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ABSTRACT

The Spanish Nuclear Safety Council (CSN) has sponsored the development of a computer
tool for the error diagnosis and interpretation of the results obtained with the code RE-
LAP5/MOD3.2.

The report describes the tests used to check the consistency of the results and illustrates
some application examples that point out some defficiencies in the code.
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EXECUTIVE SUMMARY

A computer tool has been developed to assist RELAP5 users in the interpretaiton and
qualification of pressure and level transients.

For that purpose some balance equations have been rigorously derived from the original mass
and energy equations. Those balances include the pressure, level and non-equilibrium mass
equations. The balances are used to check the consistency of the solution and to interpret
the pressure and level evolution in terms of physically meaningful variables.

Verification of the equations is implemented in the tool with the aid of an AWK script and
the general purpose simulation language BABIECA. The AWK script automatically gen-
erates the BABIECA input file necessary to check the RELAP5 transient. The execution
of BABIECA with the corresponding input file implies the spawning of the RELAP5 tran-
sient. RELAP5 information is transferred to BABIECA through PVM, so that the balance
equations can be verified.

The tool has been applied to some application examples, which have revealed some mis-
conceptions in RELAP5, such as the overspecification of boundary conditions and the flow
mixing problems.

Some guidelines for the development of future codes, with full control of the discretization
errors, are pointed out.

xiii





1 PROBLEM SETUP

1.1 Problems concerning the use of thermal hydraulic codes in
Nuclear Safety

1.1.1 Analysis of thermal hydraulic codes

Nuclear Safety specialists face very often the need of simulating the transients expected to
occur in nuclear power plants, in order to determine and quantify the associated risks. This
need can be found in a wide variety of activities such as the conception and design of plant
systems, optimization of procedures and set-points, operator training simulators, success
criteria in PSAs, accident analyses, licensing tasks, etc.

The simulation of the operating and accidental transients that may happen in power plants
based on a nuclear fission process requires, as a previous step, the description of the physical
systems involved in the plant by means of mathematical models. A mathematical model
could be defined as a set of, generally partial, differential equations capable of describing
and predicting certain phenomena in a range of applicability. The predictive capability of
the models must be considered as a mandatory requirement, since a set of equations that
can only reproduce some transients by tuning certain parameters must never be regarded as
a model. The predictive capability is inherent to the concept of model.

The solution of the equations involved in the models that describe a nuclear power plant is
a very difficult problem. An analytical solution of the equations can never be achieved in
practice. The most common approach consists in solving a dicretized version of the differen-
tial equations by means of a programmable computer algorithm. The resulting program is
usually called a code. The nuclear industry counts on many codes focused on the different
disciplines involved in Nuclear Safety: neutronics, containment building, structural analysis,
etc. thermal hydraulic codes, and specially the RELAP5 code [95], must not be forgotten.

The thermal hydraulic codes simulate the behavior of water and steam circuits used to
transport the energy generated in the reactor. Despite their undeniable advantages, the use
of computer codes implies a numeral of problems which are very frequently understimated or
not taken into account. For instance, the solution of the discretized equations is subject to
errors that make very difficult to ensure how good the solution is. Interpretation of results
is another remarkable problem. Very often the users regard the codes as black boxes that
give an answer to the problems set through the input file., forgetting that they are formed by
mathematical models and that they never substitute the plants perfectly. Other problems
are related to the interaction between the codes and the users: build-up of the input file,
correct interpretation of the data supplied to the code, nodalization, decisions about the
different options available in the code, etc. As a consequence, the code may be told to solve
a problem different from that the user would like to solve. On the other hand, the user may
obtain wrong conclusions because of a misunderstanding of the output information computed
by the code.
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Same of the problems mentioned above are described in a greater detail in the following
sections.

1.1.2 Checking the solutions computed by the TH codes

Disagreement between experimental results and the output data computed by a code is not
unusual at all. The causes of the discrepancies, usually referred to as uncertainties, may be
classified as follows:

1. External sources, originated in the modelling process. Two different types can be
defined in turn:

(a) The discrepancies between the analytical equations of the models and the real
world, which may be originated in deficiencies in the instrumentation used to
obtain the experimental correlations, inapropriate curve fitting, wrong modelling
hypotheses, etc.

(b) Hypersensitivity of the model to certain parameters, initial conditions or boundary
conditions, which cannot be measured with the required precision. As a result,
some output variables may lie within a very broad range as the value of the above
mentioned parameters is changed within the measuring error interval.

2. Internal sources, related to the discretization process of the analytical equations and
the discrete nature of digital computers. Three types can be noticed:

(a) Round-off errors, caused by the finite precision with which floating-point num-
bers are represented in a digital computer. The representation may be different
depending on the machine and even on the compiler [99, 25]. Round-off errors
are the root cause of the uncertainties attributed to machines and compilers in
references such as [16,65].

(b) Truncation errors, which arise whenever a Taylor series is used. A discrete numer-
ical method is a good example, since it implies in most cases a Taylor expansion
up to a certain order. Truncation errors also appear when trying to represent in
a digital computer non-rational numbers such as e, 7r, square roots, trigonometric
functions, exponential functions, or any other trascendental function. Computa-
tion of that kind of numbers is always achieved by means of Taylor expansions.
From the theoretical point of view, truncation errors can be as small as desired.
For numerical methods, refinement of the spatio-temporal discretization mesh
should decrease the error. In the case of the computation of non-rational num-
bers, calculation of higher order terms in the series should yield the same effect.
But in real practice, the refinement of the mesh or the increment of the terms
in the expansion results in more mathematical operations and hence in greater
round-off errors. From a certain point on, round-off errors could even compen-
sate for the decreasing truncation errors. The native floating-point precision with
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fixed finite length used by digital computers is then the main source of errors in
computer simulations.

The so called external sources of uncertainty can be hardly suppressed, since they are closely
related to the very nature of mathematical modelling. Ensuring that the analytical equations
model the real world accurately is the process known as validation. This work does not pay
attention to that kind of uncertainties.

On the other hand, internal uncertainties could be eliminated more easily. Round-off errors
can be decreased as much as desired getting rid of machine native floating-point arithmetic,
and using instead a software implemented multiple precision arithmetic, fitted to the partic-
ular needs of each problem [1]. Once the round-off errors are controlled, the solution can be
improved by progressive refinement of the discretization mesh.

Assuming that current codes do not implement multiple precision arithmetic, the quality of
the computed solution must be ensured by other methods. Reference [1101 considers that
the numerical solution computed by a code is uniquely related to the analytical equations as
long as the following items are taken into account:

1. Estimation of the associated errors.

2. Comparison with well known analytical solutions.

3. Replacement of the solution into the original equations.

The two first items above imply an a priori verification of the solution. On the other hand,
item 3 is an a posteriori method.

With respect to item 1, binding of the truncation error may be a cumbersome task. First of
all, it may be difficult to find an analytical expresion for the error associated to a numerical
method. Secondly, finding upper bounds of the error in certain ranges of the spatio-temporal
domain might not be trivial.

Moreover, simulation codes result from coupling several sections, each of them accounting for
certain physical models, yielding feedback loops. For instance, the RELAP5 code comprises
a hydrodynamic section and a heat structure section among many others. Each of them is
solved with its own numerical method. As a consequence, the boundary conditions of each
section are already computed with a certain error, making it difficult to bind the error of the
overall system.

With respect to item 2, the solution computed by the code can be compared to the analytical
solution only in some cases. The water faucet and the oscillating manometer problems
described in [83] are typical examples. Unfortunately, analytical solutions can be found
in these cases at the expense of oversimplifying of the modelling hypotheses. For instance,
constant and uniform pressure to avoid the use of water property tables, separated phases, no
mass, momentum and energy interchange between phases, and incompressible and non viscid
flows, are common hypotheses. The range of physical phenomena tested with those examples
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is then rather constrained, specially when compared to the range of all possible phenomena
that may occur during a transient. Comparison with analytical solutions seems to be suitable
just to test the numerical methods during the earlier stages of the developmental process.
Fulfilment of those tests is anyway a necessary but not a sufficient condition to ensure the
quality of the code.

An a posteriori verification of each particular calculation is much more advisable according
to [85, 50, 70]. Substitution of the solution into the original analytical equations seems to
be the natural way to check the results. However, this approach faces a great obstacle:
solutions in the discrete domain must be substituted in equations defined in a continuous
domain. Either continuous functions must be obtained from the discrete solutions, or the
analytical equations must be discretized before replacement.

The first choice implies fitting the discrete results to continuous curves with a predefined
shape. The curves should be then replaced into the analytical equations. The most important
problem with this approach is that the higher the order of a derivative, the less reliable it
is. The comparison could lead thus to negative conclusions even if the discrete solution is
acceptable.

The second choice is the replacement of the discrete solution into a discretized form of
the analytical equations. If the discretization is just the numerical method used to obtain
the discrete solution, the problem becomes trivial. That is the reason why the discretized
equations in this work are not the original ones but other rigorously derived from them.
Section 2 is mainly devoted to the derivation of these new equations.

1.1.3 Interpretation of results

Another problem that the code users face usually is the right interpretation of the results
computed by the code [48]. The codes supply a large amount of output information. However,
only a small fraction is used by the user to analyze the results. The right interpretation of
the phenomena occurred during the transient may be hindered by several factors:

* Ignorance of the analysts about the models actually included in the code.

* Tendency of the analysts to explain the results in terms of models simpler than those
embeded in the code (the homogeneous equilibrium model is perhaps the most repre-
sentative example).

* Tendency of the analysts to explain the code results in terms of physical phenomena
not modelled at all in the code.

1.1.4 User effect

Thermal hydraulic codes have several options, many of which are taken by default, that must
be chosen by the users in the input file. These options allow for the selection of different
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models, solution procedures, convergence criteria, etc. Furthermore, different users may
solve the same problem by means of different strategies and procedures (nodalization, time
step, cross-flow or normal junctions, models, etc.), leading to dramatically different results.
This is what is called the undesirable user effect, which has caused a great concern in the
international community [6].

1.2 Objectives

The main objective of this work is the development of a computer tool to help the users
of thermal hydraulic codes, and particularly of RELAP5, to solve or alleviate the problems
described in section 1.1. The proposed tool will be achieved by integrating the RELAP5
code in a higher level computing environment that allows for the on-line calculation of
new variables, balances, verifications and information in addition to those available in the
code output files. The tool will comprise a number of computer programs linked with each
other according to a given standard for code connection. Such a standard is the object of
reference [36].

In a finer detail, the tool will be capable of:

* Finding errors in the input file.

* Determining the local contribution of the several contributors to the global result of
the code.

9 Checking the consistency of the calculation with the original equations.

* Comparing different codes, models and even machines and compilers. This may help
the user to ensure that his assumptions to interpret the code results are valid at least
in the particular transient.

As a summary, the proposed tool will execute what we shall call in-depth postprocessing of
the RELAP5 solutions, which must not be confused with the more traditional concept of
postprocessing that makes reference to user friendly output visualization.

The analysis tool will comprise the following codes:

* The modular simulation language BABIECA [49], which have been coupled to RE-
LAP5, providing new computation capabilities.

" The Parallel Virtual Machine (PVM) [28,27] message passing library functions. These
functions will perform the information exchange between RELAP5 and BABIECA at
every time step, so the latter code can check the solution computed by the former one.

" The graphical visulization program XMGR5 [101,52], which will be used to plot the
results obtained by both RELAP5 and the analysis tool.
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* The standard UNIX, non-interactive text processor AWK, which will build automati-
cally the BABIECA input file needed to execute the analysis of a given RELAP5 case,
once the user has specified the hydraulic subsystems and control volumes to be checked.
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2 VERIFICATIONS IMPLEMENTED IN THE
ANALYSIS TOOL

2.1 Introduction

This section shows the verifications and additional computations that have been implemented
in tha analysis tool up to now. These verifications will enable us to achieve the goals stated in
section 1, i.e., interpretation of results, assurance of the quality of the solution computed by
RELAP5, fulfillment of the balance equations, comparison or different models and machines,
etc.

The starting point for the verifications is the following set of time and space averaged equa-
tions for the hydrodynamic section of the RELAP5 code. The derivation of these equations
can be found in [41,821. The nomenclature used hereinafter can be found in appendix 6.3.

CONSERVATION OF MASS:

-f•at~ k (OkApkVk) = Ark(1

CONSERVATION OF MOMENTUM:

Yt(akdpkvk) + &x (CkAPkVk) = -akA--7x + akPkBXA

- akpkA FWkVk + AFkvi - &kPkA FIk(Vk - Vk,)
09 Ovk (9vk, (2)

- CCekok'pmA [W(Vk - Vk,) + v -- Vk5X (2

-KakplVkI Vk6 (X - Xo)

CONSERVATION OF ENERGY:

a(akAPkUk) + (akApkukvk) = AP _ - (akAVk)TX at TX(3)
+ AQ,,k + AQik + AFikh* + AFrkh' + A DISSk

In the following sections the new equations used to analyse the RELAP5 results, both in
analytical and discretized form, will be derived.

2.2 Mass conservation equation

The RELAP5 code currently checks the conservation of the mixture mass in full thermal
hydraulic systems. This way of controlling the calculation can fail because of two reasons:
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* Positive mass errors in certain control volumes may be compensated by negative mass
errors in other volumes. In other words, the mass may be globally well computed,
although the local distribution may be wrong.

* Relatively large mass errors in the vapor phase may be masked when compared to the
total mass, since the mass of liquid is in most cases much larger.

As a conclusion, checking of the mass errors in individual control volumes and small subsys-
tems, for each pase, seems to be necessary. However, we must say that the first item has
already been implemented in the 3.2.2beta version of RELAP5.

2.2.1 Analytical derivation

If we integrate equation (1) along a thermal hydraulic system of lenght L we obtain:

dmk L

= JA Ark dx + (4)

where IL
*mk - akApk dx is the mass of phase k in the system and

" Wk =- akApkVk is the mass flow.

Integrating with respect to time we obtain the integral form:

mk(t) = mk(O) + / AFk dx+ k k dt (5)

2.2.2 Discretized form

The fulfillment of the mass conservation equation in a RELAP5 calculation must be checked
using a discretized for of equation (5), since the output information is only available at given
points of the spatio-temporal mesh (nodes of the spatial discretization and time steps.) The
mass in the thermal hydraulic system to be checked is approximated as follows:

N

mk lz I akZ Pk (6)
1=l

where the superindex 1 ranges over the control volumes in the subsystem. In a similar way
the space integral in the right hand side of equation (5) can be approximated by

fL N

NoArk x ; _,v1r (7)

Z----1
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The inlet mass flow is computed as

in a in in inWkn-- A P V (8)

If several junctions are attached to the inlet side of the control volume, the following defini-
tions hold, according to the flow mixing scheme described on section 3.1.7 of [95]:

M

Z~kAiin - =1
ak - (9)

ZA3
j=l

M

EZCkA')9d _, oM (10)

j=1

j=1

/ Mm(111:, a'• A ak p• (1 Ai)

Vin (j= l )' j=1 11

c-(7J 4 A in

The superindex j ranges over all the junctions attached to the inlet face of control volume 1.
A" is the inlet area. Similar definitions hold for the outlet face.

The discretized form of the mass conservation equation remains then as follows:

N
dmk i +l Win oWut (12)• -dt k + Wk Wk

The right hand side of this equation may be integrated with respect to time with a trapezoidal
rule. Its comparison with (6) provides the way to check the conservation of the mass of each
phase.

2.3 Mixture momentum equation

Checking this equation could seem trivial at first sight, since it is one of the original equations
solved by RELAP5. However, it will be useful to ensure that the pressure drop along a pipe
equals the pressure difference between the inlet and outlet sides.
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The sum of the two equations (2) yields:

A9 a(Apmv~_ (aogofpgpfA (Vf)2)

--(Apvm) +5-x M) Ox 9 Pm f

O9P
- + pmABx - %gpA FWgvg - afpf A FWfvf (13)

- Kapg Ivg1 vgj(x - xo) - -Kafpf IpVf I Vf (X - xo)

where mixture density and mixture velocity are respectively defined as:

Pm = agpg + ofpf (14)

Vm = OtgpgVg + OfpfVf (15)
Pm

and x0 stands for the location of the local pressure drop.

The convective term -L agafpga (v9 _ vf)2 accounts for the difference of the two fluid

model with respect to the homogeneous equilibrium model.

Integrating (13) along the direction x we get:

-- f Apmvm dx + Apmv~4O°ut _ ApmVrni =

Q9 ff)2 Ain f)lout
ag(V _ Vf)n agfpgpf A (v9 - Vf)• out

Pm PmfLAO for16
- L "I a dx + pmAB dx (16)

L aegpgA FWgvg dx - j kf pf A FWf vf dx0 1

KagPg 1•1 V9 - 1 Kcafpf v Iv V1

We can assume that the cross-sectional is uniform within a control volume. Furthermore,
if the integrands are also considered as uniform within the control volume, the previous
equation becomes:

pi pou 2 lout _M2 lin
pin pout-~a(pmvmL) + pmVm. -- pmVm

aa g (out inýý(V

+' g&fgPfm (v 9 -_ Vf)2 gtfgf (Vg -- Vf)2

PM mim (17)

- pmHg + agpgL FWgvg + af pfL FWf vf
I1K I1K
2 g p ve I Vg - --- f V1
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where the body force term has been transformed as follows:

pmLB. = pmLg cos(O) = pmHg (18)

The right hand side of the previous equation, computed at every time step with the output
information provided by RELAP5, can be compared with the left hand side. Any discrepancy
between both sides of the equation is an indicator of error in the solution.

2.4 Pressure and volume equations

These are new integral balances, derived from the mass and energy equations. It provides a
new way of checking the RELAP5 results and interpreting the pressure and level evolution
in TH systems.

2.4.1 Analytical derivation

First of all, we derive the enthalpy equation from the energy equation (3), taking into account
that hk = Uk + P79k and neglecting hereinafter the dissipation term, which is taken into
account by RELAP5 only if a control volume contains a pump:

0 0 OP OP
-j(akAPkhk) + -(CekApkhk•vk) = aYA-kA + akAVk- (19)

+ AQwk + AQik + AFrkh* + Arwkh'

Taking into account the relationship

Ohk Ohk = 0Pk 0Pk (ha~ O 1  hk)0--7- vk Pk + vk a k apk )p + [--p + vk -57- P p
~+Vk - E a vpi]( )+[- ~ j (20)

the enthalpy conservation equation (19) is transformed into

akA [ n + vk nPk]

akAT9k[t + Vk'y] (ý [ ) k Ohk)] (21)

( ) [ a Qk [[wk + Qik + rlkhk + rTkh' - rkhk]

The last two factors of the first term in the right hand side of equation (21) can be simplified
as follows:

( OPk )p [d (k =1 _ Ok ('O )' + (OaPk _

a 'P LF \ ak a hk (22)
-OfiJs \\OhkJ . + =

hk aP aP k
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where the following relatioships have been used:

(09)I(ay)iX Ox)0-

Pk = I + Sk

If the isobaric expansion coefficient is defined as

(o ('= )P (23)

and the isentropic compressibility coefficient as

~(24)
^Yk - \0 In Pk (24

the final form of the enthalpy conservation equation is obtained:

[Ononpk + nk 1 Lk [alnP vkOlnP1

L- +t Ox j L-t oX j (25)
- Airk [Qwk + Qik + Fikh" + rkh' - Frhk]

Moreover, if the derivatives in the mass conservation (1) are expanded, and the whole equa-
tion is divided by Pk, we obtain

0 9~l~ 0n Pk__ l 26
S(akA) + akA ItPk + a (akAvk) + cekAvklpk = AFk (26)Ox P

The substitution of (26) into (25) and the integration along the x axis yields the combined
pressure and level equation for phase k:

d Vk cd(ln P)k
dC-- + k dt = Jk + SWk + Dk + Ack (27)

The following variables have been defined in the previous equation:

" Vk is the volume occupied by the phase k,

" Ck -- A-k dx is the phase k system compressibility,
JO Ik
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0L A a.k InPdx
"(In P) k =-- " A'k d

" Jk =- akAVklin - cxkAvkJout is the difference between the inlet and outlet flows in the
TH system,

0L "]Pk
* Swk A-t dx is the expansion/contraction due to phase k appearance/dissappearance,

Po k

* Dk =- A[7rk(Qwk + Qik + Iikh* + rwkh' - rkhk)

+ Fk(V"k - 7sat)] dx

is the expansion/contraction of phase k due to enthalpy variations,
fon [ (a.k ) ak O1nP]

* Ack LA [((lnP- (lnP)k)'9 -- V--kan] dx is a term dominated by

pressure grandients.

The relation fLa (OlnP alnP'• CdP~k Ac(2

J at a - ) dx d (28)

has been also taken into account.

If the two equations (27) are summed, one for each phase, the following pressure equation is
obtained:

A J+ Swk + Dk + Ack
d(ln P) k (29)dt X•ck

k

where

SCk dI ~
d(lnP) k (30)

dt
k

Equation (29) shows that the pressure evolution in a TH system is the result of the acco-
modation of volume changes. The greater the compressibility of the system, the smaller
the impact of those changes in the pressure. The sources of volume change are the inlet
and outlet volumetric flows, the swelling of the phases, the thermal expansions and changes
caused by the pressure distribution along the system.
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Assuming that d(In P •k • , we obtain the following level equation:

d JV±C f d(ldnP)dt7 = Jf + Swf + Df + Acf - C t(31)

The equation above clearly shows that variations of the volume of liquid in the system,
which is closely related to the level, can be caused by a mismatch between the inlet and outlet
volumetric flows, by the appearance/dissapearance of liquid phase, by the thermal expansion
of the liquid, by spatial variations of the pressure and, finally, by temporal variations of the
global pressure. The greater the compressibility of the liquid, the greater the influence of
the variations of the global pressure in the evolution of the level.

2.4.2 Discretized form

The terms in the right hand side of the pressure and level equation can be discretized as
follows: N aV

Ck V (32)

NS __V (33)

1 Psa=

Dk ~ V (Q'k + Q1!k + J~kh*' lkh" - r' h') + r' (191 79(34

N (2' AN ak' v, nAck z V(InP' - (lnP) k)-=(4) + A= 71k ln p (35)

L=1 1=1 k

The volumetric flow Jk is computed with the equations (9) and (11).

The partial derivative with respect to time in equation (35) is estimated by finite differences:

( Ce" -- Cý -(36)

where the superindices n and n - 1 stand for two successive time steps.

The right hand side of equation (29) is integrated with respect to time with a BABIECA
module that implements the trapezoidal rule. The result is compared to

N I
1: V' --kt In P'

(In P)k ; (37)
vl k
X- V ak
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Similarly, the right hand side of equation (31) is numerically integrated and compared with

N

V al V1  (38)
f=1

2.5 Non-equilibrium mass equation

This integral balance, derived also from the mass and energy equations, has been developed
with two purposes:

" Provide an alternative way to check the consistency of the solution with the conserva-
tion equations.

* Under certain hipoteses, a form of the conservation equations that shows the tendence
of two-phase systems towards thermal equilibrium can be obtained. This tendence is
specially strong in the emerging phase, even if the constitutive equations do not indicate
this behavior in principle. If this tendence towards equilibrium in the emerging phase
is confirmed, simplified models can take advantage of that feature. This assumption
is used, for instance, in the HIPA code [108], which leads to more simplified models.
Checking of the equilibrium hipothesis in the emerging phase in a wide variety of
transients would confirm the validity of those simplified models, in which the two
phases are decoupled from each other. More efficient numerical schemes can then be
devised.

2.5.1 Analytical derivation

The continuity equation can be rewritten as follows:

(C (ckAPk) +y-&Akk Pk [(CekA) + ~(okAVk)JE Pk k 19(39)

+ akA [ at + Vk = Ark
at axJ

Defining
k = Pk Pk (40)

" nq
AArk - (akA6pk ) + - (41)

and taking into account the continuity equation (1), the saturation density fulfills the fol-
lowing conservation equation:

0t(kpt + 0(a~p 0k =.-~a +T k k.. (k9Apa) x_(OkApSavk) = (ckAA n (42)

a a
+ ýý-( kApk) + Tx(akAPkVk) = A~rk + Ark)

2-9



If we expand the left hand side of the previous equation we get:

-at (ckA) + (c(aAv,) + A A + Vk- =
t Xat ax (43)

A (Fk + Ark)

Substracting equations (43) and (39), previously divided by ,'kat and Pk, respectively, we
obtain

akA in p[ t + Vk a In pkat 0 In Pk a_• -- aIn Pk]
at O(44)

Ark (at - 79) +AArk

If we define the compressibility along the saturation line as

st d In P
A - dlnpsat (45)

and we use equations (25) and (41), we get

a nq 9-(akmA k T+• (Apqvk)=
pt1 1 (al a lnPk lnP (46)

A J kA at1-I eA(lP + Vk axI P + kj

where dk is the integrand of the thermal expansion term, i.e., dk = -•.

Defining
k(OlnP a lnP) (47)d'q- te aA Ot+ Vk- ]

and
dq dk - dq (48)

we obtain the following differential form of the non-equilibrium mass conservation equation:

a at (ctmSP•A ) + - (aASPvk) = _ktn (49)ataxk (k

Integrating along the x axis:

dmnq L
k- /pa t 

nq dx + wfqli:n- W~nlout (50)
dt 10 J k d+

where the non-equilibrium mass m'q has been defined as

Lnq jnq

Mk akA Pk dx (51)

2-10



and the non-equilibrium mass flow as

W nq = jqakA kvk (52)

The definitions (47) and (48) are physically meaningful. If phase k is in equilibrium, the left
hand side of equation (49) vanishes, yielding

O= 1 (alnP alnPý (53)dk = dek - 1 ) akA O---5-t' + Vk--jý

This is the reason for the definition of (47). The difference between the actual term dk and
that defined as the equilibrium term is just the definition (48).

When phase k is in thermal equilibrium, the terms that include any of the £ variables in the
expresion of dk vanish. dk becomes then

dekq = Alrk(Qwk + Qi) (54)

where Qiq is the interfacial heat in those conditions. The heat transferred to phase k is then
donnored to the other phase through the interfacial surface, subtracting the heat necessary
to accomodate the new saturation conditions imposed by the spatio-temporal variations of
the pressure. The contribution of the pressure is accounted for with the term dk

2.5.2 Discretized form

The integral in the right hand side of equation (50) is approximated, within a control volume
1, as follows:

Ll J sat ,nq

"P Pk "k dx

pat LDlf sa 1 1 CekA (alnP aln Pý
P o k+ Akx ) dx+

Pk natt [D _ +-'/ At/ aBk __(Wln +Vk _- Dx I.
k D kJk

The relations (28) and (31) have been used in the last part of the previous equation.
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The right hand side of the non-equilibrium mass equation (50) is approximated in a whole
TH system by the sum of all the equations (55) that represent each control volume:

LN I Yd Vkn sat' 'k S k •-Lsat dx ' L -Jt

+ Sw5 (56)-2_ a p k k

+ Wk 1qlin- 14Q[n°out

The saturation density in the definition of the non-equilibrium mass flows is that correspond-
ing to the inlet (or outlet) pressure of the system. The equation (56), integrated with respect
to time, is compared then with the following approximation of the non-equilibrium mass of
phase k in the whole system:

N
q 1 k (psat, k pA) (57)

The comparison of the two sides of equation (50) can be used to check the consistency of
the solutions provided by the RELAP5 code, as already declared at the beginning of this

section.

2.5.3 Uncoupling of the non-equilibrium mass equations

The thermal expansion term dk in the non-equilibrium mass equation can be simplified
under certain hipotheses, leading to the uncoupling of the two phases. If those hipotheses
are confirmed, the uncoupled equations could be used as the basis for more efficient numerical
schemes.

The term dk can be rewritten as follows:

dk =A [7rk (Qwk + Qik + rikh" + rwkh' - Fkhk) + ]Pk (Ok - =•at)]

A7rk (Qwk + Qw + Qib) + AFik [7rk (h* - hk) + (19k - Osat)] (58)
+AFwk [7k (hl - hk) + (Vk - Mat)]

where both the interfacial heat and the generation rate of phase k have been split into their
contributions in the wall and the bulk of the fluid, according to the equations

Qik Qik Qik (59)

Fk " Fwk + ]Pik (60)
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If Fik < 0 then h* = hk (see the definition of h* in section 2.6), and the term with Fik in the
left hand side of equation (58) remains in the form

Arik [,rk (h* - hk) + (a9k - 1"at)] = Arik (19k -19sat (61)

In this case the two phases cannot be uncoupled, since the expresion of the generation rate
of vapor in the bulk

ik H (TSat Tk) + Hik' (Tsat - Tk,) (62)
h* - h*,

contains variables relative to the other phase.

On the other hand, if Fik > 0 then h- = hst, and the term with rik in the left hand side of
equation (58) takes the form

A]F1, [Irk (h* - hk) + (?9k _ V9sat)]=
Ar k k k (63)

AFik [7rk (h t - hk) + (t9k k (63)

If the specific volumes are expanded in a Taylor series:(s&%k' sa t = + 1 (:92 tk (hsat  2
19kt=k + - (hk t - hk+\+2/P - hk) . (64)

Neglecting the second and higher order terms in equation (64), and taking into account
the definition of 7k, equation (63) becomes trivial, simplifying the non-equilibrium mass
equation.

Moreover, if F,,k > 0 then h' = hMat and the term Fwk in the right hand side of equation (58)
can also be neglected. In this case the non-equilibrium mass equation remains as follows:

& +o
0 (akAjpq) + x (CekAjpnqv,) - (65)atat k / k( 5

Psa tArk(QW-,k + Qw + Qb) -sateq
Pk ik ik k •k

Since we assume that rwk > 0, this phase appears in equilibrium in the wall, and hence
Q' = 0. The interfacial heat in the bulk is defined by the expresion:

k= Hgk(Tsat - Tk) (66)

Expanding the previous equation by a Taylor series up to the first order:

Qbk ; HikPq ( T) p pkat1kat kpk (67)
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The final form of the non-equilibrium mass equation, assuming that rik > 0 y Fwk > 0, is:
0 + 0 nq Hik jpnq satAlr

oq"• (ckA•Pk) + -7 ( k +rk + Pk wk

sa(1 1) akA (lnP + vOlnP\ (68)
kp+at I )

where all the variables are defined for the phase k itself, demonstrating the uncoupling from

the other phase.

Let's remind that the validity of this model is guarantedd only under the following assump-
tions:

] Fik [Vrk (h~at - hk) + (?k d- sat)] ; 0

* Fwk [17r (hMa t - hk) + (9k - at)] 4 0

" T' t - Tk ; - J__

ksat~ka

On the other hand, if rwk < 0 then h' = hk and the terms that involve the interfacial heat
in the wall and the generation rate of phase k in the wall become

A [rkQik + rwk(19k k- Vat)] =Arwk (('k - Vka ) - rk (h1 - h',)) =

Arwk ((9k - 79sa ) - lrk(hhk - hat ))(

where the following relation taken from the page 4-130 of reference [97] has been used:

rwk = -Qik (70)hl - hl,

The reference [97] also suggests on page 4-132 the following expresions for the generation
rate of vapor and liquid in the wall:

Qwg (wall condensation) (71)
w9 max(hg - hft, 104J/Kg)

Fwf = a hf 1 Mul (wall boiling) (72)w =max(hsa~t - hf, 104 J/Kg)

Assuming that Ihk- hat, > 10 4J/Kg, and taking into account that ýOk k i9~t 7 A, the

following expresion of the non-equilibrium mass equation is obtained:

a aa (akAjpq) + a (cakAPjpqvk) "z

r QwkMul Hik q

[Ifa (hk k -h (73)

+ pkt A7rkQwk (1 - Mul)

+ 1 sat a (ln P alnPk~ ~ t a a t- + Vkax
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Like in the case in which Fwk > 0, the previous equation is decoupled from the other phase,
since h•t depends only on the pressure. The multiplier Mul depends only on the pressure
as well. This multiplier equals 1 for the vapor phase. In this case the first term with the
variable Qwk in equation (73) vanishes.

It is convenient to remind here that these conclusions are valid only for the phase in which
Fik > 0 and Fwk < 0, under the following assumptions:

r 'ik [Trk (hsat - hk) + (19 k - dat)] o 0

* Tsat - Tk __ 5 6P_.q
Pkf k

S1k - t ýý

Confirmation of these assumptions in a wide range of transients will allow to validate the
new model based on the non-equilibrium mass equations.

2.6 Correspondence with the RELAP5 output variables

To evaluate the integral balances described in the sections 2.2 to 2.5 it is necessary to associate
the variables involved in those balances with the output variables provided by the RELAP5
output files. The partial derivatives are obtained from the three partial derivatives obtained
in RELAP5, i.e.:

*cp-

On the contrary, the partial derivatives available in the BABIECA module r5prop, needed
to evaluate the properties along the saturation line, are the following:

cp =__ )

Several derivatives of thermodynamic properties, computed as function of the two groups on
variables above, are shown in Appendix 6.3.

The correspondences are shown below, with the RELAP5 variables on the right hand side
of the equivalences.
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Variables concerning control volumes

C pg csubpg

C-.f csubpf

betagg

Ofbetaf f

71 -drgdp

7f -- drfdp

V1 - vvol

A' - avol

pI-p

a = voidg

•-- voidf

p_ rhog

pI rhof
1

91 =1
f.q r ot
f -- ug

Uf ug

vg E- veig

v1 -= velf

F!g _-- gammai

,f -gammai

Iwg -gammaw

w --- gammaw

gammaw + gammai

r=--(gammaw + gammai)
h' ug + r-o

h' uf +

h fha'(p) if gammai > 0

g - h' if gammai < 0
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f* hf' (P)
fh h'

{satl(p

h= {hat(P)

if gammai < 0

if gammai > 0

if gammaw > 0

if gammaw < 0

if gammaw < 0

if gammaw > 0

Hj'g hig

HEfh if

T al=satt

9T~ tempg

=tempf

Q1N =q-w

Q-1 { ganmaw(h.'g - h"L)

{ga~mmaw(h"t 
- hl)

if gammaw < 0

if gammaw > 0

if gammaw > 0

if gammaw < 0

Qb- hig(sattemp - tempg)
b'-

Qif hif(sattemp - tempf)

FW, =voidg * rhog * fwalg

FW = voidf * rhof * f waif

Variables concerning junctions

v3 -velgj

Vf- velfj

a • voidgj

--f voidfj

/g -rhogj

p'- rhofj

A3= ajun
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K• 3 formgj

K1 - formfj
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3 DESCRIPTION OF THE ANALYSIS TOOL

3.1 Introduction

This section describes the codes and computer programs used to build the proposed analysis
tool and the way they are connected to perform the in-depth postprocess of the results
obtained in RELAP5 calculations.

3.2 Description of the programs used in the analysis tool

3.2.1 The RELAP5 code

RELAP5 is the thermalhydraulic code whose results will be checked with the analysis tool.
Thus, it is the central code of it. Please refer to [95] for details on the code.

3.2.2 The BABIECA simulation language

BABIECA is the driver of the continuous, general purpose simulation language integrated
in the package CAMPEADOR [49]. BABIECA will be the core of the analysis tool. It is the
central program to which the rest of the codes will be connected. It performs the additional
calculations described in section 2.

The BABIECA simulation language is modular, which means that the problem to be solved
is defined as a block diagram. Each block may be considered as a multi input-multi output
relation between time-evolving variables, and represents a physical system or a mathemat-
ical procedure. The input-output relation consists of a set of differential equations plus a
numerical solution algorithm (implicit). There is no common solution algorithm for all the
blocks, as it is the norm in most simulation languages. Blocks are particular instances of
computational entities called modules. The set of private data of the block defines it, while
it is the connection among the blocks and the overall computation order that constitute the
global numerical scheme. Each block has a number, defined by the user in the input file.
The block outputs are numbered successively starting from the block number. The user must
take care of avoiding output number overlaping. The driver routine of BABIECA manages
the time step control and calls the modules sequentially in the user-defined order. When all
the blocks have been successfully computed the time step is considered to be finished, and a
new time step calculation begins.

Modules cover a broad range of mathematical tools, physical models and special components,
and are mainly oriented, but not limited, to the solution of large thermal hydraulic networks
like those appearing in nuclear power plants. Among all the modules available, only few will
be used in this tool. The most important one is the module called FUNIN, which is a parser
that processes, at each time step, a FORTRAN-like mathematical expresion dependent upon
the block inputs. Other important modules are LOGATE, which obtains logical variables from
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analogical inputs, R5STEAM, which contains the RELAP5 water properties tables, FINT, which
implements time dependent functions, WRITES, used to write column formatted output files
and finally SNDCODE and RCVCODE, used for the connection with other codes.

3.2.3 Parallel Virtual Machine (PVM)

Parallel Virtual Machine (PVM) [27, 28] is a software for the parallelization and exchange
of information between different computer processes. It runs on top of the UNIX sockets.
PVM is interoperable, i.e., the computer processes to be connected can run even on different
machines of different nature. It is only required that the machines be connected through the
TCP/IP protocol.

PVM comprises a library of C and FORTRAN functions and a daemon program called pvmd.
The library provides functions to spawn a new process from a running one, to pack data in
buffers, to send these buffers, to receive them and to unpack the data. These functions, when
properly inserted in the source code of the original programs, allow the developers to make
the programs work concurrently to perform an overall task.

It is convenient here to make a reference to the Message Passing Interface (MPI) software [32].
It is more oriented towards parallelization of codes running in multiprocesor machines than
towards distributed computing. It only can work between machines of the same type. An-
other drawback is the incapability to spawn processes. On the other hand, it shows a better
performance in the exchange of information between processes. The University of Tennessee
and the Oak Ridge National Laboratory are planning to develop a product that would sup-
port all the capabilities of both PVM and MPI, called PVMPI [23]. If this product is finally
released, it is almost sure that it will become the new standard for parallelization and con-
nection of programs.

3.2.4 The text editor AWK

AWK is a non-interactive text editor included in all standard distributions of UNIX-like
operating systems. Details and reference manual can be found in any UNIX reference manual.
Generally speaking, AWK is a C-like interpreted language that allows users to use and operate
variables on the fly without previous definition. The AWK command are usually written in
a file. These commands read information from a set of files, process the information, and
generate another set of files. The file containing the AWK commands comprises three parts:

" A section called BEGIN, where the user can initialize variables and define parameters
used along the rest of the file.

* A main body, in which AWK searchs for lines containing given patterns in a set of
files specified by the user. Depending on the matching of these patterns, and the
information contained in the files, AWK can generate new information, in form of new
variables, operations between variables, etc.
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* An END section, in which AWK can generate new files depending on the information
generated in the main body.

Due to its special features, AWK is specially useful for automatic generation of particular
purpose input files of general purpose programs.

3.2.5 XMGR5

XMGR [101] is a program for the treatment and graphical display of scientifical data. The
XMGR5 program [52] is an extension of the previous one, which is capable of reading the
information stored in the RELAP5 restart-plot files. In addition, XMGR5 can access the
RELAP5 water property tables. For these reasons, XMGR5 has been chosen to display the
results of the RELAP5 in-depth postprocessing.

3.3 Linkage of the codes

In this section we describe how the previous codes are linked to build the postprocessing
tool.

3.3.1 The BABIECA-RELAP5 coupling

BABIECA is the central program of the postprocessing tool. It will be connected to RELAP5
via the PVM library functions, allowing the exchange of information between them. Output
information from RELAP5 will be transferred to properly built BABIECA blocks in order
to perform additional verifications of the RELAP5 calculations.

The coupling between BABIECA and RELAP5 was established in a general way that could
be used to couple any other code. This may allow to postprocess other codes in the future,
aside from RELAP5, or just to run combined simulations where each code is responsible for
the calculation of certain phenomena. The first step towards generalization of code coupling
was the definition of a standard specifying how a scientific code must be written to facilitate
the connection to a general purpose modular simulation language such as BABIECA. A full
description of this standard will be the object of another report. A description of the code
connection philosophy can be found in [38]. However, some general ideas will be given here.

The proposed standard assumes that the codes will be coupled to a modular simulation
language with capabilities similar to those of BABIECA. The connected codes will behave
then as blocks of the modular simulation language. The user can now connect the inputs
and outputs of the codes by defining a connection topology in the modular language.

Instead of writing a different module for each code coupled to the system, the standard estab-
lishes that the modular language will link to any other code by means of two modules called
respectively sndcode and rcvcode. When using the module sndcode, the user must specify
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in the BABIECA input file the code to be used, with the proper command line including
options, and the names of the variables that will be modified externally by BABIECA. These
variables can be boundary or initial conditions. The sndcode spawns the remote code, using
the command line defined in the input file, and sends it the names of the boundary and
initial conditions that will be supplied by BABIECA. At each time step, BABIECA also
sends the remote code the value of the step, the values of the boundary conditions for the
current time step, and the values of the initial conditions if some flag is activated. rcvcode
is the counterpart of sndcode. The user must specify in the BABIECA input file the names
of the variables whose values will be received from the remote file at the end of each time
step. rcvcode receives from the corresponding sndcode the process identification number of
the remote code, provided by PVM at the spawning time.

The standard also determines how the codes to be coupled must be written in order to
facilitate a proper inclusion of PVM functions, that will allow a synchronized information
exchange with the modules sndcode and rcvcode. The PVM library functions will be exe-
cuted only if the code detects that it has a parent process, and hence it has been spawned
by BABIECA. This allows to use the same executable file of the code for coupling with
BABIECA and for standalone calculations. After being spawned, and after reading the cor-
responding input file, the remote code will receive from sndcode the names of the boundary
and initial conditions to be transferred by BABIECA. These names must be in agreement
with a established nomenclature, which is code dependent. With these names the coupled
code must be capable of finding a pointer to the values of the corresponding boundary and
initial conditions. The code also receives from rcvcode the names of the output variables to
be sent to BABIECA, in order to obtain pointers to the memory allocation of those variables.
At each time step, the code receives from sndcode the time step size and the values of the
boundary conditions. Initial conditions are also received if necessary. The received values
are used to overwrite those computed from the code input file and stored in the memory
positions pointed by the pointers mentioned above. Once the solution is advanced one time
step, the code sends to rcvcode the values of the demanded outputs.

Although the RELAP5 code does not comply with the standard, PVM routines have been
properly inserted into the source code to make it behave as if it met the requirements. Not all
the capabilities specified in the standard have been implemented in the RELAP5-BABIECA
coupling. For instance, only boundary conditions specified by means of time dependent
volume or junctions can be overwritten. No initial conditions can be supplied, since this.
feature is not necessary for postprocessing purposes.

3.3.2 The role of the AWK editor

The non-interactive text editor AWK is used to build the BABIECA input file necessary
to check the results of a given RELAP5 case and once the user has specified the control
volumes to which the checks must be applied. The checks are hence written in a file called
babpost. awk, which contains AWK commands. The file is listed in appendix 6.3. With this
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Figure 1: Functioning diagram of the analysis tool.

file, and depending on the particular RELAP5 calculation and the volumes to be checked,
the AWK editor builds the corresponding BABIECA input file.

3.3.3 The role of the XMGR5 program

XMGR5 is just used to graphically display the RELAP5 and the postprocessing results after
the end of the calculations. The tool takes advantage of the XMGR5 capabilities to read
RELAP5 restart-plot files.

3.4 Functioning of the analysis tool

The analysis tool described in this report works as depicted in figure 1.

First of all, the user must write an ASCII file containing the following information in suc-
cessive lines:
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FILE = rootword

HOST = host

INITTIME = inittime
STARTTIME = starttime
ENDTIME = endtime
FREQ = freq
NSYSTEMS = nsystems
For each thermalhydraulic subsystem the file must contain also:
SYSNAME = sysname
NVOLS = nvols

cccvvO000

The words in typewriter type must be written literally. The words in italics have the following
meaning:

* rootword is the root name of the RELAP5 case to be checked. It is assumed that the
input file has the extension . i appended to the root name. The RELAP5 output file
will be called rootword. o and the restart-plot file will be rootword. r.

" host is the name of the host where the RELAP5 executable file is allocated.

" inittime is a real number specifying the transient instant, in seconds, at which RELAP5
will be spawned by BABIECA. It is used to synchronize the times of BABIECA and
RELAP5, specially when the RELAP5 calculation is a restart case.

" starttime is a real number specifying the transient instant, in seconds, at which the
checks begin.

" endtime is a real number specifying the transient instant, in seconds, at which the
checks end.

" freq is an integer number specifying the frequency used to write output data, in time
steps.

" nsystems is the number of thermalhydraulic subsystems to be checked. A TH subsys-
tem is a set of RELAP5 control volumes defined by the user. They may be connected
or not.

" sysname is a name given to each TH subsystem. The results of the verifications in
each subsystem will be written in a file called
rootword_ sysname .dat.

" nvols is the number of control volumes in the current TH subsystem.

" cccvvOOOO is a nine digit string denoting each control volume, according to the RELAP5
nomenclature. The three digit substring ccc refers to the RELAP5 hydrodynamic
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* component and the two digit substring vv refers to the number of the volume within
the component (01 for a single volume). The last four digits are always 0000.

In the following lines an example of a file of this type is shown:

FILE = liq-pres
HOST = spp2k.
INITTIME = 0.0
STARTTIME = 200.0
ENDTIME = 400.0
FREQ = 5
NSYSTEMS = 1

SYSNAME = mainpipe
NVOLS = 10
404010000
404020000
404030000
404040000
404050000
404060000
404070000

404080000
404090000

404100000

After writing a file like this, the user must execute from the UNIX command prompt the
following sentence:

awk -f babpost.awk inpfile rootword.o > babfile.bab

The previous line performs the following actions: the AWK editor reads the file of AWK
commands contained in the file babpost. awk and looks for the information in the file inpfile.
Once this information has been read, and AWK knows about the control volumes to be
checked, the AWK editor looks into the RELAP5 output file rootword. o to identify the
junctions connecting the control volumes to be checked. This file must be available by
running the RELAP5 input file rootword. i, preferably in check mode. Finally, AWK writes
the BABIECA input file babfile. bab, which performs the ckekings of the RELAP5 calculation.

The following step consists in running PVM with a configuration file specifying the hosts
that will constitute the virtual machines, executable paths, working directories, etc. Here is
an example of such a file:
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# Configuration file for pvm3

spp2k dx=/opt/pvm3/lib/pvmd
ep=$HOME/bin: $HOME/relap/pvmcomp/selap
bx=/users/rhs/casos/testpvm/debugger
wd=$HOME/relap/postcases/liq-pres

The PVM daemon is activated just by typing

pvm pvmnconf-file

from the command prompt, where pvmrconf-file is the configuration file.

The postprocess of the RELAP5 case is then executed by typing

BABIECA -n babfile.bab

BABIECA spawns then a RELAP5 process and sets the communication between them. Af-
ter finishing a time step calculation, RELAP5 sends the required variables to BABIECA.
The latter computes then the proper verifications. Once the calculation is finished, PVM
must be deactivated. The results of each TH subsystem are stored in files named root-
word sysname.dat. The results concerning individual volumes are stored in files root-
word cccvv, dat. The variables in these files can be displayed with XMGR5.
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4 APPLICATION EXAMPLES

4.1 Introduction

This section illustrates the capabilities of the analysis tool by means of some application
examples.

Example 4.2 reveals an error in the input file due to the user. Section 4.3 is a good example
of interpretation of the results computed by the code, which demonstrates a fake argument
commonly used to explain the different depressurization rates obtained when a breach ap-
pears in the vapor or liquid region of a hydraulic system. The same example is used to verify
the non-equilibrium model derived in section 2.5. Example 4.4 points out the boundary
condition overspecification problem in several TH codes. Finally, application example 4.5 is
devoted to other problem usually found in TH codes: flow mixing and splitting in converging
pipes.

4.2 Compression caused by heating in a closed pipe

4.2.1 Example description

This example consists in an 18 node horizontal pipe. Allthough all the nodes are equal, it
is convenient to discriminate between the ten central nodes and the two groups of 4 nodes
each one located at the tips of the pipe. The noding is shown in figure 2. The pipe is
closed in both sides, and initially filled with liquid and vapor in equilibrium conditions, in
a horizontally stratified regime. The pressure is similar to that of the primary circuit in a
PWR. After running a null transient, to let the system reach a steady state, a heat power is
introduced in each of the ten central nodes. The total power is represented in figure 3.

o 0
Zz z

----------------- ->

Figure 2: Nodalization used in the example.

As a result of the heating, and being the pipe closed in both sides, we expect the pressure
to rise, along with the void fraction. Since the problem shows a clear spatial simmetry,
simmetric results are so expected.
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Figure 3: Power introduced in the pipe.

4.2.2 Analysis of results

Figure 4 shows the two sides of the pressure equation (29), in the TH subsystem defined by
the ten central nodes that constitute the pipe 402. Both sides of the equation are identical.
No anomaly in the solution can be inferred from this results. The figure also shows the
expected increase of the system pressure.

The comparison of the two sides of the level equation is fully satisfactory either, according
to figure 5. Nevertheless, an increase of the liquid level in the system is observed, contrary
to what is expected. This observation suggest an error in the simulation of the example.

Figure 6 shows the expected increase of the vapor mass, even though great discrepancies
between the two sides of the equation can be noticed. Mass errors in the vapor phase are
very frequently observed in RELAP5 calculations. The mass error is neglibible in the liquid
phase, represented in figure 7. This figure also shows, contrary to what is expected, an
increase of the liquid mass.

The two sides of the non-equilibrium mass equation, for the vapor phase, shown in figure 8,
are not coincidental because of the mistmach of the vapor mass. On the other hand, the
verification of the liquid non-equilibrium mass equation is satisfactory, as shown in figure 9.

The terms taking part in the pressure and level equations are displayed in figure 10. The
only non-zero terms are the volumetric ones, which have surprisingly the same shape in both
phases.

Figures 11 to 17 illustrate the same analysis in pipe 500. The postprocessing of the pressure
equation leads to results identical to those obtained in the pipe 402. However, the liquid
volume decreases during the transient, unlike in pipe 402. The simmetry of the problems
does not seem to allow a result like this, reenforcing the suspects of an error in the solution.
The two sides of the vapor mass equation are quite diferent either.
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It can also be noticed that the mass vapor is different in pipes 402 and 500. The liquid mass
decreases as well, unlike what happens in pipe 402. Discrepancies in the non-equilibrium
mass equation, caused by the errors in the vapor mass, are still observed.

The only non-negligible terms in the pressure and volume equations are still the volumetric
ones (see figure 17). However, the shapes of the vapor and liquid volumetric terms are quite
different, contrary to pipe 402. This additional element of assimmetry is another indicator
of an error in the definiton of the problem, very probably induced through the input file.

Looking thoroughly into the input file, it was found out that the homegeneous equilibrium
model had been in specified in the junction 403, very probably as a result of a cut and paste
operation. This specification introduces an element of assimetry in the problem, which is
enough to justify the different results obtained in the pipes 402 and 500. The inadverted
use of the homegeneous equilibrium model in the junction 403 explains why the volumetric
flows in figure 10 have the same shape. In a homogeneous model the velocity of each phase
is identical. Thus the difference in the volumetric flows is caused by the scaling of the void
fraction. Once the error in junction 403 has been fixed, the example and the postprocessing
tool have been rerun.

The figure 18 shows that, once more, the analysis of the pressure equation is satisfactory.
Both sides of the level equation (see figure 19) are also in good agreement. It must be
realize that the level decreases as expected. Significant mass errors (figure 20) are still
observed in the vapor phase, suggesting that the solution is not completely right even when
the homogeneous model flag has been corrected. on the other hand, the liquid mass shown
in figure 21 is properly preserved. As a consequence of the mass errors, the non-equilibrium
vapor mass analysis is not satisfactory either. The non-equilibrium liquid mass is preserved,
because the liquid mass is. The terms of the pressure and level equations are plotted in
figure 24. The only non-negligible terms are the volumetric ones. It is very curious that in
the permanent regime at the end of the transient the vapor volumetric flow is compensated
by the vapor flow, resulting in a steady pressure. On the contrary, the level never reaches a
steady state, remaining in an oscillating permanent regime, since only the liquid volumetric
flow plays a role in the corresponding equation.

The results in the pipe 500 are identical to those obtained in pipe 402, as shown in figures 25
to 31. This confirms that, as expected, the results are symmetric with respect to the spatial
variable x.

4.3 Depressurization in a circuit with liquid and vapor

4.3.1 Justification of the example

The example shown in this section illustrates the use of the analyisis tool to interpret the
results computed by the RELAP5 code. It will be also used to check the hypotheses that
lead to the simplified non-equilibrium mass equations derived in section 2.5. The example
consists in a closed hydraulic circuit, nodalized as represented in figure 32, initially filled with
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Figure 26: Verification of the level equation. Pipe 500.
Revised example.
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Figure 28: Verification of the liquid mass. Pipe 500. Re-
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Figure 32: Circuit nodalization.

liquid until approximately half the level of the circuit. The other half is filled with vapor.
The thermodynamic conditions are similar to those of the secondary circuit of a PWR.
Being in stagnant conditions, the liquid occupies the lower half of the circuit and the vapor
occupies the upper half. The exercise is focused in the comparison of the depressurization
rates obtained when a breach of the circuit takes place either at the uppper part or at the
lower part. It is well known that a break in the steam line of a secondary circuit leads to a
greater depressurization rate that a break in the feedwater line. The explanation given by
many authors ( [3] among them), is that the energy released through the break is greater if
steam leaks. This argument assumes a direct relationship between the specific enthalpy of
the fluid leaking through the break and the system pressure which is not demonstrated.

Figure 33 shows how, as predicted, the depressurization rate is grater if the break is induced
in the upper part of the circuit, filled with vapor.

4.3.2 Verification of the balance equations

Before proceeding to interpret and explain the results, the fulfillment of the mass, pressure
and level equations will be checked, according to the equations (1), (29) and (31).

Figure 34 shows the two sides of the pressure equation, when the break takes place in the
vapor region. The agreement between them is fair. No objections can be made to the results
from this viewpoint at least.

The two sides of the level equation (31), shown in figure 35, are also in good agreement.
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On the contrary, the postprocess of the vapor and liquid mass equations, shown respectively
in figures 36 and 37, leads to dissapointing results, questioning the quality of the solution.
Note that the errors in the vapor and the liquid phase are of similar order, but with opposite
sign. This is a good example of compensation of the mass errors between the phases, which
is not detected by the RELAP5 mass verification.

If the break takes place in the liquid region, the analysis of the pressure, level and vapor and
liquid mass, represented respectively in figures 38, 39, 40 and 41, leads to similar results.
Error compensation between the liquid and vapor phases is observed as well, although it is
smaller than when the break occurs in the vapor region.

4.3.3 Interpretation of results

Although the specific internal energy and enthalpy are greater for the vapor phase than for
the liquid phase, the energy and enthalpy flows released through the break are greater when
the break takes place in the liquid region, because of the higher density of this phase. This
is confirmed in figures 42 and 43. As a conclusion, the higher depressurization rate when
the break occurs in the vapor region cannot be explained in terms of the released energy.
Another explanation must be found.

The results computed by RELAP5 can be interpreted according to the pressure equation (29).
Figure 44 shows the terms in the numerator of the pressure equation, except the negligilbe
Ac term, when the break is induced in the vapor region. The same terms, for the case of
break in the liquid region, are shown in figure 45.

It is easy to realize that the depressurization is mainly driven by two term, in the first
part of the transient at least. Those are the volumetric term J (for the vapor phase in the
first case and for the liquid phase in the second, one) and the swelling term Sw9 (caused
by the appearance of vapor). Both terms tend towards mutual compensation, although the

4-13



16

15.5

15

3.2

Left hand side

6Right hand side

0

-d

3

2.81

Lethand side .. . ... . . .

Right hand side

2.61

14.51
2.41

14'-
0

2.2
20 40 60 80 100 0 20 40 60 80 100

Time (s)

Figure 34: Pressure analysis. Break in vapor region.

Time (s)

Figure 35: Liquid volume analysis. Break in vapor region.

0

150[

0 .......... . .........................

-50 Left hand side .. ..

- Right hand side

-100"''

2400

2300

2200

2100

2000

19000

Let hand side . . . . . . . . . . . .

1--Right hand sd

L-

-v-0 20 40 60 80 100 20 40 60 80

Time (s)

100

Time (s)

Figure 36: Vapor mass analysis. Break in vapor region. Figure 37: Liquid mass analysis. Break in vapor region.



15.8

34

15.61

15.4

_eLeft hand side

- Right hand side

2

-- Left hand side

-.- Right hand sidel'

1115.2

#U

20 40 60 80

Time (s)

100 0 20 40 60 80

Time (s)

Figure 39: Level analysis. Break in liquid region.

100

Figure 38: Pressure analysis. Break in liquid region.

Innf
J-UV 2500

0

1601........... .......... . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . .

Left hand

Right han

20001
bfl

C,,
CO

S

-S

15001

Let hand side .. . . . . .. . . . .

6Right hand sidie

10001
140

500

1200 E
20 40 60 80 100

00L
0 20 40 60 80 100

Time (s)Time (s)

Figure 40: Vapor mass analysis. Break in liquid region. Figure 41: Liquid mass analysis. Break in liquid region.



-~40

bfl

~30

0

~20

10 i

.1u

I

---- Break in vapor region

- Break in liquid region

bfl

0

30

201

---- Break in vapor region

-E- Break in liquid region

I . . . .I 10 1....

k.
06 20 40 60 80 100

Time (s)

0 0 40•-- 20 40 60 80 100

Time (s)

Figure 43: Enthalpy flow released through the breaks.Figure 42: Energy flow released through the breaks.

1

co

04

U,

0'
V
V

U,
V
5-
04
V

'.4-.
0

5-

100 100
Time (s)

Figure 44: Terms of pressure eq. Break in vapor region.

Time (s)

Figure 45: Terms of pressure eq. Break in liquid region.



U

-4 Break in vapor region [

-B Break in liquid region

5 4........ ............... ..... .........

0

0 20 40 60 80 100
Time (s)

Figure 46: System compressibility.

volumetric term is always the dominant one. The sum of the two terms is greater when
the break occurs in the vapor region, leading in this case to a greater numerator in the
pressure equation. Moreover, the system compressibility, which acts as the denominator
of the pressure equation, is greater when the break takes place in the liquid, as shown in
figure 46. The global effect is that the depressurization rate is greater for a break in the
vapor region.

4.3.4 Verification of the simplified non-equilibrium model

This section is devoted to the verification of the hypotheses under which the simplified non-
equilibrium mass equations described in section 2.5 are valid and the two phases remain
decoupled from each other. Fulfillment of equations (68) and (73) will then be checked in
the current example. For the sake of brevity, only the control volumes 10001 (in the upper
part of the circuit) and 10001 (in, the lower part) will be checked. We remind that this is
an exercise to illustrate how a code can be used to validate, as if it were an experimental
facility, simpler models. We do not intend to validate the above mentioned hypotheses at
the sight of this exercise. A true validation would require a huge number of transients and
calculations.

If the break occurs in the vapor region, the vapor generation rate in volume 10001 is positive
during the whole transient. Hence the verifications must be performed in this phase.

Figure 47 represents the right hand side of equation (49) and the term of that side including
the dependency on rig. It is clear that this term contributes very weakly to the right hand
side of equation (49).

The terms that depends on rw is zero, since no heat is transferred through the wall.

Figure 48 displays the bulk interfacial heat versus its approximation according to equa-
tion (67). The agreement is excellent.
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The liquid generation rate is positive in volume 20001 during all the transient, with the
exception of the first instants. The right hand side of equation (49) is much larger than the
term with Fif, as shown in figure 49. The bulk interfacial heat for the liquid phase is almost
identical to its approximation (see figure 50). During the first instants of the transient the
interfacial heat is zero according to the figure. This only means that rif is negative during
those instants and the simplified model is not applicable for the liquid phase. It must not
be understood as a true zero value.

If the break occurs in the liquid region we come out with the similar conclusions, as shown
in the figures 51 and 54.

It can be inferred at the sight of these results that the simplifying hypotheses of the non-
equilibrium mass equation could be applied in this example at least.

4.4 Over specification of boundary conditions

4.4.1 Motivation and background

This example tries to show how the post-processing techniques can be used to identify po-
tential mistakes committed during the development of a TH computer code, which can lead
to unphysical systems even if the problem is well posed from the mathematical point of view.
A historical review of the boundary condition over specification problem is pertinent here.

During the 1996 Fall CAMP Meeting [35] the overspecification of boundary conditions in the
RELAP5 code when using time dependent junctions was already pointed out. The problem
was illustrated with an example based on a simplified pressurizer model. No correcting
actions were taken at that time, probably because the root cause of the problem had not
been identified yet.

During the 2000 Fall CAMP Meeting, Dr. Jingzao Zhang from Tractebel presented a simple
RELAP5 case which led to surprising and unphysical results. It will be demonstrated here
that the cause of these results is, like in the pressurizer case presented in [35], the overspec-
ification of boundary conditions. Zhang's case will be finally used to illustrate the problem
and explain the root causes, since it is much simpler and leads to more dramatic results than
the pressurizer case.

Zhang's case, depicted in figure 55, comprises a time dependent volume (TDV) at the inlet
side and another at the outlet side, one single volume, one time dependent junction (TDJ)
that connects the inlet TDV to the single volume to specify the inlet flow, and a single
junction at the outlet side. The pressure in the inlet TDV is set to 4 MPa and the temperature
to 553 K. The pressure of the outlet TDV is set 2.1 MPa, and the temperature, which does
not affect the result since the volume is placed downstream, to 523 K. The mass flow in the
TDJ is kept constant at a value of 10 Kg s-1. The initial conditions in the single volume are
those of the outlet TDV. The initial velocity in the single junctions is zero. In the conditions
described above, the system contains superheated steam. Since the inlet TDJ forces the
fluid from the inlet TDV to replace the fluid of the single volume, we expect a increase of its
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temperature. In the final steady-state, the thermodynamic properties of the single volume
should be very similar to the boundary conditions specified in the inlet TDV.

TMDPVOL TMDPJUN SNGLVOL SNGLJUN TMDPVOL

350 351 400 410 500

P=4MPa w = lO kg/s P= 2.1MPa P= 2.1MPa
T = 553 K T = 523 K T = 523 K

Figure 55: Zhang's problem.

4.4.2 Original case

The postprocessing of Zhang's example reveals some inconsistencies. First of all, the global
pressure equation is not fully satisfied, as shown in figure 56. Figure 57 shows that, although a
little liquid fraction appears in volume 400 during the transient, that fraction is not accounted
for in the right hand side of the level equation. The vapor mass, represented in 58, is properly
preserved. The non-equilibrium vapor mass balance in figure 59 is not fulfilled. The pressure
drop derived from the momentum equation, and caused mainly by the friction in volume 400,
has been represented against the difference P35 0 - P5 00 in figure 60. The mismatch between
the two computed variables is evident.

Direct observation of some physical variables provides evidences of unphysical results as well.
Figure 61 shows that the temperature in volume 400 decreases during the transient, contrary
to expectations. The vapor enthalpy in figure 62 undergoes an unexpected variation too. The
temperature and the enthalpy were just the two variables that moved Dr. Zhang to present
his results. Other variables present an abnormal behavior, such as the density in figure 63,
and the pressure in figure 64.

4.4.3 Zhang's problem with PV term

Reference [107] tries to explain the results obtained in Zhang's problem and to provide a
solution that leads to physical results.

That reference states that the internal energy equation (3) is not able to preserve the enthalpy,
since its discretization leads to the following convective terms upstream and downstream, in
the single phase case:

(&+itj+1±2 + PL) vj+IAj+I (74)

- (ýj5itj + PL) v3Aj (75)

where L stands for the single volume 400. The term (74) represents a donnor cell formulation
of the enthalpy equation convective term in the downstream junction, while the term (75)
does not represent an equivalent upstream term. For this to occur, the donnor cell pressure
PK should appear in the term instead of the downstream pressure PL.
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To force this behavior, a new option has been added to the junctions of a developmental
version of the RELAP5 code. Upon activation of this option, called the e-flag, the code adds
the term - (PK - PL) vjAj to the energy equation in the corresponding junction, where KK
stands for he upstream TDV 350. This term is referred to as the PV term in the RELAP5
documentation.

The results obtained with the activation of the e-flag in the inlet time dependent junction
couldn't have been postprocessed as the developmental version of RELAP5 including the
PV term in the TDJs has not been available. Physical inconsistencies still arise anyway.
Although the vapor enthalpy approaches asymptotically the value defined in volume 350
(see figure 66), the temperature does not show the same behavior (see figure 65). The
temperature is increased during the transient, but it never reaches the value in volume 350.
The density, represented in figure 67, remains constant in its initial value. The pressure,
shown in figure 68, is kept in its initial value as well.

4.4.4 Over specification suppression with pressure feedback

Having proved the inefficiency of the PV term, it is necessary to explain the cause of the
unphysical results obtained with Zhang's problem and why the PV term fixes the enthalpy
balance even when other variables such as the temperature and the density do not behave
as expected. Single phase flow will be assumed in the following, which does not result in a
lack of generality.

When using time dependent volumes only, without time dependent junctions, the following
boundary conditions are specified:

* the upstream pressure,
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" a thermodynamic property defined upstream (typically the temperature or the internal
energy)

" the downstream pressure (the rest of variables defined in the downstream time depen-
dent volume are not donnored and have no influence in the code results, although the
code requests the user to input those values)

The number of boundary conditions is then three. The RELAP5 solves in this case the
following set of linearized equations (see [95] for details):

Ax~b~gV~j+ + g 2 V;ý (76)

where the matrices are defined as follows:

r -n+1 - U1
X U U

(77)

A=[UL nPLI

(Op + PAJ L VI

(L-( P, + n n n ( P n•

b [,L + DISSL)At

92=F - ý-A3At/VL

uý,5g~l + PnL)AjAt/VL

(78)

(79)

It is assumed that the density in matrix A depends on the pressure P and the internal energy
u. When a partial derivative of the density is present in that matrix, with respect to a given
variable, it must be understood that the other variable is kept constant.

The two linear equation system (76) is obtained from the mass and energy equations, dis-
cretized in the control volume L. The whole system is obtained by adding the two equations
obtained from the discretization of the momentum equation in the junctions j and j + 1:

-A~t (pn+' pn+l) = _P XL

ýj EV 2)n _ (V2)nl At_ jAXL V

+ P-ý- (1 + FWjnAt) + t5nHLOSSnAt] Vj+'

(80)
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-t(pn+1 _ p•+l) = - n B.AXLA-At (r+ 1  1H' 2
ýj+ 1P+ _"- (V2)Ln AXL 1()

1.+ [(V + - At - p+ 2v.+ (81)

+ Lpj+,7 (1 + FWjn 1 At) + p;+,HLOSS7+lAt v7+

The previous four equation set has the following unknowns: pjj+l, u vn+1  y vn_1. The

variable pj+l in equation (80) refers to the pressure in the upstream TDV.

When a time dependent junction is used, a new boundary condition, the inlet velocity, is
added. This makes a total of four boundary conditions. This increase of the number of
degrees of freedom is a clear index of error, since that number is inherent to the physical
system and should not be changed by the choice of the set of variables that will act as
boundary conditions. The increase of boundary conditions is caused by the non-solving
of the momentum equation in the TDJ. It's mistakenly believed that this equation is not
necessary, since inlet velocities are provided. As a consequence, the discrete momentum
equation in the inlet junction is suppresed, and the number of equations decreases from
four to three. The mathematical problem is still consistent, since the unknown variables are
also three ((pL+1, uL+1 and .+1). However, it is not consistent from the physical point of
view, since the number of equations cannot be arbitrarily decreased. Once the momentum
equation (81) is not solved, the pressures pL+1 and Pjn+7 are no longer linked by any phisical
principle. This observation modifies all the forms of the energy equation, since the upstream
pressure jp+l which should be computed by the code defines, along with the upstream
temperature, a wrong density and internal energy. These two variables are introduced in the
energy equation through the convective terms.

If the momentum equation were solved in the inlet junction, the system of linear equations
would be:

Ax= + gvj (82)

where
E -ýjAj At/VL= (83)[(Q, + DIssnAt + + P) AJAt/V I (

Note that c is the result of adding b and g 2vjn+l, since the latter term is no longer an unknown.
The momentum equations (80) and (81) are also a part of the system. Nevertheless, the
unknown variable in equation (80) is now pjn+l instead of vn+'. With this system the
number of equations (four) and unknowns (pH+l u ,v+ ' y + p+l) p

Once the root cause of the abnormal results obtained in Zhang's problem has been found,
it is necessary to explain why the PV term is enough to preserve the enthalpy, even though
the momentum equation is not solved in the inlet junction yet.
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As the spatial mesh is finer and finer, the PV term tends to vAý-.

Adding that term to the analytical form of the internal energy equation (3), assuming sin-
gle phase regime, unheated pipe, and neglecting the energy dissipated by friction, such an
equation becomes: 0 0 AOP pOAv (4

-(Apu) + (Apuv) + - (84)

Grouping some terms, and taking into account that the enthalpy is expressed as h = u +;L
we obtain O 0 0(A)85

- (Aph) + - (Aphv) = (AP) (85)

Integrating (85) in space and time:

fjAphdx (t) :=jAphdx(0) + /' (Aphvi" - Aphvilot) dt (6
V fV 0(86)

+ fVAPdx(t) + /VAPdx(O)

If the temporal changes of the pressure are negligible as compared to the terms carrying
the enthalpy, the previous equation becomes an enthalpy balance with no influence of the
upstream and downstream pressures. Even if the pressure gradient is very large, as it is the
case in Zhang's problem, the balance (86) will be preserved anyway. This the reason why
the enthalpy balance is fulfilled when the PV term is introduced.

It must be highlighted that equations (84) and (85) do not represent any physical principle,
since they are derived from adding a ficticious term to a physically meaningfull equation.

It has been proven that the root cause of Zhang's results is the over specification of boundary
conditions, which derives in turn from skipping the computation of the momentum equation
in the time dependent junctions. The ideal solution would be the modification of the RE-
LAP5 code, to apply a different solution algorithm when TDJs are used. However, a less
traumatic solution can be devised. It consists in computing the momentum equation in the
inlet junction through the control variables supplied by the code.

The pressure in the upstream time dependent volume is no longer set by the user. It equals
the pressure in the centre of volume 400, plus the pressure drop due to the momentum
equation. This approach leads to the following equation, which is valid for single phase flow
and a pipe with uniform cross-section:•

EOv l1Ov 2 ] OP WA

p [ +± j +x 1 VFWALv (87)

Denoting the inlet time dependent junction by j, the volume number 400 by L and the inlet
time dependent junction by K, the semi-implicit discretization of equation (87) yields:

__v_ 1 V2_ VJ PL - PK FWALL VL (88)
Ot 2' Axj
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Taking into account that Axj = A', the upstream pressure can be computed as:
v AL 1 AX(89

PK = PL + P, O2 t AXL + P (vL - v2 ) + FWALLAXL (89)

If the boundary conditions in the inlet time depedent junction is specified as a constant
velocity, instead of as a constant mass flow, the term with the time derivative in equation (89)
is cancelled. The computation of a numerical derivative is then avoided. This little change
does not affect the essence. of Zhang's problem.

The momentum equation (89) was implemented through RELAP5 control variables to feed-
back the pressure into the upstream TDV. The following results were obtained.

Figures 69 to 72 show the results of postprocessing the pressure, the volume, the vapor mass
and the vapor non-equilibrium mass respectively. The agreement between both sides of the
respective equations is excellent. A discrepancy between both sides of the pressure drop
equation, represented in figure 73, is observed during the first time step. The cause is the
joint effect of the discretization and the initialization of the velocities to zero values. The
system spend this first time step to reach the inlet velocity specified through the TDJ.

The quality of the solution obtained by feeding the pressure back is confirmed by the good
behavior of other variables, such as the temperature in volume 400 shown in figure 74. This
temperature tends to that in the inlet TDV as expected. This behavior is not observed when
using the PV term, as shown in figure 65. The enthalpy in volume 400 also approaches the
value in the inlet TDV, according to figure 75. The density in figure 76 behaves in a similar
way. It can be realized in figure 77 that the pressure is almost identical in the three volumes,
because the frictional pressure drop is negligible as compared to the global system pressure.

4.5 Full plant model. Flow mixing problem

4.5.1 Introduction

In this last example a transient in a full plant model is analyzed. The transient, which is one
of the sequences obtained in a Probabilistic Safety Analysis, consists in a steam generator
tube rupture with HPIS failure, CVCS failure, accumulator success, steam dump success arid
RHRS success.

The subsystem to be analyzed is the downcomer in one of the steam generators, since the
transient seems to be very demanding in that component. Flow reversal can be observed in
figure 78.

Figure 79 shows the analysis of the global pressure equation in the downcomer. The compar-
ison between both sides of the equation is completely unsatisfactory. On the other hand, the
analysis of the liquid volume equation (see figure 80), is acceptable. The analysis of the vapor
and liquid mass equations (figures 81 and 82) is also satisfactory except for a certain offset
in the vapor, which can be attributed to a certain spike in the derivative of that quantitie. A
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direct comparison of the derivatives of both sides of the equation would be more convincing.
The analyses of the non-equilibrium vapor and liquid mass equations (figures 83 and 84) is
not satisfactory either, as they are affected by the pressure equation. Figure 85 shows the
terms of the pressure and liquid volume equations. The inlet vapor volumetric flow and the
vapor swelling are the dominant terms. Both terms tend to compensate each other.

A possible explanation for the .results obtained in the analysis of the pressure equation is
the flow mixing that takes place at the downcomer inlet. The feedwater, separator and
recirculation flows are mixed at that point. The three flows have very different thermody-
namic properties. To prove this hypothesis, the same analysis have been undertaken again
excluding the first control volume in the downcomer. The resulting subsystem is strictly
one-dimensional, with one inlet junction and one outlet junction.

Figure 86 shows that the pressure analysis is more satisfactory when removing the first
control volume. Similar comments apply to the liquid volume and vapor and liquid mass
equations (figures 87 to 89). However, fullfilment of the non-equilibrium mass equations
(figures 90 and 91) is not properly achieved yet. The pressure equation terms (figure 92)
resemble those of the analysis with the whole downcomer.

The results seem to confirm that flow mixing is not properly treated by the RELAP5 code.
The following lines will try to explain why the RELAP5 treatment of flow mixing is not
satisfactory.

The one-dimensional formulation of two-phase flow dynamics allows to solve problems in
pipes with two well defined ends (i.e., inlet and outlet). In this kind of pipes the direction
along the pipe plays the role of the independent variable in a parametric representation,
ranging from 0 to L, where the latter is the whole length of the pipe. In the case of flow
mixing, where n pipes converge into a single one as described in figure 93, the overall problem
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comprises actually n + 1 one-dimensional subproblems, each one defined in a range [0, Li].
The n + 1 are coupled among them. They are linked in such a way that the boundary
conditions supplied to the pipe on the right hand side in figure 93 fullfil the conservation
equations. Those boundary conditions must be obtained by integrating on a null volume
(i.e., with zero length) the conservation equations (1), (2) and (3). Since the integral of the
volumetric sources is considered to be zero in such a null volume, only the convective terms,
i.e. those affected by partial derivatives with respect to the spatial variable, contribute to
the equations. The integration of a convective term leads to a difference between the sums of
inlet and outlet flows. If a convective terms has the form o", where T is a generic variable

and v is the flow velocity, the integral on a zero volume results in Tv 1,ut - T vIin. Note that
integration on a zero volume requires that the partial derivative with respect to time affect
all the factors, because terms such as O-T- would not have a well defined integral. As a
conclusion, integration on a null volume must only be applied to the so called conservative
form of the conservation equations.

For the mass equation, the convective terms meet that requirement to yield

SakAPkVkin. akAPkVk]°U¢ (90)

The internal energy equation includes a term of the form -P° (OkAvk), which cannot in-
tegrated directly. I.e. the internal energy equation is not a conservative form. In order to
introduce the pressure into the gradient, the kinetic energy equation is added to the internal
energy equation, which results from multiplying the momentum equation by the velocity.
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The kinetic energy equation is as follows:

1A Ovk 1 Ov OP
2kPk-- + kPk = -C-kAVk- + akpkBxAVk

- akpkA FWkVk + AFkvivk - akpkA FIk(vk - Vk,)Vk

a0 -Vk Ovkl (91)
- CkkpmmA (Vk - Vk') + vOx- - Vk-x Vk

1
-"Kakpkvk 6 (X -_ XO)

where the continuity equation (1) has been taken into account.

Adding (91) to (3), the term with the pressure takes the integrable form -°(akPAvk). The
mixing condition is then:

1 2 in 2) ut

Z kAPk ±U 2V Vk - QkAPk (Uk + 2Vk kout (92)

= - S akPAVk lin + akPAVkIout

Taking into account that h = u + P09, the previous equation can be written as

nkApk hk + Vk = .ikApk (hk + Vkut

The momentum equation (2) cannot be directly integrated on a null volume, since a term
of the form -akAý is found on the right hand side. The factors ak and A, which lie
inside the partial derivative in the original three-dimensional equation, are factored out in
the one-dimensional form by using the Gauss divergence theorem:

OP - (akAP) + lim 0 PnxdA + lim f Pn~dA (94)
Ox Ox AX-.OL0 IAX -Ax_, AX W
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where A, is the interfacial area within the pipe interval Ax, Aw is the wall area in the same
interval, and n. is the projection of the unit normal vector to the surface (either interface
or wall) onto the x axis. Even assuming that the interfacial term is zero, the wall term
would still remain. In case of flow mixing, or discontinuous area change, the computation
of that term would remain undetermined. If the discontinuity is seen as the limit case of
a series of problems with ever increasing slope in the representation of the cross-sectional
area with respect to the x direction, the final result would depend on the infinite possible
ways of approximation. A relationship between inlet and outlet properties can be found
for the mass and total energy equations because the terms with spatial derivative represent
fluxes (i.e. they include the factor Avk). Since the velocity is parallel to the wall, the flux
through the wall is always zero. On the other hand, the term with the spatial derivative in
the momentum equation is not a flux and thus the corresponding wall integral is not zero.

As a conclusion, it is impossible to rigorously describe flow mixing or abrupt area change
problems with the one-dimensional formulation. The momentum equation has not been used
in the derivation of the global pressure equation anyway, so it does not justify the results
obtained in the analysis of the downcomer. The previous study just tries to highlight that
extreme care must be taken with flow mixing in order to achieve proper conservation of
the thermodynamic variables. In the case of the momentum equation, the hypotheses to
calculate the local pressure drop in a flow mixing or abrupt area change must be clearly
specified. Current codes do not pay much attention to this issue, since the local pressure
drops are used to tune the circuit flow.

It is time to explain now why the pressure analysis is not satisfactory when flow mixing is
present. The RELAP5 manual does not refer anywhere to flow mixing. The discontinuities
caused by merging flows with different thermodynamic properties at a sharp point, or by
abrupt area changes, are not taken into account. When a control volume is attached to
several inlet junctions, RELAP5 computes the internal energy convective term by adding
the energy fluxes in each junction. Each of these fluxes has the form &' + n1vkL) .
The donnor cell quantities are referred to the upstream side of the junction. In order to
avoid the discontinuities in the junctions, they should be referred to the downstream side.
Of course, the conservation equations should be used to compute the downstream variables as
a function of the upstream values. This treatment of the convective terms does not preserve
the energy balance rigorously, what justifies the results obtained in the pressure analysis.
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5 CONCLUSIONS

This report demonstrates the convenience of utilities for analysis and postprocess of computer
codes. The utility has been particularly successful in the following areas:

* Correct interpretation of the results in terms of models more suitable to explain the evo-
lution of certain variables, such as the global pressure (29) and the liquid volume (31)
equations. These equations have been used in application example 4.3 to refutate a
classical argument to explain the results obtained when the secondary circuit of a PWR
is broken.

* Diagnosis of errors, which may be due to several causes. Example 4.2 shows how
the analysis tool has been used to identify a user error in the input file. Case 4.4
illustrates how the tool can reveal a code misconception that affects not only RELAP5
but also TRAC-P [93] and TRAC-B [84]. RETRAN03 [13] developers seem to have
solved that error successfully, since the input file only requires the velocity and the
enthalpy of the fluid as inlet boundary conditions. Furthermore, the tools pointed
out in example 4.5 the problems that may arise when mixing flows with different
thermodynamic properties.

e Validation of alternative models. Those models may be more simplified, with the aim
of speeding up the overall calculation or simplifiyng the resolution scheme, as demon-
strated in example 4.3.4 with the non-equilibrium mass model derived in section 2.5.

As a conclusion, the development of a new generation of computer codes with estimation of
error upper bounds is highly recommended. This is the only way to scientifically ensure the
quality of the results.
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6 RECOMMENDATIONS FOR FUTURE
DEVELOPMENTS

6.1 Analysis of other codes and models

Verification of the solutions computed by simulation codes by means of alternative balance
equations is a subject open to research. Any other equation rigorously derived from the
original equations can be added to enhance the tool. Balance equations derived in section 2
are just a sample of the large number of possibilities offered by this technique.

The heat structures and the power generation section seem to be natural candidates for the
extension of the postprocessing ideas.

6.2 Identification of lower order models

If transient dynamics is very involved, a previous simplification of the models may be nec-
essary. Section 2.5.3 is a good example of this kind of simplifications. It shows how simpler
models, with an uncoupled phase, can be derived from the non-equilibrium mass equations.
Many other simplified models, using a number of equations between 3 and 6, are found in
the history of this discipline [77]. Most of them can be demonstrated to be valid under some
assumptions. Validation of those models in certain regions of operation can be performed
with techniques similar to those shown in this work.

A typical application of simplified models is the Probabilistic Safety Assessment (PSA) of
nuclear power plants. The multifarious sequences that can stem from an initiating event in
a level 1 PSA demand the use of simplified, conservative models, in order to decrease the
overall computation time [46].

However, some other applications require even more simplified thermal hydraulic dynamics,
so it can be integrated with other type of phenomena. For instance, new phenomena arise in
level 2 PSA, derived from the degraded core as a consequence of level 1 PSA. Those phenom-
ena are very often of stochastic, barely known nature, subject to a high degree of uncertainty,
resulting in a wide variety of possibilities for further evolution of the sequence. That kind
of dynamics can hardly be incorporated into the risk calculations, and very specially to the
delineation of the so called Accident Progression Event Trees (APET) [21, 10].

Techniques to be used in those cases consist mainly in model identification. A general
mathematical form, dependent on some cefficients, is assumed for the dynamic evolutions.
The coefficients are tuned to fit a sufficient number of transients precalculated with best
estimate codes such as RELAP5 or MELCOR. This process can be termed as identification
or training of the system. Once the system is trained, it is used to compute non precalculated
transient evolutions. Choice of format as physically meaningful as possible is essential. At
this point, Dynamic Systems Theory may be helpful.
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For example, system dynamics can be regarded as comprising several time intervals, within
each one the system can be linearized (piecewise linearization). It can be demonstrated that
the behavior of any system can be approximated this way, with the possible exceptions of
chaotic systems or presence of discontinuities caused by explosive phenomena. The main
drawback of this approach is that the order of the linearized system may eventually be too
high and the range of validation very narrow. The main advantage is that the previous
history of the system is collected through the state vector. Some integral representations
may obviate the high order problem, at the expense of dealing with the previous history
explicitly. Some examples can be found in reference [75].

Rigorous inclusion of those generic PSA models can be done with the help of the latest trends
in dynamic reliability [58,59].

Model identification, in the terms explained above, can be another application of the post-
processing techniques shown in this work.

6.3 Development of codes with error control

The postprocessing tools has proven to be more effective in the interpretation of results and
identification of programming errors than in the diagnosis of errors due to an inappropriate
nodalization or time step choice. Identification of such a type of errors would imply a
comparison of the discrete solution provided by the code with an hypothetical analytical
solution. The latter is of course unknown. Verification of the discrete solution by replacement
into a discretized set of equations seems to be close to a tautology. It would mean that
the solution is checked versus the same premises with wich it has been obtained. It is
not surprising that the solution fulfills the balance equations in every node, although very
probably the global analytical equations would not be satisfied.

The discretization, which depends strongly on the code user, is still one of the main contribu-
tors to the overall code uncertainty. Moreover, discretization errors can make the verification
and validation processes merge inappropriately. Figures 98 and 99 illustrate this statement.

Verification is the process which ensures that the discrete solution approaches the true
analytical solution within a certain tolerance margin. Verification implies matching discrete
with continuous mathematical forms. It must be noted that the verification process does
not have to do with the capability of the analytical models to represent the real world.
Verification of the solution is attempted by very few codes.

The validation process can be launched only after a proper verification of the solution. It
implies a checking of the capability of the models included in the code to reproduce a set
of experimental data. The process consists in matching continuous domain maths with the
physical reality. Moreover, the term validation makes reference to a certain experiment for
set of experiments. It is not an absolute term as it is often understood. Figure 98 emphasizes
that the verification and validation processes. must be clearly separated from each other.
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Figure 98: Verification and validation processes.

Since the verification process is seldom undertaken, it is usually merged with validation
as shown in figure 99. This means that the solutions computed by the code are directly
compared with the experimental data, which is a risky although common practice. If the
comparison between code results and experimental data is not satisfactory, a good model
could be rejected even if the cause of discrepancies lies in an inadequate nodalization. On
the contrary, the analyst may try to improve the solution by refining the noding mesh,
although the analytical model might be the cause of the insatisfactory results. It is difficult
to accurately determine the source of errors if the verification and validation processes are
merged.

Discrete
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Numerical VALIDATION results
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Figure 99: Collapsed verification and validation processes.

The verification task can be undertaken by means of the so called precise numerical meth-
ods [2,11. These methods take into account the intrinsic discrete nature of both the numerical
methods and the computing machine.

The problem to be solved no longer consists in solving the stages of the numerical method
in the user defined computational mesh. On the contrary, the user must specify the discrete
points at which the solution is to be observed, as well as the required precision. Note that
the observation mesh may not be coincident with the computational mesh necessary to find
a solution within the desired tolerance margin. Moreover, the latter depends strongly on
the former. The precision of the solution can be known only if an upper bound of the
truncation error is estimated. If the error associated to any of the output variables under
observation is greater than the desired precision, the transient must be recomputed with a
finer spation-temporal nodalization. Although current codes usually consider just one kind
of computational mesh, The following types must be discriminated:

" The spatial mesh used to define certain input parameters. For instance, the cross-
sectional areas of the pipes. The greater the spatial variations of those parameters are,
the finer this mesh must be.

* The spatial mesh used to define the initial conditions at discrete points, which must
be finer as long as the initial conditions contain high frequency spatial components.
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" The temporal mesh used to define the boundary conditions. The higher the time
frequency of the boundary conditions is, the finer the mesh must be.

" The spatio-temporal mesh formed by the points at which the user desires to observe
certain output variables.

" The calculational mesh used to solve the numerical method.

For most current codes all the types of discretization described above are the same, even
though each of them accounts for very different aspects. If the error associated to any of
the desired output variables is larger than the required precision a new calculation must
be attempted with a finer spatio-temporal nodalization. If the numerical method is proven
to be both consistent and convergent, the new noding scheme should yield smaller trunca-
tion errors. The proposed approach needs of course a certain method for automatic mesh
generation. The numerical discretization recovers then its strict algorithmical meaning. It
does not depend on the user's choice but on the desired output variables and the required
precision. The plant nodalization is no longer a contributor to the so called user efect. This
is restricted just to the choice of optional models.

The estimation of the truncation errors associated to a certain numerical method usually
requires the use of higher order derivatives of mathematical functions. An analytical expres-
sion of those derivatives is usually unknown when the code is programmed. Derivation of
the analytical expressions demands the use of symbolic calculus, which adds an extra degree
of complexity into the overall problesm.

Besides the truncation error associated to the numerical methods, round-off errors must be
controlled as well. Digital computers, being discrete machines, can represent only a subset
of the rational numbers and none of the irrational numbers with their native floating-point
arithmetic. Although some authors such as [110] state that round-off errors are negligible as
compared to truncation errors, several evidences on the contrary have been found. Another
evidence of the importance of round-off errors is provided in [69], which shows that different
results can be obtained, even with the same machine, when the thermal conductivity of water
in presence of non-condensible gases is calculated by linear interpolation based either on the
leftmost point,

y(x) = yo + y(xl) - y(xo) (X _ X0)
X1 - X0

or the rightmost point,

y(x) = yi + Y(Xl) - y(x0 ) (X - x1 )
X1 - X0

Both formulations are completely equivalent. Any discrepancy in the results can only be
explained by the different effects of each formulation in the round-off errors.

The precise numerical methods focus on the control of any source of error. They require
the use of a special type of floating-point arithmetic called range arithmetic. Real numbers
are represented by data structures such as struct in C language or TYPE in FORTRAN 90.
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Every digit in the mantissa is represented by a native integer type. Another native integer
data type accounts for the exponent. The number of digits in the mantissa is not fixed,
as it is in ordinary native floating-point arithmetics. An extra integer digit represents an
upper bound of the error associated to the floating-point number. For instance, the number
1.5984336-2E-2 means that its value lies in the interval 1.5984336x 10-2 ± 2 x 10-9.

Whenever an operation between numbers is performed, the round-off error is accounted for
either incrementing the error digit or, if the latter is greater than 9, decrementing the number
of digits in the mantissa. It is clear than the greater the number of operations used to compute
a number, the smaller the precision is. If the error associated to any of the user required
variables is greater than the maximum allowed, the transient must be computed from the
beginning, starting with a larger initial precision. The number of digits in the mantissa
can be changed by using the dynamic memory allocation capabilities provided by advanced
programming languages. With range arithmetic the precision is no longer limited by any
machine word length (usually 64 bits for double precision) but by the memory available in
the computer. Note that, since the precision is progressively decreased during the course of
the transient, a very large initial precision might be required to obtain an output precision
of just a few digits.

The use of precise numerical methods yields the following cascade effects:

e Since range arithmetic is implemented through integer data types, and the result of op-
erations between integer numbers is always exact, the results are machine independent.
The so called machine-compiler effect dissapears.

.. Since the working precision is unlimited (although it is always finite), the round-off
errors can be as small as desired.

As a consequence of the item above, nodalizations can be refined as much as neces-
sary to obtain the required precision in the output variables. The refinement implies a
greater number of operations and thus greater round-off errors, but they can be com-
pensated by a larger initial precision. The nodalization needed to obtain the desired
final precision is automatically chosen by the code, not by the user. The nodalization
is not then a contributor to the user effect.
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Latin lett

t
x
V

Vi

A
V
m
W

P
Bx

FW
FI
C

Appendix A. Nomenclature

ters

time (s).
spatial variable (m).
fluid velocity (ms-').
interphase velocity (m s-').
cross-sectional area (i 2 ).
volume (mi3 ).

mass (Kg).
mass flow (Kgs-1).
pressure (Pa).
projection of gravity onto the pipe direction (m s- 2).
wall friction coefficient (s-').
interphase friction coefficient (s-').
virtual mass coefficient (non-dimensional).
compressibility (Mi3 ).

local pressure drop coefficient (non-dimensional).
form loss coefficient (ms-'). HLOSS = !KIvI
specific internal energy (J Kg-1).
heat transmission coefficient per unit volumen

(J s-I m-3 K-'),
control volume height (m).
heat power per unit volume (J S-1 M- 3 ).

specific enthalpy (J Kg-1).
temperature (K).
specific entropy (J Kg-1 K-').
dissipation power per unit volume (J s-I m- 3).
length of a one-dimensional TH system (m).
number of control volumes in a TH system.
number of inlet or outlet junctions in a TH system.
difference between inlet and outlet volumetric flows

K
HLOSS
U

H

Q
h
T
S

DISS
L
N
M
J

(m 3 s-1).

Sw expansion/contraction due to appearance/disappearance of phase
(M3 s-1).

D dilation of phase, caused by energy interchanges (mi3 S-').
Ac term dominated by pressure gradients (m3 s-1).
Cp constant pressure specific heat capacity (J Kg-' K-1).
C19 constant volume specific heat capacity (J Kg-1 K-').
g gravity acceleration (m s- 2).
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Greek letters

a fraction of phase (non-dimensional).
p density (Kgm73 ).

r phase generation rate per unit volume (Kgm- 3 s-').
6(x - xo) Dirac's delta function, centered around the point xo (m-1).
79 specific volume(m 3 Kg-1).
I/r thermal expansion coefficient (mi3 j-1).
^Y isentropic compressibility coefficient (non-dimensional).
A compressibility coefficient along the saturation line

(non-dimensional).
P isobaric thermal expansion coefficient (K-1).

0 angle between a control volume and the vertical direction
(non-dimensional).

Subindices

k phase (liquid or vapor).
k' phase opposite to phase k.
i relative to the interphase.
w relative to the wall.
b relative to the fluid bulk.
m relative to the mixture.
g relative :to vapor.
f relative to liquid.

Superindices

in relative to the inlet face.
out relative to the outlet face.
nq non- equilibrium.
eq equilibrium.
n time step.
sat relative to the saturation state.

RELAP5 output variables: control volumes

csubpg Cpg, (J Kg-1 K-1).
csubpf Cpf (JKg-'K-').
betagg 3g (K-').
betaff O3f (K-').
drgdp 7g (- 2 s2 ).
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drfdp 7rf (M- 2 S2).
vvol volume (mi3 ).

avol cross-sectional area (mi2).

p control volume pressure (Pa).
voidg vapor fraction (non-dimensional).
voidf liquid fraction. (non-dimensional).
rhog vapor density (Kg m- 3 ).
rhof liquid density(Kgm- 3 ).
ug vapor specific internal energy (J Kg-).
uf liquid specific internal energy (J Kg-').
gammai vapor generation rate per unit volume in the fluid bulk

(Kgm-3 s-1).
gammaw vapor generation rate per unit volume in the wall
pared

(Kg m-3 s-').
velg vapor velocity (mis-').
velf liquid velocity (m s-').
q total heat power transferred to the fluid through the wall

(Js-1).
qwg heat power transferred to vapor through the wall

(J s-1).
hig vapor heat transfer coefficient per unit volume

(J s-' m- 3 K-').
hif liquid heat transfer coefficient per unit volume

(J -1 M 3 K-').
satt saturation temperature at total pressure, as an output variable

(K).
tsatt saturation temperature at total pressure, as a boundary condition

(K).
quale equilibrium qualtiy (non-dimensional).
boron boron conentration (parts of boron per parts of water).
tempg vapor temperature (K).
tempf liquid temperature (K).
fwalgx wall friction coefficient for vapor phase (Kg m-3 s- ).
fwalfx wall friction coefficient for liquid phase (Kg m- 3 s-1).

RELAP5 output variables : junctions

velgj vapor velocity (mis-').
velfj liquid velocity (ms-').
mflowgj vapor mass flow, as a boundary condition (Kgs-1).
mflowfj liquid mass flow, as a boundary condition (Kgs-1).
voidgj vapor fraction (non-dimensional).
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voidfj liquid fraction (non-dimensional).
rhogj vapor density (Kgm- 3).
rhofj liquid density (Kg m- 3).
formgj local pressure drop coefficient for vapor phase (non-dimensional).
formfj local pressure drop coefficient for liquid phase (non-dimensional).
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Appendix B: Partial derivatives of thermodynamic
properties

Partial derivatives as a function of Cp, C, y ,3

(OU) Cp-P2913
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2T) 2T

( aT), T

(87)p T
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Partial derivatives as a function of 77, Cp y

a • P,3 - pCp
(6u)PC -Pfl

" -pC- - PO3

(P)I Ti3p2

(c90) rl(Po- pCp)
-TP = Cpp3

as -C= - 7 (P- -pCp)

T19 " 7C(PO - pC,,)

C IO \ 7?(P , 3 - p ,p) - pt3 2T
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Appendix C: File babpost, awk

# This AWK command file automatically generates the BABIECA input file
# necessary to execute the thermalhydraulic postprocess of a
# given RELAP5/MOD3.2 case.

# First of all, you need to write an ASCII file (generically denoted
# as 'inpfile'), with the format described bellow.
# Words in capital letters must be written literally.
# Lower case words are generic names that make reference to RELAP5
# output files, restart-plot files, volumes to be postprocessed, etc.
# Blanks at both sides of the equal sign '=' are mandatory. The number
# of blanks between words is irrelevant (I at least, of course).
#t

*
*
*
ft
ft
ft
ft
ft
#t
ft
ft
ft
ft
#t
ft
*
#t
ft
ft
#t

LINE I:
LINE 2:
LINE 3:
LINE 4:
LINE 5:
LINE 6:
LINE 7:
For each

LINE
LINE
LINE

FILE = rootword
HOST = host
INITTIME = inittime
STARTTIME = starttime
ENDTIME = endtime
FREQ = freq
NSYSTEMS = nsystems

thermalhydraulic subsystem (i
SYSNAME = sysname
NVOLS = nvols
cccvvOaO0

= 1 to nsystems):

LINE
LINE
For each heat

LINE :

cccvvOOOO
NHEATSTRS = nheatstrs

structure:
cccgOnn

# where:
# 'rootword' is the root name of the RELAP5 input file to be
# postprocessed, which must be appended by the extension '.i'.
# The output file 'rootword.o' must exist prior to the
# execution of this awk file. The restart plot-file will
# be named 'rootword.r'.
# The root name will also be used in the postprocessing
# output files.
# The results of the postprocess of each thermalhydraulic
# subsystem defined in the 'inpfile' will be written in
# ASCII files with the names 'rootword.sysname.dat'. The results
# The data files 'rootword.cccvv.dat' contain the results of the
# control volume 'cccvv', where ccc stands for the component
# number and vv for the volume number within the component.
# 'host' is the name of the host where RELAP5 executable file is allocated.
# 'inittime' is the transient instant, in seconds, at which the RELAP5
# process is spawned. Useful for restart cases.
# 'starttime' is the transient instant, in seconds, at which the
# postprocess begins.
# 'endtime' is the transient instant, in seconds, at which
# the postprocess ends.
# 'freq' is the frequency used to write output data (in time steps).
# 'nsystems' is the number of thermalhydraulic systems to be postprocessed.
# 'sysname' is the name of the thermalhydraulic system. The results of the
# postprocess of each system will be written in the file
# 'rootword-sysname.dat'.
# 'nvols' is the number of control volumes to be postprocessed in
# the current th subsystem.
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# 'cccvvOOO0' is a nine digit string denoting the volume(s) to be
# postprocessed.
# The three digit substring 'ccc' refers to the hydrodynamic
# component to which the control volume belongs. The two
# digit substring 'vv' refers to the number of the subvolume
# within the hydrodynamic component (01 for a single volume).
# The last four digits are always 0000.
# 'heatstrs' is the number of heat structures to be postprocessed
# (axial nodes).
# 'cccgOnn' is a seven digit string denoting the heat structure to be
# postprocessed.
# The three digit string 'ccc' stands for the heat structure
# number. Digit 'g' stands for the geometry number (see RELAP5
# manual. The two digit string 'nn' stands for the axial node.
#

# This utility must be executed, from the UNIX prompt, as follows:
# awk -f babpost.awk 'inpfile' 'rootword.o' > 'rootword.bab'
# where:
# 'inpfile' is the ASCII file described at the top.
# 'rootword.o' is the RELAP5 output file.
# 'rootword.bab' is the BABIECA file generated by this utility.
#

# Now, you must delete the RELAP5 files 'rootword.o' and
# 'rootword.r', if they exist.
#

# Run pvm with proper host, executable paths and working directories.
#

# To run the thermalhydraulic postprocessor, execute
# BAIECA -n rootword.bab
#

# The variables contained in the output files can be displayed
# with XMGR5.

##############################################################################

# RELAP5/MOD3.2 postprocessor
#

# Initializing variables.
BEGIN{
# njuns = number of junctions in the problem (internal junctions of
# the systems plus boundaries)

njuns=O
# newvcount = number of control volumes attached to any of the subsystems
# to be postprocessed, but are not part of them.

newvcount = 0
# nvolouts = number of output signals per control volume to be postprocessed.

nvolouts = 28
# njunouts = number of output signals per junction.

njunouts = 9
# nnewvouts = number of output signals per control volume attached to any
# of the subsystems to be postprocessed, but are not part of them.

nnewvouts = 1
# TOTWOLS = total number of volumes to be postprocessd

TOTVOLS = 0
# nhtouts = number of output signals per heat structure

nhtouts = 5

PI = 3.1415926535897932
}

# Reading data from 'inpfile'.
/FILE/{

if(($1 == "FILE") && ($2 .. =")) FILE=S3
getline
if(($1 == "HOST') && ($2 ... ".")) HOST = $3
getline "
if(($1 == "INITTIME") && ($2 == "=")) INITTIME = $3
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getline
if(($1== "STARTTIME") && ($2 .. ")) STARTTIME = $3
getline
if(($1== "ENDTIME") && ($2 == "=")) ENDTIME = $3
getline
ifC($1 .. "FREQ") && ($2 ...... )) FREQ = $3

getline
if(($1 == "NSYSTEMS") && ($2 == "=)) NSYSTEMS = $3
for(sys=l;sys<=NSYSTEMS;sys++){

getline
if($1 == "SYSNAME" && ($2 "o")) SYSNAME[sys] = $3
getline
if($1 == "NVOLS" && ($2 == "=")) NVOLS[sys] = $3
if(1 == sys){

initloop = 0
}
else{

initloop +- NVOLS[sys-1]
}
for(i=1;i<=NVOLS[sys];i++){

getline
VOLINSYS[i+initloop]=$1
newsysvolume =1
newvolume - I
for(k=l;k<i;k++){

if(VOLINSYS[k+initloop]
newsysvolume = 0

}

-= VOLINSYS~i+initJloopl)()

}
if(!newsysvolume){

printf "# TH system with repeated volumes.\n"
printf "# Subsystem %s. Volumes %s and %s.\n", SYSNAME[sys], \

VOLINSYS[k+initloop], VOLINSYS~i+initloop]
stop

}
for(k=l;k<=TOTVOLS;k++){

if(VOLUME(k] -: VOLINSYS(i+initloop]){
newvolume = 0
break

}
}
if(newvolume){

VOLUME[++TOTVOLS] = VOLINSYS[i+initloop]
I

}
}
getline
if(($1 == "NHEATSTRS") && ($2 ==

for(nht=l;nht<=NHEATSTRS;nht++){
getline
heatst[nht] = $1

I

NHEATSTRS = $3

I

/" end time min.time step max.time step option minor edit /{
getline
getline
MAXDT = $3
NSTEPS = ((ENDTIME-INITTIME)/MAXDT)

I

/OGravitational constant is/{

GRAV - $4

}
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# Searching in 'rootword.o' for all the possible junctions
# attached to the control volumes to be postprocessed.
/-0 Jun\.no\. from vol\. to vol\. liq\.j\.vel/{

while ($0 !- /voidfj/){
getline

# For each line between '0 Jun.no. from vol. *etc.' and 'voidfj'
# we will check if either 'from vol.' or 'to vol.' is one of our control
# volumes.

for (i=l;i<=TOTVOLS;i++) {

# 'fstart' and 'tstart' are counters that contain the position
# of the first character to be read from a word that possibly contains
# one of the control volumes.

fstart=l; tstart=l
COMPONENT=substr(VOLUME[i],1,3)
SUBVOLUME=substr(VOLUME[i].4,2)
DIRECTION=substr(VOLUME[i],9,1)
if( substr($2,1,1) == " ) fstart=2
if( substr($3,1,1) == "." ) tstart=2
pvf=substr($2,fstart, 3)
pvt-substr($3,tstart,3)
psvf=substr($2,4+fstart,2)
psvt=substr($3,4+tstart,2)
if (pvf == COMPONENT){

if (psvf==SUBVOLUME) {
njuns++
JUNCTION[njuns]=substr($1.1.3) substr($1,5,2) "0000"
FROMVOL[njuns)=pvf psvf "0000"
FROMSIGN [njuns =signi [fstart]
TOVOL[njuns]=pvt psvt "0000"
TOSIGN [njuns =signi [tstart]
if (substr($2,6+fstart,4) == "0000"){

INOUTFLAGFROM[njuns]=1
if (substr($2,4+fstart,2) -. "01") INOUTFLAGFROM~njuns]=2

}
else {

INOUTFLAGFROM[njuns]=substr($2,9+fstart,l)
}
if (substr($3,6+tstart,4) == "0000"){

INOUTFLAGTO[njuns)=1
if (substr($3,4+tstart,2) == "01") INOUTFLAGTO[njuns]=2

}
else {INOUTFLAGTO~njuns)=substr($3,9+tstart,1)}

}
}
if (pvt == COMPONENT){

if (psvt==SUBVOLUME) {
njuns++
JUNCTION[njuns]=substr($1,1,3) substr($1,5,2) "0000"
FROMVOL[njuns)=pvf psvf "0000"
FROMSIGN[njuns]=signi[fstart]
TOVOLCnjunsJ=pvt psvt "0000"
TOSIGN[njuns)=signi[tstart]
{ if (substr($2,6+fstart,4) == "0000"){

INOUTFLAGFROM Cnjuns) =1
if (substr($2,4+fstart,2) == "01") INOUTFLAGFROM[njuns]=2

}
else {INOUTFLAGFROM[njuns]=substr($2,9+fstart,l)}

}
{ if (substr($3,6+tstart,4) == "0000"){

INOUTFLAGTO[njuns]=1
if (substr($3.4+tstart,2) == "01") INOUTFLAGTO[njuns]=2

}
else {INOUTFLACTO[njuns]=substr($3.9+tstart.1)}
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}
}

}

for(k=l;k<njuns;k++){
if(JUNCTION[kJ==JUNCTION[njuns]) njuns--

}

/-0 Vol no. coord. flow area flow length sp.x. chng. sp.y. chng. sp.z. chng./{
while ($0 1- /Vol no. i.c. i.c.value I i.c.value 2 i.c.value 3 i.c.value 4/){

getline
for(i=l;i<=TOTVOLS;i++) {

if($1 -= VOLUMEUi)) {
HEIGHT (VOLUME [i) ) =$7

# printf "# Height of volume %s: %s\n", VOLUMERi], HEIGHT(VOLUME(i]]
I

I
I

I

/_0 Input data for heat structure-geometry/{
if (NHEATSTRS > O){
htgeom = $NF
while ($0 " / number of mesh points/){

getline
I
meshpoints = SNF
getline

geomtype - $NF
while ($0 1- /Omesh point number, mesh point coordinate/){

getline
I
getline
for(meshind=l; meshind<=meshpoints; meshind++) {

meshcoord[meshind] = $(2*meshind)
I
sumvolfacts=O.0
for(meshind-1; meshind<meshpoints; meshind++) {

volfact[meshind] = (meshcoord[meshind+1) * meshcoord(meshind+1))\
- (meshcoord[meshind] * meshcoord[meshindJ)

sumvolfacts += volfact[meshind]
I
for(meshind=i; meshind<meshpoints; meshind++) {

if(sumvolfacts -- 0.0) {
volfact[meshind] = 1.0 / (meshpoints-1)

I
else {

volfact(meshind] 1= sumvolfacts
I

I
while ($0 1 /Omesh point number, composition number/){

getline
I
getline
nmp2
for(nfields=1; nmp<-meshpoints; nfields+=2) {

field -Snfields
subslen = length(field)-1
provmpoint = substr(field,lsubslen)
mat = $(nfields+l)
if (substr(mat,1,1) == "-" {

mat = substr(mat,2,length(mat))

I
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for(meshind=nmp; meshind<=provmpoint; meshind++) {
matnumh[meshind-1] = mat

}
nmp = provmpoint+1

}
while ($0 !- /Omesh point number, source factor/){

getline
}
getline
nmp=2
sumfactors=0.0
for(nfields=1; nmp<-meshpoints; nfields+=2) {

field - $nfields
subslen = length(field)-1
provmpoint = substr(field,l,subslen)
factor = $(nfields+l)
for(meshind=nmp; meshind<=provmpoint; meshind++) {

srfact[meshind-1] - factor
sumfactors += factor

}
n=p - provmpoint+1

}
for(meshind=1; meshind<meshpoints; meshind++){

if(sumfactors == 0.0) {
srfact(meshind] = 1.0 / (meshpoints-1)

}
else {

srfact~meshind] k sumfactors
}

}
while ($0 1- /tOStructure source internal source/){

getline

I
getline
getline

for(i=1; $0 1- /VOStructure left vol. left left/; i++) {
pinsrc(i] = $3
getline

}
while ($0 V /-OStructure right vol. right right right surface/){

getline
I
getline
getline
for(i=1; $0 /V 0 right right right right/; i++){

prightsrf[i) = $5
getline

I
for(nht=1;nht<=NHEATSThS; nht++) {

heatstroot = substr(heatst[nht],1,4)
if (heatstroot == htgeom) {

if(geomtype 1= "cylindrical") {
printf "Heat structure %s is not cylindrical.\n", heatst(nht]
printf "It cannot be postprocessed."
exit

I
nmpoints[nht) = meshpoints
htmshpoint = nht * 100
for(meshind=l; meshind<meshpoints; meshind++) {

htmshpoint++
htcoord[htmshpoint) = meshcoord[meshind]
htmatnumb[htmshpoint] = matnumbEmeshind)
srcfactor[htmshpoint] = srfact[seshind]
volfactor(htmshpoint] = volfact[meshind]

I
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leftind = nht * 100
lefthtmatind = leftind + 1
rightind = (nht * 100) + 1
righthtmatind = leftind + meshpoints -1
composition(leftind] = htmatnumb[lefthtmatind]
composition(rightind] = htmatnumb[righthtmatind]
htmshpoint = leftind + meshpoints
htcoord[htmshpoint) = meshcoord[meshpoints)
rightindex = leftind +meshpoints
htvol[nht] = htstrhgt [nht] *htcoord[rightindex]*htcoord[rightindex]\

*PI
i = int(substr(heatst[nht],6,2))
insrcfac [nht] = pinsrc (i]
rightsrf [nht] ) prightsrf [i]

I
}
I

I

/-0 Data for composition/{
if (JHEATSTRS > 0) {
while ($0 /-0 Data for composition/)

curcomp $NF
for(nht=l; nht<=NHEATSTRS; nht++) {

leftind nht * 100
rightind = (nht * 100) + 1
if((composition[leftind] == curcomp) II (composition~rightind]

while ($0 1- /olumetric heat capacity/){
getline

}
if($4 == "table") {

deftype[curcomp] = "table"
getline
getline
getline
vcppoint = 1
while ($0 - /- /) {

for(i=2; i<= NF; i+=2) {
comppoint = (curcomp*100) + vcppoint
vcpx[comppoint] = $(i-1)
vcpy[comppoint] = $i
vcppoint++

{

== curcomp)) {

I
getline

I
tablepoints[curcomp] = -- vcppoint
comppoint = (curcomp*100) + 1
initstengy[comppoint] = 0.0
for(vcppoint=2; vcppoint<=tablepoints[curcomp]; vcppoint++) f

comppoint = (curcomp*100) + vcppoint
difxlxO = vcpx[comppoint]-vcpx[comppoint-1]
difylyO - vcpy[comppoint]-vcpy comppoint-1)
slope[comppoint-1] = difylyO/difxlxO
semisumylyO = (vcpy[comppoint]+vcpy[comppoint-l])/2.0
initstengy[comppoint] = (difxlxO*semisumylyO) + initstengy[comppoint-1]

}

else if($4 == "function") {
deftype[curcomp] "function"
getline
getline
getline
vcppoint = I
while ($0 P /I) {
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comppoint = (curcomp*100) + vcppoint
lowtemp(comppoint] = $1
hightemp~comppoint] = $2
aO[comppoint) = $3
alcomppoint) = $4
a2(comppoint] = $5
a3(comppoint] = $6
a4[comppoint] = $7
a-i[comppoint] = $8
cterm[comppoint] = $9
if (vcppoint - M

initstengy~comppoint] = 0.0
}
else {

initstengy(comppoint] = (lowtemplcomppoint]-cterm[comppoint])*\
(lowtemp[comppoint]-cterm[comppoint])*((al[comppoint]/2)+\
(lowtemp[comppoint]-cterm[comppoint])*((a2[comppoint]/3)+\
(lowtemp(comppoint)-cterm[comppoint])*((a3(comppoint]/4)+\
(lowtemp[comppoint)-cterm(comppoint])*(a4[comppoint]/5))))+\
(aO*Iowtemp[comppoint])+a-[(comppoint]*log(lowtemp[comppoint]-cterm[comppoint])-\
initstengy comppoint-1]

}
vcppoint++
getline

}

funcpoints [curcomp) = -- vcppoint

I

else if(($4 == "is") && ($5 == "constant")) {
deftype[curcomp] = "constant"
comppoint = (curcomp*100) + I
vcpy[comppoint] = $7
getline

}
I

else getline

}

}

END{
for(i=1;i<=njuns;i++) {

extravol = I
for(j=I;j<=TOTVOLS;j++) {

if(FROMVOLEi] == VOLUME~j]) {
extravol = 0
break

}
}
if (extravol == 0) {

++newvcount
NEWVOL[newvcount] = FRONVOL[i)

}
I

for(i=l;i<=njuns;i++) {
extravol = I
for(j=1;j<=TOTVOLS;j++) {

if(TOVOL[i] == VOLUME(j]) {
extravol = 0
break

}
}
if (extravol == 1) {

++newvcount
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NEWVOL[newvcountj = TOVOL[i]
I

}

trtouts TOTVOLS*nvolouts+njuns*njunouts+newvcount*nnewvouts\
+NHEATSTRS*nhtouts

# VOLPOS["vvol"] = 1
# VOLPOS[avol"] = 2
# VOLPOS[p"] = 3
# VOLPOS["uf"] = 4
# VOLPOS[ug" = 5
# VOLPOS["voidf") = 6
# VOLPOS["voidg"] = 7
# VOLPOS["rhof"] = 8
# VOLPOS["rhog"] = 9
# VOLPOS["satt"] = 10
# VOLPOS["tempf"] = 11
# VOLPOS["tempg") = 12
# VOLPOS["velf"] = 13
# VOLPOS["velg"] = 14
# VOLPOS("betaff"J = 15.
# VOLPOS["betagg"] = 16
# VOLPOS("csubpf"] = 17
# VOLPOS["csubpg"J = 18
# VOLPOS["hif"] = 19
# VOLPOS[bhig") = 20
# VOLPOS["gammaw"] = 21
# VOLPOSE"gammai"] = 22
# VOLPOS["qwf"] = 23
# VOLPOS["qwg"] - 24
# VOLPOS["drfdp"] = 25
# VOLPOS["drgdp"] = 26
# VOLPOS["fwalfx"] = 27
# VOLPOS["fwalgx"J = 28

# JUNPOS["velfj"] = 1
# JUNPOS["velgj") = 2
# JUNPOSE"voidfj"] = 3
# JUNPOS["voidgj"J = 4
# JUNPOSE"rhofj") = 5
# JUNPOS["rhogj") = 6
# JUNPOS"ajun") = 7

# NEWVPOS["p"] = 1

# HEATPOS['htrnrn") = 1
# HEATPOS["htpown"] = 2
# HEATPOS["htsrfn") = 3
# HEATPOS["httmp"] = 4 left side
# HEATPOS["httmp"] = 5 right side

printf W***s********************ee****************e****e*****s*s***** \n"
printf "Postprocess of RELAP5 file %s.i\n", FILE
printf "* The following nodes will be postprocessed: \n"
for (i=1;i<=TOTVOLS;i++) {

printf "* %s\n", VOLUME[i]
}
printf "%6d %s %s\n", NSTEPS, MAXDT, INITTIME
printf "1\n"
OUTCOUNT = 1
p r in t f * *** * ** ** ** * ** * * s** * * * * * ** * * * * * * * ** e** e*** * * * e* * ** * * * * * ** * \n "
printf "TIME\n"
printf "%s\n", OUTCOUNT
printf "O\n"
printf "27\n"
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printf "* ----- ----- \n'.
printf "[TI\n"
TIME = OUTCOUNT++
printf "***********e*****s****e*****e************sc*********e********* \n"

printf "STEP AT STARTTIME\n"
printf "7,s\n", OUTCOUNT
printl "0\n"
printf "27\n"
printf "* ---------- \n"

printf "STEP([T]-7,s)\n", STARTTIME
STEPTIME = OUTCOUNT++
printf "*******.*********************************e*****.**e*****a**ss. \n"

printf "PULSE AT STARTTIME\n"
printf "7,s\n", OUTCOUNT
printf "0\n"
printf "15\n"
printf "* ---------- W.

printf "5\n"
printf "7,7.5f 7.6f %7.5f 7, 7.5f %7.5f\n", INITIME-MAXDT, STARTTIME-(MAXDT/2.0), \

STARTTIME, STARTTIME+(MAXDT/2.0), \
ENDTIME

printf "0.0 0.0 1.0 0.0 O.O\n"
PULSETIME = OUTCOUNT++
printf "***************************************************************** \n"
printf "ACTIVATION SIGNAL FOR MODULE SNDCODE\n"
printf ",skn", OUTCOUNT
printf "0\n"
printf "15\n"
printf "* ---------- \n"
printf "4\n"
printf "7.3.1f 7%9.7f ',s 7.3.if\n", INITTIME-100.0, INITTIME-0.0000001, \

INITTIME, ENDTIME
printf "0.0 0.0 1.0 1.0\n"
act-signal = OUTCOUNT++
printf "****************************a******.********************* \n"
printf "CONSTANT 1\n"
printf "7.s\n", OUTCOUNT
printf "O\n"
printf "15\n"
printf "* --- \n
printf "2\n"
printf "-100.0 100.0\n"
printf "1.0 1.0\n"

CONSTI = OUTCOUNT++
printf "***************************************************************** \n"

printf "CONSTANT 0\n"
printf "7Ws\n", OUTCOUNT
printf "O\n"
print! "15\n"
printf "* ---

printf "2\n"
printf "-100.0 100.0\n"
printf "0.0 0.O\n"
CONST0 = OUTCOUNT++
print! **s***a*************a****afa*a*s* \n"
printf "EMISSION MODULE\n"
printf "7.s\n", OUTCOUNT
printf "7.s\n", act-signal
print 1 "60\n"
printf "* ---------- \n"
print! "1\n"
printf "7.s\n", HOST
printf "relap5.x -i 7.s.i -o 7.s.o -r %s.rkn",\

FILE, FILE, FILE
printf "1\n"
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printf "O\n"
printf "O\n"
rcodetid = OUTCOUNT++
print! *********s***f~****************** \n'.

printf "RECEPTION MODULE\n"
printf "%s\n", OUTCOUNT
printf "%s %s\n", act-signal, rcodetid
printf "61\n"
printf "* --- \n"
printf "%s\n", trtouts
for (i=I;i<=TOTVOLS;i++) {

printf vvol-%s\n", VOLUME [i]
printf avol-%s\n", VOLUME [i]
printf p-%s\n", VOLUME [i]
printf uf-7s\n", VOLUME[i]
printf ug-%s\n", VOLUME[i]
printf voidf-Y.s\n", VOLUME [i]
printf voidg-/.s\n", VOLUME[i]
printf rhof-%s\n", VOLUME[i]
printf rhog-/.s\n", VOLUME[i]
printf satt-%s\n", VOLUME[i]
printf tempf-Y.s\n", VOLUME[i]
printf tempg-%s\n". VOLUME[i]
printf velf-%s\n", VOLUME [i]
printf velg-%s\n", VOLUME[i]
printf betaff-%s\n", VOLUME [i]
printf betagg-%s\n", VOLUME [i]
printf csubpf-%.s\n", VOLUME[i)
printf csubpg-.s\n", VOLUME[i)
printf hif-%s\n", VOLUMEWi]
printf hig-%s\n", VOLUME[i)
printf gammaw-%s\n", VOLUME[i]
printf gammai-%s\n", VOLUME[i]
printf qwf-%s\n". VOLUME[i]
printf qwg-%s\n". VOLUME[i)
printf drfdp-%s\n", VOLUME i]
printf drgdp-%s\n", VOLUME[i]
printf fwalfx-%s\n", VOLUME [i]
printf fwalgx-%.s\n", VOLUME[i]
vvol[VOLUME [i] = OUTCOUNT++
avol [VOLUME[i]] - OUTCOUNT++
p[VOLUME[i]] = OUTCOUNT++
uf [VOLUME[i]] = OUTCOUNT++
ug [VOLUME [i] ] = OUTCOUNT++
voidf [VOLUME[i]) = OUTCOUNT++
voidg[VOLUME [i]) = OUTCOUNT++
rhof[VOLUME[i]] = OUTCOUNT++
rhog[VOLUME[i]] = OUTCOUNT++
satt[VOLUME[i]] = OUTCOUNT++
tempf[VOLUME[i]] = OUTCOUNT++
tempg[VOLUME[i]] = OUTCOUNT++
velf [VOLUME[i)] = OUTCOUNT++
veig[VOLUME[i]] -UTCOUNT++
betaff[VOLUME[i]] = OUTCOUNT++
betagg[VOLUME[i)) = OUTCOUNT++
csubpf [VOLUME[i)) = OUTCOUNT++
csubpg[VOLUME[i]] = OUTCOUNT++
hif [VOLUME [i]) = OUTCOUNT++
hig[VOLUME-[i) = OUTCOUNT++
gammaw [VOLUME [i] ] = OUTCOUNT++
gammai [VOLUME [i] J = OUTCOUNT++
qwf[VOLUME[i]] = OUTCOUNT++
qwg[VOLUME[i]] = OUTCOUNT++
drfdp[VOLUME[i]] = OUTCOUNT++
drgdp [VOLUME [i] - OUTCOUNT++
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fwalfx [VOLUME [i]] = OUTCOUNT++
fwalgx [VOLUME (i]2 = OUTCOUNT++

}
for(i=1; i<=njuns;i++) {

printf velfj-%s\n", JUNCTION[i]
printf ' velgj-%s\n", JUNCTION[i]
printf voidfj-%s\n", JUNCTION[i]
printf " voidgj-%s\n", JUNCTION(i]
printf " rhofj-%s\n", JUNCTION~i]
printf " rhogj-%s\n". JUNCTION [i]
printf ajun-%s\n", JUNCTION i]
printf formfj-%s\n", JUNCTIONWi
printf formgj-%s\n", JUNCTION[i]
velfj[JUNCTION[i]] = OUTCOUNT++
velgj[JUNCTION[i2] = OUTCOUNT++
voidfj [JUNCTION[ill = OUTCOUNT++
voidgj [JUNCTION[i]] = OUTCOUNT++
rhofj[JUNCTION[i)) = OUTCOUNT++
rhogj [JUNCTION[i]2 = OUTCOUNT++
ajun [JUNCTION [i] = OUTCOUNT++
formfj [JUNCTION[i]] = OUTCOUNT++
formgj [JUNCTION [i]] = OUTCOUNT++

}

for(i=l ;i<=newvcount ; i++) {
printf " p-%s\n". NEWVOL[i]
p [NEWVOL [i(] = OUTCOUNT++

}
for(nht=1; nht<=NHEATSTRS; nht++){

printf " htrnrn-%9d\n", heatst[nhtl*100
printf " htpown-%9d\n", heatst[nhtJ*100
printf " htsrfn-%9d\n", heatst[nht]*100
printf " httmp-%9d\n", (heatst(nhtj*100) + 1
printf " httmp-%•d\n", (heatst[nhtl*100) + nmpoints[nht]
htrnrn(nht] = OUTCOUNT++
htpown[nht] = OUTCOUNT++
htsrfn[nht] - OUTCOUNT++
httmpleft [nht) = OUTCOUNT++
httmpright [nht] = OUTCOUNT++

printf "*****************a***ess*****aas***a******a*a****a********\n"
printf "********* Computation of junction related variables .************\n"
printf ******eae***ae*******s*****aa**a**********************aa********\n"
for(j=l;j<=njuns;j++) {

printf "Area * vapor fraction in junction %s\n", JUNCTION[j]
printf "%s\n", OUTCOUNT
printf "%s %s\n", ajun[JUNCTION[j]], voidgj [JUNCTION[j])
printf "27\n"
printf '* --- \n"
printf "[12* [22\n"
avoidg[JUNCTION[j]] = OUTCOUNT++
printf ***********a***aa*********a*a**************a********s********** \n"
printf "Area * liquid fraction in junction %s\n", JUNCTION[j]
printf "%s\n", OUTCOUNT
printf "%s %s\n", ajun[JUNCTION[j]], voidfj[JUNCTION(j]]
printf "27\n"
printf "* ---------- Wn

printf "(1] * [2) \n"

avoidf[JUNCTION[j]] = OUTCOUNT++
printf ****************************************************************** \n"
printf "Area * vapor fraction * density in junction %s\n", JUNCTION[jJ
printf "%s\n", OUTCOUNT
printf "%,a %s %s\n", ajun[JUNCTION[j]], voidgj[JUNCTION(j]], rhogj[JUNCTION[j]]
printf "27\n"
printf "* --- \n"
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printf "E1] * [2) * (3] \n"
avoidrhog[JUNCTION[j]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Area * liquid fraction * density in junction Xs\n", JUNCTION[j]
printf "Xs\n", OUTCOUNT
printf "Xes %s X\n", ajun[JUNCTION(j]], voidfj[JUNCTION[j]], rhofj[JUNCTION(j]]
printf "27\n"
printf "* ---------- \n"

printf "[1] * [2) * [3) \n"
avoidrhof[JUNCTION[j]] = OUTCOUNT++
printf "*e***************e* * €**e**** **e **e*e******e**se \n"

printf "Area * mixture density in junction Xs\n", JUNCTION[j]
printf "%s\n", OUTCOUNT
printf "Xes X\n", avoidrhog[JUNCTION[j]]) avoidrhof[JUNCTION(j]]
printf "27\n"
printf "* --- \n"
printf "El) + (2] \n"

arhomix[JUNCTION[j]] = OUTCOUNT++
printf ".**e***********a******************e***e*****eee************* \n"
printf "Area * vapor fraction * density * velocity in junction .s\n", JUNCTION(j]
printf "Xs\n", OUTCOUNT
printf "Xs Xs Xe Xs\n", ajun[JUNCTION[j)], voidgj[JUNCTION[j]], \

rhogj [JUNCTION[j]], velgj [JUNCTION[j])
printf "27\n"
printf "* ---------- \n"

printf " (1] * [2) * (3) * (4) \n"
avoidrhovelg[JUNCTION [j] ) = OUTCOUNT++
printf "W.*s**aaaa*s***a***a**a** aaaaaaaa*a**a*****a** * aa** i*aaaaaa \n"
printf "Area * liquid fraction * density * velocity in junction Xs\n", JUNCTION[j)
printf "Xs\n", OUTCOUNT
printf "% %as Xes X\n", ajun(JUNCTION[j]], voidfj[JUNCTION(j]], \

rhofj [JUNCTION[j)], velfj [JUNCTION(j]]
printf "27\n"
printf "* ---------
printf "[1) * [2) * [3) * [4) \n"
avoidrhovelf [JUNCTION[j] ] = OUTCOUNT++
printf "***************************************** ***$$*************** \n"

# printf "Mixture velocity in junction .s\n". JUNCTION[j]
# printf "Xs\n", OUTCOUNT
# printf "Xes Xes s\n", avoidrhovelg[JUNCTION[j]], avoidrhovelf[JUNCTION(j]],
# arhovmix (JUNCTION (j)]
# printf "27\n"
# printf "* ----------- \n"

# printf "([l]*[2])/[3)\n"
# velmixjLJUNCTION[j)] = OUTCOUNT++
# printf "*********************************************************$***** \n"
# printf "Area* mixture density * mixture velocity**2 in junction Xs\n",
#. JUNCTION [j)
# printf "Xe\n", OUTCOUNT
# printf "Xe Xes s\n", arhomix[JUNCTION[j] 1, velmixj (JUNCTION[j]1,
# velmixj [JUNCTION Ej]]
# printf "27\n"
# printf "* ---------- \n"
# printf "[l*([2J*[3]\n"
# arhovel2mix[JUNCTION[ji] = OUTCOUNT++
# printf "******a*a******a***aaa**** aa*aaa*a**a*** * aa*a** aa*aaaa*** a* \n"
# printf "Slip in junction Xs\n", JUNCTION[j]
# printf "Xe\n", OUTCOUNT
# printf "Xe Xs\n", velgj [JUNCTION[j]] , velfj [JUNCTION[j]]
# printf "27\n"
# printf "* ----------\n"

# printf "[1)- [2] \n"
# slip[JUNCTION[j]] = OUTCOUNT++
# printf "**aaaaaa*aa**a*aaaaa*a*aaaaaa*aaaaa*a*aaaaaaa*aaaaasaa*aaaaaaa \n"
# printf "Non homogeneous momentum term in junction Xs\n", JUNCTION[j)
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# printf "Ws\n", OUTCOUNT
# printf "s Xs %s Xe Xs\n, avoidrhog[JUNCTION[j]], avoidrhof[JUNCTION[j]],
# slip[JUNCTION[j ]], slipE[JUNCTION[j]],
# arhomix [JUNCTION [j]]
# printf "27\n"
# printf "*ý .-.......

# printf "([1]*[2]*[3)*[4J)/[5J\n"
# nhommom[JUNCTION[.]] = OUTCOUNT++
# printf * \n"

printf "Pressure in junction (vapor).Xs\n", JUNCTION[j)
printf "Xs\n", OUTCOUNT
printf "*'s se Xs\n", p[TOVOL[j]], p[FROKVOL[j]], velgj [JUNCTION[j]]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "O.0\n"
pjg[JUNCTION[j] J = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Pressure in junction (liquid) Xs\n", JUNCTION[j]
printf "Xs\n", OUTCOUNT
printf "es Xe Xe\n", p[TOVOL[j]], p[FROMVOL[j]], velfj[JUNCTION[j)]
printf "14\n"
printf "* --- \n"
printf "3\n"
printf "O.0\n"
pjf[JUNCTIONIj]] = OUTCOUNT++
OUTCOUNT++
printf * \n"
printf "Area * vapor fraction * pjg in junction Xs\n", JUNCTION[j)
printf "XeWn", OUTCOUNT
printf "es WW\n", avoidgE[JUNCTION[j]), pjg[JUNCTION[j])
printf "27\n"
printf "* --------- \n"
printf "[(1 * (2) \n"

avoidpjg [JUNCTION [j]) = OUTCOUNT++
printf "***se***s ********** ************************n******* \n"
printf "Area * liquid fraction * pjf in junction Xs\n", JUNCTION[j]
printf "Xs\n", OUTCOUNT
printf "es %s\n", avoidf[JUNCTION[j]], pjf[JUNCTION[j)]
printf "27\n"
printf "* ---------- W.

printf "[1) * [2] \n"
avoidpjf[JUNCTION[j]] = OUTCOUNT++
printf "********************************************************e*e*** \n"
printf "Local pressure drop (vapor phase) in junction Xs\n", JUNCTION[j]
printf "Xs\n", OUTCOUNT
printf "Xes Xe Xs s\n", voidgj [JUNCTION[j]], rhogj [JUNCTION[j]],

velgj[JUNCTION[j] ], formgj[JUNCTION[j]]
printf "27\n"
printf "* --- \n"
printf "0.5* [i)* [2) *abs( [3) )*[3J* [4J\n"
locdpjg[JUNCTION[j]] = OUTCOUNT++
printf "e*****se*sess*esee*e***e*e**e*s**e.*s*ese* eesaeeeeeeeeeeaaee*e \n"

printf "Local pressure drop (liquid phase) in junction Xs\n", JUNCTION[j)
printf "XsWn", OUTCOUNT
printf "e Xes %s %s\n", voidfj[JUNCTION[j]], rhofj[JUNCTION[j]],

velfj[JUNCTION[j] , formfj[JUNCTION[j]]
printf "27\n"
printf "* ---------- \n"
printf "0.5*[1)*[2]*abse(3])*[3]*[4]\n"
locdpj f [JUNCTION [j]] = OUTCOUNT++
printf "******s***** ************* ********a*********s******W*** ** \n"

printf "Local pressure drop in junction Xs\n", JUNCTION[j]
printf "%s\n", OUTCOUNT
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printf "%s .%s\n", .locdpjg[JUNCTION[j]], locdpjf[JUNCTION[j]]
printf "27\n"
printf "* - \n"

printf "E[13+[2)\n"
locdpj [JUNCTION[j)] = OUTCOUNT++
printf .***************************************************************** \n"

I
# End of junction loop
# printf "OUTPUT FILE LOCAL PRESSURE DROPS\n"
# printf "%s\n", OUTCOUNT
# for(j=l;j<njuns;j++) {
# printf "%,s \\\n", locdpj[JUNCTION[j]]
# }
# printf "%s\n", locdpj[JUNCTION[njuns]]
# printf "38\n"
# printf "* --- \n"
# printf "%sjlocdpj.dat\n", FILE
# printf "(7,s(E17.8))\n". njuns+l
# printf "(%,s(Al6,x))\n", njuns+i
# printf "%,s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
# for(j'l;j<cnjuns;j++) {
# printf "locdpj-%s\n", JUNCTION[j]
# I
# locdpjoutfile = OUTCOUNT++

printf W'***************************************************************** \n"

for(i=l;i<=TOTVOLS;i++) {
printf "*s***e*********e**s**s***ees****e********e*** ee***e****** \n'
printf "*******e*** Postprocess of control volume %as ******s****\n", VOLUME[iJ
printf "*W*e*ee****eese*e*e***e*essese*s***es*eee*ee****e**se***e \n"
printf "Mixture density %.s\n", VOLUME[iI
printf "%s\n", OUTCOUNT
printf "%s %s %s %s\n". voidg[VOLUME[ii], rhog[VOLUME[ii],\

voidf [VOLUME [i] ], rhof [VOLUME [i])
printf "27\n"

printf "* ---------- W.

printf "[1] * [2] + [3) * [4) \n"
provrhomix[VOLUME[iJ) = OUTCOUNT++
printf ****************************************************************** \n"
printf "Non-zero mixture density %s\n", VOLUME~i)
printf "7%s\n", OUTCOUNT
printf "%s %.s Vs\n", CONST1, provrhomix[VOLUME[i)J. TIME
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "%.s\n". INITTIME-MAXDT/2.0
rhomix[VOLUME[i)) = OUTCOUNT++
OUTCOUNT++
printf "**e.****e**ee***********e****ee******es*ee*******e**e***e \n"
printf "Numerator of mixture velocity %.s\n", VOLUME[i)
printf "Vs\n", OUTCOUNT
printf "%,s %~a %,a %.s %.s Vs\n", voidg[VOLUME[i]), rhog[VOLUME[i)), \

velgE[VOLUME[i)), voidf[VOLUME[i)), \
rhof [VOLUME[i)), velf [VOLUME[i]]

printf "27\n"
printf "* ---------- \n"

printf "(E[l * [2] * [3])+( [4] * [5] * [6] )\n"
numvelmix[VOLUME[i]) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Mixture velocity Vs\n", VOLUME[iJ
printf "Vs\n", OUTCOUNT
printf "%,s Vs\n", numvelmix[VOLUME[i)J, rhomix[VOLUME[i]J
printf "27\n"
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printf "* ---
printf "[1] / [2) \n"

velmix[VOLUME[i]) = OUTCOUNT++
printf "**as**** eee*********e**e****e****************s*****s \n"

printf "Mixture momentum %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%es s\n", vvol[VOLUME~iJ], numvelmix[VOLUME[iJ)
printf "27\n"
printf "* ---

printf "[1] * [2) \n"
mommix[VOLUME[i]] = OUTCOUNT++
printf "*1**** * e*******e**** * e**e***************e**************** \n"

printf "Time derivative of mixture momentum %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe\n", mommix[VOLUME[i]]
printf "43\n"
printf "* --- \n"
printf "16 1.0\n"
dermommix[VOLUME[i)] = OUTCOUNT++
printf "*********************************\n"

printf "Auxiliary variable for csubvg Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "1s Xs Xs Xe Xs\n", drgdp[VOLUME[i)J, p[VOLUME[i]l, \

betagg[VOLUME[iJJ, rhog[VOLUME(i)),
csubpg[VOLUME [iJ

printf "27\n"
printf "* ---

printf " [1J *(([2] *[3))-([4) * [5]))\n"
auxcvg[VOLUME[i]] = OUTCOUNT++
printf *************************s*******s****************************** \n"*
printf "Denominator of csubvg Xs\n", VOLUME[i]
printf ".s\n", OUTCOUNT
printf "Xe Xe Xes X\n", auxcvg[VOLUME[i)], rhog[VOLUME[i)),

betagg[VOLUME[i]], tempg[VOLUME[iJJ
printf "27\n"
printf "* ---

printf "([1]-([2]*[3J*[3)*[4]))\n"
provdencvg[VOLUME[i]] = OUTCOUNT++
printf "**W*.***ee**ee***ee**e***s**e*************e****ee***e \n"
printf "Non-zero denominator of csubvg %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%X %s X s\n", CONSTI, provdencvg[VOLUME[il], TIME
printf "14\n"
printf "* ---

printf "3\n"
printf "Xesn", INITTIME-MAXDT/2.0
dencvg[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "********************************* .n

printf '!csubvg Xe\n", VOLUME[i]
printf "Xesn", OUTCOUNT
printf "%e %e Xs\n", auxcvgE[VOLUME[i]], csubpg[VOLUME[i]], \

dencvg [VOLUME [ii)
printf "27\n"
printf "* ---------- W.

printf "[1] * [2) / [3) \n"
csubvg[VOLUME[i]] = OUTCOUNT++
printf "***W*,**********************e*~** n
printf "Auxiliary variable for csubvf Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xe Xe %e %e Xe\n", drfdp[VOLUME[i]l, p[VOLUME[i)]. \

betaff[VOLUME[i]], rhof[VOLUME[i]),
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csubpf [VOLUME [i]]
printf "27\n"
printf "* ---------- W.

printf "[1]*((([2]*[3)-([4]*[5]))\n"
auxcvf [VOLUME[i]] = OUTCOUNT++
printf *****ea**e****s*********e*******e***ee**********a*********s \n"
printf "Denominator of csubvf '.s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s %es Xs\n", auxcvf [VOLUME[i])], rhof [VOLUME [i]],

betaff [VOLUME [i]], tempf [VOLUME Li]]
printf "27\n"
printf "* ---------- W.

printf "(CI]-([2]*[3]*L3]*[4]))\n"
provdencvf [VOLUME[i]] = OUTCOUNT++
printf ,*************e*e*****e****ae*************a***e****e***e**ee* \n"
printf "Non-zero denominator of csubvf %/s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%s %s es\n", CONSTI, provdencvf[VOLUME~i]., TIME
printf "14\n"
printf "* "---
printf "3\n"
printf "'s\n", INITTIME-MAXDT/2.0
dencvf [VOLUME [i]] = OUTCOUNT++
OUTCOUNT++
printf "*************************a****** ***************** \n"
printf "csubvf %s\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "Xs %es s\n", auxcvf[VOLUME[i]], csubpf[VOLUME~i]], \

dencvf [VOLUME [i]]
printf "27\n"
printf "* ---------- \n"

printf "[l]*<2]/(3]\n"
csubvf [VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Saturated vapor variables Xs\n", VOLUMELi]
printf "Xs\n". OUTCOUNT
printf "%es s\n", p[VOLUME[i]], CONSTi
printf "62\n"
printf "* ---------
printf "P x\n"
printf "cpg cvg betagg hg rhog\n"
satcpg[VOLUME[i]] = OUTCOUNT++
satcvg[VOLUMELi]) = OUTCOUNT++
satbetagg[VOLUME[i]] = OUTCOUNT++
sathg[VOLUME[i]] = OUTCOUNT++
satrhog[VOLUME[i)) = OUTCOUNT++
printf "***a*** * aaaas*aaaaaaaaa*a*aa** aa*** aaa*aa** aa*aa*aa*aa******* \n"
printf "Saturated liquid variables WI\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "1%s s.\n", p[VOLUME~iJ], CONSTO
printf "62\n"
printf "* ---------- \n"
printf "P x\n"
printf "cpf cvf betaff hf rhol\n"
satcpf [VOLUME.i]] = OUTCOUNT++
satcvf [VOLUME[i)] = OUTCOUNT++
satbetaff [VOLUME[i]] = OUTCOUNT++
sathf [VOLUME Li]] = OUTCOUNT++
satrhof[VOLUME~i]] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Non-zero vapor density Xs\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "%s %s %s\n", CONSTI, rhog[VOLUME[i]], TIME
printf "14\n"
printf "* ----------
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printf "3\n"
printf "Xs\n", INITTIME-MAXDT/2.0
nzrhog [VOLUME [ii] = OUTCOUNT++
OUTCOUNT++
printf "****************e*************e***********e*** **************** \n."
printf "Vapor enthalpy .s\n", VOLUME[i]
printf "*s\n", OUTCOUNT
printf "es %s X s\n", ug[VOLUME~i]], p[VOLUME[i]), nzrhog[VOLUME[i))
printf "27\n"
printf "* --- \n

printf "[1) + ([22/ [3) ) \n"
hg[VOLUME(iJ J = OUTCOUNT++
printf **** ess*s*e*e**ee********* **************s**** \n"
printf "Non-zero lilquid density Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es es Xs\n", CONSTI, rhof[VOLUME[i)], TIME
printf "14\n"
printf "* --- \n"
printf "3\n"
printf ".s\n", INITTIME-MAXDT/2.0
nzrhof [VOLUME[±i2 = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid enthalpy Xe\n", VOLUMEEi]
printf "%s\n", OUTCOUNT
printf "Xs Xes s\n", uf[VOLUME[iJ ], p[VOLUME[i2), nzrhof[VOLUME[i]]
printf "27\n"
printf "* --- \n"
printf "[12 +( [2) / [3) )\n"
hf [VOLUME[i]] = OUTCOUNT++
printf ************ees***e******* ********* ***************** \n"

printf "Saturation enthalpy jump Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xen", sathg[VOLUME(i]), sathf[VOLUME[iJ)
printf "27\n"
printf "* --- \n"
printf "[I]- [2] \n"
hfg[VOLUME[iJJ = OUTCOUNT++
printf *****e********se***e******e******* *********** ee*e***** \n"
printf "Saturation volume jump Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xes Xs\n", satrhog[VOLUME[i]], satrhof[VOLUME[i]]
printf "27\n"
printf "* --- \n"
printf "(1.O/[1i)-(1.0/[2D)\n"
vfg[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Vapor generation rate Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xs .s\n", gammaw[VOLUME[i]), gamrai[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[1] + [2) \n"

gammag [VOLUME [i±) = OUTCOUNT++
printf ********************.***e***************e*****e************* eee \n"
printf "Liquid generation rate Xs\n". VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xs\n", gammag[VOLUME[iJ]
printf "27\n"
printf "* --------- \n"

printf "-1.0* [1)\n"
gammaf [VOLUME [i]] = OUTCOUNT++
printi "*W****s**,e***********e********** n
printf "Liquid generation rate in volume Xs\n", VOLUME[i]
printf ".skn", OUTCOUNT
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printf "Xe Xs\n", vvol[VOLUME[i)), gammaf[VOLUME [i]
printf "27\n"
printf "* --- \n"
printf "[El * [2] \n"
genmf [VOLUME[iJ] = OUTCOUNT++
printf "*********************************\n"

printf "Computation of hstarg Xs\n", VOLUMECi]
printf "Xe\n", oUTCOUNT
printf "%s %s Xs\n", hg[VOLUME[i]l, sathg[VOLUME[i]], gammai[VOLUME[i]]
printf "14\n"
printf "* ---

printf "3\n"
printf "O.O\n"
hstarg[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"

printf "Computation of hstarf Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "1es Xe Xs\n", sathf[VOLUME[i)), hf[VOLUME[i)), gammaiCVOLUME[i))
printf "14\n"
printf "* ---

printf "3\n"
printf "O.O\n"
hstarf [VOLUME [i)) = OUTCOUNT++
OUTCOUNT++
printf .***************************************************************** \n"
printf "Computation of hprimeg Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es Xe Xs\n", hgCVOLUME[i]], sathg[VOLUME[i]), gammaw[VOLUME[i)]
printf "14\n"
printf "* --- \n"

printf "3\n"
printf "O.O\n"
hprimeg[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "************************************************************** \n"
printf "Computation of hprimef Xs\n", VOLUMEUi]
printf "Xs\n", OUTCOUNT
printf "Xe Xe ss\n", sathf[VOLUME[i)], hf[VOLUME[i]]. gammaw[VOLUME[i]]
printf "14\n"
printf "* ---

printf "3\n"
printf "O.O\n"
hprimef[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "*********************************\n"

printf "Wall interfacial heat power (vapor) Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xe Xes Xe s\n", hprimeg[VOLUME[i]]+1, hprimef[VOLUME[i]],

hprimeg[VOLUME[i)], gammaw(VOLUMECi]]
printf "27\n"
printf "* --- \n

printf "(1.0 - [1]*([2]-[3]*[4]\n"
qiwg[VOLUME[i]] = OUTCOUNT++
printf ******** ****************e****ss**********************s****s** \n"
printf "Wall interfacial heat power (liquid) Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xs Xes Xe X\n", hprimegCVOLUME~i]]+l, hprimefCVOLUME[i]),

hprimeg [VOLUME [iJ), gammaw [VOLUME Ci])
printf "27\n"
printf "* --- \n"
printf "[]*(C[2)-[3] )*[4]\n"
qiwf [VOLUME[i]] = OUTCOUNT++
printf * ************************************************************ \n"
printf "Bulk interfacial heat power (vapor) %s\n", VOLUMECi]
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printf "Xe\n", OUTCOUNT
printf "'X %s X s\n", hig[VOLUME[i]), sattCVOLUME[i)), tempg[VOLUME[i))

printf "27\n"
printf "* ---------- W.

printf "[1)*([2)-[3])\n"
qibg[VOLUME[i]) = OUTCOUNT++
printf "*****************s*** ******** ***********************ee \n"
printf "Bulk interfacial heat power (liquid) %s\n", VOLUME~i]

printf "Xs\n", OUTCOUNT
printf "%s %s Xs\n", hif[VOLUME~i)), satt[VOLUME[i]J, tempf[VOLUME[i])
print! "27\n"
printf "* ---------- Wn

printf "[C1*([2)-[3))\n"
qibf (VOLUME [i) - OUTCOUNT++
printf "***************************************************************** \n"

printf "Total interfacial heat power (vapor) Xs\n", VOLUMEUi]
printf "Xs\n", OUTCOUNT
printf "Xe Xe\n", qiwgCVOLUME(i]], qibg[VOLUME[i))
print! "27\n"
printf "* ---------- W.

printf "[1i+<2)\n"
qig[VOLUME[i]) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Total interfacial heat power (liquid) Xe\n", VOLUMEUi]
printf "Xe\n", OUTCOUNT
printf "Xe W I\n", qiwf [VOLUME [i] , qibf [VOLUME [i))
print! "27\n"
printf "* ---------- W.

printf "[I3+([2\n"
qif [VOLUME [i]] = OUTCOUNT++
printf ************s********************ee********************s***** \n'"

printf "Enthalpy transferred to vapor through the interphase Xs\n", VOLUMECi)
printf "Xe\n", OUTCOUNT
printf "es %s Xe Xe\n", gammai[VOLUME[i)), hetargE[VOLUME[i)],

" gammaw [VOLUME [i)], hprimeg [VOLUME [i]]
print!f 127\n"
printf "* ---------- Wn

printf "[1] * [2) + [3) * [4) \n"
gammahig[VOLUME i]) = OUTCOUNT++
printf "*** **********e**s*********e******e****e********* \n"

printf "Enthalpy transferred to liquid through the interphase Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xs Xe Xe Xs\n", gammai[VOLUME[iJ), hstarf[VOLUME[i]) ,

geammawEVOLUME[i]), hprimef[VOLUME [i)
printf "27\n"
printf "* --------- \n"
printf "-I.O*(C1]*[2)+[3*C[43)\n"
gammahif[VOLUMECi]] = OUTCOUNT++
printf "*****W********e*e****** ***e****e**** * e*ea*s**e*e*e*****s*** \n"

printf "Gamima * h (vapor) Xs\n", VOLUMEUi]

print! "Xe\n", OUTCOUNT
print! "Xes X\n", gammag[VOLUME[i]]) hg[VOLUMIE[i]
print! "27\n"
printf "* --- \n"
print! "C1] * (2) \n"
gammaghg[VOLUMECi) = OUTCOUNT++
printf ******ee***eeeeas**** e**e***assa***** ee*ee*e***e***eeee**** \n"

printf "Gamma * h (liquid) Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
print! "Xe Xs\n", gammaf[VOLUME[i]], hf[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
print! "[] * [2) \n"
gammafhf (VOLUME Ci]) = OUTCOUNT++
print! "****************************************s******************** \n"
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printf "Non-zero csubpg ,s\n", VOLUME[i]
*printf "%s\n", OUTCOUNT
printf "1es %s Xs\n"', CONSTI, csubpg[VOLUME[i]], TIME
printf "14\n"
printf "*---------- \n"
printf "3\n"
printf "Xs\n". INITTIME-MAXDT/2.0
nzcsubpg[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "**************s****s**********s**s'**** ****s******ss********* \n"
printf "Vapor isobaric expansion coefficient Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "X1s se Xs\n". betagg[VOLUME[i]], nzrhog[VOLUME[i]], nzcsubpg(VOLUME i]]
printf "27\n"
printf "* --- \n"
printf "[i]/([2J*[3])\n"
pigEVOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Non-zero csubpf Xs\n", VOLUME i]
printf "Xs\n", OUTCOUNT
printf "Xs Xe Xs\n", CONSTI. csubpf[VOLUME[i]], TIME
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "Xe\n", INITTIME-MAXDT/2.0
nzcsubpf [VOLUME i]] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid isobaric expansion coefficient Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs Xs\n", betaff [VOLUME [i]], nzrhof (VOLUME [i]], nzcsubpf [VOLUME [i]]
printf "27\n"
printf "* --- \n"

printf " [1] /([2J* [3])\n"
pif [VOLUME[i] ] = OUTCOUNT++
printf "*************s*****ss***ss*s********s***sss**ss*******s*s****t* \n"

printf "Vapor swelling Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes Xe Xs\n", vvol[VOLUME[i]], gammag[VOLUME[i]], satrhog[VOLUME[i]]
printf "27\n"
printf "* ---------- W.

printf "([1]*[2])/[3]\n"
swellg [VOLUME Ci]] = OUTCOUNT++
printf ******e****e**************************************es*********s \n"
printf "Liquid swelling Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xes s\n", vvol[VOLUME[iJ], gammafEVOLUME[i]] , satrhof[VOLUME[i]]
printf "27\n"
printf "* --- \n"

printf "([1] * [2]) / [3] \n"
swellf [VOLUME[i]] = OUTCOUNT++
printf "**********************s**********************ss************* \n"
printf "Non-zero vvol Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xe Xs Xs\n", CONSTI, vvol[VOLUME[i]], TIME
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "Xs\n", INITTIME-MAXDT/2.0
nzvvol [VOLUME [i]] - OUTCOUNT++
OUTCOUNT++
printf "s*s ***************************************************** \n"
printf "Auxiliary term 1 for thermal expansion plus swelling (vapor) Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es Xs X es Xes X s\n", qwg[VOLUME~i]], nzvvol[VOLUME(iJJ, qig(VOLUME[iJ],\
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gammahig (VOLUME [i)), gamiag [VOLUME [i) ] hg [VOLUME [i)]
printf "27\n"
printf "* "---
printf "([iJ/[2J)+(3)+[4]-([5)*[6])\n"
thswauxlg[VOLUME[i]] = OUTCOUNT++
printf '***************************************************************** \n"
printf "Thermal expansion plus swelling (vapor) %s\n", \

VOLUME [i)
printf "%s\n", OUTCOUNT
printf "%s %s %s %as %s\n", pig[VOLUME[i]), thswauxig(VOLUME [iV, \

gammag[VOLUME(i)), nzrhog[VOLUME(iJ), vvol(VOLUME[i])
printf "27\n"
printf !* -----*----W.

printf "(( [1]*[2))+([3)/[4J))* [5)\n"
thswg(VOLUMELi]) = OUTCOUNT++
printf "*******W.** *********************************************** \n"
printf "Nq term with q wall (vapor) Ws\n", \

VOLUMELi]
printf "'/s\n", OUTCOUNT
printf "Is %s %s\n", qwg[VOLUME[iJJ, pig[VOLUME[ill, satrhog[VOLUME(i]]
printf "27\n"
printf "* ---------- Wn

printf "[i) * [2) * [3) \n"
qwtermg(VOLUME[i] ] = OUTCOUNT++
printf "*******************************************s********************* \n'
printf "Nq term with interfacial heat (vapor) %s\n', \

VOLUMELi)
printf "%s\n". OUTCOUNT
printf "%s %s %s %s\n", vvol(VOLUME(i)), qigEVOLUME~i)), pig[VOLUME[i)), \

satrhog (VOLUME (i])
printf "27\n"
print!f "* *------- \n'
printf "1i) * [2] * [3] * (4] \n"
qitermg[VOLUME[i)) = OUTCOUNT++
printf "*****************s****s*s******ss******s********s*****s*****ss** \n"
printf "Nq term with gamma (vapor) %s\n". \

VOLUME Li)
printf "%s\n". OUTCOUNT
printf "as %s %s %s %s %s\n", gammahig(VOLUME[i)], gsmmag[VOLUMELi)),

nzrhog[VOLUME(i)), satrhog[VOLUME[i)J,
pigLVOLUME[i)J, vvol[VOLUME[i))

printf "27\n"
printf "* --- \n"
printf "(([5]*[i])-([2]*((i.O/[3))-(I.O/[4]))))*)(6)*[4]\n"
gammtg [VOLUME [i)) = OUTCOUNT++
printf ***************s*.***ss*********************************** \n"
printf "Auxiliary term 1 for thermal expansion plus swelling (liquid) %s\n", VOLUMEUi)
printf "%s\n", OUTCOUNT
printf "%s %s %s %s %s %s\n", qwf[VOLUME[i)), nzvvol(VOLUME[i)), qif[VOLUME[i)].\

gammahif(VOLUME [i), gammaf[VOLUME[i]). hf [VOLUME[i)]
print! "27\n"
printf "* '*------- \n"
printf "((1)/[2))+[3+([4)-([5]*[6])\n"
thswauxlf[VOLUME(i]) = OUTCOUNT++
printf ,**s****ss*s*****s***s**s********s*sss**as**sss***ss***s \n"
printf "Thermal expansion plus swelling (liquid) %s\n", \

VOLUME [i]
printf "%s\n", OUTCOUNT
printf "%s %s %s %s %s\n", pif(VOLUME[i]], thswauxlf[VOLUME[i)),

gammaf[VOLUME[il], nzrhof[VOLUME [i), vvol[VOLUME [i)
printf "27\n"
printf "* ---

printf "( (1 * [2(])+ ( [3]/ [4 ))*[5) \n"
thswf [VOLUME [i)) = OUTCOUNT++
printf **************************************************************s \n"

C-22



printf "Nq term with q wall (liquid) Xs\n", \
VOLUME [i]

printf "Xe\n", OUTCOUNT
printf "e Xs Xs\n"' qw [VOLUME i])], pif [VOLUME[ill, satrhof [VOLUME [i))
printf "27\n"
printf "* --- \n"
printf " [1) * [2) * [3) \n"
qwtermf [VOLUME[i)) = OUTCOUNT++
printf ***************************************************************** \n"
printf "Nq term with interfacial heat (liquid) Xs\n", \

VOLUME Li]
printf "Xs\n", OUTCOUNT
printf "XS Xe XB Xe\n", vvol[VOLUME[i]l, qif[VOLUME[i)J, pif[VOLUME[i]],

satrhof [VOLUME Fi))
printf "27\n"
printf "* ---------- Wn

printf " [(1 * [2) * [3] * [4) \n"
qitermf[VOLUME[iJ) = OUTCOUNT++
printf "***************************************************************** \n"

printf "Nq term with gamma (liquid) Xs\n", \
VOLUME [i]

printf "Xs\n", OUTCOUNT
printf "%e %s Xe Xe %Xs s\n", gammahif[VOLUME[i]], gammaf[VOLUME[i)), \

nzrhof[VOLUME[i]], satrhof[VOLUME[i)J, \
pif [VOLUME [ill, vvol [VOLUME [i))

printf "27\n"
printf "* ---------- \n"
printf "(([5)*[1))-([2)*((1.0/[3])-(1.0/[4)))))*[6)*[4J\n"
gaemtf [VOLUME[i)) = OUTCOUNT++
printf "******ss*es*sa**e******e**********e************e**********s*** \n"

printf "Vapor thermal expansion Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", thswg[VOLUME[i)], swellg[VOLUME[i]J
printf "27\n"
printf "* --- \n"
printf " [1) - [2] \n"
thexpg [VOLUME [i)) = OUTCOUNT++
printf ***********************************e****.s**.*******ae*****s** \n"
printf "Liquid thermal expansion Xs\n", VOLUME Li]
printf "Xe\n", OUTCOUNT
printf "Xe Xs\n", thswf [VOLUMEti)), swellf [VOLUME[i]]
printf "27\n"
printf "* --- \n"
printf "[l) -[2) \n"
thexpf [VOLUME[i] J = OUTCOUNT++
printf *******e**** a*eeeeaeee***eeee*eaae*ee**seea*sseese*s****ee** \n"
printf "Vapor isentropic compressibility Xs\n", VOLUME[i]
printf "•s\n". OUTCOUNT
printf "es es es Xe Xe Xs\n", tempg[VOLUME~i]J, p[VOLUME[i)], betagg[VOLUME[i)), \

csubvg[VOLUME[i)], nzrhog[VOLUME[i]], nzcsubpg[VOLUME[i))
printf "27\n"
printf "* --- \n"
printf "([l)] * [2] * [3] * [3) * [4]) / ([5) * [6*( [6)- [4)) \n"
compg[VOLUMELi]] = OUTCOUNT++
printf "****************************************************************** \n"
printf "Vapor fraction * isentropic compressibility Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", voidg[VOLUME[i)), compg[VOLUME[i])
printf "27\n"
printf "* --- \n"

C-23



printf "[J1 * (2) \n"
voidcompg[VOLUME[i]] - OUTCOUNT++
printf ***e**e***es****e***s***s**ss****** s***************ee***s** \n"
printf "Time derivative of vapor fraction * isentropic compressibility %s\n", \

VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%s\n", voidcompg[VOLUME[i))
printf "43\n"
printf "* -"---
printf "16 1.0\n"
dervoidcompg[VOLUME[i]) = OUTCOUNT++
printf .***************************************************************** \n"
printf "Non zero vapor isentropic compressibility %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s 7.s %s\n". CONSTI, compg[VOLUME[i)), compg[VOLUME[i]]
printf "14\n"
printf "* ."---

printf "3\n"
printf "1.Oe-10\n"
nzcompg[VOLUME[i)) = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid isentropic compressibility %s\n". VOLUME~i]
printf "%s\n", OUTCOUMT
printf "%s %s %s %s %s %s\n", tempf[VOLUME[i]], p(VOLUME[i]], betaff(VOLUME[iJ), \

csubvf [VOLUME [i) ], nzrhof [VOLUME [ii), nzcsubpf [VOLUME [i)
printf "27\n"
printf "* --- \n"
printf "C([I] * (2J * [3) * [3] * [4]) [5 * [6) ((61- [4 )) \n"
compf [VOLUME[i)) = OUTCOUNT++
printf **************************************************************** \n"
printf "Liquid fraction * isentropic compressibility %s\n", VOLUMEDi]
printf "%s\n", OUTCOUNT
printf "%s %s\n", voidf[VOLUME(iJ l, compf[VOLUME[i]J
printf "27\n"
printf "* -"---
printf "[1] * [2) \n"
voidcompf [VOLUME[i)) = OUTCOUNT++
printf "******s*** ***s*** s*** ****s**s*es*s********s***s****s**sse* \n"

printf "Time derivative of liquid fraction * isentropic compressibility %s\n", \
VOLUME [i]

printf "%s\n", OUTCOUNT
printf "%s\n", voidcompf [VOLUME i])
printf "43\n"
printf "* --- \n"
printf "16 1.0\n"
dervoidcompf[VOLUME[i]] = OUTCOUNT++
printf "****************e********************* s ************** \n"
printf "Non zero liquid isentropic compressibility %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", CONSTI, compf[VOLUME[i)), compf[VOLUME[i)]
printf "14\n"
printf "* ---

printf "3\n"
printf "1.0e-1O\n"
nzcompf [VOLUME i)) = OUTCOUNT++
OUTCOUNT++
printf "W**s******ss*e************************$* *ss**ss*$**s******* \n"
printf "Vapor isentropic compressibility integrated in the whole node %s\n",

VOLUME Li]
printf "%s\n"* OUTCOUNT
printf "%s 7s .s\n", vvol[VOLUME[i]], voidg[VOLUME[i)), compg[VOLUME[iJ]
printf "27\n"
printf "* --- \n"
printf "[I) * [2) * [3J \n"
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nodecompg[VOLUME[i]] = OUTCOUNT++
printf *******************************a******************************** \n"
printf "Liquid isentropic compressibility integrated in the whole node Ys\n",

VOLUME [i]
printf ",s\n", OUTCOUNT
printf "%s %.s %s\n", vvol[VOLUME[i] ] voidf[VOLUME[i]l, compf[VOLUME[i]]
printf "27\n"
printf "* --- \n"
printf "[1] * [2] * [3) \n"
nodecompf[VOLUME[i]] = OUTCOUNT++
printf *********************************** ***************************** \n"
printf "Total node compressibility %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", nodecompg[VOLUME[i]], nodecompf[VOLUME[i]]
printf "27\n"
printf "* ---------- W,

printf "([1<+[2]\n"
totnodecomp[VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Non zero total node compressibility WsWn", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s 7%s %s\n", CONSTi, totnodecomp[VOLUME [i]], totnodecomp [VOLUME [i]]
printf "14\n"
printf "* ----------...

printf "3\n"
printf "1.Oe-10\n"
nztotncomp [VOLUME ti]] = OUTCOUNT++
OUTCOUNT++
printf "************************************************************** \n"
printf "Vapor compressibility along the saturation line %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %7s %%s %s %s %s %s\n", p[VOLUMEfi]], satt[VOLUME[i]], satbetagg[VOLUME[i]),

vfg[VOLUME[i]], hfg[VOLUME[i]], satrhog[VOLUME[i]],
satcvg [VOLUME [i] ], satcpg [VOLUME [i]J

printf "27\n"
printf "* ---------- \n"
printf "-1.O*[i)*[2]*[3]*(([4]/[5])+([3]/([6]*([7]-[8))))\n"
satcompg[VOLUME[i]] = OUTCOUNT++
printf •********s*****************s************************************* \n"
printf "Liquid compressibility along the saturation line %s\n", VOLUME[i]
printf ",skn", OUTCOUNT
printf "%s %s %s %s %s %s %s %s\n", p[VOLUME[i]l, satt[VOLUME[i]], satbetaff[VOLUME[i]],

vfg[VOLUME[i]], hfg[VOLUME[i]], satrhof[VOLUME[i]],
satcvf [VOLUME [i]), satcpf [VOLUME [i]

printf "27\n"
printf "* ---------- \n"
printf "1-. O* [I * [2]* [3]* (([4/ [5) + ( [3/ ([6]* ([7]- [8)))) \n"
satcompf[VOLUME[i]] OUTCOUNT++
printf W.***************************************************************** \n"
printf "Vapor volume %s\n", VOLUME[i]
printf "'s\n", OUTCOUNT
printf "%,a Vs\n". voidg[VOLUME[i]], vvol[VOLUME[i]
printf "27\n"
printf "* --------- \n"
printf "[I] * [2] \n"

volg[VOLUME[i]] = OUTCOUNT++
printf *************************************************************** \n"
printf "Liquid volume %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%,s Ws\n", voidf [VOLUME [i]], vvol [VOLUME [i])
printf "27\n"
printf "* --- \n"
printf "[1] * [2] \n"

volf [VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
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printf "Time derivative of liquid volume Xs\n", VOLUMERi]
printf "Xs\n", OUTCOUNT
printf "Xe\n", volf[VOLUME[i])
printf "43\n"
printf "* --- \n"
printf "16 1.0\n"
dvfdt(VOLUME [iJ = oTrrcOuNT++
printf ***e**esessse***e**e. *******ss ***e*e*****ee***e****ee* \n"

printf "Vapor mass Xs\n", VOLUME[i]
printf "W.s\n", OUTCOUNT
printf "Xe %s\n", volgE[VOLUME[i]], rhog[VOLUME[i)]
printf "27\n"
printf "*- -------- W.

printf "[1) * [2) \n"
masseg[VOLUME[i]] = OUTCOUNT++
printf "*************************************************************** \n"
printf "Liquid mass .s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf ".s Xs\n", volf [VOLUME [i]), rhof [VOLUME [i])
printf "27\n"
printf "'* --------- \n"
printf "1<] * [2) \n"
massf[VOLUME[i]] = OUTCOUNT++
printf ************ee*eee**e*****e******e*******e******************** \n"
printf "Vapor wall friction Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "%es Xe s\n", massegVOLUME[i)), velgE[VOLUME~i)], fwalgx[VOLUME[i)]

printf "Xs Xs Xs\n", vvolCVOLUME[i)), velgE[VOLUMEi])], fwalgxCVOLUME[i))
printf "27\n"
printf " -* --- ---.... .

printf "[1] * [2] * [3) \n"
wfricg[VOLUME[i]) = OUTCOUNT++
printf *****************se****s**e******ee***************s************** \n"

printf "Liquid wall friction Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT

# printf "Xe Xs Xs\n", massf [VOLUMECi)), velf [VOLUME [i]], fwalfx [VOLUMECi))
printf "Xa %s X s\n", vvolCVOLUME[iJ), velf[VOLUME[i] ], fwalfx[VOLUME[i])
printf "27\n"
printf "* ---

printf "[1] * [2] * [3] \n"
wfricf[VOLUME[i]) = OUTCOUNT++
printf "W,******************************* n
printf "Vapor buoyancy term Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%e Xs Xs\n", avol[VOLUME[i]l, voidg[VOLUME[i]], rhogE[VOLUME[i)]
printf "27\n"
printf "* ---

printf "Xs*Xs* [l) * [2) * [3) \n", GRAV, HEIGHT [VOLUME [i]]
buoyg[VOLUME[i)) = OUTCOUNT++
printf \****************************************************************** \n"

printf "Liquid buoyancy term %s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "e Xes Xs\n", avol[VOLUME[i]), voidf[VOLUME[i]), rhofEVOLUME [i)
printf "27\n"
printf "* --- \n"
printf "Xs*Xe* [1] * [2)* [3) \n", GRAV, HEIGHT[VOLUME[i))
buoyf[VOLUME[i]] - OUTCOUNT++
printf W.******************************** n
printf "Vapor non-equilibrium mass X.\n", VOLUMEWi)
printf "Xs\n", OUTCOUNT
printf "Xe %s Xs\n". volgE[VOLUME[i]], satrhog[VOLUME[i)], rhogE[VOLUME[i))
printf "27\n"
printf "'* ----------W.

printf "(1] * ( [2)- [3] ) \n"
nqmg [VOLUME [i]) = OUTCOUNT++
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print! ***************s***************** \n",
printf "Liquid non-equilibrium mass %s\n", VOLUME[i]
printf "%.s\n", OUTCOUNT
printf "%.s %.s s\n", volf [VOLUME [i)], satrhof [VOLUME [i]], rhof [VOLUME[i])
printf "27\n"
printf "* ---------- W.

printf "[(1 * ([2]- [3)) \n"
nqmf [VOLUME[i)] = OUTCOUNT++
printf "*****.********************* ******************************** \n"
for(j=l;j<=njuns;j++) {

inletx[j] .
outletx[j] .
inlety[j] =

outlety[j) .
inletz(jJ =

outletz[j) .
if(TOVOL(j] == VOLUME~i]) {

if. (INOUTFLAGTO[j] =- 1) {
inletx[j]

}

else if(INOUTFLAGTO[j] == 2) {
outletx[j] .

I
else if(INOUTFLAGTO[j] == 3) {

inlety(j] =

}
else if(INOUTFLAGTO[j] == 4) {

outlety[j) .
I
else if(INOUTFLAGTO[j] == 5) {

inletz[j] 1W,
I
else if(INOUTFLAGTO[jJ == 6) {

outletzfj] =
}

}

else if(FROMVOL[j] == VOLUMEUi) {
if (INOUTFLAGFROM[J) == 1) {

inletx[j] =

I
else if(INOUTFLAGFROM[j] == 2) {

outletxs[j) =

I
else if(INOUTFLAGFROM[j) == 3) {

inlety[j] .
}
else if(INOUTFLAGFROM[j] == 4) {

outlety[j] =
I
else if(INOUTFLAGFROM~j] == 5) {

inletz[j) .
I
else if(INOUTFLAGFROM[j] == 6) {

outletz[j] "+"
}

}

# End of junction loop

printf "Inlet area x %s\n", VOLUME~i]
printf ",skn" , OUTCOUNT
printf "%s ", CONSTO
for(j= ;j<-njuns;j++) {

if(inletx[j] !" I'll) {
printf "1%s ", ajun[JUNCTION[j]]
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I
i

printf "\n"
print f "27\n"

printf "* -- ---... .

printf " [El "
auxcount = 2
for(j1 ;j<-njuns;j++) {

if(inletx[j) != .. )f
printf "+[%a]", auxcount++

I
I

printf '\n"
inareax[VOLUME i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet area * voidg x %s\n", VOLUMEBi]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j1 ;j<=njuns;j++) {

if(inletx~j] "") {
printf "X1s ", avoidgEJUNCTION[j))

I
i

printf "\n"
printf "27\n"

printf " [1 --

auxcount = 2
for(j=1;j<=njuns;j++). {

if(inletx~j] 1= "") {
printf "+[Xs]", auxcount++

I
I
printf '\n"

inavoidgx[VOLUME i]] = OUTCOUNT++
printf ****s************s**************s*****s***s****s*****s*****s* \n"
printf "Inlet area * voidf x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
for(j=1;j<=njuns;j++) {

if(inletx[j] "") {
printf 'Xe ", avoidf[JUNCTION[j]]

I

i
printf "\n"
printf "27\n"

printf "* ---

printf "[1 )"
auxcount = 2
for(j=l ;j<=njuns;j++) {

if(inletx[j] ....") {

printf "+[s]e". auxcount++
I

I

printf "\n"
inavoidfx[VOLUME[i)) = OUTCOUNT++
printf *s**************s********************************************** \n"
printf "Inlet area * voidg * rhog x /s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletx[j) 1= "") {
printf "Xe ", avoidrhog[JUNCTION[j]]

I
I
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printf "\n'
printf "27\n"
printf "* --- \n"
printf "[1)'
auxcount = 2
for(j=l;j<-njuns;j++) {

if(inletx[j] != "") {
printf "+ [%a]", auxcount++

}
}
printf "\n"
inavoidrhogx[VOLUME[i]] - OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet area * voidf * rhof x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletx[j] ! =..) {
printf "%s ", avoidrhof[JUNCTION[j]]

I

i
printf "\n"
printf "27\n"

printf "* --- \n"
printf "[13"
auxcount = 2
for (j=l;j<-njuns;j++) {

if(inletx[j] 1 "") {
printf "+ [%e]", auxcount++

I
I
printf "\n"

inavoidrhofx[VOLUME[i)] = OUTCOUNT++
printf ***********as***e****e*e*ea**e************e*********eee****e \n"
printf "Inlet area * voidg * rhog * velg x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe ", CONSTO
for(J=l;j<=njuns;j++) {

if(inletx[j] != "") {
printf "%a ", avoidrhovelg[JUNCTION[j]J

I
I

printf "\n"
printf "27\n"
printf "* --- \n"
printf "11 1"
auxcount = 2
for(j=l;j<=njune;j++) {

if(inletx[j) I'l ") {
printf "es[%s]", inletx[j], auxcount++

I
I

printf "\n"
inavoidrhovelgx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet area * voidf * rhog * velf x Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletx[J] 1- ""){
printf "%e ", avoidrhovelffJUNCTION[j]]

I

printf "\n"
printf "27\n"
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printf "* ---------- Wn
printf "[11"
auxcount = 2
for(j=1;j<snjuns;j++) {
.if(inletx[j] 1= "") {

printf "Us [Ms]", inletx [j], auxcount++
}

}

printf "\W
inavoidrhovelfx[VOLUME[iJ) OUTCOUNT++
printf "******************************** n
printf "Inlet area * voidg * pressure x %s\n", VOLUMERI
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<-njuns;j++) {

if(inletic[j] -"") {
printf "%s ", avoidpjgE[JUNCTION(j]]

}
}
printf 1\n"
print f "27\n"

printf "* ---------- \n"
printf "[1] '"
auxcount - 2
for(j=l;j<onjuns;j++) {

if(inletx[j] = "") {
printf "+[%s]", auxcount++

}
}
printf "\n"
inavoidpjg%(VOLUME[i]] = OUTCOUNT++
printf '**s***************************e******************************** \n"
printf "Inlet area * voidf * pressure x Ks\n", VOLUME~i]
printf "1s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<onjuns;j++) {

if(inletx[J] 1- "") {
printf "%s ", avoidpjf[JUNCTION~j]]

}
}

printf "27\n"
printf "*----

printf "[1] "
auxcount = 2
for(j=l;j<"njuns;j++) {

if(inletx[j) .. ) {
printf "+[7.s]", auxcount++

}
}
printf "\n"
inavoidpjfx[VOLUME[i)] = OUTCOUNT++
printf "******************************** n
printf "Outlet area x ,s\n", VOLUMERi]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<"njuns;j++) {

if(outletx[j] "") {
printf "Ks ", ajun[JUNCTION[j]]

}
}
printf "Wn"
printf "27\n"
printf "* ---------- \n"

printf "E[1"
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auxcount - 2
for(j=l;j<=njuns;j+f) {

if(outletx[jJ 1= 11")
printf "+[%s]", auxcount++

}
}
printf "\n"
outareax[VOLUME[i]] = OUTCOUNT++
printf '****************************************************************** \n"
printf "Outlet area * voidg x %s\n", VOLUME[I]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletxj)] !"") {
printf "%.s ", avoidgEJUNCTION[j]]

I

i
printf "\n"
printf "27\n"
printf "S---.... n

printf " [1]"
auxcount = 2

for(j=l;j<=njuns;j++) {
if(outletx[j] != "'9 {

printf "+[es])", auxcount++
}

}
printf "Wn"
outavoidgx[VOLUME[ill = OUTCOUNT++
printf "*sssssssassss**a***s*s*ss*ssssssssss*sssassssasssassassn***a \n"
printf "Outlet area * voidf x WeIn", VOLUME[i]
printf "W.ekn", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletx(j] 1= "") {
printf "Xs ", avoidf[JUNCTION[j]]

I
i

printf "\n"
print f "27\n"

printf "* ----------W.

printf " [1) "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletx[j] != "") {
printf "+[%e)", auxcount++

}
}
printf "\n"
outavoidfx[VOLUMECi]) = OUTCOUNT++
printf "*s** ssssssss*ssssssssss*ss*ssssss*** sssssssssssssssssssssssss \n'"
printf "Outlet area * voidg * rhog x We\n", VOLUME[i)
printf "/.e\n", OUTCOUNT
printf "Xe ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletx~jJ 1= "") {
printf "Xs ", avoidrhog[JUNCTION[j])

}

printf "\n"
printf "27\n"
printf "* ---------- Wn

printf "[1]1"
auxcount = 2
for(j=l;j<=njuns;j++) {
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if(outletx[j] !') {
printf "+[%.B]", auxcount++

}

printf "\n"
outavoidrhogx [VOLUME[ii] = OUTCOUNT++
printf "**$************************************************************ \n"
printf "Outlet area * voidf * rhof x Xs\n", VOLUME(i]
printf ".s\n", oUTCOUNT
printf "%.s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletx[j] I "..) {
printf "Xe ", avoidrhof[JUNCTION[j]]

}
i

printf "\n"
print!f "27\n"

printf "* ---

printf "[1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletxEj) I "") {
printf "+[%s])", auxcount++

I
I
printf "\n"
outavoidrhofx[VOLUMEEi]] = OUTCOUNT++
printf "**********e**e********$**$*****************$****e***e* \n"
printf "Outlet area * voidg * rhog * velg x Xe\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletx(j] I= .") {
printf "Xe ". avoidrhovelg[JUNCTION[j])

I
i

printf "\n"
print! "27\n"

printf "*--. - W.

printf "El)"
auxcount = 2
for(j=i;j<-njuns;j++) {

if(outletx[j] ! "..) {
printf ",s[Xs)", outletxEj], auxcount++

I

printf "\n"
outavoidrhovelgx(VOLUME i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet area * voidf * rhog * vel! x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe ', CONSTO
for(j-l;j<=njuns;j++) {

if(outletx[j] "") {
printf "Xs ", avoidrhovelf[JUNCTION[j]]

I

printf "\n"
printf "27\n"
printf "* ---------- W.

printf "[1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletxEj] 1= "") {
printf "Xe EX)s", outletx[j], auxcount++
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}
}

printf "\n"
outavoidrhovelfx[VOLUMEEi)] = OUTCOUNT++
print! ********************************* n

printf "Outlet area * voidg * pressure x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "'Vs ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletx[j] 1 .") {
printf "Vs ". avoidpjg[JUNCTION)j]]

}

i
printf "\n"
print! "27\n"

printf "* --- \n"
printf "El)"
auxcount = 2
for(j"l ;j<=njuns;j++) {

if(outletx[j) I= "") {
printf "+[(s)", auxcount++

I
I
printf "\n"
outavoidpjgx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet area * voidf * pressure x %s\n", VOLUME[i]
printf ".s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j'<=njuns;j++) {

if(outletx[J) ! .. ) {
printf "7%s ", avoidpjf[JUNCTION[j)]

}

i
printf "\n"
print! "27\n"

printf "* ---

printf "Wl]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletx[jJ !") {
printf "+[(Vs]", auxcount++

I

printf "\n"
outavoidpjfx(VOLUME[i]] = OUTCOUNT++
printf "**************e*e********************************************* \n"

printf "Non zero inlet area x Vs\n", VOLUME(iJ
printf "Vs\n", OUTCOUNT
printf "Vs Vs ss\n", CONSTI, inareax[VOLUME[i]], inareax[VOLUME[i))
printf "14\n"
printf "* ---

printf "3\n"
printf "1.Oe-10\n"
nzinareax[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Non zero outlet area x Vs\n", VOLUME[iE
printf "%s\n", OUTCOUNT
printf "Vs Vs ss\n", CONSTI, outareax[VOLUME[il], outareax[VOLUME[i]J
printf "14\n"
printf "* ---

printf "3\n"
printf "l.Oe-10\n"
nzoutareax(VOLUME[i]] = OUTCOUNT++
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OUTCOUNT++
printf "*********************************\n"-

printf "Vapor fraction at node inlet x Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "X1s Xes %s s\n", nzinareax[VOLUME[iJ]+l, inavoidgx[VOLUME[iL], \

nzinareax [VOLUME [i)), voidg [VOLUME [i])
printf "27\n"
printf "* --- \n
printf "([iJ*[2)/[3))+((1.0-[i))*[4])\n"
invoidgx[VOLUME[i)) = OUTCOUNT++
printf ***e**e****e**s******ee***e***es******e******s**se**ee***e*** \n"
printf "Liquid fraction at node inlet x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes es %s Xs\n", nzinareax [VOLUME)i] ]+1, inavoidfx [VOLUME[i)], \

nzinareax[VOLUME[iJ), voidf [VOLUME [i]
printf "27\n"
printf "* --- \n"
printf "([1)*[2)/[3D)+((I.O-[i))*[4))\n"
invoidfx [VOLUME [i] = OUTCOUNT++
printf " *********************************************************** \n"
printf "Vapor fraction at node outlet x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes %e Xes s\n", nzoutareax[VOLUME[iJ)+l, outavoidgx[VOLUME~i)], \

nzoutareax [VOLUME [i]), voidg [VOLUME [i])
printf "27\n"
printf "* --- \n"
printf "([i)*[2)/[3))+C(l.O-[1))*[4))\n"
outvoidgx[VOLUME[i]] = OUTCOUNT++
printf "**** ******** *********************e************** \n"
printf "Liquid fraction at node outlet x Xs\n". VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es Xs Xs Xs\n", nzoutareax[VOLUME[i]]+1, outavoidfx[VOLUME[i)) \

nzoutareax [VOLUME [iJI, voidf [VOLUME [i))
printf "27\n"
printf "* --- \n"
printf "([1)*[2)/[3))+((I.O-[i))*[4])\n"
outvoidfx[VOLUME[i]] = OUTCOUNT++
printf "************W.e*e*e*e**e***e**e**e******ee****s********ee \n"
printf "Non zero inlet area * voidg x Xs\n", VOLUME~i]
printf ".s\n", OUTCOUNT
printf "Xes Xes \n", CONST1, inavoidgx [VOLUME [ii] , inavoidgx [VOLUME [i])
printf "14\n"
printf "* --- \n"
print! "3\n"
printf "i.Oe-1O\n"
nzinavoidgx[VOLUME[i)) = OUTCOUNT++
OUTCOUNT++
print! eee**seeeeeeeeefeeese**e~**eeaeee \n",
printf "Non zero inlet area * voidf x X,\n", VOLUME i]
printf ",s\n", OUTCOUNT
printf "es Xes s\n", CONSTi, inavoidfx[VOLUME[iJ), inavoidfx[VOLUME[i)J
printf "14\n"
printf "* --------- \n"
printf "3\n"
printf "i.Oe-10\n"
nzinavoidfx[VOLUME[i]) = OUTCOUNT++
OUTCOUNT++
printf *** e*e**eee*e*eeee*** ee*ee** * eeeeeeeeeeeeeeeeeeee*eee*e* * \n"
printf "Non zero outlet area * voidg x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes Xes \n", CONSTI, outavoidgx [VOLUME[i]], outavoidgx [VOLUME[iJ)
printf "14\n"
printf "* --- \n
printf "3\n"
printf "1.0e-10\n"
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nzoutavoidgx [VOLUME[i]) = OUTCOUNT++
OUTCOUNT++
printf **s* **** e* ************s*******e***e***e*se**e****e*e \n"

printf "Non zero outlet area * voidf x %s\n", VOLUME i)
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", CONST1, outavoidfx[VOLUME[i)], outavoidfx[VOLUME[i]]

printf "14\n"
printf "* ---

printf "3\n"
printf "1.Oe-10\n"
nzoutavoidfx[VOLUMEi])] - OUTCOUNT++
OUTCOUNT++
printf ***************************************************************s \n"
printf "Vapor density at node inlet x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%.a %.s %s %.s\n", nzinavoidgx[VOLUME[i)J+1, inavoidrhogx[VOLUME[i)), \

nzinavoidgx [VOLUME [i]], rhog [VOLUME [i))
printf "27\n"
printf "* --- \n"
printf "([l)*[2J/[3))+((1.0-[I])*[4J)\n"
inrhogx[VOLUMELi)) = OUTCOUNT++
printf ***************************************************************** \n"
printf "Liquid density at node inlet x %a\n". VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%sa %.a %a %.\n", nzinavoidfxLVOLUME[i]]+i, inavoidrhofxLVOLUME[i]), \

nzinavoidfx[VOLUME[i]], rhof [VOLUMELi))
printf "27\n"
printf "* --- \n"
printf "( [1i * [2)/ [3)+ ((. 0- [))* [4])\n"
inrhofx[VOLUME[i)) = OUTCOUNT++
printf ***************************************************************** \n"
printf "Vapor density at node outlet x %s\n", VOLUME[i]
printf "%.s\n", OUTCOUNT
printf "%.s %.s V.s % .a\n", nzoutavoidgx[VOLUME[i]]+1, outavoidrhogx[VOLUME[i]], \

nzoutavoidgx [VOLUME [i)), rhog [VOLUME [i])
printf "27\n"
printf "* ---------- \n"
printf "(C[]*[2)/[3] )+(C(.O-i)*[4] )\n"
outrhogx[VOLUME[i)) = OUTCOUNT++
printf ***************************************************************** \n"
printf "Liquid density at node outlet x %.s\n", VOLUME[i]
printf "%.s\n", OUTCOUNT
printf "%.s %s %a %s\n", nzoutavoidfxLVOLUME[i]]+I, outavoidrhofx[VOLUME[iJ], \

nzoutavoidfx [VOLUME [i)), rhof [VOLUME [i))
printf "27\n"
printf "*--- \n"
printf "([1*[23/[3] )+((1.O-[1))*[4])\n"
outrhofx[VOLUME[i]) = OUTCOUNT++
printf ***********************a******a*s********e***************s**** \n"
printf "Inlet mixture density x Vs\n", VOLUME[i]
printf "%.s\n", OUTCOUNT
printf "%s %.a %,a %.s V.s\n", nzinareax[VOLUME[i)]+1, inavoidrhogx[VOLUME[i)),

inavoidrhofxLVOLUME[i]), nzinareax[VOLUME[i)], \
rhomix [VOLUME [i))

printf "27\n"
printf "* --------- \n"
printf "CU1] *(L[2)+L3)/L[4])+((1.0-[1i)* [5])\n"
inrhomixx [VOLUME [i]] = OUTCOUNT++
printf "***************************s**a*ea**e*a**aee*e*e*eeese***ea*e* \n"

printf "Outlet mixture density x 7Ys\n", VOLUME~i]
printf "%.s\n", OUTCOUNT
printf "%.s %s %.a %•s V.s\n", nzoutareax [VOLUME[i]]+i, outavoidrhogx [VOLUME~i)), \

outavoidrhofx [VOLUME~i)], nzoutareax [VOLUME[i)), \

rhomix[VOLUME [i]
printf "27\n"
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printf "* ---------- \a"
printf "([1]*([2)+[3])/[4))+((1.O-Ci))*[5))\n"
outrhomixx [VOLUME[i])] = OUTCOUNT++
printf "**************************************************************** \n"

printf "Inlet pressure (vapor) x %s\n", VOLUMECi)
printf "Xs\n", OUTCOUNT
printf "%a %X %s %s\n", nzinavoidgx[VOLUMEtiJ)+i, inavoidpjgxCVOLUME[i)), \

nzinavoidgx[VOLUME[i)), pCVOLUME[i))
printf "27\n"
printf "* "---

printf "(CiJ*[2)/C3))+((l.O-Cl))*C4))\n"
provinpjgx [VOLUME] i)] = OUTCOUNT++
printf '*****ss*****s*s******s***ee*e*ses*s* ese***e*seese******e*** e \n1"
printf "Inlet pressure (liquid) x Xs\n", VOLUMECi]
printf "Xs\n", oUTCOUNT
printf "%e Xe Xe Xs\n", nzinavoidfx[VOLUME[i]]+l, inavoidpjfx[VOLUME[i]J, \

nzinavoidfx (VOLUME [i) J. p [VOLUME [i])
printf "27\n"
printf "* ---

printf "([* [2]/ [3])+((1.0- [1)* [4]4)\n"
provinpjfx[VOLUME i]] = OUTCOUNT++
printf "**** s**e************e*** ******************************s****s*** \n"

printf "Outlet pressure (vapor) x Xs\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "Xs % %a %s\n", nzoutavoidgx[VOLUME[i]]+1, outavoidpjgx[VOLUME[i)), \

nzoutavoidgx [VOLUME [i)), p [VOLUME [i])
printf "27\n"
printf "* --- \n

printf "([1]*[2)/[3] )+M((i.0-[l))*e[4)\n"
provoutpjgx [VOLUMECi)) = OUTCOUNT++
printf .***************************************************************** \n"
printf "Outlet pressure (liquid) x Xs\n", VOLUME~i]
printf "W.s\n", OUTCOUNT
printf "%s %s %s %s\n", nzoutavoidfxCVOLUME[i]]+i, outavoidpjfx[VOLUME~i)J, \

nzoutavoidfx [VOLUME [i)], p [VOLUME [i))
printf "27\n"
printf "* ---------- Wn

printf "([1*[2]/[3] )+((I.O-[I])*[4])\n"
provoutpjfx[VOLUMECi]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet area y Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++)

if(inlety[j] ! "") {
printf "es ", ajun[JUNCTION[jJ]

I
i

printf "\n"
print!f "27\n"

printf "* ----------W.

printf "I] "
auxcount = 2
for (j=l; j<=njuns; j++) {

if(inlety[j] != -')(
printf "+[%s)", auxcount++

printf "\n"
inareayCVOLUME(i)] = OUTCOUNT++
printf "************************ **$*********** ***********s** \n"
printf "Inlet area * voidg y %s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
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for(j=l;j<=njuns;j++) {
if(inlety[j) 1- ".") {

printf "%s ", avoidg[JUNCTION[j]]
}

i
printf "\n"
print! "27\n"

printf "* --- \n"
printf "[1] "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inlety[j] = "") {
printf "+[%s1]", auxcount++

}
}
printf "\n"
inavoidgy(VOLUME[i)] = OUTCOUNT++
printf "****aa*****ea*******ae****s*e**a**ea***********a*ss***a \n"

printf "Inlet area * voidf y .Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
for(j=i;j<=njuns;j++) {

if(inlety[j] !="") {
printf "%~a ", avoidf[JUNCTION[j)]

I
i

printf "\n"
print!f "27\n"

printf "* --- \n"
printf " [l] "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletytj] 1- "'. {
printf "+[%s]", auxcount++

I

printf "\n"
inavoidfy[VOLUME[i]] = OUTCOUNT+÷
printf "**********ee*****ea*** ****s****a***aa*a**a*****e***a***** \n"

printf "Inlet area * voidg * rhog y Xa\n", VOLUMEEi]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(inlety[j] != "") {
printf "%e ", avoidrhogE[JUNCTION~j])

I
I
printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "E[] "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inlety[j] 1= ""..){

printf "+[Es", auxcount++
}

printf "\n"
inavoidrhogy[VOLUME[i]] = OUTCOUNT++
printf *******************************e*************************** * \n"

printf "Inlet area * voidf * rhof y Xs\n", VOLUME3i]
printf "Xe\n", OUTCOUNT
printf "ea ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletyfj] != "") {
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printf "'.s ", avoidrhof[JUNCTION[j]]
}

}
printf "\n"
printf "27\n"
print! '!*---.... n

printf "El)
auxcount 2
for(j=1;j<=njuns;j++) {

if(inlety[j] =ilt) {
printf "+[(s]", auxcount++

}
}
printf "W\n
inavoidrhofy[VOLUME[i]) = OUTCOUNT++
printf W***************************************************************** \n"
printf "Inlet area * voidg * rhog * veig y Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s "' CONSTO
for(j-i;j<=njuns;j++) {

if(inlety[j] != "") {
printf "'s ", avoidrhovelg[JUNCTION[j]]

}
J \
printf "\n"
printf "27\n"
print! "1*---.... n

printf "(1' "
auxcount = 2
for(j=1;j<--njuns;j++) {

if(inlety[j] 1= .. ) {
printf "Xs [Xs]", inlety(j] , auxcount++

I
I
printf "\n"
inavoidrhovelgy[VOLUME[i)] = CUTCOUNT++
printf "********ee******aa***e**e****s**e******s***s******* ***s** \n"

printf "Inlet area * voidf * rhog * velf y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "ls "' CONSTO
for(j1l;j<=njuns;j++) {

if(inlety(j) ' "i) {
printf "Xe ", avoidrhovelf[JUNCTION~j]]

I

i
printf "\n"
print! "27\n"

printf "* ----------W.

printf "[1]" n
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inlety[j] != "") {
printf "Xe [Xe]", inlety[j] , auxcount++

I

print!f '\n"
inavoidrhovelfy(VOLUME[i]] O OUTCOUNT++

printf "***************************************************************** \nW

printf "Inlet area * voidg * pressure y Xs\n", VOLUME[i]
printf "i.s\n". OUTCOUNT
printf "ls "' CONSTO
for(j=l;j<=njuns;j++) {

if(inlety~j] != .... ) {
printf "Xe ", avoidpjg[JUNCTION[j]]
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printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "(1) "
auxcount = 2
for(j=1;j<=njuns;j++) {

i!(inletyj] !- ") {
print! "+[%s]", auxcount++

}
}
print! '\n"
inavoidpjgy[VOLUME[i]] = OUTCOUNT++
printf "*************a******* **s**************s********************* \n"
print! "Inlet area * void! * pressure y %s\n", VOLUME[i]
print! "'/s\n", OUTCOUNT
print! "%as ", CONSTO
for(j=l;j<=njuns;j++) {

i!(inlety[j] != "") {
print! "%s ", avoidpjf[JUNCTION[j]J

}
}
print! "\n"
print!f "27\n"

printf "* --- \n"
printf "El1J"
auxcount = 2
!or(j=l;j<=njuns;j++) {

if(inlety[j) !- ".") {
print! "+[Vs]", auxcount++

}
}
print! "\n"
inavoidpjfy(VOLUME(i)) = OUTCOUNT++
print! **************************************************************** \n"
printf "Outlet area y Ws\n", VOLUME i)
printf "%s\n", OUTCOUNT
printf "11s ", CONSTO
for(j=1;j<=njuns;j++) {

if(outlety[j] ! "") {
print! "%s ". ajun(JUNCTION[j)]

}.

print! "\n"
print! "27\n"
print! "*n---
printf "(I)"
auxcount = 2
for(j=1;j<=njuns;j++) {

if(outletyfj] 1= . .
print! "+[%s]", auxcount++

printf "\n"
outareay[VOLUME[i]] = OUTCOUNT++
printf "**************** ********* *******s*************** \n"
print! "Outlet area * voidg y %s\n", VOLUME~i]
printf "VWs\n", OUTCOUNT
print! "%,s ", CONSTO
!or(j=l;j<=njuna;j++) {

if(outlety[jJ != "") {
print! "%~s ", avoidg[JUNCTION[j])

print! "\n"
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printf "27\n"
printf "* --------- -\n"

printf "[(1"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outlety[j] !") {
printf "+([s]", auxcount++

}
}
printf "\n"
outavoidgy[VOLUME[i)) = OUTCOUNT++
printf **ea ****************** **************************** \n"

printf "Outlet area * voidf y Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outlety~j] 1 "") {
printf "Xs ", avoidfLJUNCTION[j)]

}

}
printf "\n"
print! "27\n"

printf "* ---------- W.

printf "[1W"
auxcount = 2
for(j1l;j<=njuns;j++) {

if(outlety[j] ! "") {
printf "+[%.s]", auxcount++

}
}
printf "\n"
outavoidfy[VOLUME[i)) = OUTCOUNT++
printf "************e**s*****ee******************e*****e***esa*** e*e* \n"
printf "Outlet area * voidg * rhog y Xe\n", VOLUME[i]

printf "Xs\n", OUTCOUNT
printf "Xe ", CONSTO
for(j=l;j<=njuns;j++) {

if(outlety(j] 1= "") {
printf "Xa ", avoidrhog[JUNCTION[j]]

}
}
printf "\n"
print!f "27\n"

printf "* ---------- \n"

printf "[1)"

auxcount = 2
for(Jd;ij<=njuns;j++) {

if(outlety[j] !") {
printf "+[Xs]", auxcount++

}
}
printf "\n"
outavoidrhogy[VOLUMELi]) = OUTCOUNT++
print! "********W**********e**********a** n
printf "Outlet area * voidf * rhof y Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es "' CONSTO
for(j~l;j<=njuns;j++) {

if(outlety[j] !") {
printf "es ", avoidrhof[JUNCTION[j]l

}
}
printf "\n"
printf "27\n"
printf "* ---- n
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printf "[1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outlety[j] I= "') {
printf "+[Xs]", auxcount++

}
I
printf "\n"
outavoidrhofy[VOLUME[i]) = OUTCOUNT++
printf "********e***eeee******ee****e**e***e*a***ee******e***ee**ee \n"
printf "Outlet area * voidg * fheg * veig y ,s\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<-njuns;j++) {

if(outlety[j] !- "I' {
printf "%e ", avoidrhovelg[JUNCTION(j]]

I
i

printf "\n"
print! "27\n"

print!f "* --- - ---.... .

printf " [1)"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outlety[j] "") {
printf "Xs [/s]", outlety[j], auxcount++

I
I
printf "\n"
outavoidrhovelgy[VOLUME[ii] OUTCOUNT++
printf "********e**** e* eee*ee*ee*eeeeee*ss*es******eeeee*esee**** \n"
printf "Outlet area * voidf * rhog * vel! y Xs\n", VOLUME[i]
printf "•s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outlety[j) = "') {
printf "Xs ", avoidrhovelf[JUNCTION[j)]

}
i.

printf "\n"
print! "27\n"

printf "* ---------- \n"

printf "[111"
auxcount = 2
for(J=l;j<=njuns;j++) {

if(outlety[J] != ".) {
printf "XU[Xs)", outlety[j], auxcount++

}
I
printf "\n"
outavoidrhovelfy[VOLUME[ii) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet area * voidg * pressure y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe ", CONSTO
for(j=l;j<=njuns;j++) {

if(outlety[j] "") {
printf "Xe ", avoidpjg[JUNCTION[j]]

printf "\n"
printf "27\n"
printf "* --- \n"
printf "W[1"
auxcount = 2
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for(j=l;j<=njuns;j++) {
if(outlety(j) I- "") {

printf "+[%Es]", auxcount++
I

I

printf "\n"
outavoidpjgy(VOLUME(i]) - OUTCOUMT++
printf "********************** s*seee*s*s****e******e****e*********** \n"

printf "Outlet area * voidf * pressure y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
for(jd;ij<=njuns;j++) {

if(outlety[j] != "") {
printf "Xs ", avoidpjf[JUNCTION[j]]

I

i
printf "\n"
print! "27\n"

printf "* ---

printf "W1)"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outlety(j] "") {
printf "+[%s)", auxcount++

I

printf "\n"
outavoidpjfy(VOLUME[i]] = OUTCOUNT++
printf "**e**************es*****e*e** **e***e************************* \n"
printf "Non zero inlet area y Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "XXs %X .s\n", CONST1, inareay[VOLUME[i]J, inareay[VOLUME(i]]
printf "14\n"
printf "* ---------- W.

printf "3\n"
printf "1.Oe-10\n"
nzinareay[VOLUME[ii] = OUTCOUNT++
OUTCOUNT++
printf ******************s********************************************* \n"

printf "Non zero outlet area y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes %s s\n". CONSTi, outareay[VOLUME[i]], outareay[VOLUME[iJ
printf "14\n"
printf "* --------- \n"
printf "3\n"
printf "i.0e-10\n"
nzoutareay [VOLUME (il = OUTCOUNT++
OUTCOUNT++
printf ***************************************************************** \n"
printf "Vapor fraction at node inlet y WI\n", VOLUME(i]
printf "Xs\n", OUTCOUNT
printf "%a Xe Xe W I\n", nzinareay[VOLUME[i]J+i, inavoidgy(VOLUME[iJJ, \

nzinareay (VOLUME (i)), voidg (VOLUME [i]
printf "27\n"
printf "* ---------- \n"
printf "([1J*[2)/[3))+((1.0-([1)*[4])\n"
invoidgy[VOLUME[i]l = OUTCOUNT++
printf ***************************************************************** \n"
printf "Liquid fraction at node inlet y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs %s Xe s\n", nzinareay[VOLUME[i]J+1, inavoidfy(VOLUME(i]l,

nzinareay (VOLUME [i]l, voidf (VOLUME [i))
printf "27\n"
printf "* --- \n"
printf "([i]*[2]/[3])+((l.0-[i)*)(4))\n"
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invoidfy[VOLUME[i]) = OUTCOUNT++
print! "a****W************************** .n
printf "Vapor fraction at node outlet y Xs\n", VOLUME i]
printf "Xs\n", OUTCOUNT
printf "%s %s Xes s\n", nzoutareay [VOLUME [i) J+1, outavoidgy (VOLUME (i[l, \

nzoutareay (VOLUME (i]), voidg (VOLUME [i]
printf "27\n"
print!f "* - - ---...... .

printf "([l]*E2]/[3])+(l.O-(l])ec4)\n"
outvoidgy[VOLUME(i]] = OUTCOUNT++
printf "******a********************************************************** \n"
printf "Liquid fraction at node outlet y Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xe %s Ye Xs\n", nzoutareay(VOLUME[i]]+1, outavoidfy[VOLUME[iJ], \

nzoutareay[VOLUME[iJ], voidf [VOLUME[i]]
printf "27\n"
printf "* --------- \n"
printf "([1]*[2J/[3J)+((1.0-[1])*.[4)\n"
outvoidfy(VOLUME(i]] = OUTCOUNT++
printf "******&a***es****a**s******s******************************** \n"

printf "Non zero inlet area * voidg y Ys\n", VOLUMEUi]
printf "Xe\n", OUTCOUNT
printf "Xes %e s\n", CONSTI, inavoidgy[VOLUME(i]], inavoidgy(VOLUME~i]]
printf "14\n"
printf "I-* -------- \n"
printf "3\n"
printf "1.0e-1O\n"
nzinavoidgy[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf " ******* s ********************'************** \n"
printf "Non zero inlet area * voidf y Xe\n", VOLUME[i]
printf "%.\n", OUTCOUNT
printf "%s %e Xs\n", CONSTI, inavoidfy(VOLUME(i]J, inavoidfy(VOLUME(il]
printf "14\n"
printf "I-* -------- \n"
printf "3\n"
printf "1.Oe-10\n"
nzinavoidfy(VOLUME[i]) = OUTCOUNT++
OUTCOUNT++
printf "****e$**sas$*********a*****ee**s**as*a*********aa**es******* \n"
printf "Non zero outlet area * voidg y WI\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xes Xs e\n", CONSTI, outavoidgy (VOLUME~i]], outavoidgy (VOLUME[i])
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "1.Oe-10\n"
nzoutavoidgy [VOLUME i]] = OUTCOUNT++
OUTCOUNT++
printf ************s*e***a******s******** **************************** \n"
printf "Non zero outlet area * voidf y WW\I", VOLUMECi)
printf "Xs\n", OUTCOUNT
printf "Xe Xe Xs\n", CONSTI, outavoidfy [VOLUME [i]), outavoidfy (VOLUME (il]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "i.Oe-10\n"
nzoutavoidfy [VOLUME (i]] = OUTCOUNT++
OUTCOUNT++
printf *********** ass******* *****e******************************* \n"
printf "Vapor density at node inlet y Xe\n", VOLUME~i]
printf "Xe\n", OUTCOUNT'
printf "Xes Xe Xe e\n", nzinavoidgy[VOLUME(i]]+l, inavoidrhogy[VOLUME(i]],

nzinavoidgy [VOLUME [i]], rhog [VOLUME [i]]
printf "27\n"
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printf "* - \n"
printf "([1]*[2)/[3))+((i.O-[1))*[4])\n"
inrhogy[VOLUMECi) - OUTCOUNT++
printf "***************************************************************** \n'
printf "Liquid density at node inlet y V.s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "1.1s %.s %s .s\n", nzinavoidfy[VOLUMERi))+i, inavoidrhofyCVOLUME[i]), \

nzinavoidfy [VOLUME [i]], rhof (VOLUME [i))
printf "27\n"
printf "* --- \n

printf "(Ci)*[2)/[3))+((i.O-[1))*[4))\n"
inrhofy[VOLUME[i]) = OUTCOUNT++
printf "******s******************************a************************ \n"

printf "Vapor density at node outlet y %.s\n", VOLUME~i)
printf "'s\n", OUTCOUNT
printf "%as %.s %.s '.s\n", nzoutavoidgyCVOLUME[i])+l, outavoidrhogy[VOLUME[i)], \

nzoutavoidgy [VOLUME Ci)], rhog (VOLUME Ci))
printf "27\n"
printf "* --------- \n"
printf "([1]*[21/[3))+((1.O-[1])*[4) )\n"'
outrhogy(VOLUME[i)) = OUTCOUNT++
printf "**************************************************************** \n"
printf "Liquid density at node outlet y V.s\n", VOLUME[i]
printf "V.s\n", OUTCOUNT
printf "%s %a s 'As V.s\n". nzoutavoidfy[VOLUME[i]]+i, outavoidrhofyCVOLUME~i]), \

nzoutavoidfy[VOLUME [i), rhof[VOLUME[iJ)
print!f '27\n"
printf "* -"---
printf "(C1).[2)/[3))+((1.0-)11)*[4))\n"
outrhofy[VOLUMECi)) = OUTCOUNT++
printf *****s**s************* s************** a****a****ea*** \n"
printf "Inlet mixture density y V.s\n", VOLUME[i]
printf "V.s\n", OUTCOUNT
printf "%.s %s %.a %.s V.s\n", nzinareay (VOLUME [i)) +l, inavoidrhogy (VOLUME Ci]), \

inavoidrhofy[VOLUME[i]], nzinareay(VOLUME i]], \
rhomix [VOLUME [i))

printf "27\n"
printf "* ---

printf "([1]*([2]+[31)/[4])+((I.O-C[1)*[5))\n"
inrhomixy[VOLUME~i] -) OUTCOUNT++
printf " \n"
printf "Outlet mixture density y Vs\n", VOLUME[i]
printf "Vs\n", OUTCOUNT
printf "%.s s %a %a V.s\n", nzoutareay [VOLUME[i]]+1, outavoidrhogy [VOLUMECil)], \

outavoidrhofy [VOLUME[i)), nzoutareay (VOLUME [i)],
rhomixCVOLUME [i]

printf "27\n"
printf "* --- \n"
printf "([1)*([2)+[3])/[4])+((I.O-[i])*[5])\n"
outrhomixy CVOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet pressure (vapor) y V.s\n", VOLUMECi]
printf "Vs\n", OUTCOUNT
printf ".ss .s %.s s\n", nzinavoidgy[VOLUME[i]]+1, inavoidpjgy[VOLUME[i]], \

nzinavoidgy (VOLUME Ci]), p [VOLUME Ci])
printf "27\n"
printf "* ---------- \n"
printf "([1)*E[2)/[3)+(l(.O-C[i)*[4])\n"
inpjgy[VOLUMECi)) - OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet pressure (liquid) y %s\n", VOLUME[i]
printf "V.s\n", OUTCOUNT
printf "V.s %.s %s V.s\n", nzinavoidfy[VOLUME[i)]+1, inavoidpjfy[VOLUME[i]), \

nzinavoidfy [VOLUME [i)), p [VOLUME [i))
printf "27\n"
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printf "* ---

printf "([1]*[2)/[3J)+(C(1.O-[lJ)*[4 )\n"
inpjfy,[VOLUME[i)) = OUTCOUNT++
printf "********s****ess***s****e**e****e***********e***e******e**** \n"

printf "Outlet pressure (vapor) y Xs\n", VOLUME~i]
printf "Ze\n", OUTCOUNT
printf "Xes %s %e Xs\n", nzoutavoidgy[VOLUME[i])+1, outavoidpjgy[VOLUME(i]l, \

nzoutavoidgy [VOLUME [i) ], p [VOLUME Li)
printf "27\n"
printf "* ---

printf "( [i*[2)/[3))+((l.0-[l))*[4))\n"
outpjgy[VOLUME[i]] = OUTCOUNT++
printf ****************************************************************** \n"
printf "Outlet pressure (liquid) y Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "%e Xs %s Xs\n", nzoutavoidfy[VOLUME[i)]+l, outavoidpjfy[VOLUME~i)), \

nzoutavoidfy [VOLUME [i)] ] p [VOLUME [i])
printf "27\n"
printf "* ---

printf "([l]*[2]/[3])+((i.O-[1))*[4])\n"
outpjfy[VOLUME[i]] = OUTCOUNT++
printf *******e*****s***e*******s****ees***e***e*******e**********e \n"

printf "Inlet area z Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xe ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletz[j) != "") {
printf "Xs ", ajun[JUNCTION(j]]

I
i

printf "\n"
print f "27\n"

printf "* ---

printf "[1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletz[j] 1= -')(
printf "+[Xe]", auxcount++

I

printf "\n"
inareaz (VOLUME [i)) = OUTCOUNT++
printf "*****\n*.****e****eeeesse***s*s*s***es***e**s***e***s***. \n"
printf "Inlet area * voidg z Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xs ", CONSTO
for(jdl;j<=njuns;j++) {

if(inletz[j) I'll) {
printf "Xs ", avoidg[JUNCTION[j)]

I
I
printf "\W"
printf "27\n"
printf "* ---------- \n"
printf "(1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletz[jJ != 11.) {
printf "+[%e)]", auxcount++

printf "\n"
inavoidgz [VOLUME Li)) = 0UTCOUNT++
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printf "Inlet area * voidf z %s\n", VOLUME(i)
printf "%s\n", OUTCOUNT
printf "%•a ", CONSTO
for(j=l;j<-njuns;j++) {

if(inletz[j] 1= "') {
printf "1.s ", avoidf[JUNCTION[J)]

}
}
printf "\n"
printf "

2
7\n"

printf "* *--------- Wn

printf " [l)"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletz[j] != I''l) {
printf "+(s] '", auxcount++

}
}
printf "\n"
inavoidfz[VOLUME[i)) = OUTCOUNT++
printf ****ee***ee*eee*****ee*ee*** * eeeeeees*eeee*eeeeee*eeee* ee* e* \n"
printf "Inlet area * voidg * rhog z %s\n", VOLUME~i)
printf "%a\n", oUTCOUNT
printf "%.s ", CONSTO
for (j=l;j<njuns;j++) {

if(inletz[j] 1= .") {
printf "%a ", avoidrhog[JUNCTION(j]]

print!f '\n"
printf "27\n"
printf ! --------- \n'"
printf "[1) "
auxcount = 2
for(j=l ;j<njunas;j++) {

if(inletz~j] 1= '.") {
printf "+[(%s]", auxcount++

}
}

printf "\n"
inavoidrhogz[VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"

printf "Inlet area * voidf * rhof z %a\n". VOLUMEDi]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<-njuns;j++) {

if(inletz(j) !"") {
printf ".1s ", avoidrhof!JUNCTION[j])

I
}
printf "\n"
printf "2 7\n"
printf "* ---------- W.

printf "Ell"
auxcount = 2
for(j=l;j<'njuns;j++) {

if(inletz(j] != ""ll) {
printf "+[sa]", auxcount++

printf "\n"
inavoidrhofz[VOLUME~i]) = 0UTCOUNT++
printf ***************************************************************** W""

printf "Inlet area * voidg * rhog * velg z V.s\n", VOLUME[i)
printf "V.S\n", OUTCOUNT
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printf 1'%s ", CONSTO
for(j=";j<=njuns;j++) {

if(inletz[j) ! "'. {

printf "%sX ", avoidrhovelg[JUNCTION[j)]
}

}
printf "\n"
print! "27\n"

printf "* ---

printf " [1] "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletz(j .. "' {
printf " Ms[s]", inletz[j], auxcount++

}
}
printf "\n"
inavoidrhovelgz[VOLUME[i)] = OUTCOUNT++
printf *************************************************************** \n"

printf "Inlet area * voidf * rhog * velf z Xs\n", VOLUME(i)
printf "%s\n", OUTCOUNT
printf "%~s ", CONSTO
for(j-l;j<=njuns;j++) {

if(inletz[j] 1= "") {
printf "%s ", avoidrhovelf[JUNCTION[j]]

}
i

printf "\n"
printf "27\n"
printf "*---
print! "El)]"

auxcount = 2
for(j=l;j<=njuns;j++) {

if(inletz[j] != "") {
printf "XeU[Me]", inletz[j], auxcount++

I
I
printf "\n"
inavoidrhovelfz[VOLUME[i]] = OUTCOUNT++
printf * *************************************************e********* \n"
printf "Inlet area * voidg * pressure z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(inletz[j] != "") {
printf "11s ", avoidpjg[JUNCTION[j]]

}
i

printf "\n"
print! "27\n"

printf "* --- \n"
printf "W1]"
auxcount = 2
for(J5i;j<=njuns;j++) {

if(inletz[j] 1= "") {
printf "+CXsJ", auxcount++

printf "\n"
inavoidpjgz[VOLUME[iJ J = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet area * voidf * pressure z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs ", CONSTO
for(j=l;j<=njuns;j++) {
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if(inletz[j] !- .... (
printf "%~a ", avoidpjf[JUNCTION(j]]

printf "\n'
printf *27\n"
printf "* ---------- Wn"

printf " [1] "
auxcount = 2

for(jl;j<--njuns;j++) {
if(inletz[j] I- l!") {

printf "+[%Bs]", auxcount++

printf "Wn"
inavoidpjfz[VOLUME~ij) = OUTCOUNT++
printf *****************a********a********************************a*** \n"
printf "Outlet area z /s\n", VOLUME i]
printf "Wn.sn", OUTCOUNT
printf "%a ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz[J] Il l) {
printf "%,s ", aJunCJUNCTION[J]]

printf "\n"
printf "27\n"
printf "* ----------- W.

printf "[1)"
auxcount = 2
for(j-l;j<=njuns;j++) {

if(outletz[j] != .... ){
printf "+[Xe]", auxcount++

printf "\n"
outareaz[VOLUME i)] - OUTCOUNT++
printf **e*****e***eaa**s************e******se**********a****a*** \n"
printf "Outlet area * voidg z Xs\n", VOLUME i]
printf "Xs\n", OUTCOUNT
printf "%e ", CONSTO
for(jfl;j<=njuns;j++) {

if(outletz[j] != "".) {
printf "Xes ", avoidg[JUNCTION(jJ]

printf "\n"
printf "27\n"
printf "* ------------.
printf " [1]"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletz[j) I "".) {
printf "+ [%e]", auxcount++

printf "\n"
outavoidgz [VOLUME (i[] = OUTCOUNT++
printf \********* ** * *sa* * ******************************** ************ *n
printf "Outlet area * voidf z '/s\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%e ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz[j] 1= ""- {
printf "Xe ", avoidfCJUNCTION~j)]
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}
printf "\n"
printf "27\n"
printf "* ------------.
printf "[I]"
auxcount = 2
for(j1l;j<=njuns;j++) {

if(outletz[j] != "") {
printf "+[%ls)", auxcount++

I
I

printf "\n"
outavoidfz[VOLUME[i]) = OUTCOUNT++
printf "s*s**s*****s******s****s".*ss**s****s**ss**s*s***s*s*s*s*ssss***** \n"
printf "Outlet area * voidg * rhog z %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%.s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz[j] -9 "") {
printf "V.s ", avoidrhog[JUNCTION[j]]

I

i
printf "\n"
print! "27\n"

printf "* ---------- \n.

printf "Ell"
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletz[j] !") {
printf "+[Xse] ", auxcount++

I
I
printf "\n"
outavoidrhogz[VOLUMELi)] = OUTCOUNT++
printf "**s************************************************************** \n"
printf "Outlet area * voidf * rhof z %s\n". VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz[j] 1= "") {
printf "Xs ", avoidrhof[JUNCTION[j]]

I
printf "\n"
printf "27\n"

printf "* --- \n"
printf "[l]"
auxcount = 2
for (j=l;j<=njuns;j++) {

if(outletz[j] !" "'ll) {
printf "+ [EsJ", auxcount++

I
I
printf "\n"
outavoidrhofz[VOLUME[i]] = OUTCOUNT++
printf "ssssss*s***sss****s**s***ss*sss**sssssssss*s***sssss*s**ss******* \n"
printf "Outlet area * voidg * rhog * velg z %s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz[jJ != "") {
printf "Ys ". avoidrhovelg[JUNCTION[j]]

I
I
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printf "\n"
printf 127\n"
printf "* - \n"

printf "[U]"
auxcount = 2
for(j=l ;j<=njuns;j++) {

if(outletz[jl I '"'") {
printf "%s[%sJ", outletz(j], auxcount++

}
}

printf "\n"
outavoidrhovelgz[VOLUME i]] J OUTCOUNT++
print! **s**s***s**s**ss**********s***** \n",
printf "Outlet area * voidf * rhog * vel! z %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(j=l;j<=njuns ;j++) {

if(outletz[jJ In "l) {
printf "%s ", avoidrhovelf[JUNCTION[j]]

}
}
printf "\n"
printf "27\n"
print! "*---.... n

printf " (1] "
auxcount = 2
for(j=l;j<=njuns;j++) {

if(outletz(j] I= "') {
printf "+[%.s]". auxcount++

}
}
printf "\n"
outavoidrhovelfz(VOLUMECi]] = OUTCOUNT++
print! e*****e***fee***********s******e n
printf "Outlet area * voidg * pressure z Wskn", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "s.s ", CONSTO
for(j=l;j<=njuns;j++) {

if(outletz~j] != "") {
printf "%a ", avoidpjg[JUNCTION[j]]

printf "\n"
printf "27\n"
printf "* --- \n"
printf "[I]"
auxcount = 2
for(j=l;j<=njuna;j++) {

if(outletz~j] I= "") {
printf "+1[%s]", auxcount++

I

printf "\n"
outavoidpjgz[VOLUME[i]] = OUTCOUNT++
printf "********************* *************************************** \n"
printf "Outlet area * voidf * pressure z %s\n", VOLUMECi)
printf "Ws\n", OUTCOUNT
printf "%as ", CONSTO
for(j=I;j<=njuns;j++) {

if(outletz[j] I= "") {
printf "%s ", avoidpjf[JUNCTION[j]]

printf "\n"
printf "27\n"
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printf "* --------- \n"

printf " [1] "
auxcount = 2

for(j=l;j<=njuns;j++) {
if(outletz[j] "") {

printf "+[%s])", auxcount++
}

}
printf "\n"
outavoidpjfz[VOLUME[i]] = OUTCOUNT++
printf ".***********************************a******************* \n"
printf "Non zero inlet area z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s %s %s\n", CONSTI, inareaz[VOLUME[i]], inareaz[VOLUME~i]l
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "1.Oe-10\n"
nzinareaz [VOLUME [i]) = OUTCOUNT++
OUTCOUNT++
printf ****************************************************************** \n"
printf "Non zero outlet area z %s\n", VOLUME[±i
printf "Xe\n", OUTCOUNT
printf "%s Xs Xs\n", CONSTI, outareaz[VOLUME [i], outareaz [VOLUME [i)
printf "14\n"
printf "* --- \n"

printf "3\n"
printf "i.Oe-iO\n"
nzoutareaz[VOLUME [i] = OUTCOUNT++
OUTCOUNT++
printf "**e****a*e*e*e**s*eeee***es****e*e*********ee****se******** \n"
printf "Vapor fraction at node inlet z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s Xs %s Xs\n", nzinareaz[VOLUME[i)]+1, inavoidgz[VOLUME[i)),

nzinareaz [VOLUME [i]), voidg [VOLUME [ii]
printf "27\n"
printf "* ----------\ n"
printf "([i]*[2)/[3J)+((1.0-[I])*[4))\n"
invoidgz[VOLUME[i]] = OUTCOUNT++
printf "**************************************************************** \n"
printf "Liquid fraction at node inlet z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs Xs Xs\n", nzinareaz[VOLUME[i]]+l, inavoidfz[VOLUME[i)), \

nzinareaz [VOLUME [i)), voidf [VOLUME [i)]
printf "27\n"
printf "* ----- \--- Wn"

printf "([i]*[2J/[3))+((1.O-[l])*[4])\n"
invoidfz[VOLUME[i)) = OUTCOUNT++
printf "******e**************************\n",

printf "Vapor fraction at node outlet z X,\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es %s Xs s\n", nzoutareaz[VOLUME[i]]+i, outavoidgz[VOLUME[i)J, \

nzoutareaz [VOLUME [i) J, voidg [VOLUME [iJ)
printf "27\n"
printf "* --- n"

printf "([i]*[2]/[3J)+((i.O-[1])*[4])\n"
outvoidgz [VOLUME [i]] = OUTCOUNT++
printf "**W** ee* eeeee** es*e**eee******e*****eeeee******** ee*e*ee* \n"
printf "Liquid fraction at node outlet z Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es es Xe Xs\n", nzoutareaz[VOLUME[i]J+i, outavoidfz[VOLUME[i]) ,

nzoutareaz [VOLUME [ifl, voidf [VOLUME [i]]
printf "27\n"
printf "* ---------- \ n"
printf "([1)*[2]/[3] )+((1.O-[]))*[4])\n"
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outvoidfz [VOLUME [ii] = OUTCOUNT++
printf "********W,****e******ea***s*****es****s****** ********ss** \n"
printf "Non zero inlet area * voidg z %s\n", VOLUME[i]
printf "7s\n", OUTCOUNT
printf "%.s %es 7.s\n", CONSTI, inavoidgz[VOLUME[i]], inavoidgz[VOLUME[iJJ
printf "14\n"
printf "* -n"
printf "3\n"
printf "I1.Oe-10\n"
nzinavoidgz[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Non zero inlet area * void! z %s\n", VOLUMEWi]
printf "%s\n", OUTCOUNT
printf "% %s 7.s\n", CONSTI, inavoidfz[VOLUME[ill, inavoidfz[VOLUME[i]]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "1.Oe-iO\n"

nzinavoidfz[VOLUME[i)) = OUTCOUNT++
OUTCOUNT++
printf "******************************* e*s************************** \n"
printf "Non zero outlet area * voidg z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf ".s Xs %s\n", CONSTI, outavoidgz [VOLUME[i]], outavoidgz (VOLUME[i]]
printf "14\n"
printf "* --------- \n"
printf "3\n"
printf "i.Oe-iO\n"
nzoutavoidgz [VOLUME[ill = OUTCOUNT++
OUTCOUNT++
printf "********************************e*********s****** ******** \n"
printf "Non zero outlet area * voidf z %s\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xes % %s\n", CONSTI, outavoidfz[VOLUME[iJ], outavoidfz[VOLUME[iJ]
printf "14\n"
printf "* --------- -\n"
printf "3\n"
printf "1.Oe-lO\n"
nzoutavoidfz[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf **************************************************************** \n"
printf "Vapor density at node inlet z Xs\n", VOLUME~i]
printf "Xe\n", OUTCOUNT
printf "%s %s Xe Xs\n", nzinavoidgz[VOLUME[i]l+l, inavoidrhogz[VOLUME[i], \

nzinavoidgz [VOLUME [i]l, rhog(VOLUME [i]]
printf "27\n"
printf "* --- \n"
printf "([1J*[2]/[3])+C(i.O-[i])*[4J)\n"
inrhogz[VOLUME[i]] = OUTCOUNT++
printf ".*************************************************************** \n"
printf "Liquid density at node inlet z %s\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es %s %es s\n", nzinavoidfz[VOLUME[i]]+l, inavoidrhofz[VOLUME[il], \

nzinavoidfz [VOLUME [i]l, rhof [VOLUME [i]]
print! "27\n"
printf "* ---------- \n"
printf "([1]* [2] / [3])+((1.(O- [])* [43)\n"
inrhofz[VOLUMEi] ] = OUTCOUNT++
printf ************s**e***********ee******s********e***********'****** \n"
printf "Vapor density at node outlet z %s\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "s %s X s e s\n", nzoutavoidgz[VOLUME[i]]+1, outavoidrhogz[VOLUME[iJJ, \

nzoutavoidgz [VOLUME [i]], rhog [VOLUME [i]]
printf "27\n"
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printf "* - \n"
printf "(1]*[2)/[3] )+((I.O- [1)*[4))\n"
outrhogz[VOLUME[i]] = OUTCOUNT++
printf "*s****e*** es**ee******e****e********e**e***e****e******s* \n"
printf "Liquid density at node outlet z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs %e %e Xs\n", nzoutavoidfz[VOLUME[i]+i, outavoidrhofz[VOLUME(i]),

nzoutavoidfz[VOLUME[i]], rhof (VOLUME[i])
printf "127\n"
printf "* ---------- Wn
printf "((i]*[2]/[3])+((1.O-[1))*[4))\n"
outrhofz [VOLUME[i]l - OUTCOUNT++
printf "**************************************************************** \n"

printf "Inlet mixture density z Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "es es Xs X% Xs\n", nzinareaz[VOLUME[i]]+l, inavoidrhogz[VOLUME[i]l,

inavoidrhofz[VOLUME(i]], nzinareaz[VOLUME[i]], \
rhomix [VOLUME [i))

printf "27\n"
printf "* ---
printf "([i]*([2J+[3J)/[4J)+((I.O-[i))*[5))\n"
inrhomixz[VOLUME[i]J = OUTCOUNT++
printf ****sse******s****e***********e****e********************** \n"
printf "Outlet mixture density z Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xe %s s %s X s\n", nzoutareaz [VOLUME~if]+i, outavoidrhogz [VOLUME~ill, \

outavoidrhofz [VOLUME~ill, nzoutareaz [VOLUME[i]),
rhomix [VOLUME [i))

printf "27\n"
printf "* ---

printf "(1)U * ([2]+1[3 )/[43)+ ((1.0- [1]))* [53) \n"
outrhomixz [VOLUME[i)) = OUTCOUNT++
printf "s***e*eees*******ee*******s**e*********e**se***e**e*..e* \n"
printf "Inlet pressure (vapor) z Ws\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes Xs %s X\n", nzinavoidgz[VOLUME[i]]+1, inavoidpjgz[VOLUME[i]], \

nzinavoidgz [VOLUME [i]], p [VOLUME [i]
printf "27\n"
printf "* ---------- \n"
printf "(1]*[2]/C3) )+((i.O-[I])*[4))\n"
inpjgz [VOLUME[i) ) OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet pressure (liquid) z Xs\n", VOLUMEWi)
printf "Xs\n", OUTCOUNT
printf "es %s Xes X sn", nzinavoidfz[VOLUME[i)J+I, inavoidpjfz[VOLUME[iJ), \

nzinavoidfz[VOLUME [ij], p[VOLUME[ij]
print! "27\n"
printf "* ---

printf "([i)*[2]/[3))+((1.0-[1J)*[4))\n"
inpjfz[VOLUME[i]) = OUTCOUNT++
printf "*ese*e************es***eeeee***e*e*saeee**s*****s*s**e*** \n"
printf "Outlet pressure (vapor) z Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "es Xe Xe Xs\n", nzoutavoidgz[VOLUME[i]]+i, outavoidpjgz[VOLUME[iJ), \

nzoutavoidgz[VOLUME[i)), p[VOLUME~i])
printf "27\n"
printf "* --- \n"
printf "([1i*[2]/[3)+((i.O-([1])*[4])\n"
outpjgz[VOLUME[i)) = OUTCOUNT++
print! eeeeeeeeeeeeefeeeee.e~eee~eseeeee \n"l
printf "Outlet pressure (liquid) z Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs Xes X\n", nzoutavoidfz[VOLUME[i])+I, outavoidpjfz[VOLUME[iJ), \

nzoutavoidfz [VOLUME [i) ], p [VOLUME [i])
printf "27\n"
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printf "* -- -------- Wn

printf "([l1*[2]/[31)+C((I.O-[])*[4])\n"
outpjfz[VOLUME i]] = OUTCOUNT++
printf W*************************************************************** \n"
printf "Non-zero inpjgx %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%.s %~a Vs\n", CONSTI, provinpjgx[VOLUME[i] , TIME
print ' "14\n"
printf "* ---------- Wn

printf "3\n"
printf "Vs\n", INITTIME-MAXDT/2.0
inpj gx [VOLUME [il] = OUTCOUNT++
OUTCOUNT++
printf .***************************************************************** \n"
printf "Non-zero outpjgx %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%as %.s s\n", CONSTI, provoutpjgx[VOLUME[i]], TIME
printf "14\n"
printf "-* ---------- W

printf '3\n"
printf "Vs\n", INITTIME-MAXDT/2.0
outpjgx[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "sesa**s***as**********a*********s**** ss*********s** ssa*** s** \n"
printf "In - out vapor pressure %.s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%,a %Is\n", inpjgx[VOLUME[i3], outpjgx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf " [1] - [2) \n"
deltapgx[VOLUME[i)] = OUTCOUNT++
printf **************************************************************** \n"
printf "Non-zero inpjfx h\rn", VOLUMEUi)
printf "Ws\n", OUTCOUNT
printf "%~a %sa Vs\n", CONSTI, provinpjfx[VOLUME[i)], TIME
printf "14\n"
printf "* ----------W.

printf "3\n"
printf "%s\n", INITTIME-MAXDT/2.0
inpjfx[VOLUME[ill = OUTCOUNT++
OUTCOUNT++
printf "**************** *s***s************************************** \n"
printf "Non-zero outpjfx %s\n", VOLUME i]
printf "Vs\n", OUTCOUNT
printf "%,a /.a Ve\n"*, CONSTi, provoutpjfx[VOLUME[i]l, TIME
printf "14\n"
printf "* ---------- \n"

printf "3\n"
printf "Vs\n", INITTIME-MAXDT/2.0
outpjfx[VOLUME[ill = OUTCOUNT++
OUTCOUNT++
printf W***.************************************************************* \n"
printf "In - out liquid pressure %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s Ws\n", inpjfx[VOLUME[i]], outpjfx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf " [1] - [2) \n'
deltapfx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Non zero inavoidrhogx %s\n", VOLUME[i]
printf "Vs\n", OUTCOUNT
printf "%.a %,a Vs\n", CONSTI, inavoidrhogx[VOLUME[iJ), inavoidrhogx[VOLUME[i]]
printf "14\n"
printf "* ----------W.
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printf '3\n"
printf "1.Oe-10\n"
nzinavoidrhogx[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf ****************************************************************** \n"
printf "Inlet vapor volumetric flow x %s\n", VOLUME[i]
printf "/s\n", OUTCOUNT
printf "11s %s %s %s\n", nzinavoidrhogx[VOLUMEi]]+1, inavoidgx[VOLUME~i]], \

inavoidrhovelgx [VOLUME [i]], nzinavoidrhogx [VOLUME Li]]
printf "27\n"
printf "* --- \n"
printf " [I] * [2] * [3] / (4] \n"
invflowgx[VOLUMELi]] = OUTCOUNT++
printf ****************************************************************** \n"

printf "Non zero inavoidrhof x %s\n", VOLUME[i]
printf "W.s\n", OUTCOUNT
printf "1.s %.B %s\n", CONST1, inavoidrhofx[VOLUME[i]], inavoidrhofx[VOLUME[i]]
printf "14\n"
printf "* -"---

printf "3\n"
printf "1.Oe-lO\n"
nzinavoidrhofx[VOLUME[i]] - OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet liquid volumetric flow x 7s\n", VOLUME[i]
printf "%B\n", OUTCOUNT
printf "%s %s %s %s\n", nzinavoidrhofx[VOLUME[i]J+l, inavoidfx(VOLUME[i]],

inavoidrhovelfx [VOLUME [i]], nzinavoidrhofx [VOLUME [i]]
printf "27\n"
printf "* ---------- \n"
printf " [I] * (2] * [3]/ [4] \n"
invflowfx[VOLUME[i]] = OUTCOUNT++
printf ,***************************************************************** \n"

printf "Non zero outavoidrhog x %s\n", VOLUME[i]
printf "%skn", OUTCOUNT
printf "%s %s %s\n", CONSTI, outavoidrhogx[VOLUME[i]], outavoidrhogx[VOLUME[i]]
printf "14\n"
printf "* ---------- Wn

printf "3\n"
printf "1.Oe-iO\n"
nzoutavoidrhogx[VOLUME[i]] OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"

printf "Outlet vapor volumetric flow x 7s\n", VOLUME[i]
printf "Ws\n", OUTCOUNT
printf "%s %s X%s %s\n", nzoutavoidrhogx [VOLUME[i]]+1, outavoidgx [VOLUME[i]],

outavoidrhovelgx [VOLUMEi] ], nzoutavoidrhogx [VOLUME[i]]
printf "27\n"
printf "* ---------- Wn

printf " [1] * [2] * (3] / [4] \n"
outvflowgx [VOLUME[ill = OUTCOUNT++
printf "***************************************************************** \n"

printf "Non zero outavoidrhof x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%e es %s\n", CONSTI, outavoidrhofx[VOLUME~i]], outavoidrhofx[VOLUME[i]]
printf "14\n"
printf "* --- \n"
printf "3\n"
printf "1.0e-iO\n"
nzoutavoidrhofx[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "*************************************************************** \n"
printf "Outlet liquid volumetric flow x %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%e %s %e Ws\n", nzoutavoidrhofx[VOLUME[i]] +, outavoidfx[VOLUME[i]], \
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outavoidrhovelfx [VOLUME [i)), nzoutavoidrhofx [VOLUME [i))
printf "27\n"
printf "* -----------
printf "[i1*[2)*[3)/[4]\n"
outvflowfx(VOLUME[i)) = OUTCOUNT++
print!"********************************* \n'!
printf "Vapor inlet velocity x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es Xes s\n", nzinavoidgx[VOLUME[i]]+i, invflowgx[VOLUME(i)], \

nzinavoidgx [VOLUME [i))
printf "27\n"
printf "* ---------- W,

printf "[i) * [2) / [3) \n"
invelgx[VOLUME[i]] = OUTCOUNT++
printf **********e****** *****s*****************a**s****************** \n"

printf "Liquid inlet velocity x Xe\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%e %e %s\n", nzinavoidfx[VOLUME[i])+i, invflowfx[VOLUME[i)], \

nzinavoidfx [VOLUME [i))
printf "27\n"
printf "* ---------- \n"
printf "[1) * [2] / [3) \n"
invelfx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor outlet velocity x Xe\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%e Xe Xs\n", nzoutavoidgx(VOLUME[i]J]+, outvflowgx[VOLUME[i)J, \

nzoutavoidgx [VOLUME [i]]
printf "27\n"
printf "* --- \n"

printf "[1) * [2] / [3) \n"
outvelgx[VOLUME[i)) = OUTCOUNT++
printf *********************e*******************************e*****a*** \n"
printf "Liquid outlet velocity x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes Xe s\n", nzoutavoidfx(VOLUME [i]) +1, outvflowfx [VOLUME [ii], \

nzoutavoidfx [VOLUME [i])
printf "27\n"
printf "*-----
printf "[1) * [2) / [3) \n"
outvelfx[VOLUME[i]) - OUTCOUNT++
printf ".************s************************************************ \n"

printf "Vapor inlet momentum flow x Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xes s\n", inavoidrhovelgx[VOLUME[i]], invelgx(VOLUME[i)]
printf "27\n"
printf "* --- \n"
printf "[1] * [2) \n"

inmomflowgx[VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"

printf "Liquid inlet momentum flow x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "X1s Xs\n", inavoidrhovelfx[VOLUME(i)], invelfx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"

printf "[1< * [2) \n"
inmomflowfx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet momentum flow x Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es Xs\n", inmomflowgx[VOLUME [i), inmomflowfx[VOLUME[i]
print! "27\n"
printf "* .---\n"

printf "[i) + [2) \n"
inmomflowx[VOLUME[i]) = OUTCOUNT++
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printf "************************************************************** \n",
printf "Inlet slip x %s\n", VOLUME~i]
printf ",%s\n", OUTCOUNT
printf "%s %s\n", invelgx[VOLUME[i]], invelfx[VOLUME[i)]
printf "27\n"
printf "* ---

printf " [1] - [2) \n"
inslipx[VOLUME[i]] = OUTCOUNT++
printf "***************s******************s***********s***************** \n"
printf "Inlet (A * rhog * voidg) * (A * rhof * voidf) x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s Y.s\n", inavoidrhogx[VOLUME[i]], inavoidrhofx[VOLUME[i)J
printf "

2 7
\n"

printf "* ---------- W.

printf " [i]*[2]\n"
inprodavoidrhox[VOLUME[i]] - OUTCOUNT++
print! *af ********s*********s*********** \n"
printf "Inlet non-homogeneous convective term x %s\n". VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%,s %s %As %s\n", inprodavoidrhox[VOLUME[iJ), inslipx[VOLUME[i)),

nzinareax [VOLUME [i2), inrhomixx [VOLUME [i)]
printf "

2 7
\n"

printf "* --- \n"
printf "[1) * [2] * [2J/( [3) * [4) )\n"

innonbmx [VOLUME [±]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor outlet momentum flow x %s\n", VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%s %s\n", outavoidrhovelgx[VOLUME[i)], outvelgx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[1)]* [2) \n"
outmomflowgx[VOLUME[i]2 = OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid outlet momentum flow x %s\n", VOLUME[i]
printf "%S\n", OUTCOUNT
printf "%s %s\n", outavoidrhovelfx[VOLUME[iJ), outvelfx[VOLUME[i))
printf "

2 7
\n"

printf "* --------- \n"
printf "[11*[2J\n"
outmomflowfx[VOLUME[i]] = OUTCOUNT++
print! ************s****s*************** \n",
printf "Outlet momentum flow x Xs\n", VOLUME(i]
printf "%s\n", OUTCOUNT
printf "%e Xs\n", outmomflowgx[VOLUME[i]], outmomflowfx[VOLUME[i])
printf "

2
7\n"

printf "* ---------- \n"
printf " [I] + [2) \n"
outmomflowx[VOLUME[iJ) = OUTCOUNT++
printf "****************s**************s******************************** \n"
printf "Outlet slip x Xs\n". VOLUME~i]
printf ".s\n", OUTCOUNT
printf "%s %,s\n", outvelgx[VOLUME[i]] ,outvelfx[VOLUME[i))
printf "

2
7\n"

printf "* ---------- W.

printf " [1) - [2) \n"
outslipx[VOLUME[i)] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet (A * rhog * voidg) * (A * rhof * voidf) x .s\n", VOLUME[i)
printf "%s\n". OUTCOUNT
printf "%e Xs\n",outavoidrhogx[VOLUME[i)] ,outavoidrhofx[VOLUME[i))
printf "

2
7\n"

printf "* ---------- W.

printf "[1) * [2) \n"
outprodavoidrhox[VOLUME[i]] ) OUTCOUNT++
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printf "*********************************\n"

printf "Outlet non-homogeneous convective term x Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs % %e Xs\n",outprodavoidrhox[VOLUME[i]] ,outslipx[VOLUME[i)],

nzinareax [VOLUME [i] ],outrhomixx [VOLUME [i]]
printf "27\n"
printf "* ----------...
printf "[11 * [21 * [2)/( [3) * [4) )\n"
outnonhmx [VOLUME [iJ ] = OUTCOUNT++
printf "W,*******e*ss************s******* n

printf "Non zero inavoidrhogy Xs\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "es es Xs\n", CONST1, inavoidrhogy[VOLUME[i]J, inavoidrhogy[VOLUME[i]]
printf "14\n"
printf "* "---

printf "3\n"
printf "1.Oe-iO\n"
nzinavoidrhogy [VOLUME [i] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet vapor volumetric flow y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es Xs Xe Xs\n", nzinavoidrhogy[VOLUME[i]]+i, inavoidgy[VOLUME[il], \

inavoidrhovelgy [VOLUME [i] , nzinavoidrhogy [VOLUME [i]I
printf "27\n"
printf "* ---------- W.

printf "[1) * [2) * [3) / [4) \n"
invflowgy [VOLUME [il] = OUTCOUNT++
printf "****************************************************************** \n"
printf "Non zero inavoidrhof y Xs\n", VOLUME[i]
printf "X.s\n", OUTCOUNT
printf "Xs Xes %\n", CONSTI, inavoidrhofy[VOLUME[i)), inavoidrhofy[VOLUME[i))
printf "14\n"
printf "* --- \n"

printf "3\n"
printf "1.Oe-iO\n"
nzinavoidrhofy[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "***W*e*****s****s**************** n
printf "Inlet liquid volumetric flow y ,s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xe Xe Xs\n", nzinavoidrhofy(VOLUME[i])+1, inavoidfy[VOLUME[i]], \

inavoidrhovelfy [VOLUME [i]], nzinavoidrhofy [VOLUME [ill
printf "27\n"
printf "* ---------- \n"
printf "[1] * [2) * [3) / [43 \n"
invflowfy [VOLUME [i]) = OUTCOUNT++
printf ***** ssee*** s*seseee*eee*e*e*e*ee*eeeee***se***e**s****s** \n"
printf "Non zero outavoidrhog y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xes Xs s\n", CONSTI, outavoidrhogy[VOLUME[i]], outavoidrhogy[VOLUME[iJ)
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "i.Oe-1O\n"
nzoutavoidrhogy[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet vapor volumetric flow y ,s\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xe Xs Xe Xs\n", nzoutavoidrhogy [VOLUME[i]J+l, outavoidgy [VOLUME[i]], \

outavoidrhovelgy [VOLUME[i]), nzoutavoidrhogy [VOLUME[i]]
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printf "27\n"
printf "* - \n"

printf "tl]*[2)*t[3)/C4\n"
outvflowgy [VOLUMECi]] = OUTCOUNT++
printf "W****s*e********s*e********s**ss ********** ******e**e'* \n"

printf "Non zero outavoidrhof y Xe\n", VOLUME[i)
printf "%e\n", OUTCOUNT
printf "%s %s %s\n", CONST1, outavoidrhofyCVOLUME~i)), outavoidrhofy[VOLUME[i))

printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "1.Oe-lO\n"
nzoutavoidrhofy[VOLUMEti]) = OUTCOUNT++
OUTCOUNT++
print! e*****s********efse***~e**s**~*** \n"

printf "Outlet liquid volumetric flow y Xs\n", VOLUMEWi)
printf "Xs\n", OUTCOUNT
printf "'Xe % Xs Xs\n", nzoutavoidrhofyCVOLUME[i)]+l, outavoidfy[VOLUME~i]], \

outavoidrhovelfy (VOLUME [i)), nzoutavoidrhofy (VOLUME Ci])
printf "27\n"
printf "* --- \n
printf "El) * [2) * [3) / [4) \n"
outvflowfy [VOLUME [i) ) OUTCOUNT++
printf "*****W********s**********We*****e********e***se******e***e** ** \n"

printf "Vapor inlet velocity y Xs\n", VOLUME[i)

printf "Xs\n", OUTCOUNT
printf "Xs Xs s\n", nzinavoidgy [VOLUMECi)) +1, invflowgy [VOLUME[i ]),

nzinavoidgy [VOLUME [i])
printf "27\n"
printf "* ---------- \n"
printf "([1 * [2)/ [3) \n"
invelgy[VOLUMECi]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid inlet velocity y %e\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "es Xs Xs\n", nzinavoidfy[VOLUME[iJ]+l, invflowfy[VOLUME[i]],

nzinavoidfy [VOLUME [i])
printf "27\n"
printf "* ---------- \n"
printf " [1) * [2) / (3) \n"
invelfy[VOLUME[i]] = OUTCOUNT++
printf *******e ************** **************************e** \n"
printf "Vapor outlet velocity y Xe\n", VOLUME i]

printf "%s\n", OUTCOUNT
printf "Xs Xs Xs\n", nzoutavoidgy[VOLUME~i]]+l, outvflowgy[VOLUME~i]], \

nzoutavoidgy [VOLUME [i])
printf "27\n"
printf "* ."---

printf "[1] * [2) / [3) \n"
outvelgy[VOLUME[i)) = OUTCOUNT++
printf W'****s***ses*****e****ee****s** e***e*s**ss***********e***s** \n"

printf "Liquid outlet velocity y Xe\n", VOLUMECi]
printf "Xs\n", OUTCOUNT
printf "es Xs Xs\n", nzoutavoidfy[VOLUME[i)]+l, outvflowfy[VOLUME(i]], \

nzoutavoidfy [VOLUME [i))
printf "27\n"
printf "* --- \n"
printf "[(] * [2) / [3) \n"
outvelfy[VOLUME[i)] = OUTCOUNT++
printf ****************************************s***********s*********i'* \n"

printf "Vapor inlet momentum flow y Xs\n", VOLUMEWi]

printf "Xs\n", OUTCOUNT
printf "Xes s\n", inavoidrhovelgy[VOLUME[iJ], invelgy[VOLUME[i]]
printf "27\n"
printf "* ---
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printf "[1J * [2J \n"
inmomflowgy[VOLUME[i]] = OUTCOUNT++
printf "******************************** n

printf "Liquid inlet momentum flow y %s\n", VOLUME[i]
printf "%/s\n", OUTCOUNT
printf "%es X\n", inavoidrhovelfy [VOLUME [i] J, invelfy [VOLUME [i])
printf "27\n"
printf "* ---------- W.

printf "[I) * [2) \n"

inmomflowfy[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet momentum flow y %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s WW\n", inmomflowgy [VOLUME [iJ J, inmomflowfy [VOLUME [i]
printf "27\n"
printf "* ---------- \n"
printf "[1] + [2) \n"

inmomflowy [VOLUME [i] I = OUTCOUNT++
printf '***** ********* ************e******s********s***** \n"
printf "Inlet slip y Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs\n", invelgyFVOLUME~ij), invelfy[VOLUME[iji
printf "27\n"
printf "* ---------- \n"
printf "[1]- [2) \n"

inslipy[VOLUME[i]j = OUTCOUNT++
printf "********************** ***e****a**e************************** \n"
printf "Inlet (A * rhog * voidg) * (A * rhof * voidf) y Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%e Xs\n", inavoidrhogy[VOLUME[i]], inavoidrhofx[VOLUME[iJ)
printf "27\n"
printf "* ---------- \n"
printf "[iW * [2J \W"

inprodavoidrhoy[VOLUME[iJ] = OUTCOUNT++
printf "W.*****************************s***************************** \n"
printf "Inlet non-homogeneous convective term y Xs\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "%s es %e Xs\n", inprodavoidrhoyFVOLUME[i)J, inslipy[VOLUME[i]],

nzinareay [VOLUME Fi]i, inrhomixy [VOLUME Fiji
printf "27\n"
printf "* ---------- \n"
printf "[1] * [2) * [2)/ ([3) * [4]) \n"
innonhmy [VOLUME [ij - OUTCOUNT++
printf ***s****s**** s*s*s** s**s*******s**s**********s****ss****s \n"
printf "Vapor outlet momentum flow y Xs\n". VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "e7s Xs\n", outavoidrhovelgy[VOLUME[i]J, outvelgy[VOLUME~i]]
printf "27\n"
printf "-* ---------- W,

printf "[I1 * [2) \n"

outmomflowgy[VOLUMEFiji = OUTCOUNT++
printf "**W*********************s*************** **s**********s***** \n"

printf "Liquid outlet momentum flow y %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", outavoidrhovelfy[VOLUME[iJ], outvelfy[VOLUME[i]]
printf "27\n"
printf "* - ---- W

printf "[1( * [2 \n"

outmomflowfy[VOLUMEFij] = OUTCOUNT++
printf "W.***s*********************s**** *s***************** **** * s*** \n"
printf "Outlet momentum flow .y Xs\n", VOLUME[i]
printf "Xes\n", OUTCOUNT
printf "Xes Xs\n", outmomflowgyFVOLUME[i]i, outmomflowfy[VOLUME[i]]
printf "2M\n"
printf "-* ------.....

C-60



printf "[1] + [2) \n"
outmomflowy [VOLUME [±i2 = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet slip y %s\n", VOLUME)i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", outvelgy [VOLUME [i]] ,outvelfy [VOLUME [i]]
printf "27\n"
printf "* ---------- \n"
printf "[1lJ-[2]\n"
outslipy[VOLUME[i]] = OUTCOUNT++
printf "**************************************************************** \n"
printf "Outlet (A * rhog * voidg) * (A * rhof * voidf) y %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", outavoidrhogy [VOLUME [i±] ,outavoidrhofx [VOLUME [i]
printf "27\n"
printf "* ---------- \n"
printf " [1] * [22 \n"
outprodavoidrhoy[VOLUME[i]] = OUTCOUNT++
printf W*************** aa*aa*aaaaaaaaaaaaaaaa** aa*a****a**aa**aaa***** \n"
printf "Outlet non-homogeneous convective term y %s\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "1%s %s %s %.s\n",outprodavoidrhoy[VOLUME[i] ],outslipy[VOLUME[iJ],

nzinareay [VOLUME [i] ],outrhomixy [VOLUME [±i2
print! "27\n"
printf "* ----------- \n"
printf " [1] * [2] * [2] / ([32 * [4] )\n"
outnonhmy [VOLUME [iJ2 = OUTCOUNT++
printf "***************************************************************** \n"

printf! "Non zero inavoidrhogz %s\n", VOLUME[i2
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", CONST1, inavoidrhogz[VOLUME[i]2, inavoidrhogz[VOLUME[i]]
printf "14\n"
printf "* ---------- \n"

printf "3\n"
printf "1.Oe-1O\n"
nzinavoidrhogz[VOLUME[i2] = 0UTCOUNT++
OUTCOUNT++
print! "***'a****************************aa**a***a************************ \n"
printf "Inlet vapor volumetric flow z %s\n", VOLUME[i]
printf ",s\n", OUTCOUNT
printf "%s %s %s Ws\n", nzinavoidrhogz[VOLUME[i]]+1, inavoidgz[VOLUME[i]],

inavoidrhovelgz [VOLUME [i]2, nzinavoidrhogz [VOLUME [±i2
printf "27\n"
printf "* ----------
printf "[I] * [22 * [3] / [42 \n"

invflowgz [VOLUME [i2 = OUTCOUNT++
printf **s***aaa******a***a***********************a**** ***** \n"

printf "Non zero inavoidrhof z %s\n". VOLUME[iS
printf "%s\n". OUTCOUNT
printf "%s %,a %s\n", CONSTI, inavoidrhofz[VOLUME[i]2, inavoidrhofz[VOLUME[i]]
print! "14\n"
printf "a* ---------- \n"

print! "3\n"
printf "1.Oe-10\n"
nzinavoidrhofz[VOLUME[i]] = OUTCOUNT++
OUTCOUNT++
print! "W.aaaaaaaaaaaaaaaaaaa*a~*a*aaa~a* n
printf "Inlet liquid volumetric flow z %s\n", VOLUME[i]
printf "/.s\n", OUTCOUNT
printf "%s %s %As %s\n", nzinavoidrhofz[VOLUME[iJ]+1, inavoidfz[VOLUME[i22, \

inavoidrhovelfz[VOLUME [i], nzinavoidrhofz[VOLUME[i]]
printf "27\n"
printf "a* ---------- \n"
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printf "[1] * [2] * [3] / [4] \n"
invflowfz[VOLUME[i]] = OUTCOUNT++
printf "***W*****e*******************s**e*s**********ee*s***e******** \n"
printf "Non zero outavoidrhog z Xs\n", VOLUME~i]
printf "s\n"'. aUTCOUNT
printf "'%e Xe s\n", CONST1, outavoidrhogz[VOLUME[i]], outavoidrhogz [VOLUME [i]]
printf "14\n".
printf "* ---------- \n"
printf "3\n"
printf "i.Oe-iO\n"
nzoutavoidrhogz(VOLUME[iji = OUTCOUNT++
OUTCOUNT++
print! "We*ae***~ae***a*******ee*****eea n
printf "Outlet vapor volumetric flow z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "s Xs es Xs\n", nzoutavoidrhogz (VOLUME(i]J+i, outavoidgz (VOLUME(i]],

outavoidrhovelgz (VOLUME[i]], nzoutavoidrhogz-[VOLUME[i]]
printf "27\n"
printf "* ---------- W.

printf "(1] * [2] * (3]/ [4] \n"
outvflowgz (VOLUME[i]] = OUTCOUNT++
printf *********************e*****s**e*****eeses*****s****ees*****s** \n"
printf "Non zero outavoidrhof z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s Xs s\n", CONSTI, outavoidrhofz[VOLUME[i]], outavoidrhofz[VOLUME(i]]
printf "14\n"
printf "* ---------- \n"

printf "3\n"
printf "I1.Oe-iO\n"
nzoutavoidrhofz[VOLUME[i]] = OUTCOUNT++
OuTCOUNT++
printf "********************************s******e*********s******e*** \n"
printf "Outlet liquid volumetric flow z Xe\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "s es Xes es\n", nzoutavoidrhofz[VOLUME~i]]+i, outavoidfz[VOLUME[iJ], \

outavoidrhovelfz [VOLUME (iJ], nzoutavoidrhofz [VOLUME [i]]
printf "27\n"
printf "* ---------- \n"

printf "[1] * [2] * (3] /[4] \n"
outvflowfz[VOLUME(i]] = OUTCOUNT++
printf "****************************************************s******** \n"

printf "Vapor inlet velocity y Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs Xs\n", nzinavoidgz[VOLUME[i]]+i, invflowgz[VOLUME[i]], \

nzinavoidgz (VOLUME (i]]
printf "27\n"
printf "* ---------- W,

printf " [1] * (2]/ (3] \n"
invelgz [VOLUME i]]• = OUTCOUNT++
printf "***************************************************************** \n"

printf "Liquid inlet velocity z Xe\n", VOLUME i]

printf "Xs\n", OUTCOUNT
printf "Xs Xes s\n', nzinavoidfz[VOLUME[i]]+i, invflowfz[VOLUME(i]], \

nzinavoidfz [VOLUME (i]]
printf "27\n"
printf "* --- \n

printf "[1] * [2] / (3] \n"
inveltz[VOLUME[i]] - OUTCOUNT++
printf W*****e*e*e* ******s************e*e**********e*e**************s \n"
printf "Vapor outlet velocity z Xs\n". VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "Xes %s Xs\n", nzoutavoidgz[VOLUME[i]]+i, outvflowgz[VOLUME[iJ].

nzoutavoidgz [VOLUME Li]]
printf "27\n"
printf "* --- \n"
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printf "[1) * [2] / [3) \n"
outvelgz[VOLUME[i]) = OUTCOUNT++
printf *******e*e*e*s*******e***e*e***e***s************************ \n"

printf "Liquid outlet velocity z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xe Xs\n", nzoutavoidfz[VOLUME[i]]+i, outvflowfz[VOLUME[i]], \

nzoutavoidfz [VOLUME [i]]
printf "27\n"
printf "* -"---
printf "£1) * [2] / [3] \n"
outvelfz [VOLUME[i)) = OUTCOUNT++
printf ****************************************************************** \n"
printf "Vapor inlet momentum flow z Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", inavoidrhovelgz[VOLUME[i]J, invelgz[VOLUME[i)]
printf "27\n"
printf "* --- \n"
printf "[1) * [2) \n"

inmomflowgz[VOLUME[i]) - OUTCOUNT++
printf "************************************************************* \n"
printf "Liquid inlet momentum flow z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", inavoidrhovelfz [VOLUME [i)), invelfz [VOLUME [i))
printf "27\n"
printf "* --------- \n"
printf "[1] * [2] \n"

inmomflowfz [VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Inlet momentum flow z Xs\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "es W I\n". inmomflowgz[VOLUME[i)]] inmomflowfz[VOLUME[i])
printf "27\n"
printf "* --- \"

printf "[1) + [2) \n"

inmomflowz[VOLUME[i]] = OUTCOUNT++
printf *** * ***** *s**** s*s*****a*********************** \n"
printf "Inlet slip z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs Xs\n", invelgz [VOLUME [i)], invelfz [VOLUME [ii]
printf "27\n"
printf "* --- \n"
printf " [1) - [2] \n"

inslipz[VOLUME[i]) - OUTCOUNT++
printf "************************************************************* \n"

printf "Inlet (A * rhog * voidg) * (A * rhof * voidf) z Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", inavoidrhogz[VOLUME[i]], inavoidrhofx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[1] * [2) \n"
inprodavoidrhoz[VOLUME[i)) = OUTCOUNT++
printf "***W***.*******s***s*********t'**s****s*** ****ss************* \n"
printf "Inlet non-homogeneous convective term z Xs\n", VOLUMELi]
printf "Xs\n", OUTCOUNT
printf "e %s Xe X Is\n", inprodavoidrhoz[VOLUME[i)], inslipz[VOLUME[i]],

nzinareaz [VOLUME [i]), inrhomixz [VOLUME [i))
printf "27\n"
printf "* ---------- \n

printf "[i)*[2)*[2]/([3)*[4J)\n"
innonhmz [VOLUME [i)) = OUTCOUNT++
printf "ssss**s*ss********s**s***s*******s*ss** sssss******* **s**** \n"
printf "Vapor outlet momentum flow z Xs\n", VOLUMELi]
printf "Xs\n", OUTCOUNT
printf "%s Xs\n" "outavoidrhovelgz[VOLUME[i)], outvelgz[VOLUME[i]J
printf "27\n"
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printf "* - \n"
printf "[1] * [2) \n"

outmomflowgz[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid outlet momentum flow z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "1.1s s\n", outavoidrhovelfz [VOLUME [i]], outvelfz [VOLUME [i]i
print! "27\n"
printf "* ---

printf "[1] * (2) \n"

outmomflowfz[VOLUME[i2] = OUTCOUNT++
printf ****************************************************************** \n"
printf "Outlet momentum flow z Xs\n". VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "%s Xs\n", outmomflowgz [VOLUME [iJ J, outmomflowfz [VOLUME [i])
printf "27\n"
printf "* --------- \n"
printf "[1J+[2]\n"
outmomflowz[VOLUME[i]] = OUTCOUNT++
printf "***********a***ea****s*a******s**s*******ee*****e**e*eee****s* \n"
printf "Outlet slip z Xs\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xs Xe\n", outvelgz[VOLUME[i)), outvelfz[VOLUME[i]J
printf "27\n"
printf "* ---

printf "[1]- [22 \n"
outslipz[VOLUME[i)] - OUTCOUNT++
printf "*************************************************************** \n"
printf "Outlet (A * rhog * voidg) * (A * rhof * voidf) z %s\n", VOLUMEfi]
printf "Xs\n", OUTCOUNT
printf "Xes X\n", outavoidrhogz [VOLUME [']), outavoidrhofx [VOLUME [i])
printf "27\n"
printf "* ---------- Wn

printf "[1) * [2J \n"

outprodavoidrhoz[VOLUME[i]] = OUTCOUNT++
printf ****************************************s********************** \n"
printf "Outlet non-homogeneous convective term z Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xs es %s %s\n",outprodavoidrhoz[VOLUME[i) ],outslipz[VOLUME[iJ],

nzinareaz [VOLUME [±) ],outrhomixz [VOLUME [i]I
printf "27\n"
printf "* --- \n"
printf " [1] * [2) * [2) / ( [3] * [4] ) \n"
outnonhmz[VOLUME[i±] 2 OUTCOUNT++
printf *****************************s*************s******************** \n"

printf "In -out mixture momentum flow Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs s Xes Xs Xs\n", inmomflowx[VOLUME[i)), inmomflowy[VOLUME[i]),

inmomflowz [VOLUME [i±), outmomflowx [VOLUME [±i),
outmomflowy [VOLUME [±i], outmomflowz [VOLUME [i)

printf "27\n"
printf "* ---------- \n"
printf "([i] + [2)+ [3]) - [4]+ [5)+ [6] ) \n"
mommixconv[VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"

printf "In - out non homogeneous convective term %9\n", VOLUME[i]
printf "Xs\n". OUTCOUNT
printf "%S XS XS %S XSe X\n", innonhmx[VOLUME[i]J, innonhmy[VOLUME[i]])

innonhmz[VOLUME[i]), outnonhmx[VOLUME[i]],
outnonhmy [VOLUME [i]), outnonbmz [VOLUME [i]

printf "27\n"
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printf "* -\n"
printf "([1]+[2]+[3])-([4]+[5]+[6])\n"
nonhmconv[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Pressure drop in volume %s\n", VOLUME[i]
printf "Ws\n", 0UTCOUNT
printf "%Ts Ys %.s %as %s %s %s %s\n", wfricg[VOLUME[i)], wrfricf(VOLUME[i]],

buoyg[VOLUME(i)), buoyf[VOLUME(i]],
mommixconv [VOLUME [i], nonhmconv [VOLUME [i]],
dermommix [VOLUME [i ] , avol [VOLUME [i])

printf "27\n"
printf "* ---------- \a"
printf " ((11 + [2]+[3]+ [4]- 5- [6]+ [7 ))/[8 \n"
deltap[VOLUME(i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet pressure in volume %s\n", VOLUME(i]
printf "%s\n", OUTCOUNT
printf "7.s 7/s\n", pEVOLUME~i]], deltap[VOLUME[i]]
printf "27\n"
printf '* --- \n"
printf "[i]+0.5*[2]\n"
inp (VOLUME [iJ - OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet pressure in volume s\n", VOLUME[i]
printf "s\n", OUTCOUNT
printf "Y.s %s\n". p[VOLUME[i]], deltap[VOLUME(i]]
printf "27\n"
printf "* --- \n"
printf "[1) -0.5* [23 \n"
outp[VOLUME (i] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor acoustic term %s\n", VOLUME[i]
printf "s\n", OUTCOUNT
printf "%s %s %s %s %s %s\n", avol[VOLUME[i]], voidg[VOLUME(i]],

compg[VOLUME(i]J, velg[VOLUME(i]), \
inpjgx[VOLUME(i]], outpjgx[VOLUME[i])

printf "27\n"
printf "* ---

printf "[1]* [2] * [3) * [4) *LN( [5]/[6] )\n'
acg[VOLUME(i)] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid acoustic term Ys\n", VOLUME[i]
printf "Ws\n", OUTCOUNT
printf "%s %s %as %s %s %s\n", avol[VOLUME[i]], voidf[VOLUME(i]], \

compf (VOLUME [i]], velf [VOLUME (i], \
inpj fx [VOLUME [i]], outpj fx [VOLUME [i]]

printf "27\n"
printf "* --- \n"
printf "(1] * [2] * [3] * [4] *LN( [5] / [6) )\n"
acf [VOLUME[i]] = OUTCOUNT++
printf "**************************************************************** \n"

# printf "Inlet mixture velocity x %s\n", VOLUME[i]
# printf "%s\n", OUTCOUNT
# printf "%as %s s %s %s %as %s\n", invoidgx[VOLUME[i]], inrhogx[VOLUME(i)], \
# invelgx[VOLUME(i)), invoidfx[VOLUME(i)], \
# inrhofx(VOLUME[i]], invelfx[VOLUME[i]],
# inrhomixx [VOLUME [i)]
# printf "27\nW
# printf "* -"---
# printf " [I] * [2]* [3]+[4]* [5]* [6J)/[71 \n"
# inmixvelx[VOLUME[i)) = OUTCOUNT++
# printf ****************************************************************** \n-'

# printf "Outlet mixture velocity x 7,s\n". VOLUME(i]
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# printf "Xs\n", OUTCOUNT
# printf "%a Xs %e Xe Xe Xe Xe\n", outvoidgx[VOLUME[i]), outrhogx[VOLUME[i]], \
# outvelgx[VOLUME[i)), outvoidfx[VOLUME[i] , \
# outrhofx[VOLUME[i]], outvelfx[VOLUME[i)),
# outrhomixx [VOLUME [i))
# printf "27\n"
# printf "* ---------- \n"
# printf "([i)*[2]*[3J+[4)*([5*[6J)/[7)\n"
# outmixvelx[VOLUMELi]] = OUTCOUNT++
# printf "******e***e**e****e*******ee********e************************* \n"

printf "Volumetric flow in - volumetric flow out (vapor) Xs\n", VOLUMEUi]
printf "Xs\n", OUTCOUNT
printf "Xe %X Xe %a %e se\n", invflowgx[VOLUME[i)), invflowgy[VOLUME[ill,

invflowgz[VOLUME[i)), outvflowgx[VOLUME[i]] ,
outvflowgy[VOLUME[i)). outvflowgz[VOLUME[i])

printf "27\n"
printf "* ---------- W.

printf "[1] + [2) + [3) -[4) -[5)- [6) \n"
jtermg[VOLUME[i]] = OUTCOUNT++
printf "**e****e****eeeeee**ae*e*****eseess**********ee******s**se* e** \n"
printf "Volumetric flow in - volumetric flow out (liquid) %s\n", VOLUME[i]
printf "%e\n", OUTCOUNT
printf "%e %e Xe %e %e Xe\n", invflowfx[VOLUME [i] , invflowfy(VOLUME[iJ) ,

invflowfz[VOLUME[i]), outvflowfx[VOLUME[i]) ,
outvflowfy [VOLUME [i]], outvflowfz [VOLUME Li))

printf "27\n"
printf "* ---

printf " [1 + [2) + [3 - [4)- [5) -[6) \n"
j terrf [VOLUME [i)) = OUTCOUNT++
printf "***************************************************************** \W"
printf "Volumetric term + thermal exp. + swelling (vapor) Xs\n", VOLUMELi)
printf "Xe\n", OUTCOUNT
printf "Y•s Xe\n", jtermg[VOLUME[i]), thswg[VOLUME[i)]
printf "27\n"
printf "* ----------. "
printf "[1) + [2) \n"

jthswg[VOLUME[i]] = OUTCOUNT++
printf **sse****e *****eee*e****eee ***** **e****see****eee**e* \n"
printf "Volumetric term + thermal exp. + swelling (liquid) Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe Xe\n", jtermf[VOLUME[i)], thswf[VOLUME[i)]
printf "27\n"
printf "* ---------- Wn

printf "liD + [2) \n"
jthewf [VOLUME [i) = OUTCOUNT++
printf , \n"
printf "Vol. term + thermal exp. + swelling + ac. term (vapor) Xs\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n". jthswg[VOLUME[i)), acg[VOLUME[i)]
printf "27\n"
printf "* --- \n"
printf "(i+<[2W\n"
Jthswacg[VOLUME[i]] = OUTCOUNT++
printf "CCCCCCC*CCCC*CCCCCC***CCC*CCCCCCC***CCCCC*CCCCCCCCCCCCCCC \n"
printf "Vol. term + thermal exp. + swelling + ac. term (liquid) Xs\n", VOLUMEUi)
printf "Xe\n", OUTCOUNT
printf "Xe Xs\n", jthswf[VOLUME[i]), acf[VOLUME[i])
printf "27\n"
printf "* ---------- W,

printf "[1) + [2) \n"
jthswacf[VOLUME[i]] = OUTCOUNT++
printf "e*** eeee* eseeeeeeeeeeeeeeeeaeeeee*i'se*ee*eeeeeseaeee*ssaeeeeae \n"
printf "Non filtered postprocessed time derivative of ln p Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe %X Xe ss\n", jthswacg[VOLUME[i)), jthswacf[VOLUME[i),\
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nztotncomp[VOLUME[iJ], nztotncomp[VOLUME[i))+l
printf "

2
7\n"

printf "* ---------- \n"
printf "[4]*([i]+[2])/[3]\n"
nfpostdlnpdt[VOLUME[i]] = OUTCOUNT++
printf ****************** ******** *********s******** ************** \n"
printf "Non-zero pressure in node %s\n", VOLUME i]
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", CONSTI, p[VOLUME[i]], TIME
printf "1

4
\n"

printf "* ---------- W,

printf "3\n"
printf "%s\n", INITTIME-MAXDT/2.0
nzp [VOLUME (i J = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "in pressure in node %s\n", VOLUME[i]
printf "WS\n", OUTCOUNT
printf "%s\n", nzp[VOLUME[i]]
printf "27\n"
printf "* '--------- \n"
printf "LN[1]\n0 "
InpEVOLUME[i]] = OUTCOUNT++
printf **************************************s***s********s*********** \n"
printf "Non-zero avol in volume %s\n", VOLUME[i]
printf "%S\n", OUTCOUNT
printf "%s %s %s\n", CONSTI, avol(VOLUME(i]], TIME
printf "14\n"
printf "* --- \n"
printf "3\n"
printf "%S\n", INITTIME-MAXDT/2.0
nzavol [VOLUME [il) = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Second term of vapor acoustic term in volume %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", dervoidcompg[VOLUME [iV, vvol[VOLUME(i]I, nzavol[VOLUME[i))
printf "

2
7\n"

printf "* ---------- \n"
printf "[1i * [2) / [3) \n"
ac2g[VOLUME[ij]] = OUTCOUNT++
printf "W********************************* *** * e*s** \n"
printf "Second term of liquid acoustic term in volume %s\n", VOLUME[i]
printf "oS'\n", OUTCOUNT
printf "%s %s %s\n", dervoidcompf[VOLUME[iJ), vvol[VOLUME[i]), nzavol[VOLUME[i]]
printf "2 7

\n"
printf "* ---------- \n"
printf "[1) * [2] / [3] \n"
ac2f [VOLUME[i]) = OUTCOUNT++
printf "****Ws* sas*s* *******s****s*s****s****a**********s* \n"
printf "First term of vapor acoustic term in volume %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", lnp[VOLUME~iJ], ac2g[VOLUME[i)]
printf "27\n"
printf "-* --------- \n"
printf "[1) * [2) \n"
aclg[VOLUME[i]) = OUTCOUNT++
printf "*W*s****************** * ** ******s**** ** \n"
printf "First term of vapor acoustic term in volume %/s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", lnp[VOLUME [i]], ac2f [VOLUME [i]]
printf "27\n"
printf "* ---------- \n"
printf "[1) * [2] \n"
aclf[VOLUME[I]] = OUTCOUNT++
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printf "******************************** n
printf "Time derivative of in p in node %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s\n", lnp[VOLUME[i]]
printf "43\n"
printf "* --- \n"
printf "16 1.0\n"
dlnpdt (VOLUME [i]] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Non filtered post. time derivative of liquid volume %e\n", VOLUMEWi]
printf "%s\n", OUTCOUNT
printf "11s %s %s\n", jthswacf[VOLUME[i]], \

nodecompf [VOLUME [i]], nfpostdlnpdt (VOLUME [i]]
printf "27\n"
printf "* ---------- W.

printf ' [11-([2]*[3J)\n"
nfpostdvfdt(VOLUME(i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Postprocessed time derivative of vapor mass %s\n", VOLUMEfi]
printf "%.s\n". OUTCOUNT
printf "%s %s %s %s %s %s %s %s\n", inavoidrhovelgx[VOLUME(i]], \

inavoidrhovelgy (VOLUME [i]], \
inavoidrhovelgz[VOLUME(i]), \
outavoidrhovelgx(VOLUME[i]l, \
outavoidrhovelgy [VOLUME [i]], \
outavoidrhovelgz[VOLUME[i]], \
vvol(VOLUME[i]] ,. gemmag[VOLUME[i]]

printf "27\n"
printf "* --- \n"
printf "[l]+[2]+([3]-4]-E[5-[6]+([7]*[8])\n"
nfpostdmgdt[VOLUME(i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Time derivative of vapor mass %s\n", VOLUME[i]
printf "/.s\n", OUTCOUNT
printf "'s\n", massg[VOLUME[i]]
printf "43\n"
printf "* --- \n"
printf "16 1.0\n"
dmgdt[VOLUME[i]) = OUTCOUNT++
printf W,****e**e***s****e*****e**ee**************ee*****eee**e****s** \n"
printf "Postprocessed time derivative of liquid mass %s\n", VOLUME~i]
printf "Y.s\n", OUTCOUNT
printf "1.s %s Ys Y.s %s %s % s\n", inavoidrhovelfx[VOLUME[i)], \

inavoidrhovelfy[VOLUME[i]], \
inavoidrhovelfz(VOLUME[i]], \
outavoidrhovelfx[VOLUME(i)], \
outavoidrhovelfy[VOLUME[i]], \
outavoidrhovelfz[VOLUME[i)), \
vvol (VOLUME Ci] ], gammaf (VOLUME [i)]

printf "27\n"
printf "*---------W.
printf "[1) + (2] + [3) -[4]- [5]- [6]+( [7] * (8] )\n"

nfpostdmfdt(VOLUME i]] = OUTCOUNT++
printf "*********************************\n",

printf "Time derivative of liquid mass %s\n". VOLUME[i]
printf "1.s\n", OUTCOUNT
printf "%s\n", massf[VOLUME[i]]
printf "43\n"
printf "* ---------- \n"
printf "16 1.O\n"
dmfdt(VOLUME(i]] = OUTCOUNT++
printf "W******************************** n
printf "Density of saturated vapor at node inlet x Ws\n", VOLUME[i]
printf "fls\n". OUTCOUNT
printf "I.s %s\n". inpjgx[VOLUME[i]], CONST1
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printf "62\n"
printf "* ------ \n"
printf "P x\n"
printf "rhog\n"
insatrhogx[VOLUME[i]] = OUTCOUNT++
print! W,***~****~*se*e*s*a~~~**e**esee** n

printf "Density of saturated liquid at node inlet x %s\n". VOLUME[i]
printf "%s\n", 0UTCOUNT
printf "%~a %s\n", inpjfx[VOLUME[i)], CONSTO
print! "62\n"
printf "* ---------- \n"
printf "P x\n".
printf "rhof\n"
insatrhofx([VOLUME[i]) = OUTCOUNT++
printf W,**s****es*****e*****e**ta****e***s**e***ssees************* *** \n"
printf "Density of saturated vapor at node outlet x %s\n", VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%~a %s\n", outpjgx[VULUMEfi]], CONSTi
printf "62\n"
printf "a* ----------.. .

printf "P x\n"
printf "rhog\n"
outsatrhogx[VOLUME[ij] = OUTCOUNT++
printf "*********a*************************************aa************ \n"
printf "Density of saturated liquid at node outlet x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s Ws\n", outpjfx[VOLUME[i]J, CONSTO
printf "62\n"
printf "* ---

printf "P x\n"
printf "rhof\n"
outsatrhofx[VOLUME[i]] = OUTCOUNT++
printf "aaaaaaaeaaaaa*aaaaa*aaa*aaaaaaaa*assasaaaaasaaaaaaa*aaaasaaa***** \n"
printf "Density of saturated vapor at node inlet y %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%.a %s\n", inpjgy[VOLUME[i]J] CONSTI
printf "62\n"
printf "* ----------
printf "P x\n"
printf "rhog\n"
insatrhogy [VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Density of saturated liquid at node inlet y %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%.a W.skn". inpjfy[VOLUME[iJ], CONSTO
printf "62\n"
printf "* ----------. \n"

printf "P x\n"
printf "rhof\n"
insatrhofy[VOLUME[i]] = OUTCOUNT++
printf **************a***********************************a************ \n"
printf "Density of saturated vapor at node outlet y %.s\n", VOLUME[i]
printf "%s\n", aUTCOUNT
printf "%.s %s\n", outpjgy(VOLUME[i]], CONSTI
printf "62\n"
printf "* ----------
printf "P x\n"
printf "rhog\n"
outsatrhogy[V0LUME[i]] = OUTCOUNT++
printf "***aaaaa*aaaaaaaa** aaasaaa*aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa \n"
printf "Density of saturated liquid at node outlet y %.s\n", VOLUME~i]
printf "%.s\n", OUTCOUNT
printf "%a W.s\n", outpjfy[VOLUME[iJJ, CONSTO
print! "62\n"
printf "* ---------- \n"
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printf "P x\n"
printf "rho!\n"
outsatrhofy(VOLUME[i)] = 0UTCOUNT++
printf "*****s**s********s****s*****sse******s************************ \n"
printf "Density of saturated vapor at node inlet z %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", inpjgz[VOLUME[i)), CONSTI
printf "62\n"
printf "* ---------- W.

printf "P x\n"
printf "rhog\n"
insatrhogz[VOLUME[i]) = OUTCOUNT++
printf "*****s****** * ee*s**se****s* ss**** e**s********** ******* \n"
printf "Density of saturated liquid at node inlet z %s\n", VOLUME[i)
printf "%s\n", 0UTCOUNT
printf "%as %s\n", inpjfz[VOLUME[iJJ, CONSTO
print! "62\n"
printf "* ---------- W.

printf "P x\n"
printf "rhof\n"
insatrhofz(VOLUME[i]] = OUTCOUNT++
printf "*********************************s******************************* \n"
printf "Density of saturated vapor at node outlet z %s\n", VOLUME~i]
printf "%s\n", 0UTCOUNT
printf "es .s\n", outpjgz[VOLUME[i]], CONST1
printf "62\n"
printf "* ---------- \n"
printf "P x\n"
printf "rhog\n"
outsatrhogz[VOLUME i)) = DUTCOUNT++
printf "*****sssss****sss**sss*********n*s*****s***sss**s**s*****s**** \n"
printf "Density of saturated liquid at node outlet z %s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "%s Xs\n", outpjfz[VOLUME[iJ), CONSTO
printf "62\n"
printf "* --------- \n"W
printf "P x\n"
printf "rhof\n"
outsatrhofz[VOLUME(i]] = OUTCOUNT++
printf "****ss*ss*e****s****s****s**sssssssesssssssssssssssenss*n'ss* \n"
printf "Vapor equilibrium thermal expansion * -1 %s\n", VOLUMECi)
printf "Xs\n" OUTCOUNT
printf " %s %s %s 7.s %s\n", satcompg[VOLUME[iJ), nzcompg(VOLUME[iJ),

jthswg[VOLUME(iJJ. nfpostdvfdt(VOLUME(i)), \
nzcompgLVOLUME Ci] ]+1

printf "27\n"
printf "* ---------- \n"
printf "[5J*([1) -[2])*C([3J+[4))/[2)\n"
eqthexpg[VOLUMECi)) = OUTCOUNT++
printf "********s*********************************'*******************'** \n"
printf "Liquid equilibrium thermal expansion * -1 Xs\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "Is %s %S %s Xs\n", satcompf![VOLUME[i)), nzcompf[VOLUME[i]), \

jthswf[VOLUME[i)), nfpostdvfdt[VOLUME[i)], \
nzcompf [VOLUME [i) ]+1

printf "27\n"
printf "* ---------- \n"

printf "[5)*(([i-[2])*([3J-[4J)/[2)\n"
eqthexp! [VOLUME[i)) = OUTCOUNT+
printf ",**************************************************************** \n"

printf "Inlet saturated mass flow for vapor phase x %s\n", VOLUME i]
printf "Xs\n", 0UTCOUNT
printf "%s %s\n", invflowgx[VOLUME[i]), insatrhogx[VOLUME[i))
printf "27\n"
printf "* -- \n"
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printf "[1] * [2) \n"
insatmflowgx [VOLUME [i]] = OUTCOUNT++
printf "W,***ss**$$$ s*sssssssssssssssssssssssssssssssssssssssssssssss \n"
printf "Inlet saturated mass flow for liquid phase x %s\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "%s %s\n", invflowfx[VOLUME[i]), insatrhofx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[1] * [2] \n"

insatmflowfx[VOLUME[i]] = OUTCOUNT++
printf "**W.**** *******' ss** s**************** ****************** *** ** \n"
printf "Outlet saturated mass flow for vapor phase x Xs\n", VOLUME[i]
printf ".s\n", OUTCOUNT
printf "11s Xs\n", outvflowgxl[VOLUME[i]], outsatrhogx[VOLUME(i]]
printf "27\n"
printf "* --- \n"
printf " [1) * (2] \n"
outsatmflowgx[VOLUME[i)] = OUTCOUNT++
printf "**sssssssssssssssssssssss~s*s*s~s\n".
printf "Outlet saturated mass flow for liquid phase x %.s\n", VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "%s %s\n", outvflowfx(VOLUME[i]], outsatrhofx[VOLUME[i]]
printf "27\n"
printf "* "---

printf "[1) * [2W \n"
outsatmflowfx[VOLUME(i]) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet non-equilibrium mass flow for vapor phase x W.s\n", VOLUME(iJ
printf "%s\n", OUTCOUNT
printf "%s %.s\n", insatmflowgx (VOLUME [i]l, inavoidrhovelgx(VOLUME[i]]
printf "27\n"
printf "* ----------
printf "[I]- [2] \n"
innqmflowgx[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Inlet non-equilibrium mass flow for liquid phase x %s\n". VOLUME[i]
printf "W.s\n", OUTCOUNT
printf "%as Xs\n", insatmflowfx[VOLUME[iJJ, inavoidrhovelfx[VOLUME(i]]
printf "27\n"
printf "* ---------- \n"
printf "(1] - (2] \n"

innqmflowfx[VOLUME[i]] = OUTCOUNT++
printf * \n"
printf "Outlet non-equilibrium mass flow for vapor phase x %s\n". VOLUME[i)
printf "Xs\n", OUTCOUNT
printf "Xes %.s\n", outsatmflowgx(VOLUME[i]], outavoidrhovelgx[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[1] -[2] \n"
outnqmflowgx[VOLUMEi)]] = OUTCOUNT++
printf * \n"
printf "Outlet non-equilibrium mass flow for liquid phase x %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "'1s .s\n". outsatmflowfx[VOLUME[i)), outavoidrhovelfx(VOLUME(i]]
printf "27\n"
printf "* ----------. \n"

printf "[1]- [2] \n"
outnqmflowfx[VOLUME(i)] = OUTCOUNT++
printf " \n"
printf "Inlet saturated mass flow for vapor phase y '.s\n", VOLUME[i]
printf "'.s\n", OUTCOUNT
printf "%s %s\n", invflowgy[VOLUME(i]), insatrhogy[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "(1] * [2] \n"
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insatmflowgy[VOLUME[i)) . OUTCOUNT++
printf "****W.**************************************** ****se**** \n"

printf "Inlet saturated mass flow for liquid phase y %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", invflowfyCVOLUME[iJ), insatrhofy[VOLUME[i]]
printf "27\n"
printf "* ---------- W.

printf " [1] * [2) \n"

insatmflowfy[VOLUME[i]] - OUTCOUNT++
printf "*********************ss************s*********s****************** \n"
printf "Outlet saturated mass flow for vapor phase y Xs\n". VOLUME~i]
printf "%s\n", OUTCOUNT
printf "1.s %s\n", outvflowgy[VOLUMEi]]), outsatrhogy[VOLUME[i))
printf "27\n"
printf "* ---------- W.

printf "[1) * [2) \n"
outsatmflowgyCVOLUME [iI = OUTCOUNT++
printf *'***************************************************************** \n'
printf "Outlet saturated mass flow for liquid phase y %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
printf "%.s %s\n", outvflowfy[VOLUME[i]), outsatrhofy[VOLUME[i))
printf "27\n"
printf !* ---------- Wn

printf " [1) * [2] \n"
outsatmflowfy[VOLUMECi)] = OUTCOUNT++
printf "*******e******s**********************ss******e*******e******e* \n"
printf "Inlet non-equilibrium mass flow for vapor phase y %s\n". VOLUME[i]
printf "%s\n", OUTCOUNT
printf "1.s %s\n", insatmflowgy[VOLUME[i]l, inavoidrhovelgy[VOLUME[i]J
printf "27\n"
printf "e* ----------.. .

printf "[1]- [2) \n"

innqmflowgy[VOLUME[i]] = OUTCOUNT++
printf "****************s**************************s******s*******e*** \n"
printf "Inlet non-equilibrium mass flow for liquid phase y %s\n", VOLUME[i]
printf ",s\n", OUTCOUNT
printf "11s %.s\n", insatmflowfy[VOLUME[i]], inavoidrhovelfy[VOLUME[i]]
printf "27\n"
printf "* - --........ .

printf "CI] -[2) \n"
innqmflowfy[VOLUME[i)) = OUTCOUNT++
printf "**********************************************s**s************* \n"

printf "Outlet non-equilibrium mass flow for vapor phase y %s\n", VOLUMECi)
printf "%s\n", OUTCOUNT
printf "%s %s\n", outsatmflowgy[VOLUME[i)), outavoidrhovelgy[VOLUME[i]J
printf "27\n"
printf "*-------- \n"
printf "[13- [2] \n"
outnqmflowgy[VOLUME[i)] = OUTCOUNT++
printf "************************************************************** \n"

printf "Outlet non-equilibrium mass flow for liquid phase y %s\n", VOLUMEWi)
printf "%s\n"* OUTCOUNT
printf "%as %s\n", outsatmflowfy[VOLUME[i)), outavoidrhovelfy[VOLUME [i)
printf "27\n"
printf "* ----------

printf "[1] - [2] \n"
outnqmflowfy[VOLUMECi]] = OUTCOUNT++
printf ",*******s**ee***************e*eeee*** ****e***** *********** \n"
printf "Inlet saturated mass flow for vapor phase z %s\n", VOLUME[i)
printf "%s\n", OUTCOUNT
printf "7.s V.s\n", invflowgz[VOLUME[i]], insatrhogz[VOLUME[i])
printf "27\n"
printf "* ---------- \n"
printf "Cl] * [2) \n"
insatmflowgz[VOLUME[i]] = OUTCOUNT++
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printf "******a****e*e ***s**a************* \n"
printf "Inlet saturated mass flow for liquid phase z %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", invflowfz[VOLUME[i]], insatrhofz[VOLUMELi]]
printf "27\n"
*printf "* ---
printf "i[] * [2) \n"

insatmflowfz[VOLUME[i)] = OUTCOUNT++
printf "****************************s**s**s**s**s********************* \n"
printf "Outlet saturated mass flow for vapor phase z Y.s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "1%s %s\n", outvflowgz[VOLUME[i]), outsatrhogz[VOLUME[i]]
printf "27\n"
printf "* ---

printf "[i] * [2] \n"

outsatmflowgz[VOLUME[i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Outlet saturated mass flow for liquid phase z %s\n", VOLUMELi]
printf "Y.s\n", OUTCOUNT
printf "%s Vs\n", outvflowfz[VOLUME[i)J, outsatrhofz[VOLUME[i])
printf "27\n"
printf "* ---------- W.

printf "Li*<[2]\n"
outsatmflowfz[VOLUME[i]] = OUTCOUNT++
printf "*****s**e ************** **********************a****s \n"
printf "Inlet non-equilibrium mass flow for vapor phase z 7.s\n", VOLUMELi]
printf "V.s\n", OUTCOUNT
printf "%.s Vs\n", insatmflowgz[VOLUMELi]], inavoidrhovelgz[VOLUME[i))
printf "27\n"
printf "* --- \n"
printf "[I] -[2) \n"
innqmflowgz[VOLUME[i)) = OUTCOUNT++
printf "***************************************************************** \n"

printf "Inlet non-equilibrium mass flow for liquid phase z Ys\n", VOLUMEDi]
printf "%s\n", OUTCOUNT
printf "%s 7.s\n", insatmflowfz [VOLUME [i]], inavoidrhovelfz [VOLUME[i)
printf "27\n"
p r i n t f " * - - -.. . . . . . .

printf "[iJ - [2] \n"
innqmflowfz[VOLUME[i)] = OUTCOUNT++
printf "***se*s*s******e************e******************************** \n"
printf "Outlet non-equilibrium mass flow for vapor phase z Ys\n", VOLUME[i]
printf "7.s\n" OUTCOUNT
printf "%.s Y.s\n", outsatmflowgz[VOLUME[i)], outavoidrhovelgz[VOLUME[i]]
printf "27\n"
printf "* ---

printf "1i) -[2] \n"
outnqmflowgz[VOLUMELi]] = OUTCOUNT++
printf ,***************************************************************** \n"
printf "Outlet non-equilibrium mass flow for liquid phase z %.s\n", VOLUME[i)
printf "Y.s\n", OUTCOUNT
printf "%.s %.s\n", outsatmflowfz[VOLUME[i]), outavoidrhovelfz[VOLUME[i]]
printf 127\n"
printf "* ---------- Wn

printf "[11-D[2) \n"

outnqmflowfz[VOLUME[i)) = OUTCOUNT++
printf ****************************************************************** \n"
printf "Inlet mass flow for vapor phase %s\n", VOLUME[i]
printf "Y.s\n", OUTCOUNT
printf "%.s Y.s Y.s\n", inavoidrhovelgx[VOLUME[i]), inavoidrhovelgy[VOLUME[i].\

inavoidrhovelgz [VOLUME Li]]
printf "27An"
printf "* --------- \n"
printf "[1i +[21+ [3) \n"
inmflowg[VOLUMELi]) = OUTCOUNT++
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printf W.******************************** n
printf "Outlet mass flow for vapor phase %s\n", VOLLUME[i]
printf "%Gs\n", OUTCOUNT
printf "%s %.s %s\n", outavoidrhovelgx[VOLUME~i]J, outavoidrhovelgy[VOLUME[i]], \

outavoidrhovelgz [VOLUME Li) J
printf "27\n"
printf "* ---------- \n"
printf "[1] + [23 + [33 \n"
outmflowg[VOLUME[i)) = OUTCOUNT++
printf W********************************* n
printf "Inlet mass flow for liquid phase %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %.s %s\n", inavoidrhovelfx[VOLUME[i]), inavoidrhovelfy[VOLUME[i]],

inavoidrhovelfz [VOLUME [i) -

printf "27\n"
printf "* ---

printf "[1) + [2) + [3) \n"
inmflowf [VOLUME [i]) = OUTCOUNT++
printf "****************************s************************************ \n"
printf "Outlet mass flow for liquid phase %s\n", VOLUME[i)
printf "%s\n". OUTCOUNT
printf "%s % s\n", outavoidrhovelfx[VOLUME[i)), outavoidrhovelfy[VOLUME[i]l,

outavoidrhovelfz [VOLUME [i])
printf "27\n"
printf "*--- \n"
printf " [1) + [2)+ [3) \n"
outmflowf[VOLUME[i)] = OUTCOUNT++
printf .***************************************************************** \n"

printf "Inlet non-equilibrium mass flow for vapor phase %s\n", VOLUME~i)
printf "Zs\n"* OUTCOUNT
printf "Va %s %s\n", innqmflowgx[VOLUME[i)], innqmflowgy[VOLUME[i)J, \

innqmflowgz [VOLUME [i))
printf "27\n"
printf "* ---

printf "[1) + [2) + (3) \n"
innqmflowg[VOLUMELi)) = OUTCOUNT++
printf ****************s********s***s*******s*i*********s********s*** w \n"
printf "Outlet non-equilibrium mass flow for vapor phase %.s\n". VOLUMERi)
printf "%.s\n", OUTCOUNT
printf "1.s %.s %.s\n", outnqmflowgx[VOLUME[i)], outnqmflowgyLVOLUMEb)), \

outnqmflowgz [VOLUME Li))
printf "27\n"
printf "*-- -- W\n,
printf " [(1 + [21+ [3) \n"
outnqmflowg[VOLUME[i)) = OUTCOUNT++
printf *******************s*****ss***s******** s*******s*******s** \n"
printf "Inlet non-equilibrium mass flow for liquid phase %.s\n", VOLUME~i]
printf "%.s\n". OUTCOUNT
printf "%.s %,s V.s\n", innqmflowfx[VOLUME[i)), innqmflowfy[VOLUME[i)), \

innqmflowfz [VOLUME [i))
printf "27\n"
printf "*' ---------- \n"
printf "[1] + [2) + [3) \n"
innqmflowf [VOLUME[i)) = OUTCOUNT++
printf "W*'s*'**a**'** *'a'********a*********'***** *s****** \n"
printf "Outlet non-equilibrium mass flow for liquid phase W.s\n", VOLUME[i]
printf "1.s\n", OUTCOUNT
printf "11s %s %s\n",'outnqmflowfx[VOLUME[i]]. outnqmflowfy[VOLUME[i)], \

outnqmflowfz[VOLUMER[i)
printf "27\n"
printf "'* ---
printf "[i)+[2)+[3)\n"
outnqmflowf[VOLUME[i)) = OUTCOUNT++
pr in tf " V aporWno n-e q uilibriu m.ther m al *ex psnsio n***s*n"* *VOLU ME*Li)
printf "Vapor non-equilibrium thermal expansion %~skn*, VOLUME[i]
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printf "7.s\n", OUTCOUNT
printf "%s %s %s\n", satrhog[VOLUME(i]], thexpg[VOLUME[i)), eqthexpg[VOLUME[i]]
printf "27\n"
printf "* --- \n"
printf "[1) * ( [2) + [3) ) \n"
nqthexpg[VOLUME[i]) = OUTCOUNT++
printf '***************************************************************** \n"
printf "Liquid non-equilibrium thermal expansion %s\n", VOLUME[i]
printf "%•\n", oUTCOUNT
printf "%s %s %s\n", satrhof[VOLUME[i)), thexpf[VOLUME[iJ), eqthexpf[VOLUME [i]
printf "27\n"
printf "* --- \n"
printf "[1J*([2)+[3))\n"
nqthexpf [VOLUME [i]] = OUTCOUNT++
printf **** ss*ss*ssssss***s******s******sss***s**s******s**s****s*** \n"
printf "Postprocessed time derivative of vapor non-equilibrium mass Ws\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s %s 7,s.Vs %.s %s\n", innqmflowgx[VOLUME[iJJ, innqmflowgy[VOLUME[i)), \

innqmflowgz[VOLUME [iJ, outnqmflowgx[VOLUME[i)] ,
outnqmflowgy[VOLUME[i]J, outnqmflowgz[VOLUME[ilI,
nqthexpg [VOLUME [i)

printf "27\n"
printf "* ---

printf "[7)+ [1)+ [2)+ [3) -[4)- [5)- [6)\n"
nfpostdnqmgdt[VOLUME[i)) - OUTCOUNT++
printf ***sss****** **s*ss**s*******s***s***s**** s***s**ss**s*** \n"

printf "Postprocessed time derivative of liquid non-equilibrium mass %s\n", VOLUME[i)
printf "%s\n", OUTCOUNT
printf "1%s %s %s %s %s %s %s\n", innqmflowfx[VOLUME[i]], innqmflowfy[VOLUME[i]], \

innqmflowfz[VOLUME(i]], outnqmflowfx[VOLUME[iJJ, \
outnqmflowfy[VOLUME[i]], outnqmflowfz[VOLUME[iJ), \
nqthexpf [VOLUMEi]))

printf "27\n"
print!f * "---
printf "[7) + [1) + [2) + [3) -[4)-[) -5[6) \n"
nfpostdnqmfdt[VOLUME[i)) = OUTCOUNT++
printf ********ss**********s********s*****s**ss*****t*****s****s** \n"
printf "Time derivative of vapor non-equilibrium mass %s\n", VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%s\n", nqmg[VOLUME[i]]
printf "43\n"
printf "* ---------- \n'

printf "16 1.O\n"
dnqmgdt[VOLUME[i)) = OUTCOUNT++
printf ***************************************************************** \n"
printf "Time derivative of liquid non-equilibrium mass %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s\n", nqmf[VOLUME~i)J
printf "43\n"
printf "* --- \n"
printf "16 1.O\n"
dmqmfdt [VOLUME[i]] - OUTCOUNT++
print! f ***sss***ss***s~*********s***s** \n"
printf "Initial value of postlnp %s\n", VOLUME[i)
printf "1%s 0 2\n", OUTCOUNT
printf "%,s %s %s\n", OUTCOUNT, Inp[VOLUME[i)), PULSETIME
printf "14 0 0.0 0.0\n"
printf "* ---

printf "3\n"
printf "0.5\n"
initlnp[VOLUME[ill = OUTCOUNT++
OUTCOUNT++
printf ****************************************************************** \n"
printf "Postprocessed time derivative of ln p %s\n". VOLUME[i]
printf "%s\n", OUTCOUNT
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printf "Xe Xs\n", STEPTIME, nfpostdlnpdt[VOLUME[i]]
printf "27\n"
printf "* -"---

printf "[1I]* [2) \n"

postdlnpdt [VOLUMECi]] = OUTCOUNT++
printf ***************************************************************** \n"

printf "Integral of postdlnpdt Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "Xe\n", postdlnpdt [VOLUME[i]]
printf "1 0 0.0\n"
printf "* ---------- \n"
printf "0 0\n"
printf "1.0e+10 -1.0e+10 0.O\n"
intdlnpdt[VOLUME[ii) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Postprocessed in p %s\n", VOLUME~i]
printf "Xs\n", OUTCOUNT
printf "XXs X\n", initlnp[VOLUME~i)), intdlnpdt[VOLUME[i))
printf "27\n"
printf "* --- \n
printf "[1) + [2) \n'

postlnp[VOLUME[i)] = OUTCOUNT++
printf "*****************a*******s***ss****s***s***s*****ses****s*e****s \n"
printf "Initial value of postvf Xe\n", VOLUMECi]
printf "Xs\n", OUTCOUNT
printf "%e Xs X\n", OUTCOUNT, volf(VOLUME[i)), PULSETIME
printf "14 0 0.0 0.0\n"
printf "* --- \n"
printf "3\n"
printf "0.5\n"
initvf[VOLUME(i)J = OUTCOUNT++

OUTCOUNT++
printf ****************************************************************** \n"
printf "Postprocessed time derivative of liquid volume Xs\n", VOLUMECi]
printf "Xe\n", OUTCOUNT
printf "Xes Xs\n", STEPTIME, nfpostdvfdt(VOLUME[iJ)
printf "27\n"
printf "* ----------\n"

printf "Ci1 * [2] \n"

postdvfdt[VOLUME [i) = OUTCOUNT++
printf **************************************************************** \n"
printf "Integral of postdvfdt Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xs\n", postdvfdt [VOLUME[i] ]
printf "1 0 0.0\n"
printf "* ---------- A \n

printf "0 0\n"
printf "i.Oe+10 -1.0e+10 O.O\n"
intdvfdt[VOLUMECi)] = OUTCOUNT++
printf *aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaaaa \n"
printf "Postprocessed liquid volume Xs\n", VOLUMECi)
printf "Xs\n", OUTCOUNT
printf "Xe Xs\n", initvf [VOLUMECi)), intdvfdt (VOLUMECi))
printf "27\n"
printf "* ---------- \n"
printf "[1)+[2]\n"
postvf [VOLUMECi)) - OUTCOUNT++
printf "***************************************************************** \n"
printf "Initial value of vapor mass Xs\n", VOLUMEDI]
printf "Xs\n", OUTCOUNT
printf "Xe Xes s\n", OUTCOUNT, massg[VOLUME[i)], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* ---------- \n"
printf "3\n"
printf "0.5\n"
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initmg[VOLUME(i]) = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Postprocessed time derivative of vapor mass %s\n", VOLUME(iJ
printf "%s\n", OUTCOUNT
printf "1%s %s\n", STEPTIME, nfpostdmgdt[VOLUME[iJJ
printf "27\n"
printf "* ---------- W.

printf "[1) * [2] \n"

postdmgdt [VOLUME [4]] = OUTCOUNT++
printf ***************** ******************************************* \n"
printf "Integral of postdmgdt %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s\n", postdmgdt[VOLUME[i]]
printf "1 0 0.0\n"
p r in t!f "* .- . . . ..7 - -- \n "

printf "0 O\n"
printf "i.Oe+10 -l.0e+10 0.0\n"
intdmgdt [VOLUME [i]] = OUTCOUNT++
printf '****************************************************************** \n"

printf "Postprocessed vapor mass %s\n", VOLUMEji]
printf "%s\n", OUTCOUNT
printf "%s %s\n", initmg[VOLUME[i]], intdmgdt[VOLUME[i]]
printf "27\n"
printf "* ---------- \n"
printf "[i)+[2]\n"
postmg[VOLUME[i]] = OUTCOUNT++
printf ************** **************************************** \n'
printf "Initial value of liquid mass %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s %s\n", OUTCOUNT, mass! [VOLUWE[i]], PULSETIME
printf "14 0 0.0 O.O\n"
printf "* ---------- W.

printf "3\n"
printf "0.5\n"
initmf [VOLUME[i]) = OUTCOUNT++
OUTCOUNT++
printf '*****************************************s******************** \n"

printf "Postprocessed time derivative of liquid mass es\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "7.s %s\n", STEPTIME, nfpostdmfdt[VOLUME[iJ]
printf "27\n"
print! ", ---------- \n"
printf "[1) * [2] \n"
postdmfdt[VOLUME[iJ] = OUTCOUNT++
printf ****************************************************************** \n"
printf "Integral of postdmfdt %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s\n", postdmfdt[VOLUMEiJ]]
printf "l 0 O.0\n"

print!f "* *-------- \n"
printf "0 O\n"
printf "1.0e+10 -1.Oe+10 0.0\n"
intdmfdt[VOLUME[i]J = OUTCOUNT++
printf *************s*********a**************************************** \n"

printf "Postprocessed liquid mass %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s %s\n", initmf[VOLUME[i]J, intdmfdt[VOLUME[i]]
printf "27\n"
printf "* ---------- Wn

printf "[l]+[2]\n"
postmf [VOLUME[i]] = OUTCOUNT++
printf ***************************************************************** \n"

printf "Initial value of non equilibrium vapor mass %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
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printf "%.s %s %s\n", OUTCOUNT, nqmg[VOLUME[i]], PULSETIME
printf '14 0 0.0 0.0\n"
printf "* "---
printf "3\n"
print! "0.5\n"
initnqmg [VOLUME [i I = OUTCOUNT++
OUTCOUNT++
printf "**************************************************************** \n"
printf "Postprocessed time derivative of non equilibrium vapor mass ,s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "Ys Ws\n, STEPTIME, nfpostdnqmgdt(VOLUME i]]
printf "27\n"
printf "* ---------- W.

printf " [1E * (2) \n"
postdnqmgdt (VOLUME [i] ] OUTCOUNT++
printf "*s****e****e****s** ******s*sse****e**** \n"
printf "Integral of postdnqmgdt Ws\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%s\n", postdnqmgdt [VOLUME[ill
printf "I 0 O.O\n"
printf "* ---------- W.

printf "0 O\n"
printf "il.Oe+lO -I.Oe+10 O.O\n"
intdnqmgdt [VOLUME (i]) = OUTCOUNT++
printf ***s********** ee* es*****s**s***ee****ees***s*s***** * ee* e \n"
printf "Postprocessed non equilibrium vapor mass Ws\n", VOLUME[i)
priutf "7.a\n", OUTCOUNT
printf "%as Ws\n", initnqmg[VOLUME(il], intdnqmgdt[VOLUME[i]]
print! "27\n"
printf "* ---------- \n"
printf "[1]+[2] \n"

postnqmg [VOLUME [ii] = OUTCOUNT++
printf '*****a*************************** **s********.*ees***.***s** \n"

printf "Initial value of non equilibrium liquid mass %s\n", VOLUME(i)
printf "%s\n", OUTCOUNT
printf "%sa %s WWIs\n", OUTCOUNT, nqmf(VOLUME(i]], PULSETIME
printf "14 0 0.0 O.O\n"
printf "* "---

printf "3\n"
printf "0.5\n"
initnqmf[VOLUME[i]) = OUTCOUNT++
OUTCOUNT++
printf "******a****.ee**ee****ee***e***e********as**e*e***ee**s***s \n"
printf "Post. time derivative of non equilibrium liquid mass ,s\n". VOLUME[i)
printf "%s\n", OUTCOUNT
printf "%a WWs\n", STEPTIME, nfpostdnqmfdt[VOLUME[iJ)
printf "27\n"
printf "* ---------- \n"
printf " [1 * [2) \n"

postdnqmfdt(VOLUME i]] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Integral of postdnqmfdt %s\n", VOLUME(i]
printf "Vs\n", OUTCOUNT
printf "Vs\n", postdnqmfdt(VOLUME[i])
printf "1 0 O.O\n"
printf "* ---------- \n"
printf "0 O\n"
printf "1.Oe+1O -1.Oe+10 O.O\n"
intdnqmfdt [VOLUME [i) = OUTCOUNT++
printf "****************s**************s***************s************** \n"
printf "Postprocessed non equilibrium liquid mass %s\n", VOLUME[i]
printf "%s\n", OUTCOUNT
printf "%,a WWsIn", initnqmf [VOLUME [i]], intdnqmfdt [VOLUME [ii)
printf "27\n"
printf "* --- \n"
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printf "[1]+[2)\n"
postnqmf[VOLUME(i)] = OUTCOUNT++
print! W**Seeeee************************ n

printf "Term with gamma bulk in the non-eq vapor mass equation %s\n", VOLUME[i]
printf "Xe\n", OUTCOUNT
printf "es %s %s %s Xs %s %a %s\n", hstarg(VOLUME[i]]+l, vvol[VOLUME[i]],

gammai(VOLUME[i)), pig[VOLUME[i]], \
hstarg[VOLUME(i]], hg[VOLUME[i]l, \
rhog[VOLUME[ill, satrhog[VOLUME[ill

printf "27\n"
printf "* ----------W.

printf "[1]*([2l*[3*([8l*([4)*([5-([6))+(I.O/[7J)-(I.O/[8]))\n"
nqgammaitg[VOLUME[i]] = OUTCOUNT++
printf "************ess*e****se***e******************************** \n"
printf "Term with gamma bulk in the non-eq liquid mass equation Wl\n", VOLUME[i]
printf "Xs\n", OUTCOUNT
printf "es Xs Xes Xe s Xs Xe ss\n", hstarf[VOLUME[i]]+l, vvol(VOLUME[iJ], \

gammai[VOLUME[i]l, pif (VOLUME[iJ ],
hstarf[VOLUME(i)), hf[VOLUME[i]l, \
rhof [VOLUME fill, satrhof (VOLUME (ill

printf "27\n"
printf " -* --

printf "([l-1].0)*[2]*[3]*([8*([4)*([5)-[6l)+(i.0/(71)-(I.O/[8)))\n"
nqgammaitf [VOLUME (iJ J - OUTCOUNT++
printf "*eeeeeee*eee**eeeeeeeeeeee**eeeeeee*****e***ees***eee.**eesee \n'
printf "Term with gamma wall in the non-eq vapor mass equation Xs\n", VOLUMEWi]
printf "Xs\n", OUTCOUNT
printf "XS es X s X s Xe Xes X s X s\n", hprimeg[VOLUME[i)]+i, vvol[VOLUME[i)), \

gammaw[VOLUME[i]J, pigEVOLUME[ill, \
hprimeg[VOLUME[i]], hg[VOLUME[i]], \
rhog[VOLUME [i], satrhog[VOLUME[il]

printf "27\n"
printf "* ---------- \n"
printf "[1l*[2]*(31*[8]*([4]*((5)-[6])+(i.O/f7])-(i.O/[8]))\n"
nqga-mawtg[VOLUME[il] = OUTCOUNT++
printf "**************************************************************** \n"
printf "Term with gamma wall in the non-eq liquid mass equation Xs\n", VOLUMEUi]
printf "Xs\n", OUTCOUNT
printf "es Xs es Xs es es es Xs\n", hprimef[VOLUME[i]]+l, vvol[VOLUME[i]],

gammaw[VOLUME[i]l, pif [VOLUME [i], \
hprimef(VOLUME[il], hf[VOLUME(i]J, \
rhof [VOLUME ill], satrhof [VOLUME [ill

printf "27\n"
printf "* --------- \n"
printf "((1J-1.0)*[2]*[3)*(8)*([4]*((5]-[6J)+(I.O/[7J)-(I.O/[8]))\n"
nqgammawtf [VOLUME[ill = OUTCOUNT++
printf "*,**************************************e*****************s*** \n"
printf "Approximated interfacial heat in the bulk (vapor) Xs\n", VOLUME[i]
printf "Xs\n", OUTCOUjW
printf "XIs Xs Xs Xs s\n", hstarg[VOLUME[i))+l, satrhog[VOLUME(i]l, \

rhog[VOLUME[i)), hig[VOLUME(il], \
betagg(VOLUME[iJ]

printf "27\n"
printf "1* ----------.. .

printf "[lJ*([3J-[2] )*[4J/([31*[51)\n"
appqibg[VOLUME[i]] = OUTCOUNT++
printf *******eee*e*e***eeeeeee***eeeee*****e* se*es**ee******ee** \n"
printf "Approximated interfacial heat in the bulk (liquid) Xs\n", VOLUME[i)
printf "Xe\n", OUTCOUNT
printf "Xs Xs es Xe Xs\n", hstarf[VOLUME[i]]+i, satrhof[VOLUME[il), \

rhof (VOLUME[i] ], hif [VOLUME[i] ],
betaff [VOLUME [ill

printf "27\n"
printf "* ---------- ýn"
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printf "(C1]-1.O)*(C2]-C3])*C4]/(C3]*C[])\n"
appqibf(VOLUMECi]] = OUTCOUNT++
printf '****************************************************************** \n"
printf "OUTPUT FILE VOLUME Ws\n", VOLUME[i]
printf ",s\n", OUTCOUNT
printf "%s %s %s %s %s s.s %s %s %sss ", \

inp[VOLUME[i]], postlnpCVOLUME[i]l, \
volf(VOLUME [i], postvf[VOLUME[i]], \
massg[VOLUME[i]], postmg[VOLUME[i]], \
massf[VOLUME[i]], postmf(VOLUME[i]], \
nqmg[VOLUME[i]], postnqmg(VOLUME[i]], \
nqmf[VOLUME(i]J, postnqmf[VOLUME [i]

printf "\n'
printf "38\n"
printf "* ---------- \n"
printf lls_%Ys.dat\n", FILE, VOLUME[i)
printf "(%s(E17.8))\n", 12+1
printf "(%.s(A16,x))\n", 12+1
printf "%.s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
printf "lnp-%s\n', VOLUMERi]
printf "postlnp-%s\n", VOLUME[i]
printf "volf-%s\n", VOLUME i]
printf "postvf-%s\n", VOLUME[i]
printf "massg-%s\n", VOLUME i]
printf "postmg-%s\n", VOLUME[i]
printf "massf-%s\n", VOLUMERi]
printf "postmf-%s\n", VOLUME[i]
printf "nqmg-%s\n", VOLUME~i]
printf "postnqmg-Vs\n", VOLUME[i]
printf "nqmf-%s\n", VOLUME[i]
printf "postnqmf-7,s\n", VOLUME[i]
outfile[VOLUMEi] ] = OUTCOUNT++
printf "***************************s************************************* \n"

# printf "OUTPUT FILE: DERIVATIVES. VOLUME %s\n", VOLUME~i]
# printf "Wskn", OUTCOUNT
# printf "%s s %s s %s %s Ys %s %s Ys %s %s",\
# dlnpdt[VOLUME[i]], postdlnpdt[VOLUME[i]] ,
# dvfdt[VOLUME[i]], postdvfdt[VOLUME[i]], \
# dmgdt[VOLUME[i]], postdmgdt[VOLUME[i]], \
# dmfdt[VOLUME[i]] , postdmfdt(VOLUME[i]], \
# dnqmgdt[VOLUMEi] ], postdnqmgdt[VOLUME[i]J,
# dnqmfdt [VOLUME [i]], postdnqmfdt [VOLUME [i]]
# printf "\n"
# printf "38\n"
# Printf "* ---------- \n"
# printf "'%s_%sder.dat\n", FILE, VOLUME~i]
# printf "(Vs(E17.8))\n", 12+1
# printf "(%s(Al6,x))\n", 12+1
# printf "Ys 0 %/6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
# printf "dlnpdt-%s\n", VOLUME~i]
# printf "postdlnpdt-%s\n", VOLUMECi]
# printf "dvfdt-Ys\n", VOLUME i]
# printf "postdvfdt-%s\n", VOLUME i]
# printf "dmgdt-%s\n", VOLUME i]
# printf "postdmgdt-%s\n", VOLUME[i]
# printf "dmfdt-%s\n", VOLUME i]
# printf "postdmfdt-%s\n", VOLUME[i]
# printf "dnqmgdt-%s\n", VOLUME[i]
# printf "postdnqmgdt-%s\n", VOLUME[i]
# printf "dnqmfdt-%s\n", VOLUME[i]
# printf "postdnqmfdt-%s\n", VOLUME[i]
# deroutfile[VOLUME~i]] = OUTCOUNT++

printf ,***************************************************************** \n"
printf "OUTPUT FILE: TERMS1. VOLUME %s\n", VOLUME~i]
printf "%s\n", OUTCOUNT
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printf "%s %s %s %s %s %s %a %s %s %• \n", \
jtermg[VOLUME[il], jtermf[VOLUME[i]], \
thexpg[VOLUME[i] , thexpf[VOLUME[i]], \
swellg[VOLUME[i]], swellf[VOLUME[i]], \
acg[VOLUME[i]], acf[VOLUME[i] ,
nodecompg[VOLUME[i]l, nodecompf[VOLUME[i]]

printf "\n"
printf "38\n"
printf "* ---------- \n

printf "7.ststermsl.dat\n", FILE, VOLUME[i]
printf "(Ws(E17.8))\n", 10+1
printf "(W.sCA16,x))n". 10+1
printf "%.s 0 %.6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
printf "jtermg-Vs\n", VOLUMEW[i
printf "jtermf-/.s\n", VOLUME[i]
printf "thexpg-%.s\n", VOLUME[i]
printf "thexpf-%.s\n", VOLUME[i]
printf "swellg-%.s\n", VOLUME[i]
printf "swellf-s\n", VOLUME[i]
printf "acg-,s\n", VOLUME[i]
printf "acf-%s\n", VOLUME[i]
printf "nodecompg-Wsin", VOLUME[i)
printf "nodecompf-sin", VOLUME[il
termsloutfile [VOLUME[ill = OUTCOUNT++
printf "***************************************************************** \n"

printf "OUTPUT FILE: TERMS2. VOLUME %s\n", VOLUME[i]
printf ",sin", OUTCOUNT
printf "%.s %s %a %s %s %s %s %s %.s % \\\n",

qwtermg[VOLUME[i)], qwtermf[VOLUME[i]J. \
qitermg [VOLUME [i] , qitermf [VOLUME [i), \
gammtg[VOLUME[i] , gammtf[VOLUME[i]], \
eqthexpg[VOLUME[i]], eqthexpf[VOLUME[i]), \
nqthexpg [VOLUME [i] ], nqthexpf [VOLUME ill[

printf "%as %S %S .S S %.s /.s %as\n", \
nqga-maitg[VOLUME[i] , nqgammaitf[VOLUME[i)), \
nqgammawtg[VOLUME[i] , nqgammawtf[VOLUME[i]], \
qibg[VOLUME[i] , qibf[VOLUME[il], \
appqibg [VOLUME [i] , appqibf [VOLUME [i]

printf "\n
printf "38\n"
print!f "* ---

printf "7,s_-%s-terms2.dat\n", FILE, VOLUME[i]
printf "(7.s(E17.8))\n", 18+1
printf "(Vs(A16,x))\n", 18+1
printf "%s 0 %.6d\n", FREQ. ((STARTTIME-INITTIME)/MAXDT)+2
printf "qwtermig-%s\n", VOLUME[i)
printf ".qwtermf-%.s\n", VOLUME[i]
printf "qitermg-Vs\n", VOLUME[i]
printf "qitermf-Vs\n", VOLUME[i]
printf "gammtg-%.s\n", VOLUME[i]
printf "gammtf-%s\n", VOLUME[I]
printf "eqthexpg-Vs\n", VOLUME[i]
printf "eqthexpf-/.s\n", VOLUME[i]
printf "nqthexpg-%.s\n", VOLUME[i]
printf "nqthexpf-%.s\n", VOLUME[i]
printf "nqgammaitg-%s\n", VOLUME[i]
printf "nqgammaitf-%.s\n", VOLUME(i]
printf "nqgammawtg-%.s\nl, VOLUME[i]
printf "nqgammawtf-%•\n", VOLUME~i]
printf "qibg-Vs\n", VOLUME[i]
printf "qibf-%.s\n", VOLUME[i]
printf "appqibg-%.s\n". VOLUME[i]
printf "appqibf-Vs\n', VOLUME[i]
terms2outfile [VOLUME[i]] = OUTCOUNT++
print! ********************************* \n"
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# printf "OUTPUT FILE: TERMS3. VOLUME Ws\n", VOLUME[i]
# printf "Ws\n", OUTCOUNT
# printf "%~a %s %s %s %s %s %s Vs %s %a •%s, \
# deltap[VOLUME[i]], wfricg[VOLUME[i]], \
# wfricf(VOLUME [i], buoyg[VOLUME[i]], buoyf[VOLUMEi]), \
# mommixconv[VOLUME[i]], nonhmconv[VOLUME [i], \
# dermommix[VOLUME[i)], avol(VOLUME[i] , \
# deltapgx[VOLUME[i]l, \
# deltapfx[VOLUME[i)]
# printf "\n"
# printf "38\n"
# printf "* ---------- \n"
# printf ".s_..%s-terms3.dat\n", FILE, VOLUME[i]
# printf "(7s(E17.8))\n", 11+1
# printf "(Ws(A16,x))\n", 11+1
# printf "%,s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
# printf "deltap-%asn", VOLUME~i]
# printf "wfricg-%s\n", VOLUMERi]
# printf "wfricf-,s\n", VOLUME[i]
# printf "buoyg-Vs\n", VOLUME(i]
# printf "buoyf-%•\n", VOLUME i)
# printf "mommixconv-Ws\n", VOLUME[i]
# printf "nonhmconv-%s\n", VOLUME[i]
# printf "dermommix-%,sn", VOLUME[i]
# printf 'avol-%s\n", VOLUME[i]
# printf "deltapgx-skn", VOLUME[i)
# printf "deltapfx-%s\n", VOLUME[i]
# terms3outfile[VOLUME~i]] = OUTCOUNT++

printf ****************************************************************** \n"
# printf "OUTPUT FILE: TERMS4. VOLUME %s\n", VOLUME~i)
# printf "%s\n", OUTCOUNT
# printf "%s %a %s %s % ss %s %s %s % ,s %s", \
# deltap[VOLUME[i]], deltapgx[VOLUMEti]), deltapfx[VOLUME~i]], \
# inpjgxCVOLUMECi] , outpjgx.[VOLUME[i] , \
# inpjfx[VOLUME[i]], outpjfx[VOLUME[i]], \
# inavoidpjgx[VOLUME[i]], outavoidpjgx[VOLUME[i]], \
# inavoidpj fx [VOLUME [i]), outavoidpjfx [VOLUME i])]

# printf "\n"
# printf "38\n"
# printf "* ---------- \n"
# printf ",sa.%s-terms4.dat\n", FILE, VOLUME[i]
# printf "(VW,(E17.8))\n", 11+1
# printf "(%,(A16,x))\n", 11+1
# printf "%s 0 U W6d\n, FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
# printf "deltap-Vs\n", VOLUMELi)
# printf "deltapg%-hs\n", VOLUME~i)
# printf "deltapfx-•,s\n", VOLUME[i]
# printf "inpjgx-%s\n", VOLUME[i]
# printf "outpjgx-%.s\n", VOLUME~i]
# printf "inpjfx-%s\n", VOLUME(i]
# printf "outpjfx-%s\n", VOLUME i]
# printf "inavoidpjgx-Vs\n", VOLUME[i]
# printf "outavoidpjgx-Vs\n", VOLUME~i)
# printf "inavoidpjfx-%s\n", VOLUME[i]
# printf "outavoidpjfx-Vs\n", VOLUME~i]
# terms3outfile(VOLUME[i]] = OUTCOUNT++

printf ***************************************************************** \n"
# printf "OUTPUT FILE: NQ. VOLUME Ws\n", VOLUME[i]
# printf "Vs\n", OUTCOUNT
# printf "%s %s %,s %s %s ,%s %,. *Is ", \
# insatmflowfx[VOLUME~i]], outsatmflowfx[VOLUME[i]], \
# invflowfx (VOLUME [i] ], outvflowfx[VOLUME[i]], \
# insatrhofx[VOLUME[i]], outsatrhofx[VOLUME[i] ],
# inpjfx[VOLUME[i]], outpjfx[VOLUME [i] ]
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# printf "\n"
# printf "38\n"
# printf ý'* - \n "l

# printf "%s_.s-nq.dat\n", FILE, VOLUME[i]
# printf "(/.s(E17.8))\n". 8+1
# printf "(%s(A16,x))\n". 8+1
# printf "Xs 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
# printf "insatmflowfx-%s\n", VOLUME[i]
# printf "outsatmflowfx-Xs\n", VOLUME~i]
# printf "invflowfx-%s\n". VOLUME~i]
# printf "outvflowfx-%s\n", VOLUME[i]
# printf "insatrhofx-%s\n", VOLUME[i]
# printf "outsatrhofx-%s\n", VOLUME~i)
# printf "inpjfx-%s\n", VOLUMELi]
# printf "outpjfx-%s\n", VOLUMELi]
# nqoutfile[VOLUME[iJ) = OUTCOUNT++
# printf "***************************************************************** \n"
# End of volume loop

}

for(sys=l ;sys<=NSYSTEMS;sys++) {
# printf "TOTVOLS = %s\n", TOTVOLS
# printf "SYSNAME = Xs\n", SYSNAME[sys]

if(1 - sys){
initloop = 0

}
else{

initloop += NVOLS[sys-1i
}
for(i=l ;i<=TOTVOLS; i++){

volflag[i] =

I
for(i=1 ; i<=TOTVOLS; i++){

for (k=1lk<=NVOLS [sys ;k++) {
if (VOLINSYS [k+initloop] ==.VOLUMEi])){

volflag[i] =I"+
}

}
* printf "volflag[%s] = %s\n", i, volflag[i]

I
printf "s ******************s************************************* \n"
printf "*************** Postprocess of TH system %s ***********s**\n", \

SYSNAME Lsys]
printf "**********************************************e********e****** \n"
printf "In - out vapor pressure in system %s\n". SYSNAME[Bys]
printf "/.s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] 1= "") {
printf "\\\ns ", deltapgx[VOLUME~i])

}
}
printf "\n"
printf "27\n"

printf "* ----------
printf "LW]"
auxcount = 2
for (i=1 ;i<=TOTVOLS; i++) {

if(volflag[i] != "") {
printf "\\\n%s[Ls]". volflag[i], auxcount++

printf "\n"
sysdeltapgx sys] = OUTCOUNT++
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print! e***e*****e*s*eefee***e*ee**~~*** \n"
printf "In - out liquid pressure in system %s\n", SYSNAME~sys]
printf "I/s\n1, OUTCOUNT
printf "%s ", CONSTO
for(i-l;i<=TOTVOLS;i++) {

if(volflagfi] 1= "") {
printf "\\\ns ", deltapfx[VOLUME[i]]

}

}
print! "\n"
print! "27\n"

printf "* ---

printf "[I]"
auxcount = 2
for(i1 ;i<=TOTVOLS;i++) {

if(volflag(i] != "") {
printf "\\\ns[%s]", volflagfi], auxcount++

}
}
printf "\n'
sysdeltapfx[sys] = OUTCOUNT++
print! e*a*f ~ s**ees~eee**~e**e****e**e*e \n"
printf "in p * vapor compressibility in system %s\n", SYSNAME[sys]
printf "%s\n", 0UTCOUNT
printf "%s ", CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflag[i] 1= "') {
printf "\\\n's %s ", Inp[VOLUME[i]]. nodecompg[VOLUME~i]]

}

}
printf "\n"
print! ' 27\n'

printf "*------..\n"

printf "[1 "
auxcount - 2
for(i= ;i<=TOTVOLS;i++) {

if(volflag~i] != ") {
printf "\\\n', s[(%s]*['As]", volflagLi), auxcount++, auxcount++

}
}
printf "\n"
syslnpcompg[sys] = OUTCOUNT++
print! **f ****e***eee*********~*******. \n"
printf "in p * liquid compressibility in system %s\n", SYSNAME[sys]
printf "%s\n", UUTCOUNT
printf "%s ", CONSTO
for (i=t ;i<=TOTVOLS;i++) {

if(volflag[i] 1- .... ){

printf "\\\ns %s ", lnp[VOLUME[i]J, nodecompfL[VOLUME~i]]
}

}
printf "W\u
printf "27\n"
printf "*----------...

printf "[I] "
auxcount = 2
for(il ;i<=TOTVOLS;i++) {

if(volflag~iJ != .") {
printf "\\\ns[L%s*[%s])", volflag[i], auxcount++, auxcount++

I

printf "\n"
syslnpcompf[sys] - OUTCOUNT++
printf "**********W,*****,********************s****e******************** \n'
printf "Vapor compressibility in system %s\n", SYSNAME~sys]
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printf "%s\n", OUTCOUNT
printf "7.% ", CONSTO
for (i=l ;i<=TOTVOLS;i++) {

if(volflag[i] I= "") {
printf "\\\ns ", nodecompg[VfLUME[i]]

}
}
printf "\n"
printf "27\n"
printf "*'.......- n

printf "[1]"
auxcount = 2
for (i ;i<=TOTVOLS; i++) {

if(volflag(i] tI=t) {
printf "\\\n'ss[%s]", volflag[i], auxcount++

printf "\n"
syscompg[sys] = OUTCOUNT++
printf "************************************************************* \n"
printf "Liquid compressibility in system %s\n", SYSNAME[sys]
printf "%s\n", 0UTCOUNT
printf "%as ", CONSTO
for(i=1 ;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\nY,/s ", nodecompf[VOLUME[i])

I
}
printf "\n"
printf "27\n"
printf "* ---

printf " [1) "
auxcount = 2
for(i= ;i<=TOTVOLS;i++) {

if(volflag[i] !- '") {
printf "\\\ns[Es]", volflagE[i), auxcount++

}
}
printf "\n"
syscompf [sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor volume in system Is\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "ts ", CONSTO
for(i=l ; i<=TOTVaLS;i++) {

if(volflagfi] != "') {
printf "\\\ns ", volg[VOLUME~iJ)

}
}
printf "tn"
printf "27\n"
printf "* ---------- \n"
printf " [1] "
auxcount = 2
for (i=; i<=TOTVOLS; i++) {

if(volflag[i] != I') {
printf "\\\ns s[%ls]", volflag[i], auxcount++

printf "\n"
sysvolgEsys] = OUTCOUNT++
printf "***'**************************a*****e****** *************** \n"
printf "Liquid volume in system %s\n". SYSNAME~sys]
printf "t.s\n", OUTCOUNT
printf "ts ", CONSTO
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for(i=l ; i<=TOTVOLS; i++) {
if(volflag[i) I= "") {

printf "\\\nT/.s ", volf(VOLUME[i]]
}

}
printf "\n"
printf "27\n"

printf "* ---------
printf "1l]"
auxcount = 2
for(i=l; i<=TOTVOLS;i++) {

if(volflag[i] "= "") {
printf "\\\ns[%,s)", volflag[i], auxcount÷+

I
I
printf "\n"
sysvolf [sys] = OUTCOUNT++
printf ************4'**************************************************** \n"
printf "Time derivative of liquid volume in system %s\n", SYSNAME[sysJ
printf "%s\n", OUTCOUNT
printf "%s\n", sysvolf [sys]
printf *'43\n"
printf "* ---------- \n"

printf "16 1.0\n"
sysdvfdt [sys] - OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor mass in system %s\n", SYSNAME(sysJ
printf "%s\n", OUTCOUNT
printf "1%s ', CONSTO
for (i=1 ; i<=TOTVOLS; i++) {

if(volflag[i) 1 I'l) {
printf "\\\ns ", massg[VOLUME[i))

I
i

printf "\n"
printf "27\n"

printf "* ---------- \n
printf "[1)"
auxcount = 2
for (i=l; i<=TOTVOLS; i++) {

if(volflagiJ !"") {
printf "\\\ns[%s] ', volflag[i], auxcount++

I
I
printf "\n"
sysmassg[sys] = OUTCOUNT++
printf "*W.*****aaaa*aaaaa*aaaaaa*aa*aaaaaaaa*a*aaaaaaaaaa*aaaaaaaaaaaaa* \n"
printf "Time derivative of vapor mass in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%s\n". sysmassg[sys]
printf "43\n"
printf "a* ----------.. .

printf "16 1.0\n"
sysdmgdt [sys] - 0UTCOUNT++
printf "aaaaaaaaaaaaa**aaaaaaaaaa*aaaaaaaaaa*aaaaaaaaaaaaaaaaaaaaaa*a \n"
printf "Liquid mass in system %s\n", SYSNAME[sysJ
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=i;i<=TOTVOLS;i++) {

if(volflag~i] != "") {
printf "\\\ns ", massf[VOLUNE[i]]

I

printf "\n"
printf "27\n"
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printf "*- \n"
printf "[I)"
auxcount - 2
for(i=l;i<=TOTVOLS;i++) {

if(volflag(i] I- "l) {
printf "\\\n'/s[%s]", volflag[i], auxcount++

}
}1.

printf "Wn"
sysmassf [sys] OUTCOUNT++
printf "W****** **********************s** ***s*a*s*******s************* \n"

printf "Time derivative of liquid mass in system %s\n", SYSNAME[sys)
printf "%s\n", OUTCOUNT
printf "%s\n", sysmassf(sys]
printf "43\n"
printf "* --- \n

printf "16 1.0\n"
sysdmfdt Esys] - OUTCOUNT++
printf ******* *** ** ***** *** *** * ****** ********** ******* ******* * * \n"
printf "Vapor non-equilibrium mass in system %s\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "%,s ", CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflag(i] "- ") {
printf "\\\ns ", nqmg[VOLUME(iJ)

I}
printf "\n"
printf "27\n"
printf "* --- - ---.... .

printf "[1] "
auxcount = 2
for(i=l ;i<=TOTVOLS; i++) {

if(volflag[i] 1- -")9

printf "\\\ns[Es]", volflag(i], auxcount++
}

}

printf "\n"
sysnqmg~sys] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Time derivative of non-eq. vapor mass in system %s\n", SYSNAME[sys]
printf "'s\n", OUTCOUNT
printf "%,s\n", sysnqmgE[sys]
printf "43\n"
printf "I* ---------- Wn

printf "16 1.0\n"
sysdnqmgdt [sys] = OUTCOUNT++
printf **************************************************************** \n"
printf "Liquid non-equilibrium mass in system %fs\n", SYSNAME[sys]
printf "7s\n", OUTCOUNT
printf "%as ", CONSTO

for(i=1 ; i<=TOTVOLS; i++) {
if(volflag[i] 1= ",) {

printf "\\\ns ", nqmf[VOLUME[i))
}

printf "\n"
printf "27\n"
printf "* ---------- \n'

printf "[1)"
auxcount = 2
for(i=1 ;i<=TOTVOLS; i++) {

if(volflag~i] 1= "") {
printf "\\\n%, s[Es)", volflag[i], auxcount++

I
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}
printf "\n"
sysnqmf[sys] = OUTCOUNT++
printf '*********************************\n",

printf "Time derivative of non-eq. liquid mass in system %s\n", SYSNAME(sys]
printf "%s\n", OUTCOUNT
printf "%s\n", sysnqmf(sys]
printf "43\n"
printf "* ---------- W,

printf "16 1.0\n"
sysdnqmfdt [sys] = OUTCOUNT++
printf ***s**se*** eeees*e*ee*ee**s* e**** e** ***** ***.*s* \n"
printf "Vapor inlet mass flow in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%is ", CONSTO
for(i'1 ; i<=TOTVOLS;i++) {

if(volflag[i] "1- )
printf "\\\ns ", inmflowg[VOLUME[i)J

I
I
printf "\n"
printf "27\n"
printf "* ---------- Wn

printf "[1] "
auxcount = 2
for(i=l;i<=TOTVOLS;i++) f

if(volflag[i) != "") {
printf "\\\n%s[%s)", volflag[iJ, auxcount++

I
I
printf "'\n"
sysinmflowg[sys] = 0UTCOUNT++
printf *e**e*** es* eeees*ssse*e*seeeessssseeeses*e*s***s*s* *s***es \n"
printf "Vapor outlet mass flow in system %'s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i'fl;i<=TOTVOLS;i++) {

if(volflag(i] I= "') {
printf "\\\n's '¼ outmflowg[VOLUME[i)]

I
i

printf "\n"
printf "27\n"

printf "*---------W.

printf "E[)"
auxcount - 2
for(iil;i<=TOTVOLS;i++) {

if(volflag~i] 1= "") {
printf "\\\ns[%s]", volflag[i], auxcount++

I

printf "\n"
sysoutmflowg[sys] = OUTCOUNT++
printf ********es*e********s**s*****e*ssse****s**s*se*ss**e*****se*** \n".
printf "Liquid inlet mass flow in system %s\n", SYSNAME~sys]
printf "%e\n", 0UTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS; i++)

if(volflag[i] 1= "") {
printf "\\\n'.s ". inmflowf[VOLUMEti))

}
printf "\n"
printf "27\n"
printf "* ---
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printf " [1) "
auxcount - 2
for(i=1 ;i<=TOTVOLS;i++) {

if(volflag[i] 1= "") {
printf '\\\nTs sJ", volflag[i], auxcount++

I
}
printf "\n"
sysinmflowf [sys) = OUTCOUNT++
printf "ee*eeee~e***sseeee****e**********\n"

printf "Liquid outlet mass flow in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%as ", CONSTO
for(i=l ;i<=TOTVOLS; i++) {

if(volflag~i] 1= "") {
printf "\\\nYls ", outmflowf(VOLUME[i]]

I
I
printf "\n"
printf "27\n"
printf "* ---------- \n"
printf " [1]"
auxcount = 2
for (i=l ;i<=TOTVOLS; i++) {

if(volflag[i] 1o =,) {
printf "\\\n%s[(%s]", volflag[i], auxcount++

}
}
printf "\n'
sysoutmflowf [sys] = OUTCOUNT++
printf "****s***es***e*ee**********e****\n"
printf "Vapor volumetric flow in - volumetric flow out in system %s\n", \

SYSNAME [sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\ns ", jtermg[VCLUME~i]]

I
i

printf "\n"
printf "27\n"

printf "* ---------- Wn

printf "[1) "
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] != "l) {
printf "\\\ns[%s)", volflag[i], auxcount++

}
I
printf "'n"
sysjtermg[sys] = aUTCOUNT++
printf **se***e************eee*** s*e**e***eeees***e**ee****e**** \n"
printf "Liquid volumetric flow in - volumetric flow out in system %s\n", \

SYSNAME [sys]
printf "Wskn", aUTCOUNT
printf "Y.s ", CONSTO
for(i=1 ;i<=TOTVOLS;i++) {

if(volflag~i] !- "") {
printf "\\\ns ", jitermf [VOLUME i])

printf "\n"
printf "27\n"
printf "* ---
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printf " [1)"
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] 1= "") {
printf "\\\ns[f%sl", volflag[i], auxcount++}

}
printf "\n"
sysjtermf[sys] = OUTCOUNT++
print! **s*********************t******** \n",
printf "Vapor thermal expansion in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "%.a ', CONSTO
for(i=1 ;i<=TOTVOLS; i++) {

if(volflag[i] "") {
printf "\\\ns ", thexpg[VOLUME[i]]

}

i
printf "\n"
print!f "27\n"

printf "* ---------- \n'

printf "[l)"
auxcount - 2
for(i=l ;i<=TOTVOLS; i++) {

if(volflag[i] I- "") {
printf "\\\nsIY.s]", volflag~i], auxcount++

I
I
printf "\n"
systhexpg[sys) = OUTCOUNT++
printf **************s************************************************ \n"
printf "Liquid thermal expansion in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%.s ", CONSTO
for(i=i ;i<=TOTVOLS;i++) {

if(volflag~i] 1- "l) {
printf "\\\ns ", thexpf[VOLUME~i]]

I
i

printf "\n"
print! "27\n"

printf "* ------
printf "[1)"
auxcount = 2
for(i='i;i<=TOTVDLS;i++) {

if(volflag[i] !") {
printf "\\\n%s[Y.s]", volflagfi), auxcount++I

I
printf "\n"
systhexpf[sys] = OUTCOUNT++
printf *****************s*********************************************** \n"
printf "Vapor swelling in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "%.s ", CONSTO
for(i=i; i<=TOTVOLS; i++) {

if(volflag[i] I") {
printf "\\\ns ", swellgE[VOLUME[i [

}

printf "\n"
printf "27\n"
printf "* ---------- Wn

printf "UP]"
auxcount = 2
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for(i=1 ;i<=TOTVOLS; i++) {
if(volflag[i] 1= "I' {

printf "\\\n%s[%s)". volflag[i], auxcount++
}

}
printf "\n"
sysswellg[sys] = OUTCOUNT++
printf ***************************************************************** \n"

printf "Lilquid swelling in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(ili;i<=TOTVOLS; i++) {

if(volflagfiJ I= "'= {
printf "\\\ns ", swellf[VOLUME(i)]

}
}
printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "[1)"
auxcount = 2
for (i=1 ;i<=TOTVOLS; i++) {

if(volflagi]= ""= ) {
printf "\\\ns [Es)"' volflag i], auxcount++

}
}
printf "\n'
sysswellf[sys] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Main term of vapor acoustic term in system %s\n", SYSNAME~sys]
printf "Ws\n", OUTCOUNT
printf "%s "' CONSTO
for(i=l ;i<=TOTVOLS; i++) {

if(volflag[i] != "") {
printf "\\\n'.s ", acg(VOLUME~iJ)

}

printf "\n"
printf "27\n"
printf "* --------- \n"
printf " [1)."
auxcount = 2
for(i=l; i<=TOTVOLS;i++) {

if(volflag[i] I= "") {
printf "\\\nsE[hs]", volflag[i], auxcount++

}
}

printf "\n"
sysmainacg[sys] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Main term of liquid acoustic term in system Xs\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "8s ", CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflag~i] != "") {
printf "\\\nYs ", acf[VOLUME[i]]

printf "\n"
printf "27\n"
printf "*-------- \n"
printf "[) "
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflagli) 1= "") {
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printf "\\\ns[(sJ", volflag[i], auxcount++
}

}
printf "\n'
sysmainacf [sys) = OUTCOUNT++
printf ****************************************************************** \n"
printf "First term of vapor acoustic term in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i= ;i<=TOTVOLS;i++) {

if(volflag[i] 1= -") {
printf "\\\ne" aclg(VOLUME[i]]

I
I
printf "\n"
printf "27\n"
printf "* ---------- W.

printf " [I] "
auxcount = 2
for (i=l ; i<=TOTVOLS; i++) {

if(volflag[i] != "') {
printf "\\\ns[%s]", volflag i], auxcount++

I
I
printf "\n"
sysaclg[sys] = aUTCOUNT++
printf ***************e****e******a**a**********e**a*********i*a***** \n"
printf "First term of liquid acoustic term in system %s\n", SYSNAME~sys]
printf "%s\n", CUTCOUNT
printf "/s "%a CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflag[i] !") {
printf "\\\ns ". aclf[VOLUME[i)]

I
i

printf "\n"
print!f "27\n"

printf "* ---- \n"
printf "[1] "
auxcount = 2
for(i-1;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\nTsE7sJ", volflag[i], auxcount++

}
}
printf "\n"
sysaclf [sys] = OUTCOUNT++
printf W****e**e*a*********es*****e***e*s*******e*****a***ee***s*e*ess \n"
printf "Second term of vapor acoustic term in system %s\n", SYSNAME~sys]
printf "*,s\n", OUTCOUNT
printf "%s "i CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\n/s ", ac2g[VOLUME[i])

printf "\n"
printf "27\n"
printf "* ---

printf " [i] "
auxcount - 2
for(i=l i<=TOTVOLS;i++) {

if(volflag[i] I= "") {
printf "\\\nTs[Es]", volflagCi], auxcount++

}
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I
printf '\n"
sysac2g[sys) = DUTCOUNT++
print! *s*s*s**s******sss*s************* n
printf "Second term of liquid acoustic term in system '/s\n", SYSNAME[sys]
printf "',s\n", OUTCOUNT
printf "7%s ", CONSTO
for(i=1 ;i<=TOTVOLS; i++) {

if(volflag[i] 1= "") {
printf "\\\n'I s ", ac2f[VOLUME[i]]

I
}
printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "Ci] "
auxcount - 2
for(i= ;i<=TOTVOLS; i++) {

if(volflag[i] I= "") {
printf "\\\n',s[%sJ", volflag[i), auxcount++

}
I

printf "\n"
sysac2f [eys] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Vapor non-equilibrium thermal expansion in system WsWn", SYSNAME[sys)
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(vol~lag[i] )= "") {
printf "\\\n'/.s ", nqthexpg[VOLUME[i)]

}

i
printf "\n"
print! "27\n"

printf "' ---------- \n"

printf "[l)"
auxcount = 2
for(i=l ;i<=TOTVOLS; i++) {

if(volflag[i] 1- "") {
printf "\\\n'/.s[('s]", volflag i), auxcount++

I
}

printf "\n"
sysnqthexpg[sys] = OUTCOUNT++
printf *******************S******************************************** \n"
printf "Liquid non-equilibrium thermal expansion in system %s\n", SYSNAME[sys]
printf ",s\n", OUTCOUNT
printf "Ys ", CONSTO
for(i=i ;i<=TOTVOLS;i++) {

if(volflag[i] "") {
printf "\\\n'hs ", nqthexpf[VOLUME(i)]

I.

i
printf "\n"
print!f "27\n"

printf "---------- \n"
printf "[1l]"
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] != ) {
printf "\\\n', s[Es)", volflag[i], auxcount++

printf "\n"
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sysnqthexpf [sys] = OUTCOUNT++
printf ****************************************************************** \n"
printf "Vapor generation rate in system %s\n", SYSNAME[sys]
printf "s\n", OUTCOUNT
printf "%/s ", CONSTO
for(il ;i<=TOTVOLS;i++) {

if(volflag(i] I- "') l
printf "\\\ns s %s", vvol[VOLUME[i]), gammag(VOLUMEfiJJI

i
printf "\n"
print! "27\n"

printf "* ---

printf "W1J"
auxcount = 2
for(i1 ;i<=TOTVOLS;i++) {

if(volflag[i) ! gIg) {
printf "\\\n%.sJ[s*[%s]", volflag(iJ, auxcount++, auxcount++I

I
printf "\n"
sysgenrgEsys) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Liquid generation rate in system %s\n", SYSNAME(sys]
printf "%s\n", OUTCOUNT
printf "%as ", CONSTO
for(i=1 ;i<=TOTVOLS;i++) f

if(volflag[i] 1= "") f
printf "\\\ns %s ", vvol(VOLUME[i]J, gammaf[VOLUME[iJJ

I
I
printf "\n'
printf "27\n"
print!f "* ---------- \
printf "[1) "
auxcount = 2
for(i=';i<=TOTVOLS;i++) {

if(volflag(i) '') {
printf "\\\nTs[/.s]*[Y.s]") volflag[i], auxcount++, auxcount++

I
}
printf "\n"
sysgenrf (sys] = OUTCOUNT++
print! W,****e****e****e**s**ses********e n
printf "Inlet vapor non-equilibrium mass flow in system %s\n", SYSNAME(sys]
printf "%s\n", OUTCOUNT
printf "%•s ", CONSTO
for (i= ;i<=TOTVOLS; i++) {

if(volflag[i] 1= "") {
printf "\\\ns ", innqmflowg[VOLUME[i])

I

i
print! '\n"

printf "27\n"
printf "* ----------- W.
printf " [l]"
auxcount = 2
for(i=l ;i<=TOTVOLS; i++) {

if(volflag(i] 1 " {9 )
printf "\\\ns[%s)", volflag[i), auxcount++

I

printf "\n"
sysinnqmflowg(sys] = OUTCOUNT++
printf *****ese***e**ee**********seee*********e*******************S** \n"
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printf "Outlet vapor non-equilibrium mass flow in system Xs\n", SYSNAME[sys)
printf "Xs\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l; i<=TOTVOLS;i++) {

if(volflag[i) 1= "") {
printf "\\\n&s ", outnqmflowg[VOLUME[i]]

}

}
printf "\n"
printt "27\n"

p r in t f " * ' . . . . ..-- - \ n "

printf "[I]"
auxcount = 2
for(i=l ;ii<=TOTVOLS;i++) {

if(volflag[i] .. ) {
printf "\\\nes[(%s)", volflag[i], auxcount++

}
I
printf "\n"
sysoutnqmflowg[sys] = OUTCOUNT++
printf W**********s***s****e*s********** ************ e******s \n"
printf "Inlet liquid non-equilibrium mass flow in system .s\n". SYSNAME[sys)
printf "Xe\n", OUTCOUNT
printf "%e "' CONSTO
for (i= ;i<=TOTVOLS; i++) {

if(volflag[i) 1= "") {
printf "\\\nWs ", innqmflowf [VOLUME[i])

}
}
printf "\n"
printf "27\n"
printf "* -"---
printf "E1l"
auxcount = 2
for (i=i i<=TOTVOLS; i++) {

if(volflag(i) 1= "") {
printf "\\\ns[•,se", volflag[i), auxcount++

}
}
printf "\n'
sysinnqmflowf [sys] - UTCOUNT++
printf "***************************************************************** \n"
printf "Outlet liquid non-equilibrium mass flow in system Xs\n", SYSNAME~sys)
printf "Xs\n", OUTCOUNT
printf "es ", CONSTO
for(icl ;i<=TOTVOLS;i++) {

if(volflagE[i] = "') {
printf "\\\ns ", outnqmflowf[VOLUME[i]]

}
i

printf "\n"
printtf "27\n"

printf "* --- \n"
printf "[IE"
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i) != I'll) {
printf "\\\nTs [(s]", volflag[i], auxcount++

}

printf "\n"
sysoutnqmflowf [sys] = OUTCOUNT++
printf .***************************************************************** \n"
printf "Inlet vapor non-equilibrium mass flow in system %s\n", SYSNAME[sys)
printf "Xs\n", OUTCOUNT
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printf "ls ", CONSTO
for(i= ;i<=TOTVOLS; i++) {

if(volflag[i] f= "") {
printf "\\\ns ", innqmflowg[VOLUME[i]]

I
i

printf "\n"
printf "27\n"

printf "* --- \n"
printf " [1]"
auxcount = 2
for(i= ;i<=TOTVOLS;i++) {

if(volflag[i] !- "") {
printf "\\\ns[%sJ", volflag[i], auxcount++}

I
printf "\n"
sysinnqmflowg[sys) = OUTCOUNT++
printf "***************************************************************** \n"
printf "Outlet vapor non-equilibrium mass flow in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag~i] I- "") {
printf "\\\ns ", outnqmflowg[VOLUME(i])

I

printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "[]'"
auxcount = 2
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] I= "") {
printf "\\\ns[%s)", volflag[i), auxcount++

I}

printf"\n"
sysoutnqmflowg[sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Non zero compg in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "%,s %s %s\n", CONSTI, syscompg~sys], syscompg[sys]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "l.Oe-lO\n"

nzsyscompg[sys] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Non zero compf in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "%s %,s %s\n", CONSTi, syscompf [sys], syscompf [sys]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "1.Oe-lO\n"
nzsyscompf [sys] = OUTCOUNT++
OUTCOUNT++
printf .***************************************************************** \n"
printf "ln p in vapor phase, system %,s\n", SYSNAME[sys]
printf "Ws\n", OUTCOUNT
printf "%s %hs f,s\n", nzsyscompg~sys]+l, syslnpcompg[sys], \

nzsyscompg [sys]
printf "27\n"
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printf "* - \n

printf "[1 * [21 /[3) \n"
syslnpg[sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "In p in liquid phase, system Xs\n", SYSNAME[sys]
printf "Xs\n". OUTCOUNT
printf "Xes Xs Xs\n". nzsyscompf[syse+i, syslnpcompf[sys), \

nzsyscompf [sye]
print! "27\n"
printf "* ---

printf "[1] * [2) / [3) \n"
syslnpf [sys] - OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor acoustic term in system Y.s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%e Xe %s %s\n", sysmainacg[sys] , sysacig[sys] , syslnpg[sys] ,

sysac2g [sys]
printf "27\n"
printf "* --- \n"
printf "[1)+[2)-([3)*[4))\n"
sysacg[sys] - OUTCOUNT++
printf ***************e******s**.e*********************************** \n"
printf "Liquid acoustic term in system %s\n", SYSNAME[sys]
printf "%e\n", OUTCOUNT
printf "Xe %a Xs Xs\n", sysmainacf[sys], sysacif[sys], sysinpf[sys], \

sysac2f [sys]
print! "27\n"
printf "* --- \n

printf "[1) + [2)- ([3) * [4) ) \n"
sysacf [sys] ) UTCOUNT++
printf ****************************.****s****************************** \n"
printf "in p in system Ws\n", SYSNAME[sys]
printf "Xe\n", OUTCOUNT
printf "Xes Xes Xe s\n", syslnpcompg[sys). syslnpcompf[syse, \

syscompg[sys], syscompf [sys]
print! "27\n"
printf "* ---------- \n"
printf "( [I+[2))/(([3]+[4))\n"
syslnp[sys] a aUTCOUNT++
printf "***************************************************************** \n"
printf "Time derivative of in p in system Xs\n", SYSNAME[sys]
printf "Xs\n". aUTCOUNT
printf "es\n", sysinp[sys]
print! "43\n"
printf "* ---------- \n"
printf "16 1.0\n"
sysdlnpdt [sys] = OUTCOUNT++
printf ***********s********************************'******s*******s*** \n"
printf "Pressure in system Xe\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "Xe\n", syslnp[sys]
printf "27\n"
printf "* --- \n"
printf "EXP ([1)) \n"
sysp[sys] = OUTCOUNT++
printf **************************s**************************s****s*** \n"
printf "Vapor jterm+thexp+swell+ac in Xe\n". SYSNAME[sys]
printf "Xe\n", OUTCOUNT
printf "Xs Xs Xe Xe\n", sysjtermg[sys], systhexpg[sys], sysswellg[sys], \

sysacg [sys]
printf "27\n"
printf "* --------- \n"
printf "[1+<[2+<[3]<[41\n"
sysjthswacg[sys] = OUTCOUNT++
printf ********e****************************************************** \n"
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printf 'Liquid jterm+thexp+swell+ac in .s\n", SYSNAME~sys]
printf "Xs\n", 0UTCOUNT
printf "%s es %. Xs\n", sysjtermf[sys), systhexpf sys], sysswellf[sys], \

sysacf [sys]
printf '.27\n"
printf "* ---------- W.

printf "i[] + [2] + L3] + [4] \n"
sysjthswacf [sys] = OUTCOUNT++
printf "********************e*************e*************e******a***** \n"
printf "Non-filtered postprocessed time derivative of in p in system Xs\n", \

SYSNAME [sys]
printf ".s\n", OUTCOUNT
printf "es Xe %s Xe . s Xe\n", sysjthswacg[sys], sysjthswacf[sys], \

nzsyscompg[syse]+, nzsyscompg~sys], \
nzsyscompf [sys]+1, nzsyscompf [sys]

printf "27\n"
printf "* ---------- W.

printf "(1] +C2J)/(([3]*[4))+(L5)*[6]))\n"
nfsyspostdlnpdt Lsys] - OUTCOUNT++
printf "se*********e****e**ee* eeea*******s***********************ae*ea* \n"
printf "Initial value of in p in system Xs\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "Xes Xe Xs\n", 0UTCOUNT, syslnp[sys], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* ---------- \n"
printf "3\n"
printf "0.5\n"
sysinitlnp[sys] = 0UTCOUNT++
0UTCOUNT++
printf **s ******** ***************e*e******e****** \n"
printf "Postprocessed time derivative of in p in system Xs\n", SYSNAME[sys]
printf "Xs\n", 0UTCOUNT
printf "Xes Xs\n", STEPTIME, nfsyspostdlnpdt~sys]
printf "27\n"
printf "* ---------- \n"
printf "Li] * [2] \n"
syspostdlnpdt [sys] = 0UTCOUNT++
printf *******ees**s***eae**********ea****n****ee**es************** \n"
printf "Integral of postdlnpdt in system Xs\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "Xe\n", syspostdlnpdt [sys]
printf "1 0 0.0\n"
printf "* --- \n"
printf "0 0\n"
printf "1.0e+10 -I.Oe+10 0.0\n"
sysintdlnpdt Lsys] = 0UTCOUNT++
printf "******* s* aee** ***********a*******************************a* \n"
printf "Postprocessed in p in system .s\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "Xe .s\n", sysinitlnp[sys], sysintdlnpdt[sys]
printf "27\n"
printf "* --- \n"
printf "Li] + [2] \n"
syspostlnp sys] = OUTCOUNT++
printf ********************************** sse*s*************s***ee***e \n"
printf "Postprocessed pressure in system Xs\n", SYSNAME[sys]
printf "Xs\n", 0UTCOUNT
printf ".s\n", syspostlnp[sys]
printf "27\n"
printf "* ---------- \n"
printf "EXP( [i] )\n"
syspostp sys] 0UTCOUNT++
printf "e***se***e*****e**************e*******ee*e********************* \n"
printf "Non-filtered postprocessed time derivative of liquid volume
printf "in system X.\n", SYSNAME sys]
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printf "%s\n", OUTCOUNT
printf "Xs Xs Xe Xes Xs Xe s\n". sysjtermf[sys], systhexpf[sys]. \

sysswellf [sys] , sysacf [sys) , \
nzsyscompf[esyse+l, nzsyscompf [sys], \
syspostdlnpdt [sys]

printf "27\n"
printf "* ---

printf "[1)+[2]+[3)+[4)-([5)*[6J*[7])\n"
nfsyspostdvfdt [sys] = OUTCOUNT++
printf ***************************************************************** \n"
printf "Initial value of liquid volume in system Xs\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "es Xes s\n", OUTCOUNT, sysvolf [sys], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* --- \n"
printf "3\n"
printf "0.5\n"
sysinitvolf [sys] = OUTCOUNT++
OUTCOUNT++
printf "***************************************************************** \n"
printf "Postprocessed time derivative of liquid volume in system Xs\n", SYSNAME~sys]
printf "Xs\n", OUTCOUNT
printf "11s Xs\n". STEPTIME, nfsyspostdvfdt[sys]
print! "27\n"
printf "* --- \n"
printf " [1] * [2] \n"
syspostdvfdt [sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Integral of postdvfdt in system Xs\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "Xs\n", syspostdvfdt [sys]
printf "1 0 0.0\n"
printf "* ---

printf "0 0\n"
printf "l.0e+10 -1.Oe+10 0.0\n"
sysintdvfdt [sys] = OUTCOUNT++
printf ****** s** **eeea**ee**** e*e*** ee*****e***e*********e***** \n"
printf "Postprocessed liquid volume in system Xs\n", SYSNAME[sys]
printf "Xes\n", 0UTCOUNT
printf "%s Xs\n", sysinitvolf [sys], sysintdvfdt[sys]
printf "27\n"
printf "* ---------- \n"
printf "[i) +[2)\n"
syspostvolf [sys] = OUTCOUNT++
print! e***e*eef~e~.e*.eae*eeeeseee*ee** \n",
print! "Non-filtered postprocessed time derivative of vapor mass in system Xe\n", \

SYSNAME [sys]
printf "/es\n", OUTCOUNT
printf "Xs Xs Xe\n", sysinmflowg[sys], sysoutmflowg[sys], sysgenrg[sys]
printf "27\n"
printf "* ---------- Wn

printf " [1]+[3)-[2)\n"
nfsyspostdmgdt [sys] = OUTCOUNT++
printf *************s**s***e**e**se*****ee*****e***e***** s***e***** \n"
printf "Initial value of vapor mass in system Xs\n", SYSNAME[sys]
printf "Xs\n", OUTCOUNT
printf "%es Xs s\n". OUTCOUNT, sysmassg[sys], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* ---------- \n"

printf "3\n"
printf "0.5\n"
sysinitmg[sys] - OUTCOUNT++
OUTCOUNT++
printf *********************************.****s******s ******************* \n"
printf "Postprocessed time derivative of vapor mass in system Xs\n", SYSNAME[sys]
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printf "%s\n", OUTCOUNT
printf "%a %s\n", STEPTIME, nfsyspostdmgdtEsys]
printf "27\n"
printf "* ---------- W.

printf "[1) * [2] \n"

syspostdmgdt [sys) = OUTCOUNT++
printf .***************************************************************** \n
printf "Integral of postdmgdt %s\n", SYSNAME[sys]
printf "%s\n", oUTCOUNT
printf "t/s\n", syspostdmgdt [sys]
printf "1 0 0.0\n"
printf "* ---------- \n"
printf "0 0\n"
printf "1.0e+10 -1.Oe+10 0.0\n"
sysintdmgdt[sys] = 0UTCOUNT++
printf "****************************e*a*******e***************s***e** \n"
printf "Postprocessed vapor mass in system *.s\n", SYSNAME~sys]
printf "Ws\n", OUTCOUNT
printf "%s Ws\n", sysinitmg[sys), sysintdmgdt[sys)
printf "27\n"
printf "* ---

printf "[tn+ [2) \n"
syspostmg~sys] = OUTCOUNT++
printf "*****ss*se****aa*e***ea****a**e*s*e****e*e**e*s**e*****s**a** \n"
printf "Non-filtered postprocessed time derivative of liquid mass in system Ws\n",

SYSNAME [sys]
printf "%s\n", 0UTCOUNT
printf "%s %s WWs\n", sysinmflowf [sys]) sysoutmflowf [sys], sysgenrf [sys]
printf "27\n"
printf "* ---------- W.

printf "[El + [3)- [2] \n"
nfsyspostdmfdt(sys) = 0UTCOUNT++
printf *********** ************** ******************e****** \n"
printf "Initial value of liquid mass in system %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%as %s %s\n", OUTCOUNT, sysmassf~sys], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* ---------- \n"
printf "3\n"
printf "0.5\n"
sysinitmf [sys] = OUTCOUNT++
OUTCOUNT++
printf "*aa*aaa*aaaa*aaaa**** a* aa**as*aaasa*a** aa***aaaaaaa.*****aaa \n"
printf "Postprocessed time derivative of liquid mass in system %s\n", SYSNAME~sys]
printf "Ws\n", OUTCOUNT
printf "%As %s\n", STEPTIME, nfsyspostdmfdt[sys]
printf "27\n"
printf "I* ---------- W.

printf "[1) * [2) \n"
syspostdmfdt (sys] = OUTCOUNT++
printf "aaaaasa*aaesaaaaaaasaaaaaaaaaaaaaaaaaaaasaaaaaaaaaaaaaaaaasaaa*aa \n"
printf "Integral of postdmfdt Ws\n" SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "hs\n", syspostdmfdt[sys]
printf "1 0 0.0\n"
printf "* ----------
printf "0 0\n"
printf "1.0e+10 -I.0e+10 0.0\n"
sysintdmfdt [sys] = OUTCOUNT++
printf "*******saasaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa****. \n"
printf "Postprocessed liquid mass in system %/s\n", SYSNAME[sys]
printf "lls\n", OUTCOUNT
printf "%As %s\n", sysinitmf [sys] , sysintdmfdt [sys]
printf "27\n"
printf "a* ----------.. .
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printf "[E)+[2] \n"

syspostmf[sys] = OUTCOUNT++
printf "******ess**e*s*e***e**s***e*********e***e******s**e**ss** \n"
printf "Non-filtered post. time der. of vapor non-eq. mass in system %s\n", \

SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%,s 7s %hs\n", sysnqthexpg[sysJ, sysinnqmflowg[sys], sysoutnqmflowg[sys]
printf "27\n"
printf "* ---

printf ",[] + [2) -[3) \n"
nfsyspostdnqmgdt [sys] - aUTCOUNT++
printf "*s*************************************************************** \n"

printf "Initial value of non-eq. vapor mass in system %s\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "1%s %s 'hs\n", CUTCOUNT, sysnqmg[sys], PULSETIME
printf "14 0 0.0 0.0\n"
printf "* --- \n"
printf "3\n"
printf "0.5\n"
sysinitnqmg[sys] = OUTCOUNT++
OUTCOUNT++
printf ".************eee***e***e********e***e*****ss******ssss**e \n"

printf "Post. time derivative of non-eq. vapor mass in system %s\n", SYSNAME[sysJ
printf "Xs\n", 0UTCOUNT
printf "%as %s\n", STEPTIME, nfsyspostdnqmgdt[sys]
printf "27\n"
printf "* ---------- \n"
printf "[1)* [2\n"

syspostdnqmgdt[sys] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Integral of postdnqmgdt Vs\n", SYSNAME[sys]
printf "YWs\n", aUTCOUNT
printf "Ys\n", syspostdnqmgdt [sys]
printf "1 0 0.0\n"
printf "* --- \n

printf "0 0\n"
printf "l.0e+10 -l.0e+10 0.0\n"
sysintdnqmgdt [sys] = OUTCOUNT++
printf "******ee*******e***ee**ee*e**e**e**esee***eeee********see****** \n"
printf "Postprocessed vapor non-eq. mass in system %s\n", SYSNAME[sys)
printf "%s\n", OUTCOUNT
printf '%s %s\n", sysinitnqmg[sys], sysintdnqmgdt[sys]
printf "27\n"
printf "* ---

printf "[1] + [2] \n"

syspostnqmg[sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Non-filtered post. time der. of liquid non-eq. mass in system YWs\n", \

SYSNAME [sys]
printf "Y.s\n", OUTCOUNT
printf "%,s %,s Vs\n", sysnqthexpf[sys), sysinnqmflowf[sys], sysoutnqmflowf[sys]
printf "27\n"
printf "* --- \n"
printf "[ 1 + [2 - [3] \n"
nfsyspostdnqmfdt[sys] = OUTCOUNT++
printf "**eeee****ees**e*ee***s*****e*e******s***ees****ee****eeee**ee \n"

printf "Initial value of non-eq. liquid mass in system Ys\n", SYSNAME~sys]
printf "Vs\n", OUTCOUNT
printf "Ys %as %s\n", OUTCOUNT, sysnqmf[sys], PULSETIME
printf "14 0 0.0 0.0\n"

printf "I* ---------- Wn

printf "3\n"
printf "0.5\n"
sysinitnqmf[sys] = OUTCOUNT++
OUTCOUNT++
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printf "***************************************************************** \n"
printf "Post. time derivative of non-eq. liquid mass in system %s\n", SYSNAME[sys]
printf "W.s\n", OUTCOUNT
printf "%s %s\n", STEPTIME, nfsyspostdnqmfdt[sys]
printf "27\n"
printf "* ---------- W,
printf "[1] * [2] \n"
syspostdnqmfdt [sys] = OUTCOUNT++
printf "***************************************************************** \n'
printf "Integral of postdnqmfdt %.s\n", SYSNAME[sys]
printf "%B\n", OUTCOUNT
printf "/.s\n", syspostdnqmfdt[sys)
printf "1 0 0.0\n"
printf "* ---

printf "0 0\n"
printf "1.0e+10 -1.0e+10 0.0\n"
sysintdnqmfdt (sys] = OUTCOUNT++
printf "************************* **************e**************** \n"
printf "Postprocessed liquid non-eq. mass in system Ws\n", SYSNAME~sys]
printf "%s\n", OUTCOUNT
printf "/s Ws\n", sysinitnqmf(sys], sysintdnqmfdt[sys]
printf "27\n"
printf "* --- \n"
printf "(1]+[2W\n"
syspostnqmf (sys] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Vapor mixture momentum in system %s\n", SYSNAME[sys]
printf "Ws\n", OUTCOUNT
printf "%,s ", CONSTO
for(i=l;i<=TOTVDLS;i++) {

if(volflag[i] != "") {
printf "\\\ns ", mommix(VOLUME(i]]}

}
printf "\n"
printf "27\n"
print f *'*-......-n

printf "(1] "
auxcount = 2
for(i1 ;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\ns [s]", volflag(i], auxcount++

}
}
printf "\n"
sysmommix~sys] - OUTCOUNT++
printf "************************ ******************************** \n"
printf "Time derivative of mixture momentum in system %s\n", SYSNAME(sys]
printf "%s\n", 0UTCOUNT
printf "%s\n", sysmommixtsys]
printf "43\n"
printf "* "---

printf "16 1.0\n"
dersysmommix[sys] = OUTCOUNT++
printf W***************************************************************** \n"
printf "Vapor wall friction in system %s\n", SYSNAME[sys]
printf "'s\n", 0UTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\nV.s ", wfricg[V0LUME(i])

}
}
printf "\n"
printf "27\n"
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printf "* - \n
printf " [1]"
auxcount = 2
for(i=1;i<=TOTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\n'.sE[.s]". volflag[i], auxcount++

}
}
printf "\n"
syswfricg[sys] = aUTCOUNT++
printf ***ss************ ****************************************** \n"
printf "Liquid wall friction in system %s\n", SYSNAME[sys]
printf "'.s\n", OUTCOUNT
printf "7%s ", CONSTO
for(i=1 ;i<=TOTVOLS;i++) {

if(volflag[i] 1= "") {
printf "\\\ns ", wfricf[VOLUME[i]]

}
}
printf "\n"
printf "27\n"
printf "* ----------- \n"
printf " [E] "
auxcount = 2
for(i=l ;i<=TOTVDLS;i++) {

if(volflag(i] I= "") {
printf "\\\n s[E/*,s] ", volflag[i], auxcount++

}
}

printf "\n"
syswfricf[sys] - OUTCOUNT++
printf "********s********s**ss*************************s*****s** \n"
printf "Vapor buoyancy in system ',s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] !- "l) {
printf "\\\ns ", buoyg[VOLUME~i]]

I
I
printf "\n"
printf "27\n"
printf "* ---------- \n"
printf "E[]"
auxcount = 2
for(i=l;i<=TCTVOLS;i++) {

if(volflag[i] != "") {
printf "\\\ns[%s]", volflag[i], auxcount++

}
I
printf "\n"
sysbuoyg[sys] = OUTCOUNT++
printf **************************a********s**s*****************s****** \n"
printf "Liquid buoyancy in system %.s\n", SYSNAME~sys]
printf "%/s\n", DUTCOUNT
printf "%as ', CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag~i] 1 ""l) {
printf "\\\nrs ", buoyf[VOLUME~i)J

printf "\n"
printf "27\n"
printf "* --------- \n"
printf "[1]"
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auxcount = 2
for(i=l ; i<=TOTVOLS; i++) {

if(volflag(iJ] 1= "") {
printf "\\\n/sV[Is]", volflag~i], auxcount++}

}
printf "\n"
sysbuoyf [sys] = OUTCOUNT++
printf W***************************************************************** \n"
printf "Mixture momentum convective term in system /.s\n", SYSNAME~sys]
printf "Os\n", 0UTCOUNT
printf "1%s ", CONSTO
for(i=l;i<=TOTVOLS;i++) {

if(volflagiJ] I= "") {
printf "\\\ns ", mommixconv[VOLUME[i]]

II
printf "\n"
printf "27\W"
printf "* ---------- W.

printf "Mi ) --
auxcount = 2
for(i=l;i<=TOTVOLS;i++) {

if(volflag(iJ] = "") {
printf "\\\ns[%s]", volflag[]i, auxcount++

}
}
printf "\n"
sysmommixconv[sys] = OUTCOUNT++
printf W***************************************************************** \n"
printf "Non homogeneous convective term in system %s\n", SYSNAME[sys]
printf "%s\W", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag[i] ! I'l) {
printf "\\\ns ", nonbmconv[VOLUME[i))

}
}

printf "\n"
printf "27\u"
printf "* ---------- \n"
printf "l]["
auxcount =
for(i=i ;i<=TOTVOLS;i++) {

if(volflag[iJ] ! ) {
printf "\\\nYsU[%s]", volflag[i], auxcount++

}
}
printf "\n"
sysnonhmconv sys] = OUTCOUNT++
printf W***************************************************************** \n"
printf "Time derivative of mixture momentum in system Ws\n", SYSNAME[sys]
printf "%s\nr", OUTCOUNT
printf "%s ", CONSTO
for(i=1 ;i<=TOTVOLS; i++) {

if(volflag[i] J= "") {
printf "\\\ns ", dermommix[VOLUME~i])

}

printf "\n"
printf "27\n"
printf "*---------- \n"
printf "[1]"
auxcount = 2
for(i=1;i<=TOTVOLS;i++) {
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if(volflag[i] 1= "I) {
printf "\\\nXs[%s]", volflag[i], auxcount++

}
}
printf "\n"
sysdermommix [sys] = OUTCOUNT++
printf "***************************************************************** \n"

printf "Pressure drop in system %s\n", SYSNAME[sys]
printf ".s\n", OUTCOUNT
printf "%s ", CONSTO
for(i=l ;i<=TOTVOLS;i++) {

if(volflag(i] 1= "") {
printf "\\\nrs ", deltap[VOLUME[i]]

}
}
printf "\n"
printf "27\n"

printf "* ---------\n"W

printf "[1]"
auxcount = 2
for(i=1 ;i<=TOTVOLS;i++) {

if(volflagfi] f- .. ) {
printf "\\\n~sEY•s", volflag(i], auxcount++

printf "W'
sysdeltap[sys] - OUTCOUNT++
printf **************************************************************** \n"

printf "OUTPUT FILE SYSTEM %s\n", SYSNAME~sys]
printf "/s\n", OUTCOUNT
printf "%s s %s %s .s %s s s s %s .s % .s %s \

syslnp~sys], syspostlnp[sys]. \
sysvolf [sys], syspostvolf [sys], \
sysmassgE[sys], syspostmg[sys], \
sysmassf [sys] , syspostmf [sys]. \
sysnqmg[sys], syspostnqmg[sys], \
sysnqmf [sys], syspostnqmf (sys]

printf "\n"
printf "38\n"
printf "* --- \n"
printf "l's_.s.dat\n", FILE, SYSNAME[sys)
printf "(Ws(El7.8))\n", 12+1

printf "(%s(Al6,x))\n", 12+1
printf "1.s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
printf "syslnp-%s\n", SYSNAME~sysJ
printf "syspostlnp-%s\n", SYSNAME~sys]
printf "sysvolf-%s\n", SYSNAME[sys)
printf "syspostvolf-%.s\n", SYSNAME[sys]
printf "sysmassg-%s\n", SYSNAME(sys]
printf "syspostmg-%s\n", SYSNAME[sys)
printf "sysmassf-%s\n", SYSNAME[sys]
printf "syspostmf-%s\n", SYSNAME[sys]
printf "sysnqmg-%s\n", SYSNAME[sys]
printf "syspostnqmg-7.s\n", SYSNAME[sys)
printf "sysnqmf-%.s\n", SYSNAME[sys]
printf "syspostnqmf-%s\n", SYSNAME~sys]
sysoutfile[VOLUME[i]) = OUTCOUNT++
printf ****************************************************************** \n"
printf "OUTPUT FILE: DERIVATIVES. SYSTEM %s\n", SYSNAME[sys]
printf "%s\n", OUTCOUNT
printf "1%s 7.s %s %s %s s %.s %s %• s %.s Y.%s ", \
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sysdlnpdt [sys], syspostdlnpdt [sys),
sysdvfdt [syse, syspostdvfdt [sys], \
sysdmgdt [sys], syspostdmgdt [sys], \
sysdmfdt [sys], syspostdmfdt [sys], \
sysdnqmgdt [sys), syspostdnqmgdt [sys], \
sysdnqmfdt [sys], syspostdnqmfdt [sys]

printf "\n"
printf "38\n"
printf "* ---

printf "%s.-%s_.der.dat\n", FILE, SYSNAME[sys]
printf "('s(E17.8))\n", 12+1
printf "(Y.s(A16,x))\n", 12+1
printf "%.s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
printf "sysdlnpdt-%.s\n", SYSNAME[sys]
printf "syspostdlnpdt-s.e\n", SYSNAME[sys]
printf "sysdvfdt-%s\n", SYSNAME[sys]
printf "syspostdvfdt-'As\n", SYSNAME[sys]
printf "sysdmgdt-'.s\n", SYSNAME[sys]
printf "syspostdmgdt-'As\n", SYSNAME[sys]
printf "sysdmfdt-'As\n", SYSNAME[sys)
printf "syspostdmfdt-Vs\n", SYSNAME[sys]
printf "sysdnqmgdt-'As\n", SYSNAME[sys]
printf "syspostdnqmgdt-'Is\n", SYSNAME[syse
printf "sysdnqmfdt-'As\n", SYSNAME[sys)
printf "syspostdnqmfdt-'As\n", SYSNAME[sys]
sysderoutfile[VOLUME[i]] = OUTCOUNT++
printf '***************************************************************** \n"
printf "OUTPUT FILE: TERMS. VOLUME 'As\n", SYSNAME[sys]
printf "''s\n", OUTCOUNT
printf "s1s %a %s %s e's '% s 'As %ss %%s \\\n", \

sysjtermg[sys], sysjtermf [sys], \
systhexpg[sys], systhexpf [sys], \
sysswellg[sys], sysswellf [sys], \
sysacg[sys], sysacf[sys], \
syscompg[sys], syscompf [sys]

printf "%,s %es 's \\\n", \
sysnqthexpg[sys), sysnqthexpf [sys], \
sysdeltap[sys]

printf "As %e 's 'As 'As 'As 's As e", \
syswfricg[sys], syswfricf[sys], \
sysbuoyg[sys], sysbuoyf [sys], \
sysmommixconv[sys], sysnonhmconv[sys],
sysdermommix[sys], \
sysdeltapgx [sys], sysdeltapfx [sys]

printf "\n"
printf "38\n"
printf "* --- \n"
printf "%ses.s.terms.dat\n", FILE, SYSNAME[sys]
printf "('.s(E17.8))\n", 22+1
printf "(%se(A16,x))\n", 22+1
printf "'As 0 'A6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
printf "sysjtermg-%s\n", SYSNAME[syse
printf esysjtermf-'As\n", SYSNAME[sys]
printf "systhexpg-'As\n", SYSNAME[sys]
printf "systhexpf-'As\n", SYSNAME[esys
printf "sysswellg-'As\n", SYSNAME[sys]
printf "sysswellf-'As\n", SYSNAME[sys]
printf "sysacg-%s\n", SYSNAME~sys]
printf "sysacf-'As\n", SYSNAME[syse
printf "syscmpg-'As\n", SYSNAME[syse
printf "syscmpf-'.s\n', SYSNAME[sys]
printf "sysnqthexpg-'.s\n", SYSNAME[sys]
printf "sysnqthexpf-'As\n", SYSNAME[sys]
printf "sysdeltap-'As\n", SYSNAME[sysJ
printf "syswfricg-'As\n", SYSNAME[sys]
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printf "syswfricf-%s\n", SYSNAME[sys]
printf "sysbuoyg-%s\n", SYSNAME[sys)
printf "sysbuoyf-%s\n", SYSNAME[sys]
printf "sysmommixconv-%s\n", SYSNAME[sys]
printf "sysnonhmconv-%s\n", SYSNAME[sys]
printf "sysdermommix-/s\n", SYSNAME[sys]
printf "sysdeltapgx-.s\n", SYSNAME[sys]
printf "sysdeltapfx-Xs\n", SYSNAME[sys]
systermsoutfile[VOLUME[iJ] = OUTCOUNT++
printf "***************************************************************** \n"

# End of system loop
}

for(nht=1; nht<=NHEATSTRS; nht++) {
leftind = nht * 100
rightind = nht * 100 + 1
printf "Time derivative of average stored energy in htstr %s\n", heatst[nht]
printf "%s 0 2\n", OUTCOUNT
printf "%s %s\n", htpown[nhtJ, htrnrnanht]
printf "27\n"
printf "* ---------- W,
printf "2.0*((E[)*%s/%s)-[2))/fs\n", insrcfac[nht] , rightsrf[nht] ,

htcoord [rightindex]
deavgdt [nht] = OUTCOUNT++
printf "******s********************************************************* \n"
if (deftype[composition[leftind)] =- "table") {

for(vcppoint=i; vcppoint<tablepoints[composition[leftind)]; vcppoint++) {
comppoint = (composition[leftind)*100) + vcppoint
printf "Stored energy in left side of heatst %.s. Region %s\n", \

heatst[nuht], vcppoint
printf "'%s 0 2\n", OUTCOUNT
printf "Xs\n", httmpleft[nht]
printf "27\n"
printf "* --- \n"
printf "(([i]-%s)*(%.s+(", vcpx[comppoint] ,

vcpy [comppoint]
if (slope[comppoint] - 0.0) {

printf "0.0"
}
else {

printf "1%s", slope~comppoint]
}

print! "*([1]-%s)/2.0)))+", vcpx[comppoint]
if (vcppoint == 1) {

print! "O.O\n"

else {
printf "Ws\n", initstengy[comppoint]

}

provleftstengy[comppoint] = OUTCOUNT++
print! ******************************s** n

}
for(vcppoint=1; vcppoint<tablepoints[composition[leftindJ]; vcppoint++) {

comppoint = (composition[leftind]*100) + vcppoint
print! "Temperature gt xO in region %s. Heatst %s left side\n", \

vcppoint, heat st [nht]
printf '"%s 0 2\n", OUTCOUNT
printf "'.s %.s 'As\n", CONSTO, CONSTI, httmpleft[nht]
printf "14\n"

printf "* --------- \n"
print! "3\n"
printf "Ws\n", vcpx[comppoint]
tempgtxo[comppoint] = OUTCOUNT++

OUTCOUNT++
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*printf "***s*********es*s*****s******s***\n"
}

for(vcppointo2; vcppoint<=tablepoints[composition[leftind]]; vcppoint++) {
comppoint = (composition[leftind]*100) + vcppoint
printf "Temperature it xI in region %.s. Heatst %s left side\n", \

vcppoint-i, heatst [nht]
printf "%.s 0 2\n", OUTCOUNT
printf "1%s %.s %s\n", CONSTI, CONSTO, httmpleft(nht]
printf "14\n"
printf "* --- \n

printf "3\n"
printf "%s\n", vcpx[comppoint]
templtxl[comppoint-1] = OUTCOUNT++
OUTCOUNT++
printf ,***************************************************************** \n"

I
for(vcppoint-i; vcppoint<tablepoints[composition[leftind]]; vcppoint++) {

comppoint - (composition[leftind]*100) + vcppoint
printf "Stored energy in the range xO-xl in region %s. Heatst %.s left side\n", \

vcppoint, heat st [nht]
printf "%s 0 2\n", OUTCOUNT
printf "%.s %sa %s\n", tempgtxo[comppoint], templtxl[comppointl,\

provleftstengy [comppoint]
printf "27\n"
printf "* --- \n"
printf "(1] * (2] * [3] \n"
leftstengyxoxl[comppoint) = OUTCOUNT++
printf "*********************************\nI"

I

printf "Stored energy in left side. Heatat W.s\n", heatst[nht]
printf "%a 0 2\n", OUTCOUNT
printf "W.s', CONSTO
for(vcppoint=i; vcppoint<tablepoints[composition[leftind]J; vcppoint++) {

comppoint = (composition[leftind)*100) + vcppoint
printf " %.s", leftstengyxoxl[comppoint]

i
printf "\n"
print f "27\n"

printf "* ----

printf "[I]"
for(vcppoint-2; vcppoint<=tablepoints[composition[leftind]); vcppoint++) {

printf "+[%s)]", vcppoint
I
printf "\n"
leftstengy[nht] = OUTCOUNT++
printf ,***************************************************************** \n"

else if (deftype[composition[leftind]] == "function") {
for(vcppoint=l; vcppoint<=funcpointstcomposition[leftind]]; vcppoint++) {

comppoint = (composition~leftind]*100) + vcppoint
printf "Stored energy in left side of heatst %.s. Region 'hs\n", \

heatst[nht], vcppoint
printf "%s 0 2\n", OUTCOUNT
printf "Ws\n", httmpleft(nht]
printf "27\n"
printf "* ---

printf "([)-%s)*([1]-%s)*((%s/2.0)+(([i]-%s)*((Vs/3.0)+", \
cterm[comppoint], cterm[comppoint], al[comppoint], \
cterm[comppoint], a2[comppoint]

printf "(([l]-Vs)*C(.s/4.0)+(( [i-Vs)*C(.s/5.0))))))+", cterm [comppoint] ,
a3(comppoint], cterm[comppoint], \
a4 (comppoint)

printf "%s*[1)+%s*LN([i])+", aO[comppoint], a.I [comppoint]
if (vcppoint == 1) {

printf "0.0\n"
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I
else {

printf "/s\n", initstengy[comppoint]
I
provleftstengy[comppoint] = OUTCOUNT++
printf "sW,*e***ee*eeee*e~e*e************ i

I
for(vcppoint=i; vcppoint<nfuncpoints[composition[leftind]]; vcppoint++) {

comppoint = (composition[leftind]*100) + vcppoint
printf "Temperature gt lowtemp in region %s. Heatst %s left side\n", \

vcppoint, heatst [nht]
printf "%s 0 2\n", OUTCOUNT
printf "Xs Xs s\n", CONSTO, CONSTI, httmpleft[nht]
printf "14\n"
printf "* ---

printf "3\n"
printf "Xs\n", lowtemp[comppoint]
tempgtlow[comppointj = OUTCOUNT.+
OUTCOUNT++
printf "eeses* eeeeees** * eeeeeees***eees**e** e*eeee**e***eee* eeeee****eeee* \n"
pint

for(vcppoint=i; vcppoint<-funcpointsecomposition[leftind]]; vcppoint++) {
comppoint = (composition[leftind)*100) + vcppoint
printf "Temperature It hightemp in region %s. Heatst Xs left side\n", \

vcppoint, heatst [nht]
printf "Xs 0 2\n", OUTCOUNT
printf "es Xes s\n", CONSTO, CONSTi, httmpleft[nht]
printf "14\n"
printf "* ---------- \n"
printf "3\n"
printf "Xe\n", hightemp[comppoint]
templthigh[comppoint] = OUTCOUNT++
OUTCOUNT++
printf W.s~e~~seee~seee*eeee*~eeeseae~ees n

for(vcppoint=l; vcppoint<=funcpoints[composition[leftind]); vcppoint++) {
comppoint = (htmatnumb[leftind]*100) + vcppoint.
printf "Stored energy in region %s. Heatst Xs left side\n", \

vcppoint, heatst [nht)
printf "Xs 0 2\n", OUTCOUNT
printf "Xes Xe s\n", tempgtlow[comppointl, templthigh[comppoint],\

provleftstengy [comppoint]
printf "27\n"
printf "* ---------- Wn

printf "[1) * [2] * [3) \n"
leftstengyinreg(comppoint] = OUTCOUNT++
printf "****************e***e***s*********e******s*******n****@a'***e* \n"

I
printf "Stored energy in left side. Heatst Xs\n", heatst[nhtt
printf "Xs 0 2\n", OUTCOUNT
printf "'s", CONSTO
for(vcppoint=l; vcppoint<=funcpoints(composition[leftind]]; vcppoint++) {

comppoint = (composition[leftind]*100) + vcppoint
printf " %s", leftstengyinreg[comppoint]

I
printf "\n"
printf "27\n"
printf "* ."---

printf "W[]"
for(vcppoint=l; vcppoint<=funcpoints[composition[leftind]]; vcppoint++) {

printf "+[X%]", vcppoint+l
I
printf "\n"
leftstengy[nht] O OUTCOUNT++
printf "***************************************************************** \n"
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}
else if(deftype[composition[leftind]j -. "constant") {

comppoint = (composition[leftind]*100) + I
printf "Stored energy in left side. Heatst %s\n", heatst[nht]
printf "%s 0 2\n", OUTCOUNT
printf ".s\n", httmpleft[nht]
printf "27\n"
printf "* --- \n"
printf "([1]-300.0)*%s", vcpy[comppoint)
leftstengy[nht] = OUTCOUNT++
printf "***************************************************4************* \n"

if (deftype(compositiontrightind]] == "table") {
for(vcppoint=l; vcppoint<tablepoints[composition[rightind]]; vcppoint++) {

comppoint - (composition[rightindl*100) + vcppoint
printf "Stored energy in right side of heatst %s. Region %s\n", \

heatst [nht], vcppoint
printf "%s 0 2\n", 0UTCOUNT
printf "%s\n", httmpright[nht)
printf "27\n"
printf "* --- \n"
printf "(([l]-%s)*(%s+(", vcpx[comppoint] ,

vcpy (comppoint]
if (slope[comppoint] - 0.0) {

printf "0.0"
}
else {

printf "%fs", slope[comppoint]
}
printf "I*((1[-%s)/2.0)))+", vcpx[comppoint]
if (vcppoint == 1) {

printf "0.0\n"
}
else {

printf "%s\n", initstengy(comppoint]
}
provrightstengy(comppoint] = OUTCOUNT++
printf "***************************************************************** \n"}

for(vcppoint-1; vcppoint<tablepoints[composition[rightind]]; vcppoint++) {
comppoint = (compositiontrightind]*100) + vcppoint
printf "Temperature gt xO in region %s. Heatst %.s right side\n", \

vcppoint, heatst (nht]
printf "11s 0 2\n", OUTCOUNT
printf "%.s %s W.s\n", CONSTO, CONSTI, httmpright[nht]
printf "14\n"
printf "* --- \n"
printf "3\n"
printf "Is\n", vcpx(comppoint]
tempgtxo[comppoint] = OUTCOUNT++
OUTCOUNT++
printf ****************************************************************** \n"

}

for(vcppoint=2; vcppoint<=tablepoints[composition[rightindj]; vcppoint++) {
comppoint = (composition[rightind]*100) + vcppoint
printf "Temperature lt xI in region %.s. Heatst %s right side\n", \

vcppoint-1, heatst [nht]
printf "1%s 0 2\n", OUTCOUNT
printf "%.s %.s Vs\n", CONSTI, CONST0, httmpright[nht]
printf "i4in"
printf "* --- \n"
printf "3in"
printf "Wsin", vcpx[comppoint]
templtxl[comppoint-i] - aUTCOUNT++
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OUTCOUNT++
printf "s***e****e*****e**e****e*********\n"-

}

for(vcppoint=l; Vcppoint<tablepoints[composition[rightind]V; vcppoint++) {
comppoint = (composition(rightind]*100) + vcppoint
printf "Stored energy in the range xO-xl in region %s. Heatst %e right side\n", \

vcppoint, heatst [nht]
printf "Xs 0 2\n", OUTCOUNT
printf "%s Xe %s\n", tempgtxo[comppoint], templtxi[comppointJ,\

provrightstengy [comppoint)
printf "27\n"
printf "* ---------- \n"
printf "[E] * [2) * [3) \n"
rightstengyxoxl [comppoint) = OUTCOUNT++
printf "***************************************************************** \n'

printf "Stored energy in right side. Heatst %s\n", heatst[nht]
printf "%s 0 2\n", atrCOUNT
printf "%,a", CONSTO
for(vcppoint=l; vcppoint<tablepoints[composition[rightind]J; vcppoint++) {

comppoint = (composition[rightind]*100) + vcppoint
printf " %s", rightstengyxoxi(comppoint)

I
printf "\n"
printf "27\n"
printf "* ---------- Wn

printf "[1]"
for(vcppoint=2; vcppoint<=tablepoints[composition[rightind]); vcppoint++) {

printf "+[%s)", vcppoint
I
printf "\n"
rightstengy[nht] = OUTCOUNT++
printf "***************************************************************** \n"

else if(deftype[composition[rightind)) == "function") {
for(vcppoint=1; vcppoint<=funcpoints[composition~rightind)]; vcppoint++) {

comppoint = comppoint = (composition[rightind)*100) + vcppoint
printf "Stored energy in right side of heatst %s. Region %s\n", \

vcppoint, heatst [nht]
printf "%s 0 2\n", OUTCOUNT
printf "%s\n", httmpright[nht)
printf "27\n"
printf "* ---

printf "([1)-%s)*C(l]-Xs)*((%s/2.0)+(( [i)-%s)*((as/3.0)+", \
cterm[comppoint], ctermfcomppoint], al[comppoint], \
cterm[comppoint], a2[comppoint)

printf "(C[1)-%s)*C(a/4.0)+(([1)-Xs)*C(s/5.0))))))+", ctermi[comppoint],
a3[comppoint], cterm[comppoint], a4[comppoint]

printf "Xs*[l]+Xs*LN([i)Y+", aO[comppoint], al[comppoint], \
initstengy [comppoint)

if (vcppoint == 1) {
printf "0.0\n"

I
else {

printf "Xs\n", initstengy[comppoint)
I
provrightstengy[comppoint) = OUTCOUNT++
printf "************************************************************* \n"

for(vcppoint=l; vcppoint<=funcpoints[composition[rightind)]; vcppoint++) {
comppoint = (composition[rightind]*100) + vcppoint
printf "Temperature gt lowtemp in region %e. Heatst Xs right side\n", \

vcppoint, heat st [nht]
printf "Xs 0 2\n", OUTCOUNT
printf "%~s %e Xs\n", CONSTO, CONSTI, httmpright[nht)
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printf "14\n"
printf "*- \n"
printf "3\n"
printf "%s\n", lowtemp[comppoint]
tempgtlow[comppoint) - OUTCOUNT++
OUTCOUNT++
printf .***************************************************************** \n"

}
for(vcppoint=l; vcppoint<=funcpoints[composition[rightind]]; vcppoint++) {

comppoint = (composition(rightind]*lO0) + vcppoint
printf "Temperature it hightemp in region %s. Heatst %s right side\n", \

vcppoint, heatst [nht]
printf "1%s 0 2\n", OUTCOUNT
printf "%s %s %s\n", CONSTO, CONSTI, httmpright[nht]
printf "14\n.
printf "* ---

printf "3\n"
printf "Ws\n", hightemp[comppoint]
templthigh(comppoint] = OUTCOUNT++
OUTCOUNT++
printf ******** ****** ****************************** \n"

}

for(vcppoint=l; vcppoint<=funcpoints[composition[rightind]]; vcppoint++) {
comppoint = (composition[rightind]*100) + vcppoint
printf "Stored energy in region %.s. Heatst %s right side\n", \

vcppoint, heatst [nht]
printf "7.s 0 2\n", OUTCOUNT
printf "Is %s ',s\n", tempgtlow(comppoint], templthigh(comppoint] ,\

provrightstengy [comppoint]
printf "27\n"
printf "* --- \n"
printf "[1] ( [2] * [3] \n"
rightstengyinreg[comppoint] = OUTCOUNT++
printf ****************************************************************** \n"

}

printf "Stored energy in right side. Heatst %s\n", heatst[nht)
printf "%,s 0 2\n", OUTCOUNT
printf "We", CONSTO
for(vcppointfl; vcppoint<=funcpoints[composition[rightind]]; vcppoint++) {

comppoint = (composition(rightind]*100) + vcppoint
printf " %s", rightstengyinreg[comppoint]

}
printf "\n"
print f "27\n"

printf "* ---------- Wn

printf "[1'
for(vcppoint=l; vcppoint<=funcpoints[composition[rightindJ]; vcppoint++) {

printf "+[%s]", vcppoint+l
I
printf "\n"
rightstengy[nht] = OUTCOUNT++
printf ****************************************************************** \n"

else if(deftypetcomposition[rightind]] == "constant") {
comppoint = (composition[rightind]*100) + I
printf "Stored energy in right side. Heatst Ws\n", heatst(nht]
printf "%s 0 2\n", OUTCOUNT
printf "Ws\n", httmpright[nht]
printf "27\n"
printf "* --- \n"
printf "([1]-300.0).*.s", vcpy[comppoint)
rightstengy(nht] = OUTCOUNT++
printf "****************.*************** ***************************** \n"

printf "Left stengy + 2*right stengy in heatst %s\n", heatst[nht]
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printf "1%s 0 2\n" , OUTCOUNT
printf "%s %s\n", leftstengy[nht], rightstengy[nht]
printf "27\n"
printf "* ---------- W,

printf "[1]+2.O*[2)\n"
elplus2e2[nhtt = OUTCOUNT++
printf ************s***e********e******e********e*******************s** \n"
printf "Time derivative of el plus 2*e2 in heatat %s\n", heatst[nht]
printf "%s 0 2\n", OUTCOUNT
printf "'.s\n", elplus2e2(nht)
printf "43\n"
printf "* ---------- \n"
printf "16 1.0\n"
delplus2e2dt [nht] = OUTCOUNT++
printf "e******e*********s**e**** ees*a***ae**e********e******ee** \n"
printf "Post. time derivative of av. stored engy. in heatst %s\n", heatst[nht]
printf "%s 0 2\n", OUTCOUNT
printf "/.s\n", delplus2e2dt[nht]
printf "27\n"
printf "s* ---------- W,

printf "Ei)/3.0\n"
postdeavgdt [nht] = OUTCOUNT++
printf "***************************************************************** \n"
printf "Time derivative of el plus 2*e2 - 3*eavg in heatst %s\n", heatst[nhtj
printf "1%s 0 2\n", OUTCOUNT
printf "1%s %s\n", delplus2e2dt[nht], deavgdt[nht]
printf "27\n"
printf "* ---------- \n"
printf "[1]-3.0*[2]\n"
delp2e23e3dt[nht] = OUTCOUNT++
printf "******s*********e*eee**e**sea********e***e*********s*e********** \n"

# End of heat structures loopI
if(NHEATSTRS > 0) {

printf "OUTPUT FILE HEAT STRUCTURES \n"
printf "%s\n", OUTCOUNT
for (nht-l; nht<=NHEATSTRS; nht++) {

printf "%/s %s %s ", deavgdt[nht], delp2e23e3dt[nht], postdeavgdt[nht)
}
printf "\n"
printf "38\n"
printf "* ---------- W.

printf "%s.heatst.dat\n", FILE
printf "(/s (ElT.8)) \n", 3*NHEATSTRS+i
printf "(%,s(A16,x))\n", 3*NHEATSTRS+i
printf "%s 0 %6d\n", FREQ, ((STARTTIME-INITTIME)/MAXDT)+2
for (nht=l; nht<=NHEATSTRS; nht+t) {

printf "deavgdt-%s\n", heatst[nht]
printf "deip2e23e3dt-%s\n", heatst[nht]
printf "postdeavgdt-%s\n", heatst[nht]

}
heatstoutfile = UUTCOUNT++

i
printf "****************************************************************** \n"

}
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