT'DELP/(ROKB'DLY821 LOOP 1168
DUR=DUR* GAM (KUO) LOOP 1169
DUL=DUL' GAM (KDO) LOCP 1170
DVT=DVT* GAM (KOU) LOCP 1171
DV8=DVB' GAM (KODI LOOP 1872
VK(KUOl=VKtKUOl+DUR LOOP 1173
VK(KDOl=VK(KD0l+DUL LOOP 1174
VKtKOUl=VKtKOUl+DVT LOCP 1175
VKtKODi=VKtKODI+098 LOOP !!76

SM=S LOOP 1177
PBO=PBAR LOOP 1878
ICT=ICT+1 LOCP !!79
IF(ICT.GT.10lGO TO I LOOP 1180
FLG=1.0 LOOP !!81
GO TO 10 LCCP 1182

l CONTINUC LOOP !!83
100 CONTINUE LCCP 1184

RETURN LOCP 1185
END LOCP !!86

= = = = = = = = = = = = = = = ///// 3 =====a = = = = = = = =

SU8 ROUTINE PITERP LOOP !!87
' CALL.LOOPC LOOP !!85
C---- PRESSURE ITERATION FOR P! PES LOCP 1189

00 1 !=I.!L LCCP 1190
-IF(TIM (!).GT.TIGO TO I LOOP !!91
DELT=DTIM(Il LOOP 1192
CALL JSET(11 LOCP 1193
00 100 J=JP8.JPT LOOP !!94
JC=JSF(J) LCCP 1195
JCP=JST( *ll LOCP 1196
JCM=JSF(J-Il LOOP 1197

.ARU=ARAVtJC.JCP) LOCP 1 98
ARD=ARAV(JCM.JCl LCCP 1199
SM=-1.CE+10 LCCP 1200
ICT=0- LOCP 1201
XMX=1.CE+10- LOCP 1202

1
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XMN=0. LOOP 1203
PB8=0.0 LOOP 1204

10 PBAR=PtJi LOOP 1205
D=tDELT/tDXStJC)**2*DYStJC11)*tARU'VtJ)-ARC'V(J-ill LOOP 1206
D=AMAX1tD.-0.991 LOOP 1207
ROT =RONtJa/tt.+03 LOOP 1200
RVT=RVN(Ji/(1.+01 LOOP 1209
ET=ENtJ)-PtJi'D/ROtJ) LOOP 1210
PT=PCALIET. ROT.RVT) LOOP 1211
S=PBAR-PT LOOP 12?2
IFtICT.NE.O.AND.S.NE.SM) BETAIJi=tPBAR-PBOl/(S-SM) LOOP 1213
PtJi=P9AR-BETAtJ1'S LOOP 1214
IFIS.GE.O.OlGO TO 20 LOOP 1215
XMN=PGAR LOOP 1216

| IFtPtJ).OE.XMX)PtJa=0.5'tXMN+XMX) LOOP 1217
GO TO 30 LOOP 1218

20 XMX=PGAR LOOP 1219
IFIPtJ).LE.XMN)PtJi=0.5'tXMN+XMX) LOOP 1220

30 CONTINUE LOOP 1221
DELP=PtJi-PBAR LOOP 1222
IFIABStDELPl.LE.EPSI'PtJ111CT=IOO LOOP 1223
DLYU2=DYStJC1+DYS(JCP) LOOP 1224
DLYD2=DYStJCMl+0YStJCI LOOP 1225
ROU=tDYSJCP I 'RO t J i +0YS t JC ) *RO t J+ 131/ DLYU2 LOCP 1226.

ROO=tDYStJC)*ROtJ-il+DYStJr.MI'ROtJil/DLYD2 LOOP 1227
DVU=2.*DELT*DELP/tROU*DLYUd) LOOP 1229

i DVD=-2.*DELT*DELP/ TROD'DLYD2) LOOP 1229
VtJa=VIJi+DVU LOOP 1230

( VtJ-11=VtJ-II+DVD LOOP 1231
SM=S LOOP 1232i

I PBO=PSAR LOOP 1233
ICT=ICT+1 LOOP 1234t

'

IFilCT.GT.101GO TO 100 LOOP 1235
, FLG=1.0 LOOP 1236
| GO TO 10 LOOP 1237
| 100 CONTINUE LOOP 1238
. 1 CONTINUE LOOP 1239
l RETURN LOOP 1240

END LOOP 124!

,

a m . . . . . . . = = . . . ///// a e a . . . . = = = = . . . .

SUBROUTINE PSET LOOP 12'42
' CALL.LOOPC LOOP 1243
C---- SET PRESSURE LOOP 1244|

| DO 1 !=1.!L LOOP 1245
' CALL JSETtil LOOP 1246

DO 1 J=vP9.JPT LOOP 1247
i PtJi=PCALIEtJ1.ROtJ).RVtJil LOCP 1248

1 CONTINUE LOCP 1249
I- GO TO (2.33.KTCU LOOP 1250

3 DO 4 K=1.KL LOCP 1251
-CALL KSETtK) LOOP 1252
PKtKOOr=PCAltEKtKOO1.RCKtKOO).RVKtKOO11 LOOP 1253

4 CONTINUE LOOP 1254
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2 CONTINUE LOOP 1255
RETURN LOOP 1256
END LOOP 1257

== = = = = = = = = = = = = = ///// s = a e s = = = = = = = = = =

! SUBROUTINE P0MP(J.PHEA01 LOOP 1250
* CALL.LOOPC LOOP 1259
C---- PUMP PACKAGE LOOP 1260

PHEAD=0. LOOP 1261
RETURN LOOP 1262
ENTRY PUMPA LOCP 1263
RETURN LOOP 1264
END LOOP 1265

,

s e a a e a a e s = a = = = = ///// a e a a a a e s = = = = = = =

FUNCTION RBONCALITHil LOOP 1266
,

* CALL.LOOPC LOOP 1267
ROBNCAL=tTHl/PNVl**0.3333 LOOP 1268
RETURN LOOP 1269
END LOOP 1270

.

e s e e e a e a = = = = = = = ///// = = = = = = = = = = = = = = =

FUNCTION RBWNCAL(JI.ROI.KTRANI LOOP 1271
* CALL.LOOPC LOOP 1272

JaJl LOCP 1273
GO TO (1.21,KTRAN LOCP 1274

1 VAVE=0.5+ABStV(JI+VtJ-Ill LOOP 1275
VOAVE=0.5+ ABS (VD(JI+VO(J-III LOOP 1276 |
G3 TO 3 LOOP 1277 |

2 VAVE=0.5'SQRT((VK(KUOl+VKtK00ll**2+(VK(KOUl+VK(KOOll**21 LOOP 1278
VDAVE=0.5 +SCRi t (VOk ( KOul +VOK t K00l l * *2+ (VCK ( KOUl +VOK t KOC l l * * 21 LOOP 1279 1

3 VT8=0.l*VAVE+VOAVE LOOP 1290 I
RBWNCAL=0.0008/(ROl*VTB**2+1.0E-101 LOOP 1291j"
RETURN LOOP 1292 |

END LOOP 1283

e a a a e a e s e e = = = a e ///// a a e a 3 = = = = = = = = = =

'SU9 ROUTINE RESET LOOP 1294
* CALL.LOOPC LOCP. 1285

OATA SETAC / .90 / LOOP 1296
C---- RESET FOR NIXT TIME STEP LCOP 1297

00 l'!=1.!L LOCP 1288

~1
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LOOP 1209,

IF(TIMEII.GT.TIGO TO !*

LOOP 1290DELT=0TIMill
LOOP 1291CALL JSET(!)
LOOP 1292DO 2 J=J00.JTl
LOOP 1293VN(Ji=VIJI
LOOP 1294RON(Ji=R0(J)
LOOP 1295RVN(JI=RVtJI
LOOP 1296EN(Ji=E(J)
LOOP 12972 CONTINUE
LOOP 1298i CONTINUE

GO TO (8.93.KTCU LOOP 1299

9 00 7 K=1.KL LOOP 1300

IF(TIMKtK).GT.TIGO TO 7 LOOP 1301
LOOP 1302DELT=0TINKtK)

CALL KSET(K) LOOP 1303

VNKtKUOl=VK(KU01 LOOP 1304

VNKtK00)=vKtK001 LOOP 1305

VNKtKOUl=VKtKOU) LOOP 1306
VNK(KOD)=yg(K001 LOOP 1307

RONKfKOOl=ROKtK001 LOOP 1300

RONKtKP0l=R0KtKP01 LOOP 1309

RONK(KM0l=RCKlKM01 LOOP 1310

RONKtK0Pl=ROKtKOPi LOOP 1311

RONKtKOMl=ROK(KOM) LOOP 1312

RVNKtKOOl=RVKtK001 LOOP 1313
*

RVNKtKPOl=RVKtKP01 LOOP 1314
RVNK(KN0l=RVKtKMO) LOCP 1315
RVNKtKOPl=RVKtKOP) LOOP 1316
RVNKtKOMl=RVKtKOM) LOOP 1317
ENKtKCol=EKtK001 LOOP 1318
ENKtKP01=CK(KPO) LOOP 1319
ENKtKM0l=EKtKM01 LOOP 1320
ENKtKOPl=EKfKOP3 LOOP 1321

ENK(KOMl=Ex(KOMI LOOP 1322
7 CONTINUE LOOP 1323
8 CONTINUE LOOF 1324

C---- A0JUST TIME STEP LOOP 1325
CALL TINCT LOOP 1326

C---- RELAXATION FACTOR LOOP 1327
00 3 I=l.!L LCOP 1328
DELT=0 TIM (Il LOOP 1329
CALL JSET(!) LOCP 1330
00 3 J=J82.JT2 LOOP 1331
JC=JSF(Ji ' LOOP 1332
JCP=JSF(J+11 LOOP 1333
JCM=JSF(J-Il LOOP 1334
DLYU2=0YS(JCPl+0YS(JC) LOOP 1335
OLYO2=0YS(JCMl+0YS(JCI LOOP 1336
ROU=(0YS(JCPl*RO(Ji+0YS(JCl*R0(J+111/DLYU2 LOOP 1337
R00=(0YS(JC)*R0(J-11+0YS(JCMl+R0(Jil/DLYD2 LOOP 1338
IF(J.EQ.JB21 R00=R0(J) LOOP 1339
IF(J.EQ.JT2) ROU=R0(J) LOCP 1340
PT0=PCAL(E(J).R0(J).RVtJI) LOOP 1341
OELP=-EPS!*PTO LOOP 1342
VT=2.*0ELT*0ELP/(ROU+0LYU21 LOOP 1343
VB =-2. * 0EL T * 0ELP / ( RCO *0LYD21 LOCP 1344
ARU=ARAV(vC.JCP) LOOP 1395
AR0=ARAVtJCM.JCI LOCP 1346
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OT=(DELT/(Ox5(JCl**2*DYS(JCill*(ARU'VT-ARD*VB) LOOP 1347

ROT =R0( dl/(1.0+0T) LOOP 1348
RvT=RV( J)/fl.0+0T) LOOP 1349

ET=Et Ji-PT0/R0( J1*DT LOOP 1350

PT=PCAL(ET. ROT.RVT) LOOP 1351

BETA ( Ji=0MG*DELP/(DELP-(PT-PToll LOOP 1352

BCTA(J)= AMINI (BETA (J).BETACI LOOP 1353

IF(BETA (J).LE.O.I BETA (Ji=BETAC LOOP 1354

3 CONTINUE LOOP 1355

GO TO (5.61.KTOU LOOP 1356
6 DO 4 K=1 KL LOOP 1357

DELT=DT!MK(K) LOOP 1358
CALL KSET(K) LOOP 1359
ET=EKtK001 LOOP 1360
ROT =ROK(K001 LOOP 1361
RVT=RVKtK001 LOOP 1362
PT=PCAL(ET. ROT.RVT) LOOP 1363
PT0=PT LOOP 1364
DELP=-EPS!*PTO LOOP 1365
UR=2.*DELT*DELP/Dxk(K003/(ROKtKOOl+ROK(KPoll LOOP 1366
UL=-2.*DELT*DELP/0XKtK001/(ROK(KM0l+R0k(K00ll LOOP 1367
VT=2.*0ELT*DELP/DYKtK001/(ROK(K00l+ROKtKOPil LOOP 1368
VB=-2.*DELT*DELP/DYK(K001/(ROK(KOMl+ROKtK00ll LOOP 1369
UR=UR* GAM (KUO3 LOOP 1370
UL=UL* GAM (KDol LOOP 1371
VT=VT* GAM (KOU) LOOP 1372
VB=VB' GAM (KODI LOOP 1373
DT=DELT*((UR-ULl/OxKtKOOl+(VT-VBl/DYK(K00ll LOOP 1374
P ' ' ' ' "*03/(1.+0T) LOOP 1375,

,Ja/(1.+0TI LOOP 1376
4(K005-PT0*0T/ROK(KOO) LOOP 1377

PT=PCAL(ET. ROT.RVT) LOOP 1378
BETAKtK1=0MG*DELP/(CELP-(PT-PToll LOOP 1379
BETAKtKl= AMIN!(BETAKtK).BETACI LOOP 1380
IF(BETAKtKl.LE.0.1 BETAKtK)=BETAC LOOP 1381

4 CONTINUE LOOP 1382
5 CONTINUE LOOP 1383

RETURN LOOP 1384
END LOOP 1385

m a a e s a e a e = = . = = . ///// a = = = = = = = a . . . e = =

FUNCTION RVCAL(El.Pl.THil LOOP 1386,

* CALL.LOOPC LOOP 1387
RVCAL=THl*P!/(GAMI*Eli LOOP 1388
RETURN LOCP 1389
ENO LOOP 1390

m a e e e a a e a e s = = s e ///// e s e e s e a = a a e a e a =

SUBRCUTINE SETUP LOCP 1391
' CALL.LCOPC LCCP 1392
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LOOP 1393

C---- INITIAll:E PARAMETERS LOOP 1394

N2=NP LOOP 1395

FLG=1. LOOP 1396

THCl=1.-THC LOOP 1397

PNV =ONtJM * 4.1000 LOOP 1398

NEX40 LOOP 1399

IPLTG=0 LOOP 1400

T=TSTART LOOP 1901

TIMA=TSTART-1.0E-6 LOOP 1402

DTMN=DELT LOOP 1903

50TC=3.0 LOOP 1904

ITAG=0 LOOP 1905

ITER =0 LOOP 1406

CYCLE =0 LOOP 1407

OELTO=OELT LOOP 1908
PRST=TSTART+0PRST LOOP 1409
TWPRT=PRST LOOP 1910
IBREAK=1 LOOP 1411

C----- INIT!ALIZE STATE VARIABLES LOOP 1912
00 'O !=1.!L LOOP 1413
CALL INFNC( TEN!(II .PI( !) .THl(! ) ROINC(II .RVINC ( II .EINC(Il l LOOP 1414

10 CONTINUE LOOP 1415
DO 11 M=1.ML LOOP 1916
CALL INFNC( TEM 8(MI .PB tM) .THB(Mt . ROB (Mt .RVB(Mt .EB(Mi l LOOP 1917

11 CONTINUE LOOP 1418
IF(KL.EO.03 GO TO 61 LOOP 1419
DO 60 K=1.KL LOOP 1420
CALL INFNC(TEMK(Kl.PKtKl.THKtKl.ROKC(Kl.RvkC(Kl.EkC(N'' LOOP 1421

GO CONTINUE LOOP 1422
61 CONTINUE LOOP 1428

WRITE (9.9501 LOOP 1924
WRITE (9.9601 LOOA 1925
WRITE (9.9611 LOOP 1426
00 15 M=l.ML LOOP 1927
WRITE (9.9531M. TEM 0(MI.P8(Mt.TH0(MI.ROBIMI.RVB(MI.E9 93 LOOP 1429

15 CONTINUE LOOP 1929
WRITE (9.903) LOOP 1430
WRITE (9.9621 LOOP 1931
00 14 !=1.IL LOOP 1432
WRITE (9.95531.TEMitti.PI(II.THl(!).ROINC(!).RVINC('). LOOP 1933

IEINC(!).JSXI(ll.JCEL(!) LOOP 1934
14 CONTINUE LOOP 1435

IF(KL.EQ.03 GO TO 13 LOOP 1436
WRITE (9.903) LOOP 1437
WRITE (9.9633 LOOR 1438
00 10 K=1.KL LOOP 1939
WRITE (9.953)K.TEMKtKl.PKtKl.THK(Kl.ROKC(K).RVKC(K;.EKC(K) LOOP 1440

10 CONTINUE LOOR 1441
13 CONTINUE LOOP 1942

C---- LOGIC SETUP LOOP 1443
JREF(ll=0 LOOP 1944
IF(IL.EQ.ll GO TO 8 LOOP 1945
DU 7 !=2.!L LOOP 1446
JREF(Il=JREF(I-II+sCEL(I-il LOOP 1947

7 CONTINUE LOOP 1448
9 CONTINUE LOOP 1449

DO 4 !=1.ll LOOP 1950
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180Till=1 LOOP 1451

Kl=K80Till LOOP 1452

IFtKl.GT.03 IJ0Till=2 LOOP 1453
ITOPill=1 LOOP 1954

Kl=KTOPtll LOOP 1455

IFtKl GT.0) ITOPill=2 LOOP 1456

4 CONTINUC LOOP 1957

KTOU=1 LOOP 1458
IFtKL.GT.03 KTOU=2 LOOP 1459
J=0 LOOP 1460

| 00 40 !=1.!L LOOP 1961

JSL=JSXIlli LOOP 1962

00 35 JS=1.JSL LOOP 1963

N!=NJSt!.JS3 LOOP 1464
DO 30 N=1.N! LOOP 1965
J=J+1 LOOP 1966
JSFtJi=l+tJS-It'N2 LOOP 1967

30 CONTINUE LOOP I469
35 CONTINUE LOOP 1969
40 CONTINUE LOOP 1470

CALL LOGCPR LOCP 1471

C---- INITIALIZE MESH VARIABLES LOOP 1972
00 1 I=1.!L LOOP 1473
CALL JSETill LOOP 1474
TIMtil=TSTART-1.0E-6 LOOP 1975
DTIMtil=0.0 LOOP 1976
DO 1 J=J80.JT! LOOP 1477
JC=JSFtJa LOOP 1978
VtJi=VIStJCI LOOP 1479
VDtJi=0. LOOP 1480
R0tJa=ROINCt!) LOOP 1481
RVtJa=RVINCill LOOP 1482
EtJi=EINCill LOOP 1483
WTtJ1=0.0 LOOP 1484
PIJ)=PCALICtJ).RotJ1.Rvias) LOOP 1485

i CONTINUE LOOP 1486
DO 62 !=1.IL LOCP 1487
CALL JSETill LOOP 1988
00 62 J.J80.JTl LOOP 1489
VNtJi=VtJ). LOOP 1490
RONtJa=R0tJ) LOOP 1991
RVNtJi=RVtJ) LOOP 1992,

ENtJa=EtJ) LOOP 1993
i 62 CONTINUC LOOP 1494

GO To (2.33.KTOU LOOP 1495
3 00 5 Kat.KL LOOP 1496

CALL KSETIKI LOOP 1997 |

TIMKtKl=TSTART-1.0E-6 LOOP 1498 |
DTIMKtKl=0.0 LOOP 1499 !

VKtKUOl=0. LOOP 1500
VKtKDol=0. LOOP 1501
VKtK0Ul=0. LOOP 1502
VKtKOD)=0. LOOP 1503
VDKtKUOl=0. LOCP 1504
VDKtKD0l=0. LO0P 1505
VDKtKOUl=0. LOOP 1506
VDKtKODi=0. LOOP 1507
ROKtK00l=RCKCtK) LOOP 1508 |

1 I
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LOOP 1509
RVKtKOOl=RVKCtki

LOOP 1510
ExtKOOl=EKCtK)

LOOP 1511PKIKOO)=PCAL(EKIKOO),ROKtKOO),RVKtKOOI
LOOP 1512

VNKtKUOl=0.
LOOP 1513

VNKtKDOl=0.
LCJP 1515+

VNKtKOUl=0.
LOOP 1515

VNKtKOOl=0.
LOOP 1516

RONKtKOOleROKtKOOI
LOOP 1517

RVNKtKOO)=RVKtKOO)
LOOP 1518

ENKtKOO)=EKtKOOI
LOOP 1519

5 CONTINUC
LOOP I520

2 CONT!NUE
LOOP 1521

RETURN
LOOP 1522
LOOP 1523955 FORMATil5,6Cl5.7.10.15
LOOP 1524%0 FORMATt 10x,33HPROCESSED INITI AL STATE VARl ABLES ///)

961 FORMAT (42H M TEMB PB THS LOOP 1525
,

192H ROB RVB EB //I LOOP 1526

962 FORMAft42H I TEMI PI THI LOOP 1527,

146H ROINC RVINC EINC LOOP 1528,

LOOP 15292tlx,4HJSxt,5H JCEL //)

963 FORMAT (42H K TEMK PK THK LOOP 1530
.

145H ROKC RVKC EKC//) LOOP 1531
LOOP 1532

ENO

..... ........./////...............

LOCP 1533FUNCTION SPCALtilI
LOOP 1534

' CALL.LOOPC
SPCAL.t(TI-255.28/117.81**4.48 LOOP 1535

LOOP 1536
RETURN

LOOP 1537
END

. . . . . . . . . . . . . . . ///ff ...............

FUNCTlON 5TCALiP1: LOOP 1538
LOOP 1539' CALL.LOOPC

STCAL=255.2+117 1*Pl**.223 LOOP 1540
LOOP 1541RETURN
LOCP 1542ENO

3

. . ... ........../////...........a . ..

FUNCTION TENCtROt.RV1.El Pil LOOP 1543
LOOP 1544' CALL.LOOPC

C---- TEMPERATURE CALCULATION LOOP 1545
LOOP 1546!TMT=1
LOOP 1547TNT!=0.0

TCA=-(ROI-RVil+CHL1-RVl'CHV! LOOP 1540
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TCB=tROI-RVil*CHL+RVI*CHV LOOP 1599
LOOP !=50TCC*R0letEl-ECLl+RVI*'ECL-ECVI
LOOD 1551IFIETEM.GT.O.51GO TO 5
LOOP 1552TSATT=STCAltPil
LOOP 1553

EVAP.EVCAL(TSATTI
LOOP 1559

TCA=TCA+RVl*CHVI
LOOP 1555TCB=TCB-RVl*CHV
LOOP 1556

TCC=TCC+RVI*tECV-EVAPI
LOOP 1557

5 CONTINUE
TNT =tTCC+TCA*TMT!**23/tTC8+0.0*TCd+TMill LOOP 1558

IrtABStTMT-TMill.LT.O.005'TNTIGO TO 10 LOOP 1559

ITMT.lTNT+1 LOOP 1560

IF(ITMT.GT.10lGO TO 10 LOOP 1561

TMil.TMT LOOP 1562

GO TO 5 LOOP 1563

10 CONTINUE LOOP 1564

TEMC=TMT+TC LOCP 1565

RETURN LOCP 1566

END LOOP 1567

. . . . . . . . . . . . . . . tritt ...............

FUNCTION THCALIEl.Pl.RVil LOOP 1568

* CALL.LOOPC LOOP 1569

C THETA ASSUMEO LESS THAN THC LOOP 1570

THCAL.tGAMI*RV1'El/THC-Pil/tASQ'RCLl+THC LOOP 1571

RETURN LOCP 1572

END LOOP 1573

.... . . . . . . . . . . . ///// . . . . . . . . . . . . . . .

SUOROUTINE TILDE LOOP 1579

* CALL.LOOPC LOCP 1575
C---- TILDE CALCULATION LOOP 1576

DO I !=1,lL LOCP 1577
IFITIMt!).GT.TIGO TO 1 LOCP 1578
CELT =0TIMill LOOP 1579
CALL JSET(!) LOOP 1580
DO 11 J=JML,JMH LOOP 1581

JC=JSFtJ) LOOP 1582
JCP=JSFtJ+1) LOOP 1583
T1=(VNtJi-VNtJ-lll/0YStJC1 LOOP 1589
T2=tVN(J+1i-VNtJil/0YStJCPI LOOP 1585
FVY=.5*tVNtJ)*til+T21+ ALPHA + ABS (VNtJil*til-T2ll LOOP 1586
ARU=0XStJCPl**2 LOOP 1587
ARO=0x5(JCl**2 LOCP 1588
DLYB2=0YStJCPl+0YStJCI LOCP 1589
R08AR= TOYS (JCPl*R0tJi+0YS(JCl*R0tJ+1i1/DLYB2 LOOP 1590
DEN =R08AR*(ARU+AR0l*DLY82 LOOP 1591

'VOU2=V0tJ1+VO(J+11 LOOP 1592
VD02=V0tJ-ll+VD(J) LCCP 1553
RCSU.RV(J+1)*tR0tJ+11-RVtJ+111/RotJ+11 LOOP 1599
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LOOP 1595
ROSD=RVtJa'tRotJi-RVtJil/ROtJ) LOOP 1596
T3=ARU'ROSU*tVDU2**2+ ALPHA *ABStVDU21*tVDtJi-VDEJ+131) LOOP 1597
T4=ARD*ROSD*tVDD2**2-ALPHA *ABStVDDalet/DtJ-II-YOtJill

LOOP 1598
FVDY=tT3-T45/ DEN

LOOP 1599
VISY=0. LOOP 1600
CALL PUMPtJ.PHEAD)

LOOP 1601
T6=PtJ1-PtJ+1) LOOP 1602
T3=2.*T6/tRCOAR*DLYO2)

LOOP 1603
GYBatDYStJCPl*GYStJCl+DYStJCl*GYStJCPil/DLYB2

LOOP 1604
T5=T3+GYB-FVY+VISY-FvDY+PHEAD*2./DLYB2

LOOP 1605
VtJ1eVNtJi+DELT*T5

LOOP 1606
C ALL FRICt ! .J.V t Jil

LOOP 1607
11 CONTINUE LOOP 1608

1 CONTINUE
LOOP 1609

RETURN
LOOP 1610

END

. . . e e . . . e a a = = = =............. .m /////

LOOP 1611
SUOROUTINE TINCT

LOOP 1612
* CALL.LOOPC

LOOP 1613
SMLP=0.99

LOOP 1614
IFt!TER.GT.51SMLP=1.01

LOOP 1615
SDTC=AMAX1tSTABC.SDTC*SMLP)

LOOP 161600 1 !=1.!L
IFtTIMt!).GT.TIGO TO I LOOP 1617

TIMill=TIMttl+0TIMill LOOP 1618
LOOP 1619TIMN= TINA

IFtTIMtil.GT.TIMA-DTMN/2.0ITIMNeTIMA+DELTO LOOP 1620
LOOP 1621DVMX=1.0E-10
LOOP 1622CALL JSETtti
LOOP 1623

i DO 2 J=JML.JMH
LOOP 1624

I JC=JSFlJ1
LOOP 1625VON =ABStVDtJ11

I VMM=ABStVtJll LOOP 1626

DvMX=AMAX1tDvMX.VDM/0YStJC3.VMM/DYStJC)) LOOP IG27
LOOP 1628

l 2 CONTINUE
DVMX=SDTC*DVMX LOOP 1629'

ANOT=AINTtt.0+DVMX*tTIMN-TIMilill LOOP 1630

DTIMill=tTIMN-TIMilll/ANDT LOOP 1631

1 CONTINUE LOOP 1632

00 TO (10.201.KTOU LOOP 1633
LOOP 163420 00 4 K=1.KL

IFtTINKtK).GT.TIGO TO 4 LOOP 1635

'TIMKtKl=TIMKtKl+0TINKtK) LOOP 1636
LOOP 1637T!MN=TIMA

IFtTIMKtKl.GT.TIMA-DTMN/2.0lTIMN=TIMA+0ELTO LOOP 1638

DVMX=1.0E-10 LOOP 1639
LOOP 1640I CALL KSETtK)
LOOP 1641VI= ABS (VCKtKUO11

V2=A05tVOktKOUll LOOP 1642

l V3=ABStVDKikD01) LOOP 1643

V4=ABStVDKtK00ll LOOP 1644

V5=ABStVKtKUOll LOOP 1645

V6=ABStVKtKOUll LOOP 1646
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V7=ABStVK(kDOli LOOP 1647
V8=ABStVKtK00ll LOOP 1648
DVMX=AMAXI(V2.V4.V6.V81/DYK(K001 LOOP 1649
DUMX=AMAXI(VI.V3.V5.V71/DXK(K001 LOOP 1650 -

DVMX=AMAXI(DVMX.DUMX) LOOP 1651

DVMX=2.0*SDTC'DVNX LOOP 1652
ANDT=AINT(i.0+DVMX'(TIMN-TIMKikill LOOP 1653
OTIMKtKl=(TIMN-TIMKtKil/ANOT LOOP 1654

4 CONTINUE LOOP 1655
10 CONTINUE LOOP 1656

C ADVANCE TIME AND CYCLE LOOP 1657
IF((TIM (ll-TSTART).LT.O.Ol*DELTO) GO TO 25 LOOP 1650
T=T+DTMN LOOP 1659
CYCLE = CYCLE +1 LOOP 1660

25 CONTINUE LOOP 1661

C COMPUTE NEW Di MIN AND MAX LOOP 1662
DTMN=DELTO LOCP 1663
DO 30 !=I.lL LOOP 1664
DTNN= AMIN 1(DTMN.DTIM(Ill LOOP 1665

30 CONTINUE LOOP 1666
GO TO(40.50).KTOU LOOP 1667

50 00 55 K=1.KL LOOP 1668
DTMN=ANIN1(DTMN.DTINKtKil LOOP 1669

55 CONTINUE LOOP 1670
40 CONTINUE LOCP 1671

IF(NSUBDT.NE.ll RETURN LOOP 1672
DO 60 !=l.IL LOOP 1673

60 DTIM(!)=DTMN LOOP 1674
GO TO (90.701.KTOU LOOP 1675

70 00 80 K=1 KL LOOP 1676
80 DTINKtKl=DTMN LOOP 1677
90 CONTINUE LOOP 1678

RETURN LOOP 1679
END LOOP 1680

. . . . . . . . . . . . . . . ///// . . . . . . . . . . . . . .

SUBROUTINE UPDATJ LOOP 1681
* CALL.LOOPC LOOP 1682
C---- FINAL UPDATE FOR JUNCTION CELLS LOOP 1683

GO TO(100.2003.KTOU LOOP 1684
200 CONTINUE LOOP 1685

DO I K=1.KL LOCP 1686
IF(TIMKtKl.GT.TIGO TO 1 LOOP 1687
DELT=DTIMK(K) LOOP 1688
CALL KSET(K1 LOOP 1689
DLXR2=DXKtKOOl+DXKtKPOI LOOP 1690
DLXL2=DXK(KMOl+DXKIKOO) LOOP 1691
DLYT2=DYKtK00l+DYKtKOP3 LOOP 16b2
DLYB2=DYKtKOMl+DYKtKCO3 LOCP 1693
ROKR=(DXKtKPol+ROK(K00l+DXKtK00l'R0KtKPOll/OLXR2 LOCP 1694
ROKL=(DXKtKNOl'ROK(K00l+DXK(K00l'RCK(KMOll/DLXL2 LOCP 1695
ROKT=(DYK(KOPI'ROK(K00l+0YK(K00l'ROK(KOPil/DLYT2 LOCP 1696
ROKB=(DYK(KOMI'ROK(K00l+0YKtK00)*ROK(KOMll/0LY82 LOOP 1697
RONKR=(0XK(KPol'RONKtK00l+DXKtKOOl'RONKtKPoll/0LXR2 LOOP 1698
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LOOP 1699
RONKL=(DXKtKMOl'RONKtK00l+DXKtKOOl'RONKtKMOll/DLXL2 LOOP 1700
RONKT=(0YKtKOPl*RONKtK001+0YKtKOOl*RONKtKOPII/DLYT2 LOOP 1701
RONK8=(0YK(KOMI'RONk(K001+0Yk(KOOl'RONKtKOMil/DLY82 LOOP 1702
RVNKR=(DXKtKP0l*RVNKIK00l+DXKtK00l*RVNK(KPoll/DLXR2 LOOP 1703
RVNKL=(0XKtKMOl*RVNKtKOOl+0XKtK00l*RVNK(KM0ll/DLXL2 LOOP 1704
RVNKT=(DYKtKOPl*RVNK(K00l+0YKIK00l*RVNKtKDPal/DLYT2 LOOP 1705
RVNKBatDYKtKOMI'RVNK(K00l+0YKtK00l*RVNKtkOMil/DLY82 LOOP 1706
ULR=VKtKUO3-VOKtKUOl*RVNKR/RONKR LOOP 1707
ULL=vKtKDOI-VDKtKDOl*RVNKL/RONKL LOOP 1708
ULT =VKtKOUI-vDKtKOUl<AVNKT/RONKT LOOP 1709
UL8=VKtK003-VOKtK00l*RVNK8/RONK8 LOOP 1710
UVR=VKtKUOl+VDK(KUOl*(RONKR-RVNKRl/RONKR LOOP 1711
UVL=VKtK00'+VDKtKDOl*(RONKL-RVNKLl/RONKL LOOP 1712
UVT=VKtKOUn+VOKtKOUl*(RONKT-RVNKT]/RONKT LOOP 1713
UVB=VKtKODI+VDk(KODi'IRONKB-RVNK81/RONKB LOOP 1714
FLR=ULR*(RONKtK001-RVNKtK00l+RONKtKP01-RVNKtKPOll+ ALP 9A* ABS (ULRl'LOOP 1715

1(RONKtK001-RVNKtKOOn-RONKtKPOl+RVNKtKPoll LOOP 1715
FLL=ULL*tRONKtKMol-RVNKtKMOl*RONKtKOOI-RVNKtK00ll+ ALPHA * ABS (ULLi'LOOP 1717

1(RONKtKMOI-RVNK(KN01-RONK(K00l+RVNKtK00ll LOOP 1718
FLT= ULT *(R0hKtKOOI-RVNK(KOOl+RONKtKOPI-RVNK(KOPll+ ALPHA' ABS (ULTI'LOOP 1719

1(RONKtKOO3-RINKtK001-RONKtKOPl+RVNKtK0Pil LOOP 1720
FL8 =ULB + ( RONK ( KOM I -RVNK t kON I +RONK t KC01 -RVNK t K00 l l + ALPHA * ABS ( UL8 3 'LOOP 1721

1(RONKtKOMI-RVNKtKOMI-RONKtK00l+RVNKtK00ll LOOP 1722
FVR=UVR*tRVNKtK00l+RVNK(KPoll+ ALPHA * ABS (UVRl*(RVNKtK003-RVNKtKPoll LOOP 1723
FVL=UVL*(RVNKtKMOl+RVNK(K00ll+ ALPHA *A85tVVLl+(RVNKtKMOI-RVNK(K001) LOOP 1724
FVT=UVT*(RVNKtK00l+RVNK(KOPil+ ALPHA * ABS (UVil*(RVNKtKOO3-RVNKtKOPil

.

LOOP i725
Fv8=UV8'(RVNKtKOMl+RVNKtK001)+ ALPHA * ABS (UV81*(RVNK(KOMi-RVNK(K0013LOOP 1726

C---- UPOATE RO LOOP 1727
ROKtKOO3=RONK(K001 .5*0ELT*(tFLR+FVR-FLL-FVLl/0XKtK001 LOOP 1728

1+(FLT+FVT-FLB-FV81/0YKtK0013 LOOP 1729
C---- ENERGY EOUATION LOOP 1730

DLXR2=0XKtKOOl+DXK(KPol LOOP 1731
DLXL2=0XKtKMOl+0XKtK001 LOOP 1732
OLYT2=DYKtK00l+DYKtKOP) LOOP 1733
DLYB2=0YK(KOMl+DYKtK001 LOOP 1734
ROKR=(0XKtKP0l*ROK(K00l+0XK(K00l*ROK(KPO3)/DLxR2

LOOP 1735
ROKL=(DXK(KM01*R0KtK00l+DXKtKOOl*ROKtKM0ll/DLXL2

LOOP 1736
ROKT=(DYKtKOPl*R0KtK00l+DYKtKOOl'ROK(KOPil/DLYT2

LOOP 1737
ROK8=(DYK(KOM)*RCK(KOOl+DYKtK00l'ROK(KOMil/DLYB2

LOOP 1738
RVKR=tDXKtKP0l*RVK(KOOl+DXKtK00l'RVKIKP0ll/DLXR2

LOOP 1739
RVKL=(DXKtKM0l*RVK(K00l+0XKtK00l'RVK(KMoll/DLXL2
RVKTa(OYKtKOPl*RVKtK00l+DYKtK00l*RVKtKOPil/CLYT2 LOOP 1740

LOOP 174I
RVKB=(DYKtKOMI'RVKtKOOl+DYKtK00l'RVKtKOMil/DLYB2

LOOP 1742
RLKR=ROKR-RVKR

LOOP 1743
RLKL=ROKL-RVKL

LOOP 1744
RLKT ROKT-R%KT

LOOP 1745
RLK8=ROKB-RVKB

LOOP 1746
ROEC=RONKtK00l*ENk(K001

LOOP 1747
ROER=RONK(KP31*ENKtKPO)

LOOP 1748
ROEL=RONKtKM0l*ENKtKM01

LOOP 1749
ROET.RONKtKOPI'ENK(KOP3

LOOP 1750
ROE 8=RONKtKOMl'ENKtKOMI

LOOP 1751
IF(ETEM.GT. 5) GO TO 425

LOOP 1752 ;

TVC=STCAL(PK(KOOli
LOOP 1753 )

TVR=STCALtPKtKPoll
LOOP 1754

TVL=STCAL(PKtKMoll
LOOP 1755

TVT=STCAL(PKtKOPil
LOOP 1756

TVB=STCALIPK(KOMll
i

!

l
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LOOP 1157
GO TO 430

LOOP 1750425 TVC=TENC(RONKtK001,9VNKtK001.ENKtKOO),PK(k00ll
TVR=TEMC(RONK(KPO),RVNK(KPO),ENKtKPO),PKtKPoll LOOP 1759

TVL=TENC(RONK(KM03,RVNK(KMO) ENK(KM01,PKIKMO: 1 LOOP 1760

TVT=TENC(RONK(KOPI,RVNKtKOPl.ENKtKOPI,PKIKOPil LOOP 1761

TVB.TENC(RONK(KOM),RVNKtKOMI.ENKIKOM),PKIKOMll LOOP 1762
LOOP 1763

430 REVC=RVNKtK00l *EVCAL(TVC)
LOOP 1764

REVR=RVNK(KPOl'EVCAL(TVR)
LOOP 1765

REVLaRVNKtKM0l*EVCAL(TVL1
LOOP 1766REVT=RVNK(KOPl'EVCAL(TVT1
LOOP 1767

REV8=RVNK(KOMi*EVCAL(TV81
LOOP 1768

RELC=ROEC-REVC
LOOP 1769RELR=ROER-REVR
LOOP 1770RELL=ROCL-REVL
LOOP 1771RELT=ROET-REvT
LOOP 1772RELB=ROEB-REVB

FRER=0.5'(UVR*(RCVC+REVRl+ ALPHA * ABS (UVRl*(REVC-REVR1 LOOP 1773

1+ULR*(RELC+RELRl+ ALPHA *A8S(ULRl+(RELC-RELRil LOOP 1774

FREL =0.5' ( UVL * ( REVL +REVC I + ALPHA * ABS (UVL l ' ( REVL-REVC 1 +ULL * LOOP 1775

l ( RELL +RELC l + ALPHA * ABS ( ULL l * ( RELL-RELC i l LOOP 1776

FRET =0.5*(UVT*(REVC+REVTl+ ALPHA * ABS (UVTl*(REVC-REVTl+ ULT *(RELC+ LOOP 1777

1RELTl+ ALPHA * ABS (ULTl*(RELC-RELTil LOCP 1778

FRE8=0.5'(UVB'(REVB+REVCl+ ALPHA *ABSIUVBl*(REV8-REVCl+UL8+(REL8+ LOCP 1779

I RELC l + ALPHA * ABS I ULB l * ( REL8-RELC a l LOOP 1780

FEC=(FRER-FRELl/0XKtK00l+(FRET-FREBl.DYK(KOO) LOOP 1781

FPH=-PKtK001'(IVKtKUO3-VKtKDOll/DXK(K00l+(VK(KOUI-vk(KColl/DYK(K00 LOOP 1782

til LOOP 1783

TH=(ROL+RVNKtK001-RONKtKOOll/ROL LOOP 1784
TH=AMAXI(TH,THCl LOCP 1785

TH= AMINI (TH.THCil LOOP 1786

THl=TH LOOP 1787

IF(THl.GT.O.51THl=1.0-THI LOOP 1788

RB=RBONCAL(THil LOOP 1789
CKN=.5+CDG'((VDKtKUOl+V9KtKOOll**2+(VOK(KOUl+VCKtKOD) '*2)**.5 LOOP 1790

1+12.0*VISV/R8 LOCP 1791

FDIS=0.25'CKN'(0.375'THl/RBl*((VOKtKUOl+VDK(kD0ll**2+(VDKtK0Ul+ LOOP 1792
IV0KtK001)*+23*ROK(K001 LOOP 1793
FDP=-PKtK001'((((RVNKR-RONKR+ ROLL /ROL-(RVNKR/RONKRil'VDK(KUO3 LOOP 1794

1-((RVNKL-RONKL+ ROLL /ROL- RVNKL/RONKLl'VDK(KD0ll/DXK(K001 LOOP 1795
2+(((RVNKT-RONKT+ ROLL /ROL- RVNKT/RONKT!*VCKtKOU) LOOP 1796
3-((RVNKB-RONKB+ ROLL /ROL- RVNKB/RONKBl*VOKtKOOll/DYKtK00ll LOCP l ^17

C---- HEAT CONOUCTION LOOP 17.8
TEM =ENKtK001 LOOP 1799
TEMR=ENKtKP01 LOOP 1800
TEML=ENKtKMOI LOOP 1801

TEMT=ENK(KOP3 LOOP 1802
TENBS=ENKtKOM) LOOP 1803
THR=(ROL+RVNKtKPOI-RCNKtKPoll/ROL LOCP 1804
THR=ANAXI(THR THCl LOOP 1805
THR= AMINl t THR. TFC I I LOCP 1806
THL=(ROL+RVNKtKM03-RCNKtKM031/ROL LOOP 1807
THL=AMAXI(THL.THCl LOCP 1808
THL= AMIN 1(THL THCl3 LOOP 1809
THT=(ROL+RVNKtKOPI-RONKtKCPil/RO. LCOP 1810
THT=AMAXI(THT THCl LOCP 1811

TNT = AMINI (THT.THCl3 LOCP 1812
- TH85=(ROL+RVNKtKOMI-ACNK(KCMil/ROL LOOP 1813

TH85=AMAXI(THOS,THCl LOCP 1814
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LOOP 1815
THOS= AMINI (TH8S.THCl Lt:OP 1816
EKR=0.5+tEDV*tTH+THRl+EDL't2.0-TH-THR11 LOOP 1817
EKT=0.5':EDV'tTH+THil-EDL'(2.0-TH-THTI LOOP 1818
EKL=0.5*tEDV'sTH+THLl+EDL'(2.0-TH-THL)I LOOP 1819
EK8=0.5'tEDV'tTH+THOSl+EDL*(2.0-TH-THOSil

LOOP 1820
DIFEs i EKR' t TEMR-TEMI-EKL' ( TEM-TEML ) ) / DXK t KOO ) '2

LOOP 1821
1+tEKT*tTENT-TEMI-EK8'tTEM-TEMOSII/DYKtKOO3**2

LOOP 1822
C---- UPDATE ENERGY LOOP 1823

EKIK001=tROEC+0ELT*(-FEC+FDIS+FDP+DIFE+FPWII/ROKtK001
LOOP 182%

C---- VAPOR DENSITY EQUATION
RVK(KOOl=RVNK(K001 .5+DELT't(FVR-FVL1/DXKIKOOl+(FVT-F981/0YKtkOO)I

LOOP 1825
LOOP 1826

RVKtKOO)= AMINI (RVKIKOO).ROKtKOO)I
LOOP 1827

RVKtK00l=AMAX1tRVKtK003.0.1
LOOP 1828

C---- PHASE CHANGE
LOOP 1829

IFIPHCH.LT.O.51GO 70 %500
LOOP 1830

VPKtKl=0.
LOOP 1831

ROT =RCKtK001
LOOP 1832

RVO=RVKtKCol
LOOP 1833

RVT=RVO
LOUP 1834

ET=EKik001
LOCP 1835

TH= TROL-ROT +RVOl/ROL
LOOP I836

TH1=TH
LOCP 1837IFETH.LT.THC.OR.TH.GT.THCilGO TO 4500
LOOP 1838IFtTH.GT.O.51THl=1.0-TH
LOOP 1839

R8=ROBNCAL(TH11
LOOP 1890

R8W=RBWNCALtK. ROT.21
LOOP 1841R8=AMINltR8.R8WI
LOOP 1842ARCA=3.0*THl/R8
LOOP 1843TLQ=TENCtROT.RVO.ET PtKOO3I
LOCP 184%PSAT=SPCAL(TLQ3
LOOP 18%5EVSAT=EVCALITLQ)

RSAT=RVCALIEVSAT.PSAT.THI LOOP 1896
LOOP 1847IVSL=0

RBETA=1.0E-5'ROL LOOP 18%8

LOOP 1899IRVT=0
C---- START ITERATICN LOOP 1850

4912 CONTINUE LOOP 1851

RVT=RVKtKOO3 LOOP 1852

PT=PCAltET. ROT,RVTl LOOP 1853

TVAP=STCAltPT) LOOP 18Fe

TLQ=TENCEROT.Rvi.ET.PT) LOOP 1855

VPKtKl=VPR0(K.TH.RSAT.R8.TLQ.TVAP. AREA.2) LOOP 1856

RATE =VPKtKI'DELT LOOP I857
RVEQ=RVT-RV0-RATE LOOP 1858

!FtABSIRVEQ/RSATI.LT.O.00llGO TO 4500 LOOP 1859

IF(IRvi.LE.231GO TO 4420 LOOP 1860
' .00P 1861

| WRITEt9.44131
WRITEt9.941%)K.lRVT.RSAT.RVO.RVT. RATE.TVAP.TLQ LOOP 1862

. 4413 FORMATt6X,lHJ.8X.4HIRVT.10X.4HRSAT.16X.3HRVO.12X,3HRVT.12X. LOOP 1863~

14m ATE.12X.4HTVAP.16X 3HTLQ3 LOOP 1864

i
4414 FORMATt5X,12.6X.15.6X.lPCl2.5.6X.E12.5.6X.E12.5.6X.E12.5.6X.E12.5. LCOP 1865

LOOP 1866
I 16X.E12.53

4420 CONTINUC LOOP 1867

1RVT=lRVT+1 LOOP 1868
IFtIRyT.GT.251GO TO 4500 LOOP 1869

IFilRVT.CQ.11SRH=SIGNtt.0 RVEO) LOCP 1870

IFilVSL.EQ.11GO TO %%18 LOCP 1871

IFtRVEQ.GE.O.03GO TO 4915 LOOP 1872
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C---- SEEK BOUNOS LOOP 1873

FMN=RVEQ LOCP 1874

RVMN=RVKtKOOI LOOP 1875

IFtSRH.GE.O.0lIVSL=1 LOOP 1876
Ryktkool=AMINitRVT+PBETA. ROT) LOOP 1877

IFt!VSL.EQ.ll RVKtKOOl=.5'tRVMN+RVMX) LOOP 1878

RBETA=2.0'RBETA LOOP 1879

GO TO 4412 LOOP 1880

4*l5 FMX=RVEQ LOOP 1881

RvMX=RVKtK001 LOOP 1882

IFESRH.LT.O.0)!VSL=1 LOOP 1883

RvKtK00l=AMAXttRVT-PBETA.O.) LOOP 1884

IFtIVSL.EQ.llRVKtK00l=.5'tRVMN+RVMX) LOOP 1885

RBETA=2.0'RBETA LOOP 1886

GO TO 4412 LOOP 1887
4418 CONTINUE LOOP 1888

C---- CONVERGE BOUNOS LOOP 1889
IFtRVEO.LT.O.OlGO TO 4422 LOOP 1890
RVTP=RYT-RVEQ'IRVMX-RVTl/tFMX-RVEO) LOOP 1891

FMX=RVEQ LOOP 1892
RYMX=Rvi LOOP 1893
RVKtKOOl=RVTP LOOP 1894
IFtRVTP.LT.RVMNIRVKtKOOl= 5'tRVMN+RVMXI LOCP 1895
GO TO 4412 LOOP 1896

4422 RYTP=RVT-RVEQ'tRVT-RVMN)/tRVEQ-FMN) LOOP 1897
FMN=RVEQ LOOP 1898
RVMN=RVT LOOP 1899
RVKtKOOl=RVTP LOOP 1900
IFtRVTP.GT.RVMX1RVKtKOOl=.5'tRVMN+RVMX) LOOP 1901
GO TO 4412 LOOP 1902

4500 CONTINUE LOOP 1903
1 CONTINUE LOOP 1904

100 CONTINUE LOOP 1905
RETURN LOOP 1906
END LOCP 1907

.e s = = a e e a e a e s e a ///// e e a a = = = = = = = = = = =

SUBROUTINE UPOATP LOCP 1908
' CALL.LOOPC LOCP 19C9
C---- FINAL UPDATE FOR PIPES LOOP 1910

00 3 !=1.!L LOOP 1911
IFITIMt!).GT.TIGO TO 3 LOOP 1912
DELT=DTIM(Il LOOP 1913
CALL JSETtil LOCP 1914
00 I J=JP8.JPT LOCP 1915
JC=JSFtJ1 LOOP 1916
JCP=JSF(J+1) LCCP 1917
JCM=JSFtJ-1) LCCP 1918
T1=.5'tV(JI*tRONtJi+RCNtJ+111+ ALPHA *A85tVtJil*(RCNtJ1-RCN(J+111) LOCP 1919
T2=.5'tVtJ-II'tRONtJ-II+RCNtJil+ ALPHA *A85tVtJ-Ill*(RCNtJ-ll-RCNt J LOCP 1920

til LCCP 1921
ARUs ARAV t JC . JCP I LOCP 1922
ARO*ARAVtJCM.JCI LOOP 1923
R0tJI=RCNtJ1-(CELT /tDXStuCl**2*OYStJClll'tARU'TI-ARO*72)~ LCCP 1924
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1 CONTINUE LOOP 1925
C---- ENERGY EOUATION LOOP 1926

CALL JSrit!) LOOF 1927
DO 2 .=JP8.JPT LOOP 1928
JC = JSF ; Ji LOOP 1929
JCP=JSF(J+11 LOOP 1930
JCM=JSF(J-Il LOOP 1931
ARU=ARAVtJC.JCP) LOOP 1932
ARO=ARAVfJCM.JCI LOOP 1933

| DLYU2=DYStJCPl+DYS(JCI LOOP 1934
DLYD2=DYStJCMl+0YStJCI LOOP 1935
ROU=tDYS(JCPl*RONtJ)+0YStJCl*RONtJ+111/DLYU2 LOOP 1936
ROD =tDYSIJCI'RONtJ-II+0YStJCMI'RONtJll/DLYD2 LOOP 1937
RVU=tDYStJCPl*RVNtJi+DYS(JCl*RVNtJ+111/DLYU2 LOOP 1938
RVD=tDYStJCl*RVNtJ-il+0YS(JCMI'RVNtJil/DLYD2 LOOP 1939
RLU= ROV-RVU LOOP 1940
RLJ= ROD-RVD LOOP 1941
VVU=VtJa+RLU'VDtJa/ROU LOOP 1942
VVD=VtJ-II+RLD*VDtJ-II/ ROD LOOP 1993
VLU=VtJi-RVU'VDtJi/ROU LOOP 1944
VLD=VtJ-ll-RVD*VDtJ-11/ ROD LOOP 1945.

POC=RONtJ1*EN(JI LOOP 1946
ROEM=RONtJ-II'ENtJ-il LOOP 1997

| ROEP=RONtJ+11*ENtJ+1) LOOP 1948
I IFIETEM.GT. 5) GO TO 425 LOOP 1949

1000 CONTINUE LOOP 1950
TEMA=STCALIPtJ13 LOOP 1951

! IFtJ.EO.J821 GO TO 1001 LOOP 1952
TENAM=STCALtPtJ-III LOOP 1953
GO TO 1002 LOOP 1954

1001 TEMAM=TEMA LOOP 1955
1002 IFtJ.EO.JT2) GO TO 1003 LOOP 1956

I TEMAP=STCAltPtJ+111 LOCP 1957
| GO TO 1004 LOL" 1958

1003 TEMAP=TEMA LOOF 1959
1004 CONTINUE LOOP 1960

GO TO 430 LOOP 1961
425 CONTINUE LOOP 1962

TEMA=TEMCIRONtJI.RVNtJ).ENtJ).PtJll LOOP 1963
TEMAM=TEMCtRONtJ-1).RVNtJ-il.ENtJ-il.PtJ-III LOOP 1964
TEMAP=TENCtRONtJ+1).RVNtJ+11.ENtJ+11.PtJ+111 LOOP 1965

430 EEV=EVCALITEMA) LOOP 1966
EEVM=EVCALITENAMI LOOP 1967
EEVP=EVCALITEMAPI LOOP 1968
REV=RVN(Ja*EEV LOOP 1969
REVM=RVNtJ-ll'EEVM LOOP 1970

| REVP=RVNtJ+11*EEVP LOOP 1971
' REL*F)E-REV LOOP 1972

RELM=ROEM-REvM LOOP 1973
RELP=ROEP-REVP LOOP 1974
RIUVU=.5'tVVU'tPEV+REVPl+ ALPHA *A85tVVUn'tREV-REVP11 LOOP 1975
RIUVD=.5'tVVD'tREvM+REVl+ ALPHA' ABS (VVDi'tREVM-REvil LOOP 1976
RIULU=.5'tVLU+tREL+RELPl+ ALPHA * ABS (VLUI'tREL-RELPil LOOP 1977
R ! ULD = .5' t VLD' t RELM+4EL 1 + ALPHA ' A85 t VLD i * t RELM-REL i l LOOP 1978
CEN=0XStJCl**2*DYStJCI LOOP 1979
FVV=tARU'RIUVU-ARC'RIUVDl/CEN LOOP 1980
FVL = ( ARU * R I ULU- ARD * R I ULO l / CEN LOOP 1981

,. T3=ttRVU-ROU+ ROLL /ROL-RVU/ROUl*VOtJ) LOOP 1982I'

l'
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!
l T4=t(RVD-R00+ ROLL /ROL-RVD/R00l*VO(J-l) LOOP 1983

T!=VfJa+T3 LOOP 1984
T2=VtJ-il+T4 LOOP 1985
FWK=(P(Ji/(0XS(JCl**2*0YS(JCall*(ARU+TI-ARO*T2) LOOP 1986
TH=(ROL+RVN(Ji-RON(JII/ROL LOOP 1987
TH=AMAXI(TH.THCl LOOP 1988
TH=AMINt(TH.THCl3 LOOP 1989
THl=TH LOOP 1990
IF(THl.GT. 53THl=1.-TH1 LOOP 1991
R8=R88NCAL(THij LOOP 1992
CKN=.5' COG * ABS (VD(Ji+VD(J-Ill+12.*VISV/R8 LOOP 1993
FDIS=.25eCKN*(.375'THl/R81*(VO(J3+VO(J-Ill**2 LOOP 1994
FO=0JS(JCI LOOP 1995
T9=-FVV-FVL-FWK+F0lS+F0 LOOP 1996
T10=RON(Ja*EN(J1+0ELT*T9 LOOP 1997
E(Ji=T10/R0(J1 LOOP 1998

C---- OR!rT FLUX TERMS LOOP 1999
f f =.5'(VVtje t RVN(Ja +RVN(J+111 LOOP 2000

1+ ALPHA * ABS (VVUl*(RVN(Ji-RVN(J+133) LOOP 2001
T2=.5*(VVD'(RVN(J-II+RVN(Jll LOCP 2002

1+ ALPHA *ABStVV0l*(RVN(J-II-RVN(Jill LOOP 2003
RVtJi=RVN(J1-(DELT/(Ox5(JC)**2'0YS(JClll*(ARU*TI-ARO*T2) LOOP 2004

C---- PHASE CHANGE LOCP 2005
IF(PHCH.LT. 51 GO TO 4500 LOCP 2006
VP(Ja=0. LOOP 2007
ROT =R0(J) LOCP 2008
RVO=RVtJ) LOOP 2009
Rv7=RVO LOOP 2010
ET=E(J) LOOP 2011
TH=(ROL-ROT +RV01/ROL LOOP 2012
THl=TH LOOP 2013
IF(TH.LT.THC.OR.TH.GT.THCll GO TO 4500 LOCP 2014
IF(TH.GT. 5) THl=1.-TH LOOP 2015
RB=R88NCAL(TH!) LOOP 2016
ROW =R8WNCAL(J. ROT.ll LOOP 2017
RB= AMIN 1(RB.RBW) LOCP 2018
AREA =3.*THl/R8 LOOP 2019
TLQ=TEMC(ROT.RVO.ET.P(J)) LOOP 2020
PSAT=SPCALITLQl- LOOP 2021
EVSAT=EVCAL(TLO) LOOP 2022
RSAT=RVCAL(EVSAT.PSAT.TH) LOOP 2023
IVSL=0 LOOP 2024
RBETA=1.E-5*ROL LOCP 2025
1RVT=0 LCCP 2026

4412 CCNTINUE LOOP 2027
IF(RVtJ).LT.0lRVtJi=0.0 LOOP 2029
RVT=RV(J) LCCP 2029
PT=PCAL(ET. POT.RVT) LOOP 2030
TVAP=STCAL(Pil LOOP 2031
TLQ=TEMC(ROT.RVT.ET.PTl LOOP 2032
VP(J1=VPR0(J.TH.RSAT.RO.TLQ.TVAP.APEA ll LCCP 2033
RATE =VP(Ja* CELT LCCP 2034

'

RVEQsRVT-RVO-RATE LCCP 2035
IF(ABS (RVEC/RSAT).LT. 00ll GO TO 4500 LOCO 2036
Irt!Rvi.LE.241 GO TO 4420 LCCP 2037
WRITE (9 uw!31 LCCP 2038
WRITE (9.4414tJ !RVT.RSAT.PVC.RVT. RATE.TVAP.TLO LCCP 2039 ;

4420 CCNTINUE LOCP 2040
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IRVTs!RVT+1 LOOP 2041

IF(IRVT.GT.25) GO TO 4500 LOOP 2042
IF(IRvT.EO.11 SRH= SIGN (1..RVEQ) LOOP 2043
IF(IVSL.EO.ll GO TO 4418 LOOP 2044
IF(RVEO.GE.O.) GO TO 4415 LOOP 2045
FMN=RVEQ LOOP 2046
RVMN=RVtJi LOOP 2047 j

IF(SRH.GE.O.) IVSL=1 LOOP 2048
RVtJi=RVtJs+R8 ETA LOOP 2049
IFtIVSL.EQ.I1 RV(Ji=.5*(RVMN+RVMX3 LOOP 2050
R8 ETA =2.*ROCTA LOOP 2051

GO TO 4412 LOOP 2052
4415 FMX=RVEQ LOOP 2053

RVMX=RV(J) LOOP 2054
IF(SRH.LT.O.) IVSL=1 LOOP 2055
RV(J)*RV(Ji-R8 ETA LOOP 2056
IF(lVSL.EQ.II RV(J1=.5*(RVMN+RVMX1 LOOP 2057
RBETA=2.'R8 ETA LOOP 2050 |

GO TO 4412 LOOP 2059 I
4418 CONTINUE LOOP 2060

IF(RVEQ.LT.0.1 GO TO 442E LOOP 2061
RVTP=RVT-RVEQ*(RYMX-RVTl/(FMX-RVEQ) LOOP 2062
FMX=RVEQ LOOP 2063
RvMX=RVT LOOP 2064
RV(Ji=RVTP LOOP 2065
IF(RvTP.LT.RV,wl RVtJa=.5+(RVMN+RVMX) LOOP 2066
GO TO 4412 LOOP 2CS7

4422 RVTPsRVT-RVEQ*(RVT-RVMN)/(RVEQ-FMN) LOOP 2068
FMN=RVEQ LOOP 2069
RVMN=RvT LOOP 2070
RV(JI=RVTP LOOP 207.1
1F(RVTP.GT,RVMX1 RV(J1=.5*(RVMN+RVMX3 LOOP 2072
GO TO 4412 LOOP 2073

4500 CCNTINUE LOOP 2074
2 CONTINUE LOOP 2075
3 CONTINUE LOOP 2076

CALL CI.;ri LOOP 2077
RETURN LOOP 2078

4413 FORMAT (6X.lHJ.8X.4HIRVT.10X.4HRSAT.16X.3HRVO.12X,3HRVT.12X. LOOP 2079
14HRATE.12X.4HTVAP.16X.3HTLQ1 LOOP 2080

4414 FORMAT (5X.!2.6X.15.6X.!PE12.5.6X E12.5.6X.E12.5.6X E12.5.6X E!2.5. LOOP 2001
16X.E12.51 LOOP 2002
END LOOP 2003

///// e s = = = = = = = = = = = = =========a a e = = = =

FUNCTION VOKCAL(R01.U01.THl.Al.ONU.RGil LOOP 2004
* CALL.LOOPC LOOr 2005

THsTHl+1.E-10 LOOP 2006
VOKCAL=0.125*Rol'Al/TH'(CCG'UOl+12.'ONU/R811 LOOP 2007
RETURN LOOP 2008
ENO LOOP 2089

///// s e a e a e a e a e = = = = =e s e e a e s a = = = = = = =
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FUNCTION VDKPCAL(Rol.VOI.THl.All LOOP 2090
* CALL.LOOPC LOOP 2091

TH=THl+1.L-li LOOP 2092
VDKPCAL=0.125*Rol'Al/TH'CDG* SIGN (1..VD11 LOOP 2093
RETURN LOOP 2099
END LOOP 2095

i e a e e a a e a e e a e a a e ///// = = = a a = = = = = = a e e a

FUNCTION VPRO(JI.THl,RSTI.R81 TI.T2.Al,KTRANI LOOP 2096
* CALL.LOOPC LOOP 2097
C PHASE CHANGE RATE LOOP 2098

JaJI LOOP 2099
GO TO (1,21,KTRAN LOOP 2100

1 VAVE=0.5'AOStVtJI+VtJ-131 LOOP 2101
VDAVE=0.5'ABStvD(Ji+vD(J-ill LOOP 2102
GO TO 3 LOOP 2103

2 VAVE=0.5'SQRT((VKtKUOl+VKtKD0ll**2+(VKtKOUl+VKtK0011**23 LOOP 2104
VDAVE=0.5' SORT ((VDKtKOUl+VDKtKD0ll**2+(VDKtKOUl+VOKtKODil**21 LOOP 2105

3 VTBl=0.l*VAVE+vDAVE LOOP 2l06
E1=(1.91*ROL*THl/RST!*CHL/ELHT* ABS (TI-T23+ LOOP 2107

1(0.637*VTBl*RBl*ROL/EDLl**0.51/R81 LOOP 2108
VPR0=E!*Al/ELHT*EDL*CHL*(T1-T21 LOOP 2109
RETURN LOOP 2110
ENO LOOP 2111

e a a = = m . . = e a . . . . ///// e . . . . . . . . . . . . . .

SUBROUTINE WALLT LOOP 2112
$ * CALL.LOOPC LOOP 2113

C----WALL TEMPERATURE EOUATION LOOP 211%
' RETURN LOOP 2115
ENO LOCP 2116

= a e n = = = = = = m a = = = ///// e = = = = = = = = . . . . . 6

|
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