NUREG/CR-3668
BNL-NUREG-51742

MINET Code Documentation

Prepared by G. J. Van Tuyle, T. C. Nepsee, 1. G. Guppy

Brookhaven National Laboratory

Prepared for
U.S. Nuclear Regulatory Commission

002120129 891231
PDR  NUREQ
CR-3648 R PDR




AVAILABILITY NOTICE
Avaliabiity of Reference Matenals Cited in NRC Publications

Most documents cited in NRC publications wil be avaliable from one of the foliowing sources
1 The NRC Public Dooument Room, 2120 L Street. NW, Lower Level Washington, DC 206566

2 The Superintendent of Doouments. U 8 Govel nment Printing Office, P.O. Box 57082, Washington,
DC 20015-7082

3 The National Technical information Service, Springfield VA 22161

Although the listing that follows represents the majority of doouments clied In NRC publications, it s not
Intended to be exhaustive

Referenced documents avalable for Inspection and copying for 8 fee from the NRC Public Dooument Room
Include NRC correspondence and internal NRC memoranda. NRC Office of Inspection and Enforcement
bulieting . ciroulars. information notices . nspection and investigation notices . Licensee Event Reports ven.
dor reports and cerrespondence. Commission papers. and applicant and licensee documents and corre-
spondence

The following documents in the NUREG series are avallable for purohase from the GPO Saies Program:
formal NRC stat! and contractor reports. NAC-sponsored conference proceedings. and NRC bookiets and
brochures. Also avallable are Regulatory Guides  NRC regulations in the Code of Federal Repulations, and
Nuociear Regulatory Commission Issuances

Documents avallable from the National Technical Information Service Include NUREG series reports and
technical reports prepared by other federal agencies und reports prepared by the Atomic Energy Commis-
slon. forerunner agency to the Nuclear Reguiatory Commission

Documents avallable from public anc special technical libraries include all open lterature items. suoh as
books, Journal and periodical articles . and transactions . Federal Register notices, federal and state legisia-
tion. and congressional reports can usually be obtained from these libraries .

Documents such as theses, dissertations. foreign reports and transivtions, and non-NRC conference pro-
ceedings are avaliable for purchase from the organization sponsoring the publication clted

Single coples of NRC draft repocts are avallable free, to the extent of supply, upon written reqguest to the
Oftfice of Information Resources Management, Distribution Section, U.§. Nuoclear Reguiatory Commission,
Washington, DC 20588

Coples of Industry codes and standards used In a substantive manner In the NRC regulatory process are
maintained at the NRC Library, 7820 Norfolk Avenue . Bethesda. Maryland. and are avallable there for refer-
ence use by the public. Codes and standards are usually copyrightod and may be purchased from the
originating organization or . if they are American National Standards, from the American National Standards
Institute, 1430 Broadway . New York, NY 10018

DISCLAIMER NOTICE

This repon was prepared as an account of work sponsored by an agency of the United States Govermnment.
Neither the United States Government nor any agency thereof, or any of their empioyees, makes any warranty,
expresed or iImplied, or assumes any legal liability of responsibility for any third party's use, of the resuhts of
such use, of any information, apparatus, product or procass disclosed in this report, or represents that its use
by such third party would not infringe privately owned rights

-

g ..




NUREG/CR-3668
BNL-NUREG-51742

Manuscript Completed: February 1984
Date Published: December 1989

Prepared by
G. J. Van Tuyle, T. C. Nepsee, J. G. Guppy

Brookhaven National Laboratory
Upton, NY 11973

Prepared for

Division of Regulatory Applications
OMice of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20855

NRC FIN A3041




Abstract

The MINET computer code, developed for the transient analysis of fluid
flow and heat transfer, 1s documented in this four-part reference. In Part 1,
the MINET models, which are based on a momentum integral network method, are
described. The various aspects of utilizing the MINET code are discussed in
Part ?, The User's Manual, The third part is a code description, detailing
the basic code structure and the various subroutines and functions that make
up MINET, In Part 4, example input decks, as well as recent validatien

studies and applications of MINET are summarized,
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FOREWORD

Version 1 of the MINET computer code, as documented in this report, is
currently a very usable and useful code, and reflects a considerable develop-
ment and validation effort. However, further improvements and enhancements
are continually being incorporated in the code 1ibrary. In particular, a con-
trol system model and a "rotor" module are currently under development, and
will be in Version 2 of MINET, available around late 1984 or early 1985, We
will make every effort to keep this document as up-to-dete as possible, at
least for those copies that the authors have distributed < rectly., Should you
wish to know whether the copy you have is up-to-date, or what improvements
have been made recently, please contact us.

G. J. Van Tuyle
Department of Nuclear Energy
Brookhaven National Laboratory
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VARIABLES USED IN MINET EQUATIONS

coefficients of pump head curve

heat transfer area in heat exchanger h

flow area for node i

maximum (full open) flow area through valve v

tube cross-sectional area in heat exchanger h

flow area through valve v

specific heat of heat exchanger tube material in node i
equivalent hydraulic diameter

inner diameter of HX tube

outer diameter of HX tube

enthalpy at boundary module b

node average enthalpy for node i

enthalpy entering segment fram bordering module IM
enthalpy at nodal interface j

enthalpy at inlet interface of segment m

enthalpy at outlet interface of segment m

average enthalpy in accumulator n

enthalpy in segment outlet bordering module OM
friction factor in node i

adjustment factor for heat transfer bridge i

turbine stage efficientcy adjustment factor

heat transfer area correction factor for heat exchanger h

impedance coefficient for node i
liquid level in accumulator n

volume fraction of 1iquid in accumulator n




modi fied Stadola constant for turbine stage
stem power factor for valve v (area = (stem)fv" ¢ Am.xv)
gravitational constant

head for pump p

heat transfer coefficient inside tube

heat transfer coefficient outside tube

Pump Head

head for pump p at rated frequency and flow rate
node number

inertial term for segment m

interface number

current time step number

heat exchanger tube conductivity in node 1

loss coefficient for valve v

advanced time step number

number of segments in network d

first segment number in network d

last segment number in network d

ncde number relative to the first node in segment; volume number
number of volumes in network d

numbers of nodes in segment m

number of boundary modules in network d

number of inlet boundary modules in network d
number of outlet boundary modules in network d
first note in segment m

number of heat exchangers in segment m

last node in segment m

XX



pressure at boundary module b

pressure in module at inlet of segment M

pressure in segment m

pressure at inlet of segment

pressure at outlet of segment m

pressure in volume n

pressure in module at outlet

of segment M

pressure at inlet boundary module

pressure at outlet boundary module

heat transfer rate into node
heat transfer into segment m

heating rate in volume n

total heat transfer rate in heat exchanger h

total heat transfer rate in segment m

i

pressure change across segment m

stem position for valve v

demanded stem position for valve v

time

HX tube wall centerline temperature for node i

volume of node 1

volume of volume n

mass flow rate at boundary module b

mass flow rate at node i

mass flow rate at nodal interface j

segment m average mass flow rate

estimated advanced time mass

flow rate for segment m

xxi



segment m inlet mass flow rate
segment m outlet mass flow rate

relative flow rate through pump

choted mass flow rate 1imit for segment m

mass flow rate at inlet boundary module b

mass flow rate at outlet boundary module b

mass flow rate through pump p

reference flow rate through pump p

mass flow rate through valve v

elevation at inlet of segment m

elevation at outlet of segment m

pressure loss factor for node i

pressure loss factor for segment m

pressure loss term for segment m

1 if pump at node i, otherwise, = 0

1 1f valve at node i, otherwise, = 0

pressure change due to acceleration

pressure change due to friction

pressure change due to gravily

pressure change due to form loss across node

presure di fference between segment m junction and volume n
average pressure

pressure change across pump p

pressure change across valve v

length of node i

elevation change across node i




3 - relative convergence criteria

p - density

pn = accumulator n average density

pti =« tube wall density in node i

iy - interior angle between vertical and a radian to the 1iquid level in
a cylindrical volume (see Fig., 1.2-2)

Ty - tube wall temperature time constant in node i

‘p = pump coastdown time constant for pump p

Tt = turbine coastdown time constant

Ty = valve time constant for valve v

w - pump impeller speed in rpm

wdp - demanded impeller speed in pump p

wy = turbine speed

wdy * turbine demand speed

“eef = reference impeller speed in pump p

X - fluid quality

xxi1i






INTRODUCT ION

MINET (Momentum Integral NETwork) is a computer code developed for the
transient analysis of intricate fluid flow and heat transfer networks, such as
those found in the balance of plant in power generating facilities. It can be
utilized as a stand-alone code, or interfaced to another computer code for
concurreit analysis., Through such coupling, @ camputer code currently 1imited

by either the lack of required component models or large computational needs

can be extended to more fully represent the themmal hydraulic system, thereby

reducing the need for estimating essential transient boundary conditions.

MINET is based on a momentum integral network method, which is an exten-
sion of the momentum integral method [1]. This method uses a two-plus equa-
tion representation of the thermal-hydraulic behavior of & system of heat ex-
changers, pumps, pipes, valves, tanks, etc. It is computationally faster than
the three equation methods used in RELAP [2] and its descendents, yet re-
presents the compression and expansion of water/steam due to changes in en-
thalpy and pressure.

The MINET representation of a system comprises one or more networks of
volumes, segments, and boundaries. Networks are linked together via heat ex-
changers only, i.e., heat can transfer between networks, but fluids cannot,
Volumes are used to represent tanks or other voluminous components, as well as
locations in the system where significant flow divisions or combinations oc-
cur. Segments are composed of one or more pipes, pumps, heat exchangers (in-
side or outside of tubes), turbines and/or valves, each represented by one or

more nodes. Boundaries are simply points where the network interfaces with

the user or another computer code.




MINET calculations are performed at two levels, i.e., the network level

(volumes), and the segment levei. Equations conserving mass and energy are

used to calculate the pressure and erthalpy within voiumes. An integral mo-
mentum equation is used to calculate ‘“ne segment average flow rate., In-
segment distributions of mass flow rat» «nd enthalpy are calculated using 1o-
cal equations of mass and energy. The segment pressure is taken to be the
linear average of the pressure at both ends.

The computational s eed and pewer of the MINET method results largely from
the local suppression of sonics in flow segrents, It is implicitly assumed
that the propagation of pressure waves in pipes, pumps, heat exchangers, and
valves takes place on a time scale much smaller (milliseconds) than the trans-
ient of interest (seconds to minutes). Of course, such an assumption would be
incorrect regarding the large break loss-of-coolant accident (LOCA) often pos-
tulated for 1ight water reactor primary lcops. However, for bDalance of plant
systems, one i1s generally more interested in representing slower transients
and overall plant behavior than large break LOCA's,

with few exceptions, the system being represented is closed, and access-
ed only through the houndary modules., The exceptions involve certain vari-
ables which are control system related, e.qg., pump and turbine speed and valve
positions. Boundary modules receive user input data (or data from another
code) regarding pressure or flow rate and temperature (used only if in-flow).
MINET calculations advance the other module variable (flow rate or pressure)

and temperature (if out-tlow).




The current MINET version uses a homogeneaus equilibrium model of two
phase flow, supplemented by varicus two phase correlations, Extension of the
method to include an improved representation of the two phase phenamena,
whether through slip, drift, or two fluid models, should be straightforward.
This 1s because the intricacies of these models are less likely to pose dif-
ficulties in the numerics of MINET than codes where local pressures are cal-
culated via time-dependent equatior

This document in:ludes four ~~ ,r topics; 1) model descriptions, 2) a
user's guide, 3) a code desciiption, and 4) an example problem and applica-
tions section, Th.se four areas are included in this documentation because of
two strong characteristics of the MINET code; 1) its generality and 2) its
potential applications.

The first reason for such a lengthy description of MINET is that, as a
fully generalized code, it is designed to continue calculations even under
conditions of severe distortion. Thus, the user must take some care to state
his problem correctly, or MINET may actually analyze an unintended or unre-
lated problem. The extent to which MINET is documented herein is to allow the
user to gain sufficient knowledge to properly exercise the code's capabili-
ties.

The second reason for detailing the MINET models and code description is
that potential applications far exceed those allowed by the currently avail-
able component modules. With the component modules easily accessible to the
user, a relatively minor code modification could allow the user to represent a
component feature that we have not yet considered.

However, one must realize that the details provided in this documentation

are not sufficient to allow an actual reproduction of MINET. Several parts of

MINET are very sophisticated and would require a major effort to duplicate.




Furthermore, the momentum integral network method used in MINET contains

numerical subtleties that require special handling. Thus, it is strongly

recanmended that a potential use~ start with MINET and make modifications to

the existing code than to try to develop 2 special purpose code based on this

documentation.




1. MINET MODELS

1.1 MOMENTUM INTEGRAL NETWORK METHOD

The method employed i+ the MINET code is a major extension of a momentum
integral method developed by Meyer [1 ). Meyer integrated the momentum equa-
tion over severa! linked nodes, cailed a segment, and used a segment average
pressure, evaluated from the pressures at both ends. Nodal mass and energy
conservation determined nodal flows and enthalpies, accounting for fluid com-
pression and thermal expansion.

In MINET, a network structure was built around Meyer's momentum integral
model for the flow segment. In this extended method, a system is represented
using one or more flow networks, connected to one another only through heat
exchangers. Each network is composed of segments, volumas, and boundaries.

Segments contain one or mere pipes, pumps, heat exchangers, turbines and

valves, each of +hich is represented using one or more nodes. Volumes rep-

resent voluminous components and significeant flow junctions. Volumes and
boundaries are connected by segments.

The calculation of pressures in MINET centers on the volumes. Here,
equations for the conservation of mass and energy are used to advance volume
pressure and enthalpy

dopn Inlets Outlets

Vp™=% T MWpo= = Wni o
dt

d(pnEn) Inlets Outlets dPp

Vp =—— o Wmofmo = L Wnikmi + Qn *+ Vp
dt dt




The equation of state is used to express the density time derivative in terms

of pressure and enthalpy,

doy . (dpn) dPp ‘(d"n) dE,,
dt dp,/ dt dtp, dt

(1.1-3)

Note that the mass flow rate and enthalpy exiting the volumes are those en-

tering the segment, and the same parameters exiting the segment are inlet

values for the volumes.

Segment let and outlet pressures are calculated from those in bordering

modules. If a boundary module is at the end of a segment, the pressure &t
that end is equal to the boundary module pressure. For the case of a volume
at the segment end, the pressure differential between the volume port where
the segment connects and the position where the volume average pressure is
defined must be calculated. As volumes are considered to be stagnant, i.e.,

zero flow rate, only elevation head needs to be considered:

Pmi = P1M = 09 (Zmi = Z (PM)),

Pmo = PoM = 09 (Zyo = 2 (Pm))

When the volume contents are taken to be homogeneously distributed, the volume
average pressure is defined at the center. If the volume contents are sepa-
rated into liquid and vapor regions, the volume average pressure is located
near the middle of the liqui¢ region. Equations (1.1-4) and (1.1-5) still
apply, but greater care must be taken because the density differences between

the region necessitate evaluating the elevation head in two pieces, 1.e., above

and below the liquid level.




The segment pressure is taken to be the average of the pressures at both

ends, 1.e.,

Pn = (Pmi + Pp)/2 (1.1-6)

It is at this segment average pressure that saturation properties are calcu-
lated for the entire segment, a step that results in significant computation-

al savings.

Similarly, a segment average flow rate, W, can be defined as

Ng AX;
Ny e I (___ H1)/lm : (1.1-7)
where I, is the segment inertia, defined as
Ng ax
TN LBt (1.1 9)

This segment average flow rate is advanced using the segment integral

momentum equation:

d
In _Eﬂ., Pmi = Pmo * ™m (1.1-9)
dt

where r, is the total pressure change across the segment.

N

*m
fm * f Nf(Apg1 + APfy + APaj + 84y APy + 8§p AP, + APK4). (1.1-10)
*N'm



The first three terms on the right hand side of Eq. (1.1-10) are pressure

changes due to gravity, friction, and acceleration:

8Pg4 = -py9al4, (1.1-11)
2
aPfy = ~fy Wi IWj 8Xi/204A1 Dy, (1.1-12)
and
(W52 Wyn?
Py = | == - /A2, (1.1-13)
IDJ Dj-t]

The fourth and fifth temms are the contributions due to valves and pumps in
the segment, and will be discussed in later sections. The sixth term is the
form loss pressure change, and is used to account for miscellaneous 1osses due
to bends, obstructions, etc. In MINET this term is calculated as:

. ~Fkq | | W

APk4

(1.1-14)
when fk; is a nodal loss coefficient, which is calculated from the user in-
put module loss coefficient. In practice, this coefficient is selected to
match pressures and flow rates to steady state operating conditions, and is
maintained at the same value for transient calculations.

The enthalpy of flow entering a segment fram a volume or boundary module
is determined by conditions in that bordering module. If the flow is coming
fram a boundary module or a volume with homogeneously distributed contents,
the segment inlet enthalpy is set to the enthalpy in the bordering module. If
the flow is entering from a volume with two separated regions, each at
saturation conditions, the segment inlet enthalpy is set to saturated liquid
or vapor enthalpy, depending on whether the segment connects below (liquid) or

above (vapor) the liquid level.
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In-segment distributions of mass flow rate and enthalpy are calculated
using nodal mass and energy equations:
doj

Vi == Wj = Wj4
i

»

d(piEq) . dPm
V- m——— B N s & w E 3 Q- +V avem——
i +] +] i i
dt J°V J J dt

where, for a segnent node:

do s 00 s 00 . .
. ) (1.1-17)
0 BE]' dt

At this point, all of the basic equations essential to MINET have been
written. While certain auxiliary equations are needed for the various modules
(see Section 1.2), the equations listed above form the core for our basic
method. The method by which these equations are used to advance the represen-
tation in time is relatively straightforward.

In systems which can be represented by MINET, heat exchangers are fre-

quently shared by segments in two networks, with the fiow from one segment

passing through the tubes and the flow from the other passing on the outside.
In order to decouple these segments during a transient time step, the tube
temperatures are treated explicitly in the heat transfer calculations, and are
not advanced until the end of the step.

With the segments and networks thus decoupled, MINET transient calcula-
tions proceed in a three step process, repeated for each network. 7The initial
step 1s to march through the network segments, loading the segment matrix
equation:

(1.1-18)




and solving for the segment response matrix, g; (-é;‘ Bs). For a seg-
ment s with Ng nodes, 2Ng+2 linearized equations are loaded, including
N nodal mass conservation equations, a segment momentum equation, and a
total of Ng+1 donor-cell differenced nodal energy equations and segment in-
let enthalpy boundary conditions. Vector xg contains nodal interface en-
thalpies and flows, and vector y. includes changes in enthalpy and pressure
in the modules at the segment ends,
The second stage is to march through the network volumes, loading the net-

work matrix equation

(1.1-19)

% % Do e

II__‘G

and solving to advance volume enthalpies and pressures. For a network n with
N, volumes, N, conservation of mass and N, conservation of energy equa-

tions are . The tems for the mass and energy entering and exiting the
volumes are . .uated using the segment response matrices, B¢, thereby link-
ing the volumes,

The final step is *o march through the network segments, using the solu-
tion fram Eq. (1.1-19) to determine vector ys. The segment response matrix,
Bss 1s then multiplied by ye, and the nodal interface enthalpies and flows
are advanced. After segment conditions are advanced in all networks, the heat

exchanger tube temperatures are advanced.

1.1-6



Two features of the method account for the flexibility and speed of MINET,
First, segment nodes connect orly to immediately odjacent nodes, causing
matrix As to be banced, except for the momentum equation. This allows the
storage of matrix Ac, and the soiution of Eq. (1.1-18), in close-packed
form, 1.e., with large blocks of zeroes suppressed. Thus, the camplexity of
the flow network is absorbed entirely in £q. (1.1-19), where the matrices ars
Tower order. Second, because a segment average pressu-e 1s used, saturation

properties are evaluated once per segment per step.

1.2 MINET COMPONENT MODULES

Various componert models, called “modules", are available in MINET, with
multiple options available for each. These mocdules were developed to be come
patible with the basic MINET methodology, and are similar to models found in
other systems codes, Each MINET module can be used to represent one or more
paralle! components, in which the mass flow rate s dividad equally among the

parallel units,
1.2.1 PIPE
Pipes are the simplest camponents, and require minima! user input. The

user has the option of specifying a non-zero heat source, which can be altered

during the transient through value vs. time tables.

1.2-1



1.2.2 Pump

A pump is modeled as a pipe with an edditional pressure gradient temn, due
to the action of the pump, The pressure change across a pump is proportional
to the pump head,

&Pp = 0,04 (1.2-1)

The intricate relationship between the pump head, the relative pump speed, and
the relative mass flow rate, is generally available in the form of homo1ogous
pump curves. For the punp model currently used in MINET, the pump head 1s
given by:

Ma) = Hogp (0 00 W o) » (“.,_::f) : (1.2-2)

2 3 4
{.1 Cog Wt ag W a W4 ag W }.
where reference conditions are user input head, flow, and speed at some known

operating condition, H is the pump head at given speed « and relative flow
Nr' given by:

W —Ti (1.2'3)
X LN T
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Equations 1.2-2 and 1.2-3 effectively reproduce the classic head curves
shown in Figure 1.2-1 [3), Thus, by specifying three reference conditions and
the Head vs, Flow characteristics at a given speed, the user is implying a

fanily of curves valid for al) flow rates and speeds.
1.2.3 VALVE

Representation of valves depends on whether choking conditions exist, If

the flow is unchoked, a form loss 1s calculated for the valve,
8Py = <K, |W, W, /20 A%, (1.2-4)

where K, 1s the loss coefficient, The valve flow area is calculated from
the valve stem position, and user inout maximum fiow area and stem power coef-

ficient:
A, = (S,)F" Amax, . (1.2-5)

The user has the option of neglecting the choke flow celculation, as on2
might do with a valve controlled to regulate flow rate. If & choked flow cal-
culation 1s called for, MINCT wil) use an extended Henry-Fauske [4] model {f
subcooled, a Moody [5] mode! in two-phase flow, or an isentropic model if
superneated, to calculate the choked mass velocity G. (=W/A). The valve
flow area given by [q., (1.2-5) 1s used to multiply this choked mass velocity
to obtain a choked mass flow rate. If the mass flow rate through the valve at
2 given time 1s below the choked flow rate, calculations proceed normally,

In the case when the mass flow rate exceeds the choked flow 1imit, the

mass flow rate must be set to the choke 7iow rate for the next step. Because
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w = 1800 RPM

Head w = 1600 RPM

w= 1400 RPM
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Flow Rate W

Figure 1,2-1, Pump Curves, Head vs Flow
At Various Speeds [3)
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this contradicts the segment integral momentum equation, care must be taken to
isolate any valve where choking s allowed in a segment by ftself. If choking
occurs, the segment mementum equation is overwritten with the choke low

Timit:
Wy = W, (1.2-6)

1.2.4 VOLUME

#hile much of the volume behavior is represented by Eqs. (1.1-1) and
(1.1-2), additional equations are needed. Because the heating tem, Q,, in
Eq. (1.1-2) is a user input and distributed uniformly throughout the volume,
this does not present a problem,

If the user wants the contents of a volume separated into saturated 11-
quid and vapor regions, one does so by specifying the L3PSEP parameter equal
to 2 or 3 (separated in transient only). For volumes with uniform cross sec-
tional area (i.e.,, dA/dz = 0,0), e.g., an upright drum, the volume fraction,
fvy, 15 equal to the level fraction, fi,.

The quality, x, can be calculated as:

P fv
X ® 1/(1 g (—-’-‘-——)) X (1.2-7)
pg 1 - fvn

when 0g and pg are saturated 1iquid and vapor density, recpectively.

One of the input options allows the user to specify volumes as horizontal
cylinders, In the case where the contents of a horizontal cylinder are sepa-
rated into two saturated regions, the relationship between the 1iquid level
and the volume fraction occupied by 1iquid is not trivial. We define interior

engle 0 (Figure 1.2-2) as the angle between the vertical and a vector
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running fram the volume center 1ine to the liquid level at the volume wall,
such that:
1 - cos Qp
fln o e e e (1.2.8)
2
It can be shown that the volume fraction occupied by the 1iquid region is re-

lated to interior angle Q, by the expression:

sin znn

an = (ﬂn - ——2 /v (1.2.9)

During steady state calculations, where fi, is user input, Eq. (1.2-8) is
solved for Q,, £q. (1.2-9) provides fv,, and Eq. {1.2-7) gives the qual-

ity, which in turn is used to set the volume average enthalpy. In the trans-
fent calculations, the enthalpy is advanced directly, and the same three equa-

tions are used in the reverse order to obtain the liquid level, fe,.
1.2.5 HEAT EXCHANGERS

Heat exchangers are among the most difficult plant camponents to repre-
sent, principally because of the complexity of two phase flow and heat trans-
fer phenamena. A secondary canplicating factor is the dependence of heat
transter on geometrical considerations, given the variety of heat exchanger
designs. In adaition to the heat exchangers designed for power plant use,
there are several more exotic designs used in experimental systems. Represen-
tation of the experimental heat exchangers is desirable because much of the

data useful for code verification comes from such units.
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1.2.5.1 BASIC MEAT EXCHANGER MODULE REPRESENTATION

It 1s assumed that 2 single tube can be used to represent the heat ex-
changer. However, one could use more than one such tube by running parallel
1ines between volumes placed at both ends of the heat exchamger, The unit
cell consists of the fluid inside the tube, the tube wall, and the fluid out-
side the tube, yet attributable to that tube, as shown in Figure 1.,2-3,

The heat exchanger 1s divided into a user specified number of axial nodes,
each containing two fluid nodes, and a tube node. One such node 1s shown in
Figure 1,2-4,

For many heat exchamger calculations, the heat transfer process is uniform
on each side of the tube., Thus, one calculates heat transfer Q between the
tube centerline temperature (axial average) and the nodal average fluid temper-

ature [6]:

Q0 = w+D+U-(TC-TE), (1.2-10)

where;
" ViR S (1.2-11)

and geametric factor v depends on whether the heat transfer occurs inside or
outside the tube, 1.e.,

A : szn (DC/DI)

Dozn (DOIDC)

(1.2-11a)

For heat exchangers involving multiple heat transfer regimes, the noda)
calculation can become relatively complex. Ideally, the user will increase
his nodalization for such a case. However, the MINET model can handle up to 5

heat transfer regions in @ node, although some inaccuracy is 1ikely to result,
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Figure 1.2-3, The Heat Exchanger Unit Cell
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Figure 1.2-4. Heat Exchanger Node
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The basic problem which arises with multiple heat transfer regimes in a
node is that the axial temperature distribution becomes importart (i.e., a
distribution that can only be estimated using nodal parameters). The inlet,
center, and outlet fluid enthalpies ran be used, to a degree, to determine the
local heat transfer regime. However, the tube temperature does not have 2
proper axial distribution, and to impose one would introduce numerical probe
Tens. (MINET allows for up to a :% distribution in tube temperature,
primarily to handle nodes in which the fluid temperatures are very close to
one another).

The MINET approach is to divide the node using "switch" enthalpies, which
indicate when the heat transfer regime is to be chamged. Calculations proceed
from the node inlet to the node outlet, until the node outlet enthalpy falls
into the enthalpy bracket of the heat transfer regime of the last portion of

the node. The total node heat transfer, 0., is the sum of the Q's from

1.
the various modes:

modes
Qn » Z fmode ; Qmode ' (1.2-12)
where fmde is the fraction of the node in which heat transfer is by a
given mode.

The heat exchanger 1s made up of several of these nodes, linked by the
fluid enthalpies passing fram node to node. Tube temperatures are in no way
1inked from node to node.

Heat transfer correlations used in MINET are given in Section 1.5, Sub-
stitution of alternate correlations is possible, although the correlation

switching logic should be considered when doing so.
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In the steady state calculations, it is assumed that the user's know-
ledge of plart conditions 1s more accurate than the MINET heat transfer cor-
relations. A hect transfer area correction factor is used to resolve any dis-
crepancies. If the correction factor is significantly different than 1.0,
either the plant conditions are unrealistic or the correlations are inappro-

priate.

1.2.5.2 HEAT EXCHANGER TYPES

Several heat exchanger types may be represented using the current MINET
heat exchamger module, as shown in Figure 1.2-5. Representation of yet other
types 1s also possible, provided the user can factor it into the current heat
exchanger routines, which are moderately intricate.

On the appropriate heat exchanger performance specification record of the
MINET input deck, the user designates variable F3CCFL as -1.0, 0.0 or +#1.,0, A
value of -1.0 indicates a counter-current heat exchanger, typically the most
cammon type. Setting F3CCFL to +1.0 indicates a parallel flow unit, a rela-
tively uncommon type because of its lower efficiency. If F3CCFL is set to
0.0, the heat exchanger is treated as a cross flow unit of the tube-in-tank
type.

On the heat exchanger geometric record, two helical coil parameters are
input, D3COIL and F31TO0, D3COIL is the diameter of the coils, used to adjust
the frictional losses, and must be set tn 0,0 for straight tube units, Vari-
able F3ITOD 1s the ratio of the flow length inside the tubes to that outside,
which 1s useful in representing coil in tamk units, and must be set to 1.0 for

non-coil or co-axial coil units.
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Figure 1.2-5, MINET Heat Exchanger Options
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Of the five MINET heat exchanger options 1)llustrated in Figure 1.2-5, all
but the cross flow unit have sequential nodalization for the fluid passing
outside the tube. Thus, for most cases, a heat exchanger with n nodes will
have n tube nodes and 2n fluid nodes. For the cross flow option, only 1 node
is used to represent the fluid outside the tubes, with 1/n of the flow assign-
ed to each of the tube nodes. It is assumed that the enthalpy drop across
each path is the same, which implicitly means that a small amount of flow
distribution is allowed. However, for a tube in tank unit, the fluid outside
the tubes i1s generally relatively slow moving, and these approximations are
fairly safe. Of course, cross flow heat exchangers exist where a full two-
dimensional treatment is needed, but for that case, the user would have to
utilize a more sophisticated heat exchanger module than is currently available

in MINET,

1.2.5.3 TUBE CONFIGURATION

While heat exchamger tubes are usually aligned in a hex arrangement, other
configurations are possible, particularly in experimental units. For this re-
ason, the three grid arrangements shown in Figure 1.2-6 are available as user
{nput for each heat exchanger.

The flow area, Ay, for the outside region of the unit cell must be de-
termined from the tube configuration, as well as the tube outer diameter (0D),
and the pitch to diameter ratio (POD). Specifications for the three MINET

options are given in Table 1.2-1,
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Table 1.2-1. Flow Areas for Heat Exchanger Tute Configurations

Grid Descriptions* Ao
Co-Axial (1) w 002 (POD2 - 1)/4
Square (4) 002 (POD? . w/4)
Hex (6) 002 (2 v/3 POD? - w)/4

*Note: The rnumber given parenthetically indicates the number of equidistant
tubes that are closest to the reference (center) tube (see Fig,
1.2-6). This number is required as input for each heat exchanger.

1.2.5.4 STRUCTURE

Heat exchangers contain a certain amount of structure which can, due to
fts heat capacitance, alter the dynamic response of fluid passing outside the
tubes, Furthemmore, in the case of the EBR-11 facility [7], a situation
exists where a core tube is inserted into the tubes (to increase the flow ve-
Tocity). Such masses can be represented in MINET, using the structural mass
and metal type, the heat transfer area, and a simple energy equation that is
explicitly integrated in time.

1.2.6 TURBINE STAGE
Turbines are generally modeled on two levels, detailed or themodynamic.

Turbine designers, by necessity, develop models based on geometric data,

These models are very camplicated, and, even 1f incorporated into a system
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code would require design data is very difficult to obtain, Thus, system
models generally resort to thermodynamic models, which rely on some knowledge
of operating characteristics in order to project performance at various
conditions. In the MINET code, the turbine stage model is based on 1) several
sani-empirical relations, 2) one geametrical characteristic that can easily be
defaulted (to 15.0 degrees), and 3) turbine performance at reference (design)

conditions.

For a turbine stage, the flow-pressure relationship is approximated using

a modified Stadola equation [8):

r . 2
g : _{_ou
Wetage Fstage \ Pin Pin ll ( P, ) } '

in

In MINET, K is determined for reference conditions and used to calculate the

pressure drop across the stage (P1n - Pout). As MINET assumes that

N‘n B Hout for the turbine and requ’'res that the turbine stage be

represented by a single node segment, then Nstage & wseg'

The turbine inlet enthalpy is input from the adjoining module. The outlet

enthalpy is calculated fram the isentropic enthalpy change and the stage ef-

ficiency:

Cout * Ein © Mstage ' Eip * [out,1sentr0p)‘ (1.2-14)

where the isentropic outlet enthalpy can easily be calculated using the in-
let pressure and enthalpy, the outlet pressure, and steam table functions.
Expressions are available in MINET for the turbine stage efficiency of

two canmon stage types: 1) impulse (first stage) and 2) 50% impulse, 50%

reaction. The expressions are:




ne 4 (VB/VF) (cos a - VB/VF) - (1,2-15)
for the impulse and

ne? (,;f)[\__?_%‘_"__“ . (%) + cOs c\/; *(,;,s)z -2 cos(_éf,)]. (1.2-16)

for the impulse reaction, where a is the absolute angle of approach of steam

with respect to the blades, expressed in degrees (approx. 15 degrees). Ve~
locity \!B is a2 measure of the turbine blade velocity and velocity vF
is the fluid velocity entering the moving blades. Since the kinetic energy is
neglible entering and leaving the stage, the kinetic energy entering the
moving blades 1s equal to the static enthalpy drop across the stage, which
implies:

2

v

; foa ;
F . C (E1ﬂ - [out) (1.2 17)

1f we assume that the turbine is being operated at optimum conditions at
plant reference conditions, then the efficiency function, Eq. (1.2-15) or

(1.,2-16),1s maximized at that point, and:

v
T = #cosa (1.2-18)
F

2 /5
v .1+ S0.8 Vicora
B cos? a 2 ¢
b 2 !

——{—-1
CO0sS¢ a

or

(1.2-19)
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Thus, the velocity ratio at reference conditions can be estimated, along
with the pressures, enthalpies, flows, and speed (in KPM', Using these refer-

ence values, one can easily project the velocity ratio at any time using:

v v v v
B).( ) ( F l"!f) ( B ) ’ “.2_20)
('V; V% ref Y VB ref

where

VF ref 2 \/ﬁEin v Eout)ref . (1.2-21)

' (Egp = Eout)
and
v

et Turbine Speed
Speed at Ref Cond

v (1.2-22)
B ref

This completes the turbine stage equation set, which provides a static
thermodynamic representation suitable for systems simulation. In practice, &
work adjustment factor (comparable to the heat exchanger area correction fac-
tor) enters during the steady state to match the enthalpy drop across the tur-
bine to that needed to satisfy the rest of the system. Thus, the stage effi-
ciency in Eq. (1.2-14) is adjusted by:

n- n (102’23)

nstage adjust

to account for deviations from the ide s' efficiencies given by Eqs. (1.2-15)

.nd (102’16)0
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The power provided to the generator and out to the electrical grid is

calculated using a user input turbine stage to generator efficiency ”wn’

stages

Pover = Z gen * Mstage ' “stage ' 8E¢t age (1.2-24)
i

1.2.7 BOUNDARIES

Boundaries are simply interfaces between the system represented by MINET
and the external worid. The user can specify boundary conditions in tabular
form, interface to another computer code which will exchange boundary condi-
tions with MINET, or incorporate a controller that couples the boundary condi-
tion to the situation somewhere in the system being represented by MINET,

For the steady-state or initial conditions, the user must specify flow
rates for inlet boundary modules. (The modules' form loss factors are to be
used to adjust the pressure/flow distribution as necessary.) The user also
specifies temperatures or enthalpies for inlet boaundaries. A temperature/
enthalpy condition may be specified as “fixed" for an outlet boundary, but
only if there is a heat source available for MINET to adjust.

For the transient, the user may specify either pressure or flow at any
boundary, and MINET will always calculate the other parameter, Temperature
or enthalpy should be specified for all boundaries, although MINET will only
use this temperature when the flow is entering the system fram the outside,

A boundary module represents all parallel units., Thus, for example, if
the boundary connects to 3 parallel pipes carrying a total of 300 kg/sec, the
flow at the boundary is 300 kg/sec.
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1.3 MINET STEADY STATE CALCULATIONS

A four step iterative process is used to detemmine steady state conditions
in a system represented by MINET, The approach is built around the network
structure of the underlying MINET methodology, and is somewhat different than
classical marching or relaxation methods. The iterative process 1s begun with
only estimates on system pressures, flows, and heat transfer rates, as well as
user specified boundary conditions.,

A system {s represented as one or more flow networks, which are connected
only through heat transfer. The user can intentionally or unintentionally
force the transfer of a given amount of heat transferred between networks
through specification of the problem, The first step of the iterative process
is to determine which of these heat transfer bridges have to be adjusted and
by how much,

Given a distribution of flows and pressures in a flow network, as well as
the heat transfer into or out of various portions of the network, one can de-
termine the enthalpies throughout. The second step in the iterative process
is to calculate system enthalpies.

The third step in the MINET steady state calculations is to march through
the system modules, calculating local enthalpy distributions and pressure
drops. Adjustments in heat exchanger area correction factors and turbine
stage efficiencies are calculated during this phase.

The fourth step in the process is to adjust network pressures and fluws
for each network in the system, This step includes re-evaluation of pressure
drops in isolated pumps, valves, and turbines (always isolated), as the pres-

sure change across these components can be very large, and highly dependent on

segment pressure.
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The four step process is repeated until system enthalpies are no longer
changing significantly from step to step. (When first testing an input deck,
1t 1s wise to set L3P20ON = -1 on the 4000 card to get a print out after step 4

on each steady state iterative pass.)
1.3.1 GLOBAL ENERGY BALANCE

The MINET user inputs estimates of heating or total heat transfer (work
done in the turbine looks 11ke heating in this part of the calculation) for
each moduie. A heat exchanger removes heat from one part of the system and
adds it to another. The user also constrains the total heat transfer between
parts of the system whenever he opts to fix a temperature at an outlet bound-
ary or utilizes a volume that has separated contents, f.e., steamn over water.
In the separated volume case, the energy constraint enters because, for given
pressures and flows, the total energy leaving the volume is fixed by satura-
tion conditions. Thus, to assure an energy balance, the sum of the flow
energy entering the volume must equal the flow energy leaving the volume.

An example of this global energy balance usage can be illustrated using
Figures 1.3-2 and 1,3-3. Figure 1.3-2 is a schematic of a simple recircula-
tion steam generator system, which utilizes an evaporator (301), a superheater
(302), and a steam drum (101)., Because the enthalpy at 404 is fixed, the sub~
network between 403 and 404 must give off energy at a rate of H3 (E3 -

E‘). The steam drum creates a sub-network in the recirculation (recirc)
line, because it must draw enough energy to raise the enthalpy of “1 from
E, to Eg. This situation is i)lustrated in Figure 1.3-3, where the

1
403-404 sub-network is designated number 3, the recirc line is number 1, and
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Figure 1.3-2. Example 1 for Global Energy Balance
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the superheater 1ine is number 2. Each swe-network has flows in and out, hest
trancfer to ground (e.qg., pipe heating), and heat transfer to all other sub-
networks., Of the nine sub-network bridges, 3 are redundant (|01.3|-

103.1|), leaving six that could be adjusted to satisfy sub-network 1 and 3
constraints., 1f we assume there is no pipe (pump, valve, volume) heating, the

bridges to ground have Q = 0, Thus, we must use bridges 1, 3 and 2, 3 to sat-

-9

isfy closed sub-network 1 and 3 constraints. We set 0] 3 to provide

energy to raise [1 to [g’ and set 02.3 to transfer enough heat for

the sub-network 3 outlet enthalpy to be EA' Note that the outlet enthalpy

of sub-network 2 1s not directly constrained, which is no probiem for an open
sub-network, as the user did not specify an outlet enthalpy.

A second example, 1l1lustrated in Figures 1.3-4 and 1,3-5, shows how flow
splitting can camplicate the process of balancing the system energy. This ex-
ample consists of 3 boundaries, 3 pipes (1,2,3) and a volume (110) with homo-
genausly distributed contents. The enthalpy at outlet boundary 412 is fixed,
and only pipe 1 is heated., The situation is shown in abstract in Figure
1.3-5, vhere 01.2 = 0,0, With the flow splitting in the volume, each sub-
network receives a fraction of Ql’ the heating in pipe 1.

3

o wh
Ql.l Hl 01

(W = W)
- kil .
Q.2 W Q

Thus, in order to get [2 as the fluid enthalpy at 412, we must adjust
Ql' 0f course, this will also put the enthalpy at 413 at E2. but be-
cause this is an open or floating sub-network (enthalpy not constrained), this

is not a problem,




+* 413

- 411
R

Figure 1.3-4, Example 2, Flow 5Splitting Considerations
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Figure 1.3-5. Example 2 Sub-Network Abstract




These examples are inade in order to illustrate the reasons for some of the
steps taken in the MINET steady state global energy balancing. The epproach
utilized is designed to work for situations that we envision coming up., How-
ever, the procecure contains many subtleties, including those to handle cases

where multiple solutions are possible.
1.3.1.1 FLOW TRACEBACK

The process of flow traceback is important for a case like Example 2,
where & heat source is shared by multiple sub-networks. Flow traceback is
rerformed simply by beginning with nutlet boundaries or separated voiumes and
tracing back to the source - either an inlet boundary or a separated volume.
The fraction of flow from each segment or volume going to each sub-network is
thus calculated.

For Example 1 (Figs. 1.3-2 and 1.3-3), there are no shared (by sub-
networks) seyments or volumes, and the flow fractions are either 1.0 or 0.0,
and are quite obvious.

In Exampie 2 (Figs. 1.3-4 and 1.3-5), the segment with pipe 3 is entirely
in sub-network 2, and the pipe 2 segment is in sub-network ). However, only
Nz/u1 of volume 110 and the pipe 1 segment are in sub-network 1. The
remaining (N1 - uz)/H1 of the flow passes to sub-network 2, contri-

buting to its energy balance.

When & segment or volume is shared by more thi ) one sub-network it is

necessary to assign it to a sub-network for possible adjustment. The goal is
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to make certain that the energy balance for each sub-network can be satisfied.

o ~aurse, 1f the heating in one segment is adjusted, it it reflected in all

sub-networks according to the flow fraction passing that wsy.

The procoss of assigning principal subnet numbers to the segment involves

4 considerations., These are as follows:

1)

2)

3)

4)

If there is only 1 sub-network in the network, each segment and volume
is assigned to that sub-network.

If the fraction of flow going from a volume or segment to a sub-
network is 1.0, then that volume or segment is assigned to the sub-
network,

If a volure or segment is shared by an open (floating outlet temjper-
ature) and a ciosed (fixad outlet temperature) sub-network, it is
always assigned to the closed sub-network. This is because the closed
sub-network may need an adjustment in heat transfer, and the open sub-
network never need be adjusted.

When a volume or a segment is shared by two or more closed sub-
networks it is essigned to the most needy. The highest priority is to
insure that each closed network has at least one heat source available
for adjustment. If each of the sharing sub-networks is already as-
sured of at least one source, then the shared volume or segment is as-

signed to the sub-network with the smallest total heat transfer.

We return to Example 2 (Figs. 1.3-4 and 1,3-5) to illustrate the use of

these rules, There are 2 sub-networks in the flow network, so rule 1 does not

apply.

We can use rule 2 to assign the pipe 1 segment to subnet 1 (KPRNC

(Seg, 2) = subnet 1) and the pipe 3 segment to subnet 2. We must use rule 3

for the pipe 1 segment, and assign it to the closed sub-network (no. 1). As a
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resuit, a heat source is assigned to sub-network 1 which can be adjusted to
give outlet enthalpy £2.

To 11lustrate rule 4, we consider a case where the enthalpy at 413 is also
fixed, and the heating in pipe 3 is non-zero. As in the simpler case, pipe
segments 2 and 3 are assigned to sub-networks 1 and 2, respectively, according
to rule 2. Rule 3 no longer applies, because both sub-networks are now
closed, In applying rule 4, we find that the heating in pipe 3 has already
been assigned to sub-network 2, while sub-network 1 has yet to receive a heat
source. Therefore, the heating in the pipe 1 segment is assigned to sub-

network 1.
1.3.1.3 SUMMING UP BRIDGE HEATING

At this stage, each segment and volume has been assigned to a sub-
network (the "principal" one), for the purpose of adjustment. Heating in
pipes, valves, volumes, pumps, and turbines (work) are really between the
sub-networn and ground. Thus, to find the total bridge heating between sub-
network i and ground, Qi,i' we simply sum the heating terms in all seg-
ments and volumes with i as the principal sub-networks.

In general, heat exchangers link flow networks, and therefore subnets.
Thus, the heat exchangers form bridges between subnets, as determined by the
principal sub-netwerk number for the segments attached to the insides and out-
sides of the tubes. The total heat transferred through all heat exchangers
between any given pair of sub-networks is summed to give the total bridge
heating Qj,k' Note that for hypothetical cases where heat exchangers 1ink

merely different parts of a sub-network (or even a segment), the addition and
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subtraction will cancel out, having no net impact of the global energy bai-

ance.
1.3.1.4 DETERMINING KEY BRIDGES TO ADJUST

In order to guarantee the outlet enthalpies of the fixed sub-networks, a
iike number of non-zero heat transfer bridoes must be available for adjust-
ment. If this is not the case, MINET will halt the calculations, because the
problem is over specified.

The process of identifying the key bridges (to be adjusted) begins with an
elimination process. A bridge is eliminated from consideration if:

1) It has a total bridge heating ()1’\1 of 0.

2) 1t connects two free sub-networks, and thus can do nothing for fixed

sub-networks.

3) It connects a free sub-network with the ground.

1f, after eliminating these three types of bridges, there are less bridges
left than the number of fixed sub-networks, the calculations cease. When
there are exactly enough heating bridges available for the fixed sub-networks,
they are tagged and calculations proceed to the next phase.

Should there be more useful bridges than are needed, MINET carefully picks
a set of key bridges that 1) will provide a solution, and 2) are the larger
ones, so that any adjustment will be minimized. The process is one of assign-
ing essential bridges to the needy sub-networks until more than one bridge is
available for each remaining needy sub-network., At this point, the smallest
unassigned bridge remaining is fixed. This process is repeated until the

necessary number of heat transfer bridges are left for adjustment,
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1,3.1.5 SUMMING SUB-NETWORK FLOW ENERGIES

In this phase of the calculations, the total flow energy (mass flow rate x
enthalpy) going into and out of each sub-network is calculated. As all net-
work outlet boundaries with free floating temperatures are assigned to an open
or free sub-network, their contributions are totalled to get the flow energy
out of the free sub-network, Iniet boundaries can contribute to multiple sub-
nets, as determined by the segment flow fractions that were determined in the
flow traceback phase. For sub-networks with incaming flow from a separated
volume, enthalpies are easily determined from saturation conditions. The
total flow energy leaving a sub-network that terminates at a separated volume
can be calculated by summing the flow energy leaving the volume (at satura-
tion), as the two sums must be equal at steady state (once adjusted for volume

heating).
1.3.1.6 BALANCING THr SYSTEM

At this stage in the calculations, the groundwork has been set to fulfill
the energy balance needs of each of the sub-networks. One heat transfer
bridge is to be adjusted for each fixed (or closed) sub-network in the system.
This amounts to finding a multiplier fB’ such that fB . Qj’k
fulfills the need for a given fixed sub-network. Concurrently, the total flow
energy leaving each of the floating (or open) sub-networks is calculated.

Appropriate equations for each sub-network are loaded into the matrix

equation
(1.3-3)

a2l
.
I
4
Im
-

1.3-13



where £ is a square matrix dimensioned to the number of system sub-networks, x
and F are vectors of the same dimension, The components of state vector x are

outlet flow energies of the flvating (open) sub-networks and the bridge adjust-

ment factors:

_f flt L
QT § 3 AHIPIPITPITRPRNE TS (1.3-4)

One equation is loaded into Eq. 1.3-3 per sub-network., For a floating

sub-network i, the equation is of the form

Nf1oat Nfix
ZN[Z]’: - ; fag * 0" Zwr_m + %: ff * s (1.3-5)
where ff is the flow fraction from the volume or segment contributing to the
subnet, Q 1s the heating, and fBj is the adjustment factor assigned to
adjustable bridge j. Note that this means that adjustment factors constrained
by the fixed sub-network requirements are factored into the floating sub-
networks any time the two share a heat source.

For a fixed sub-network, the equation to be loaded into Eq. 1.3-3 is of

the form

Nfloat Nfix

i 'u'BJ.'ff’Q=LNEI’1#;ff'Qk-ZN

J

fix

il (1.346)

where the total flow energy leaving, which is fixed, now appears on the right

hand side.




Once loaded, Eq. (1.3-3) is solved for the flow energy leaving the float-
ing sub-networks and the bridge adjustment factors for the fixed sub-networks,
The former are of 1ittle use, but the latter (factors) are critical to assur-
ing system wide energy balances.

The bridge adjustment factors apply to only a few of the heat transfer
bridges, which are identified by the sub-networks they connect., It is a rou-
tine matter to trace back to the segments and volumes assigrned to the adjust-
ed bridge and factor the heating terms. For heating in pipes, pumps, valves,
volumes, and turbines, this factor is carried through the steady state (al-
though adjusted from iteration to iteration) and into the transient. For a
heat exchanger, it is absorbed into the heat transfer area correction factor,

which again carries through the transient.

1.3.1.7 BALANCING IN PERSPECTIVE

The approach outlined in this section was developed to resolve real world
problems, and is important to determining a reasonable steady state solution.
There are subleties involved in the solutior of complex systems, particularly
one with multiple solutions (i.e., excess heat transfer bridges). It is pos-
sible that flaws can be found in the current logic and that improvements can
be made. However, the experiences gained thus far indicate that a user input
error is far more 1ikely than a logical error in the code.

A summary of the global balance and adjustment factors is printed with the
steady state results. This printout should be carefully checked when testing
a naw deck. If the adjustment factors are significantly different than 1.0,

the input should be reviewed for errors.
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1.3,2 NETWORK ENTHALPY DISTRIBUTION (ENET)

Once the global energy balancing has been completed, enthalpies can be
determined throughout each network., This straightforward process begins with
a sunming of the heat transfer into each segment

modul es
1] . 1.3"7
0SEG }E: f85 * Qmod” ( )
where fBj could vary from heat exchanger to heat exchanger, depending on
which sub-networks it connects,

The principal step in the ENET balance is the coupling of segment inlet

enthalpy constraints and volume energy balance equations in a matrix equation

of the form:
& 5. = 5 (1'3-8)

Square matrix A and vectors x and B are dimensioned equal to the number of
segments plus volumes., State vector x consists of segment inlet anthal-

pies and volume enthalpies:
x = col {Emi""“"EM"“”'} (1.3-9)

Network segment inlet enthalpies are constrained by one of three equation

types:
T T TN (1.3-10)
Bta * ke, B (1.3-11)
or X
Em,in * B - (1.3-12)
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The first equation (1.3-10) applies when the segment begins at a volume
with homogeneously distributed contents. Equation (1.3-11) applies when the
segment inlet connects to a volume with separated regions, so that the incam-
ing enthalpy is at saturation. The third equation (1.3-12) applies when an
inlet boundary module is at the segment inlet, in which case the enthalpy is
fixed.

The volume energy balance equation 1s essentially

op vol P vol (1.3-13)
' (NE)out & (NE)in * T " Qore ok

where OP are the outlet ports and IP are the inlet ports. At this stage, the
right hand temm is known and the flow rates on the left side are known (cur-
rent iterative values) for any segment, The volume outlet enthalpy is the
inlet enthalpy for the attached segment, and is therefore available in state
vector x. The volume inlet enthalpies are segment outlet enthalpies, which

are known from the equation

seg seg
("‘E)out y (“E)m + 0SEG, (1.3-14)

where OSEG is as calculated in Eq. (1.3-7).
The equation actually loaded in matrix Eq. (1.3-8) is a combination of

Eqs. (1.3-13) and 1.3-14), i.e.,

op 1P P
2: memi 3 2: memi o fBi ¢ Qvo1 " 2: Qm‘ (1.3-15)



The volume energy equation, Eq. (1.3-15), is loaded unless the volume
contents are separated. In this case, the volume enthalpy is determined by

saturation conditions and the liquid leve)

E

Note that the separated volume energy balance was already used in the summing
of sub-network flow energies (see Sect. 1.3.1.5). To use it in Eq. (1.3-8)
would not only be redundant, 1t would do nothing to constrain the volume
enthalpy, and matrix A would be singular.

Once segment inlet enthalpies are known, module inlet and outlet enthal-
pies can be defined. This is done by simply marching through the segments,
incrementing the enthalpies using module heating, adjustment factors, and

segment flow rate.
1.3.3 MODULE MARCH

The step of marching through all of the modules in each segment is neces-
sary for the correct calculation of the seament pressure loss, i Be-
cause the pressure 10ss terms are sometimes dependent on the square of the
mass flow rate, two segment loss paraneters, o and Bm are calculated
such that

T Ty “m |Nm|wm' (1.3-17)

The temns of Eq. (1.1-10) are represented by & and B Gravita-
tional losses, which are independent of flow rate, accelerative losses, which
are small, the pump contiibution at steady state speed and zero flow rate, and

the turbine stage contribution are included in the Bm term.
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Frictional losses, valve form losses, and the module form losses, are included

ina:
m
Ng
m 2 fk
Wt T fy/2AD, ¢ 8, K /2 A0 + -E—;QE—— (1.3-19)
=Nf_ PA Teq

At the onset of calculations for a given heat exchanger, flow rates, pres-
sures, inlet and outlet enthalpies, and total heat transfer rate are alread,
known. To force the heat transfer rate, as indicated by correlations, cube
conductivities, and heat transfer areas, to provide the required total heat
b is used. Fah is used
to factor the total heat transfer area up or down, as needed.

transfer rate, an area correction factor, fa

The steady state heat exchanger calculations include several layers of
iterative schemes, with the area correction factor being the outermost. The
next lower level is the nodal energy balance, where the heat transferred
across the node is forced to match the flow and enthalpy change(s). This
iteration is complicated by the allowance of up to five different heat trans-
fer regimes within the node, with the switch interfaces determined within the
iteration. Below the nodal energy balance calculation is the tube wall node
centerline temperature iteration, which sets equal the heat fluxes between the

tube centerline and the two fluids. The lowest iteration calculation is for
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the tube wall temperature, which is calculated fron the tube centerline tem-
perature and fluid conditions, and is done so within the heat transfer core
relation functions,

The heat exchanger calculations, especially in the steady state, are com-
plicated by the various heat exchanger options, These schemes have been ad-
justed, re-adjusted, and continue to be tested to insure that they work for
all options. The subtleties involved are too extensive to fully document, and
should not be taken 1ightly by the user. Serious problems with steady state
non-convergence, 1f not due to an input error, can usually be resolved by in-
creasing the heat exchanger nodalization. It should be noted that any low
level failure to converge is significant only on the last pass of higher level
iterative schemes, when they are less likely to occur.

Module heating, adjusted during the global energy balance phase (Sect.
1.3.1) is used to determine the enthalpy distribution in pipes, pumps, and
valves. For pipes, which can have more than one node, the heating per node is
assumed to be uniform.

The work done in the turbine, also subject to adjustment during the global
energy balance (Sect. 1.3.1) phase, is used to determine the enthalpy change
across the turbine stage. Using the Stadola constant, determined from refer-
ence conditions, and the current flow rate, the pressure drop across the stage
is calculated. The isentropic enthalpy change and ideal stage efficiency are
then calculated for current conditions. This is compared to the work require-
ment caming fram global balance consideration, and an efficiency adjustment
factor is calculated

eff

f = AE

fa global /‘ntheory : AE1sentrop1c)’
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This factor is 1ike the heat exchanger area correction factor in that a value
near 1.0 indicates a good match, The last step is to multiply the work done
in the turbine by the generator efficiency to get the power delivered to the

electric grid.
1.3.4 NETWORK PRESSURES AND FLOWS (PRFLOW)

The fourth and final step in the MINET steady state iterative process is
to adjust the pressure and flow distribution in each system network. This is
done by coupling, in a matrix equation, a number of equations equal to the
number of network volumes, Nv plus segments (Nm) plus inlet boundary
modules (Nib):

where x is the state vector:

inlet
x = column {useg,......onl,.....,pec } (1.3-22)

The first Nv equations are mass balances for each network volume:

Inlets Outlets

z Nseg - z wseg (1.3-23)

where the flow rates passing through the volume ports are the segment f1ow

rates, wseg’ which are in state vector x.

The next Nm equations are segment momentum balances, which can be

simplified as

pm,Out % pm,in




where a and sm are the segment pressure loss parameters described in

Section 1.3.3, and P and P are segment inlet and exit pres-

m,in m,out
sures, respectively. Because segment pressures are not in state vector x,
these terms have to be written in terms of either volume pressures or boundary

pressures, depending on which is attached at the end of the segment

P « P (1,3-25)

or

Pm = on] + APg. (1.3-26)

When the segment is attached to a boundary, the end pressure is identical to
the boundary prescure, which is known if an outiet, or in state vector x if an
inlet. For a volume, the segment pressure must be calculated from the volume
pressure and the gravitational head between the volume average value (in x)
and the junction level,

Because Eq. (1.3-24) is second order in segment flow, two steps are taken.
First, Eq. (1.3-24) is actually loaded in Eq. (1.3-21) in linearized form.
Second, Equation (1.3-21) is solved iteratively until the segment flows are no
longer varying significantly from step to step.

Finally, the segment loss parameters, a and By can be large and
sensitive to changes in flow and pressure in some pumps, valves, and turbines.
If the user has isolated one of these components in a segment, these para-
meters will be upuated during the iterative solution of Eq. (1.3-21).

The ramaining N;, equations are trivial, and merely connect the flow

through inlet boundaries to the flow in the adjoining segment:

(1.3-27)
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Equation (1.3-21) is solved to adjust segment flows, volume pressures, and
inlet boundary module pressure. Immediately following, segment inlet and out-

let pressures and outiet boundary module flows are adjusted.

1.4 TRANSIENT CALCULATIONS

The transient calculations are based on the momentum integral network
method described earlier. Adjustment factors determined during the steady
state calculations are applied consistently in the transient computations,
Transients are driven by changes at the boundaries, via the pump and tur-
bine speeds or valve positions, and through the heat sink term in non-heat
exchanger modules. All of these parameters can be controlled through user-
input value vs. time tablcs., Alternately, pumps and turbines an be tripped
and coasted down and valves can be tripped open and closed *  response to
pressure (safety/relief) or flow (check). A compatible g eric control system
is planned, although not currently available.

The overall time step procedure is illustrated in Figur» 1.4-1, The ini-
tial step is to advance the boundary conditions to the end of the current
step, which is consistent with the semi-implicit differencing in MINET. Net-
work calculations are then performed for each network in the system, with the
heat exchanger tube temperatures lagged, so as to temporarily decouple the
networss. Within a given network, all segment response m (rices are first de-
temined (see following section), which effectively precict the response
throughout the segments to changes in the volumes and boundary conditions.
Once these matrices are known throughout a network, the volumes can be coupled
and advanced in time, and the segments can then be advanced. After all net-

works have been advanced, the heat exchanger tube temperatures are advanced.
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Figure 1.4-1,
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1.4,1 TIME STEP PREPARATION

At the beginning of a time step, several parameters including the time

step size, must be set. The time step to be taken, Atl, advances the

steam generator variables from current (tk) values to advanced time values
(th).

Most of the equations are integrated semi-implicitly in time, which al-
Tows time steps larger than the equation time constants to be used without
introducing instabilities. However, the heat exchanger tube temperature is
treated explicitly in the wall heat conduction equation, and thus, that equa=

tion has a limiting time constant 7y:
Ty = oty CptyAty/fap (Dy hy + Dy hy) (1.4-1)

While time constant 7y in Eq. 1.4-1 is generally the limiting one, time
constants for the heat exchanger structure temperature, the pump and turbine
speeds and valve positions are also considered. Further, the rate of change
in key enthalpies and pressures is also considered, and rapid changes can
cause the time step size to be reduced. It should be noted that the increase
in time step size, from one step to the next, is limited to 50%.

The second significant task in preparing for a time step is the updating
of boundary modules and module heating. The only means of updating these
required parameters at present is via user input value vs. time tables,
which are interpolated to get current values. If the user has chosen to con-
trol any pumps, turbines, or valves in similar fashion, the appropriate tables

are used at this time to update the corresponding pump and turbine speeds or

valve positions,




There are iwo alternate means of controlling pump speeds, turbine speeds,
and valve positions, A limited control option is available in MINET which
manually trips and coasts down pumps and turbines or releases and resets safe-
ty valves on pressure settings and check valves on flow conditions. These
1imited control options are used to update pump and turbine speeds or valve
positions when that module is updated. A more sophisticated control system
model is planned, but not currently available. For the present, a special
purpose controlier can be inserted using code updates, should the user choos:

to do so.

1.4.2 SEGMENT CALCULATIONS

In this part of the transient calculations, the segment response mitrix
must be determined for the current cegment pressures, local enthalpies, mass
flow rates, heat fluxes, as well as pump and turbine speeds, and valve posi-
tions. The segment response matrix indicates the response of local enthalpies
and mass flow rates to current conditions and changes in pressure and enthalpy

in bordering modules.

1.4.2.1 LOADING THE SEGMENT EQUATIONS

At this point in the calculations, values are known for most variables, at
the k step. Time, boundary module parameters, module heating, and, depending
on the control option specified, pump speeds, turbine speeds, and valve pos i=
tions, are known for the & step, The segment matrix equation is to be used,
in conjunction with the network solution, to auvance local enthalpies and mass

flow rates to the advanced time ste,, ¢. The equation is of the form
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Ax=8By, (1.4-2)

where, for a segment with N, nodes, ﬁ is a 2N, ¢ 2 square matrix, g is a
(2Ny + 2) x 5 matrix, x 1s a 2Ny + 2 vector, and y is a 5 vector. The x

vector is composed of nodal interface values:
1 = CO] {AEm"’ %10.00’ AEJ. NJ.--Q, AEmO' w“o} . (1.4’3)

Vector y is made up of changes in the enthalpy and pressure in the modules

connecting to the inlet and outlet of the segment, and unity:

y = col §aEiy, sPiy, gy, 8P, 1y (1.4-4)
1.4,2.1.1 NON-TURBINE SEGMENTS

For segments that dc not contain turbines (turbines are always isolated
in a segment), the standard momentum integral network equations are loaded.
The 2Ny, + 2 equations loaded into matrices A and B depend on the conditions
within the segment at step k. One momentum equation or choke flow constraint
must be used for each segment,

dW, Nep
Im e = Pmi = Pmg * By = T ay|WiW, (1.4-5)

=NTm

if WSt < Wy,

or (1.4-6)
Wy = WCps if Wn€St > Wep,

where W €St is the segment flow rate estimated with Ppi and Py, re-
maining constant. Zero, one, or two equations must be written to constrain

the segment end enthalpy when flow is entering the segment:
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and
Emi = EgMs 1 Myo < O, (1.4-8)

Mass must be conserved in each of the nodes

apj\ dEj (3p1) dPp,
LR S - Wi -V o RN 1,4-9
o (m) ¢ WOt ® it

This accounts for N, mass equations, giving Ny + 1, Ny + 2, or N, + 3
equations, depending on the direction of flow at the segment end. The remain-
ing Ny + 1, Ny, or Ny = 1 remaining equations come from the nodal energy
equations,

That Ny + 1, Ny, or Ny = 1 equations are needed is seemingly in
conflict with the ready availability of energy equations for the Ny nodes.
At this pont it is enthalpies at the nodal interfaces that are required, and
the relationship between the constraint of these enthalpies and the nodal en-
ergy equations is not trivial.

The nodal energy equation can be written as:

(1.4-10)
Pq\ /) dE; 904 de
. 391 . (m)iw e i Lo LT Rt 31 % (ﬁ;) Tt

Before loading a cunservation of mass equation, Eq. (1.4-9), into the
matrix equation, the node average enthalpy time derivative term must first be
eliminated. The nodal energy equation, Eq. (1.4-10) can be used to isolate

the node average enthalpy time derivative:

apj\ | dP
%, Ty 5
Vj 391 + k4 (_ﬁ.)(
dE4 \
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This expression is substituted into eq. (1.4-9) to obtain a conservation of

mass equation used for all nodes. Equation (1.4-11) is eventually used to
advance the node average enthalpies.

In order to use Eq. (1.4-10) to advance the nodal interface enthalpy, the
derivative of node average enthalpy with respect to time has to be expressed
in terms of the interface enthalpies. If the obvious replacement is made,

1684,

(1.4-12)

—

dt dt

dt

dE4 ( dEj dEJ+1 )
0,5

a not so obvious result occurs. Recause the time constent for enthalpy trans-
port is relatively long, a non-physical numerical "rocking" occurs, in which
outlet enthalpies swing rapidly in response to changes in inlet enthalpy.

The donor-cell differencing scheme is used in lieu of the averaging in-
dicated by Eq. (1.4-12). The assumption is that the rate of change in enthal-
py throughout the node (except the inlet section) is uniform in response to
changes in inlet enthalpy, and thus,

dEj+1 dE;

- (1.4-13)
dt dt

The donor cell differenced form of the conservation of energy is written:

301 801 dpm
VijPq ¢+ £y (3[1)$—J— = H E - wj+lEj+l + Q4 + V41 - E.I(EF"-‘ i

(1.4-14)
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Thus, for a node with flow entering one end and exiting the other, Eq.
(1.4-14) effectively projects changes in outlet enthalpy in response to chang-
es in the inlet enthalpy, for current nodal conditions. Thic is true regard-
less of whether the flow direction is the same as steady state (forward flow),
or the opposite (reversed flow). Of course, when the flow is reversed, the

j=th interface is the node outlet, and Eq. (1.4-14) is written for dEJ/dt:

04\ | dE P\ | dP
m

When flow is not passing through a node, it is either entering (converg-
ing) or exiting (diverging) both ends, Neither condition is stable, i.e.,
Tikely to continue through the time step. For a diverging flow node, we as-
sume the rate of change in enthalpy is uniform throughout the node, and there-
fore load both Eq. (1.4-14) and Eq. (1.4-15) into the matrix equation.

For a converging flow nude, the enthalpy at both interfaces is determined
from outside the node. Thus 1% is unnecessary to use the nodal energy equa-
tion to constrain interface enthalpy.

Thus, a node contributes zero, one, or two constraints on interface en-
thalpy, depending on whether the flow is converging, through, or diverging,
respectively. For a converging flow segment, there must be one more converg-
ing node than diverging node. Similarly, a diverging flow segment must con-
tain one more diverging flow node than converging node. A flow-through seg-
ment has an equal number of converging and diverging nodes. The:rcrore, the
nodal energy equations account for Ny - 1, No, or Ny + 1 constraints, as

are required.
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The nodal equations are thus loaded into the matrices of Eq. (1.4-2) in
semi-implicit form, i.e.,

yt = f(x*). (1.4-16)

The loading logic is summarized in Table (1.4-1),

With the complexity involved in choosing the equation to be used in load-
ing the segment matrix equation, care must be taken that mass and energy are
conserved for each node., Recause the nodal mass conservation equations are,
in fact, responding to changes in node average enthalpy and segrment pressure,
and adjusting mass flow rates accordingly, mass is indeed being conserved.
Energy is also being conserved, since Eq. (1.4-11) is subsequently used to ad-
vance the node average enthalpy in converging in diverging nodes. For flow-
through nodes, back averaging of the nodal interface enthalpies is used to get

the new node average enthalpy, as is standard with donor-cell differencing.

1.4.2.1.2 TURBINE SEGMENTS

As was discussed in Section 1.2.u, the MINET model for a turbine stage is
based on operating characteristics and thermmodynamics, rather than geometry.
The model is also quasi-static. The reason for this type of modeling ap-
proach is that given the location of the turbine in the plant system, and its
substantial complexity, it is best to take a simplified approach for this ap-
plication.

While the equations loaded into the segment matrix equation (1.4-2) are
slightly different for the one node segment containing a turbine stage, they

are made to look very much like those in regular segments, Basically there

are three differences:
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Table 1.4-1 (Continued)
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1) The flow gradient across the segment is forced to zero by setting the
density derivatives to zero. This is done because the dynamic re-
sponse of flow in the turbine is very fast, and the flow out will
nearly match the flow in.

2) The heating temm in Eq. (1.4-11) is set to the current work being
done on the turbine, which is generally negative, and causes a re-
duction in enthalpy.

3) The modified Stadola Equation, Eq. (1.2-13), is used in place of the
momentum equation by setting g to zero and altering the definition of
a in Eq. (1.4-5) to

P

L e in 3 (1.4-17)
((Pin . Pout) * Pin ! Fktb)

The segment inertia 1 is also zeroed out, converting Eq. (1.4-5) to a

steady state aquation.
1.4,2,2 SOLVINC FOR THE SEGMENT RESPONSE MATRIX

Once the matrices of Eq. (1.4-2) have been loaded, the segment response

matrix i1s available as:

1

B e A

B. (1.4-18)

While the expression of the segment response matrix as the inverse of matr1x‘ﬁ
times matrix B is simple enough, the computation involved can be significant,
especially for large matrices. Because of the large number of zeros in the ﬁ

matrix, MINET loads and solves the segment matrix equation in close-packed
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form. This step saves data storage space and significantly increases compyta-
tional speed, Since a form of Gaussian elimination is still used to solve for
the seqment response matrix, there is 1ittle need to detail the process beyond
making the following points.

1) Matrix A is stored and solved as a six column matrix with 2Ny + 1
rows plus a 2N, + 2 column matrix with one row (the momentum equa-
tion).

While the entries of matrix i change somewhat under various flow con-
ditions, the solver is aeneral enough to handle any situation,

The solver is several times faster than full Gaussian elimination,

1.4.2.3 BOUNDARY ADJUSTED SEGMENT KiSPONSE MATRIX

Betore continuing on to evaluate the segment response matrices for the

other segments, two steps are taken. First, matrix é is discarded (data stor-

age area de-allocated), as it is no longer useful. Second, advanced time

(step &) values are already known for the boundary modules, and these values
are factored into the segment response matrix at this time. For a boundary
module at the segment inlet with pressure and enthalpy specified as boundary

conditions, these changes can be factored into column 5 of the matrix:

£
AEXM




when mass flow rate is the bondary condition for the inlet boundary mod-

ule, the change in pressure must be inferred from the equation for Wini

(after aEY, is factored in),
IM

) L L L
8Ply = {Wiw = B2,5 - B2,3 aEfy - 82,4 &PL1/B7 5

This change in pressure is then factored into all of the rows.

k k ) .
{31,5 = Bi g ¢ (NlM - 82,5)81’2/82'2} o 1 =1, 2Ny, ¢+ 2 (1.4-21)

’

) 8:,3 "% Bi.z/BZ,Z} i =1, 2Ny + 2 (1.,4-22)

: k \
148 4"82,4" 81'2/82’2} 1, 2Ny + 2 (1.4-23)

If the mass flow rate is specified for a boundary module at the outlet
end of a segment, it is the last row of the segment response matrix that is
used to infer the change in outlet pressure. For the case when both ends of a
segmert connect to boundary modules, only the fifth column of the boundary
adjusted segment response matrix is effectively non-zero, and the advancement
of segment parameters to step £ could be done immediately.

A1l of the segments in a network side are completed, and the boundary
adjusted segment response matrices are stored, before the network volume
pressure and enthalpy calculations are performed. First, however, the module

advancement process, performed while the segment matrix equation is being

loaded, will be discussed.




1.4,3 MODULE CONDITIONS UPDATE

In the transient calculations, the module level variables are advanced at
the same time that the segment equations are be.ng 1naded. This saves on data
storage space and reduces code camplexity.

Essentially, there are two types of module level characteristics that
must be known for segment level calculatons to proceed correctly. These are
pressure drops and heat transfer (or work) rates,

As was the case in steady state calculations, the pressure losses are
broken into two parts, a constant termm, B, (see Fq. (1,3-18)), and a term
proportional to the square of the mass flow rate, a. However, during tran-
sients, there is often wide variation in local mass flow rate, and the use of
a segment loss factor, ay, 18 impractical, Instead, a local loss factor,
aj, is evaluated for sach node and is loaded into the segment momentum equa-
tion (see last row in Table 1.4-1), This local ay 1s defined consistently

Vﬂh Fq. (103'10). ‘oeo.

aj . + &y K /204A2 ¢ "—ff"'—' (1.4-24)
B s asm— v Ky i 4
204 A0y 20A%0¢q

Pressure 1osses due to gravity, friction, and acceleration are evaluated
at each segment node, for current time enthalpies, mass flow rates, and pres-
sures, For the pump, turbine, and valve modules (one node each), an addition-
al contribution is made to the pressure drop. In order to evaluate these
pressure drop terms accurately, advanced time values of relative pump and tur-

bine speed and valve stem position are needed. If a speed or valve position
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has already been set, the module calculation can proceed., 1f alternate means
of contro)1ing pump and turbine speeds and valve position were specified, the
speed or position must yet be advanced in time,

For a pump, the relative demand speed, -dp*, is first calculated. The
sdvanced time relative pump speed, %, 1s calculated via the differential
equation

£
3 (-_..) . wdgt - wgk (1.4-25)

where i) is the user input pump time constant., If the relative pump speed
drops below the user-input pump seizure speed, it is set to zero. The rela-
tive demand speed can be tripped, 1.e., changed from 1 to 0, at a user input
time, through the 1imited MINET control option or other control system action,
For a valve, the relative demand stem position, Sq is first calculated,

The advanced time valve stem position is calculated using the equation

v (%i)l . S: - s (1.4-26)

where T, is the appropriate user-input time constant, The stem position is
limited by the user-input minimum “leak" position and full open. Furthermore,
it is not allowed to cross past the current demand position during the step.
The 1imited MINET internal controller is useful for safety valves which open
(Sq = 1.0) and close (Sy = 0.0) at set pressures and time constants (7,

and Ty.). In an alternate option, the user can specify a check valve, in

which case the demand position responds to local flow rather than pressure.
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For a turbine stage, the relative demand speed, «d*, is first calcu-

£

L is calculated via the

lated, The advanced time relative pump speed, w
differential equation

dw \ £
- “TSEE .
t (TL) . ot . o (1.8-27)

where 7, is the user input turbine time constant. Should tha turbine speed
drop below the seizure speed from user input, the speed is set to zero. The
“turbine can be tripped at a given time through user input, which resets the de-
mand speed from 1 teo 0,

The calculation of current time heat ‘ransfer rates is a more involved
process, partly hecause the tube wall temperature depends on conditions in two
otherwise disconnected segments, Because the time constants in the heat
transfer process are not small, explicit treatment of the tube temperature,
Tek, 1s possible.

When heat exchangers are analyzed during the segment marches, the heat
transfer rate is evaluated using current fluid characteristics and tube wall

tenperatures,

v k gk pk gok
0 = whaky ¢ hS (ES, PR, Tcl) (1.4-28)

k ko pk
. (Tci T (E1o Pm))o

The dependence of the heat flux on fluid enthalpy and mase flow rate cre eval-
uated so that heat flux can be integrated implicitly with respect to these

variables:
k k
dDi dO1
. ok L g (1.4-29
0 =0+ GEr Myt gm M ( )
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Only after all other systam calculations are completed is the tube temperature

advanced

k £ L
et"fap (D, Q.4+ D Q)
Tt - Tc: . T | S s

Ath pt1 Cpt1

1 (10“30)

where subscript 1 and 0 refer tc inside and outside the tube, respectively.

The explicit treatment >f the tube wall temperatures greatly simplifies
the calculational process, effectively decoupling the networks briefly while
system variables are being advanced. However, it also introduces the time
constant given in Eq. (1.4-1), which follows directly from Eqs. (1.4-28) and
(1.4-30),

1.4,4 NETWORK VOLUME CALCULATIONS

Once the segment response matrices have been determined for all of the
segments in one network, the volume pressures and enthalpies can be determin-
ed. Conservation equations for mass and energy in each of the "d network
volumes are coupied in the matrix equation,

cyve=p, (1.8-31)

where C 1s o 2Nd square matrix, D is a 2Nd vector, and V is the
ZNd vector

-v_l c°] {AEI. Aplpooog AENd. APNd} . (104'32)

The individual equations loaded into Eq. (1.4-31) are implicit forms of Eqs.
(1.1-1) and (1.1-2), with Eq. (1.1-3) used to eliminate the density time de-

rivatives,

1.4-18



Vn 90, \k Vi soe, Inlets  Outlets

Vi | [ Vi 1)
R Y of b , 8 k(_n) . ‘
R "(asn)\ " [E 3, " ¥

xn1ets‘ Outletsl "
T WnotEmot =+ I WpfEnt 4 Q

(1.4-34)

The process of loading Fqs. (1.4-33) and (1.4-34) into Eq. (1.4-31) 1s
straightforward, with the exception of the inflows and outflows. Here the
segment response matrices nust be used to obtain the advanced time segment in-
Tet and outlet mass flow rate and enthalpy as a function of changes in bourder-
ing pressures and enthalpies. As a simplification, for this part of the proce
ess it is assumed that the change in pressure at the segment boundary is eqgual
to the change in pressure in the bhordering volumes (even though the absolute
pressures may be different), Thus, for a segment taking flow out of volume 1
and into volume 2, the second row of the segment response matrix is retrieved
(volume outflow is segment inflow). Then, for the first volume mass equation,
the first four columns of the segment response matrix, row 2, are added to the
first four columns of matrix C, row 1. This accounts for changes in the mass
flow rate going into the segment in response to changes in enthalpy and pres-
sure in the inlet and outlet bordering volume. The fifth column entry of row
2 of the segment response matrix is then subtracted from the first row of vec-
tor D, Note that if the segment were connected at this outlet to a boundary

module instead of a volume, the third and fourth columns of the segment res-

ponse matrix would be ignored.
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Loading Eq, (1.4-34) is slightly more difficult because the flow en-

ergy terms must be linearized,
WhER « ERyt 4 whpEt, (1.8-35)

Rows must be extracted from the segment response matrix for both wt and
aEY, and substituted in Fq. (1.4-35), Second order "A" terms are dropped,
The remaining terms are then loaded into Eq. (1.4-31),

After equations for al) volumes in the network have been loaded into the
matrices, Fq. (1,4-31) is solved for vector V. This is done using full Gaus-
sian elimination, as these matrices are generally small and have mostly non-
zero elements,

Ve ¢! )] (1.4-36)

Vector V contains changes in the network volume enthalpies and pressure during

the time step.
1.4.5 ADVANCING NETWORK VARIABLES

Volume enthalpies and pressures are advanced using the changes indicated
in vactor V. If the contents of the volume are separated, the new level is
then calculated. Using vector V and the boundary module adjusted segment rese
ponse matrix, all of the nodal interface enthalpies and mass flow rates are
then advanced.

The advancement of segment inlet and outlet enthalpy and mass flow is
straightforward, as they are equal to the values for the just advanced inter-

face enthalpies and mass flow rate at the inlet and outlet of the segment.

1.4-20



Similarly, the boundary module enthlapies and mass flow rates can be advanced,
where appropriate, using segment inlet and outlet enthalpies and flows.

Segment inlet/outlet pressures and boundary module pressure are not ale
ways as easy to advance. If the segment connects to a volume, the segment
inlet/out)let pressure 1s calculated using the advanced volume pressure and
elevation head, In the case where the pressure option was chosen as the user
input parameter for the boundary module, the pressure at the boundary module
is advanced already, and the adjoining seqment pressure is adjusted to match
it., It is the case where one or hoth ends of the segment connect to boundary
modules and where mass flow rate boundary conditions were specified that is
most difficult, For such a boundary module at the segment inlet, Eq. (1.4-20)
must be used (these matrix B entries are carefully preserved). A similar exe
nression is used vhen a mass flow rate boundary condition is specified at the
segment outlet, When a segment has mass flow rate boundary conditions on both
ends, fq. (1.,4-20) and the equivalent al the segment outlet are coupled and
solved for the pressure at both ends.

Once the segment inlet and outlet pressures have been advanced, a new

segment average pressure is calculated. This advanced time pressure is com-

pared against the current value, thus giving the change over the time step, to

be used in advancing the node average enthalpies. The node average energy

equation used is the linearized form of Eq. (1.4-11):




where C3 and L. are as given in Table (1.4-1). 1f the flow s passing
through the node at the beginning of the step, the node average enthalpy is
over-written with the linear average of the junction enthalpies on either end.

This 1s 2 standard step in the donor-cell differencing scheme used for iLhe

flow-through nodes. Thus, Eq. (1.4-37) is actually used (and is critical)

only for converging and diverging flow nodes.




1,5 MINET CONSTITUTIVE RELATIONS

The equations detailed in previous sections were obtained fram a physical
and mathematical representation of the system, and its components. These are
supplemented by various empirical and semi-empirical relations generally re-
ferred to as correlations. These constitutive relations are used to determine
fluid and matecial properties, heat transfer and conductivity, as well as
friction factors.

The constitutive relations used in MINET reflect, to some degree, on past,
current, and intended applications, Should the user wish to make substitue
tions, the relevant functions are easily identified and can easily be modi-

fied.

1,5.1 FLUID PROPERTIES

The MINET fluid ~~operty functions provide values of dependent variables,
€.0., density and temperature, as a function of the MINET independent vari-
ables, enthalpy and pressure. Properties are currently in place for water/
steam, sodium, air, and NaK, The functions for water and steam are far more
extensive than the others, as they span the subcooled, saturation, and super-
heated states, and are accurate over a wide range of pressure. Sodium and NaK
are assumed to be subcooled and incompressible, but thermally expandable, Air
is assumed to be an ideal gas.

Most of the fluid properties are programmed to parallel each other, allow-

ing the use of the generic fluid functions listed in Table 1.5-1, These six
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functions can be called with the fluid enthalpy (or temperature, if ENTH3C),
pressure, fluid type, ¢.«@ the side parameter. The side parameter is used to
take advantage of the segment average saturation properties, and can have
values of 1, 2, or 3 meaning (1) inside the tubes or pipes, (2) outside the
heat exchanger tubes, or (3) “"other". In several cases, these functions are
trivial for fluids other than water/steam, but their use simplifies the code

logic, justifying the occasional overkill,

Table 1.5-1 Generic Fluid Properties

Name Function

TEMP3C I (E, P, Fiutd, Side)
ENTH3C £ (T, P, Fluid, Side)
RHO3C o (E, P, Fluid, Side)
DRDE3C ap/oE (E, P, Fluid, Side)
DROP3C 2p/aP (E, P, Fluid, Side)
VISC3C v (E, P, Fluid, Side)

1.5.1.1 WATER AND STEAM

Because of storage considerations, functional fit stear tables are used in
MINET, as opposed to tabular data. Many of these functions are based on those
cited in the RETRAN-02 code documentation [9], and were simply converted from
British Units to S.1. units, They vere reported to be accurate fram 0.7 KPa
to 22.114 MPa (critical) within 1%, and usually are much closer to 1964 ASME
tabular values. The S.1. versions incorporated in MINET appear to be equally

accurate.
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1.5.1.1.1 SATURATION PROPERTIES

A small number of MINET steam table functions are purely saturation prop-
ert.2s, as opposed to subcooled or superheated properties evaluated at satura-
tion coditions. These include saturation enthalpies, entropies, and surface
tension.

The functions for saturated 1iquid and vapor enthzlpies are given by the

relations [9)

:
CF1, (an(p*))’! if 0.1 PSIA < P' < 950 PSIA
=0
‘
Ee(P) = < 3 cF2 (mnip))] if 850 PSIA < P' < 2550 PSIA
=0

cF3, ((PerIT-p)0+41)1  4f 2550 pSIA ¢ P* ¢ 3208,2 PSIA

Mm

=0
(1.5-1)
and
11 ;
ca1, (en(P')) if 0.1 PSIA < P' < 1500 PSIA
%0
8 ;
Eq(P) = cG2,(an(P'))’ if 950 PSIA < P' < 2650 PSIA
=0

CG31((PCR!T-P‘)0' ' 4f 2550 PSIA ¢ P < 3208.2 PSIA

ng

(1.5-2)
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P' (PSIA) = P (Pa)/6892.86, (1.5-3)

and £ is enthalpy in Joules/Kg. The coefficient for Egs. (1.5-1) and (1.5-2)
are given in Table 1.5-2. To insure a smooth transition, the functions are in-
terpolated near the switch points, e.g., between 850 and 950 PSIA for saturat-
ed 1iquid enthalpy.

The saturated entropy functions are given by

S¢(p) = ﬁ: a(1) o=, (1.5-4)
1
and
54(P) i B(1) p'"}, (1.5-5)
51

where P is pressure in Pa, S is entropy in J/KG/K, and coefficients A and B
are as given in Table 1.5.3 [10],

The surface tension, o, for the surface between the liquid and vapor
phases of saturated water is expressed as a function of saturation temperature

in a correlation by Schmidt [9):

2 5
a, (T, -1
0 = X + (1, » H)" -
Tes (- 1) ?;; a, Ty it (1.5-6)
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Table 1.5-2 Saturatd Enthalpy Coefficients

i CFI‘ CF2‘ CF31

0 1.621428516E5 1.955844733E9 2.107363079E6
1 7.763094766E4 8.460623122E8 -3,318768201E4
2 5.39222795E3 «1,077986251E9 3.540715284¢E3
3 4,281234467¢2 2.629092545E8 =1.,622150763E3
a -1,220103831¢E1 «1.011860547E5 4.054431208E2
5 6.694244340 =9,069046525E6 «5,395663361E1
6 4.,078995306 1.557815108E6 3.94028854]

7 -1.00828835 =1.100366955E5 ~1.5013799E-1
8 7.73557653E-2 2.942680883E3 2.332985206E-3
i CG1 CGZ1 CGS1

0 2.572176571E6 -5,196900383E9 2,107350942E6
1 3.342331204E4 2.863881997E9 1.293711324¢E4
2 1.865053933E3 -4,602800148E3 7.987925031E3
3 37.6168376 4,326332)90E4 ~1.49012646E3
4 -3.491669097 =6,433021266E3 1.376661588E 7
5 0 2.4098148E6 -6,339230552

6 0 -4 ,985602203E5 1.16447°3972E-1
7 0 3.952121054t4 -

8 0 ~1.131441328E3 »

Q -2,878833357E-2 - .

10 6.989102705E-3 - .
11 -4,747120847E-4 - -
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Interval:
P(Pa) Lower:
P(pa) Upper:

:D\JOOU".wN""-h

Interval:
P(Pa; Lower:
P(pa) Upper:

C”‘#O‘U”DWN“'-A-

Table 1.5-3 Saturated Entropy Coefficients

6.893E2
6.R93E3
A(1)
«2.54745¢E2
5.53165E-1
«2.60122E-4
7.94604E-8
«1.,40433E-11
1.30R02E-15
-4 ,95878E-20

6.093E2
6.893E3

B(1)

9598,322/4

- ,970369
4,738t -4
«1,48925¢8-7
2,5653E-11
«2,389945-156
9.05062C-20

6.893E3
6.893E4

A(4)
2.38789E2
6.20416E-2

«2.82744E-6
8.65421E-11

«1,51647E~1°
1.42790€-20

«5.,49668E-26

6.893E3
6.893E4

B(1)
7.91753E3
«8,59705E-3
4,06828E-8
-1,23303E-13
2.16846E-19
«2,01315E-25
7.66976E-32

6.893E4
6.893E5

Al
8.02999E2
7.47844E-3

-3.32931t-8
9,91732E-14

«1.73103E-19
1.60476E-25

-6,08564(-32

t.893E4
6.893E5

B(1)
7.91753E3
-8,59705E-3
4.06828E-8
-1.,23303E-13
2.16846E-19
«2.01815E-25
7.66976E-32

1.5-6

6.893E5
6.00°3E6

Ald)
1.44017E3
1.10989E-3

«5.%00L71E-10
2.25130E-16
~5.41747E-23
7.82891E-30
«6.18745E-37
2.05140E-44

6.393E5
6.893t6

S0)

7.18409
-9,78648E -4
5.51919E-10
-2.15887E-16
5.26786E-23
«7,68853E-30
6.12538E-37
-2.04492¢-44

6.893E6
2.,206E7

A({)
-2.20848EA
1,442656E-2
«3.49733E-9
4,62936E-16
-3.59341E-23
1,63582E-30
-4,04720E-38
4,20332E-46

6.893E6
2.¢06E7

B(1)
3.72952¢E4
«1,79198E-2
4,31043E-9
«5,65901E-16
4,36308E-23
«1.97567€-30
4.86766E-38
-5,03894E-46



where © is in N/M? and T is in K, Values for the constants in Eq. (1.5+6)

are:
TK = 647.3 K g = 0.83
e, * 1.160936807E-4 2, * 1.28627465E-11
a, * 1.1214046RBE -6 a * «1,14971929E-14
& * «5,75280518E-9

As this saturation function is dependent on T, we must first determine the
saturation temperature using the pressure and saturated 1iquid enthalpy, using

the subcooled temperature function discussed in the next section.

1.5.1.1.2 SUBCOOLED WATER PROPERTIES

There are six functions that provide the subcooled water parameters, ~or-
responding to the pressure and subcooled enthalpy. These functions " “lude
temperature, density, themmal conductivity, absolute viscosity, specific heat,
and entropy, although the latter two are not realiy independent functions, as
such,

The subcooled water temperature can be expressed as [9):

] 3 "
T o g e CTl, PE, (1.5-7)
= =0 ¥

where P is pressure in Pa, E is enthalpy in J/KG, T is in K, and coefficients

CTl1j are as given in Table 1.5-4,
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Table 1.5-4 Coefficients CTI‘ for Eq. 1.5-7

J
i/ 0 1 2 3
0 273.42 2.332E-4 1.907097E-11 «2.067247€-17
1 2,708826E-7 -1.,9388325E-12 2,411277E-18 «7.558857E-25

The specific heat 1s equal to the derivative of enthalpy with respect to
temperature, expressed in J/KG/K, The function is determired by taking the
derivative of Eq. (1.5-7) with respect to enthalpy and inverting.

The density is detcrmined by inverting a function fitted for the specific

volume [9]:
2 4 *
o = 1/exp Z § cmupr’ , (1.5-8)
=0 j

where p 1s the density in KG/Ma. and the coefficients CNI1 are as

J
given in Table 1.5-5,
The thermal conductivity in W/M/X is represented using the expression

[11].

Ky & ;6 AcEn (1.5-9)

when EN is normalized enthalpy, E(J/KG)/5.815E5, and coefficients A1 are
given in Table 1,5-6,
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Table 1.5-5 Coefficients CNI1 for £q. 1.5-8

J
/3 0 1 2 3 4

n «6,801704 «1.,63856E-7 7.96312E-13 «7.,279005E-19  2.739196E-25
1 +6.,98704E-10 4,B3059E-15 -1.873972E-20 2.,2096%E-26 -8,7246E-33
2 -3,R31966E-17 1,30374£.22 -8,100242E-29 -6,027144E-35 5,32613E-4)

Table 1.5-6 Coefficients A, for Egy. 1.5-9

i

i A1

0 5737386
1 2536104
2 -. 1154683
3 0138747

The sbsolute viscosity, v (N~S/M2). for subcooled water is given by

the three part function:

3
i y -1
FKL]1 (X1)" = (P«PCON) 120 FkL?1 y = € J276E6

™M-

-
n
o

Mo

FKL3, eV 4 (p-peON) ;[: FLA, £V, .276E6 < E < ,394E6
=0

-
"
o

)b

FKLS, 7! . E > L3946 (1.5-10)

e
"
2
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where

PCON 6.894575E5

X1 = B.5812897E-6* (E-4,265884E4)
n = 6,484504E-6* (E-5,53588E4)

4 = 3,89208BE-6* (E-4,014676E5)

and coefficients are as shown in Table 1.5-7 [9].

Table 1,5+7 Coefficient FKL for Eq. (1.5-10)

FKLL FKL2 FKL3 FKLA FKLS
1.299476-3  -6,5959E-12  4,452605E-3  -3,80635(-11  3,026032E-4
«9.26403E<4  6.763E-12  -6.988008E-9 3.92852£-16  -1,836607E-4
3.810476-4  -2,88825E-12  1,52102303E-14 -1,25858E-21  7,567076E-5
-8,219448E-5  4,4525E-13  +1,23032£-20 1,2860181F27 -1,647879E-5
7.022438E -6 . - . 1.4164576E-6

S5 W N = O -

Subcooled entropy is .alculated using the thermodynamic identity [12]):

Tds = dE - dP/p (1.5-11)

and the saturated 1iquid entropy function, Sf. First, Sf is calculat-
ed at the given pressure, then S 1s calculated using the change in enthalpy

from saturation:
3
S = S+ f +dE. (1.5-12)
Eg

Because temperature is roughly linear with respect to enthalpy, the integral
in Eq. (1.5-12) can be approximated using a few intervals, evaluating an

interval average temperature for each.
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1.5.1.1.3 SUPERHEATED STEAM PROPERTIES

Six functions provide superheated steam properties, corresponding to pres-
sure and superheated enthalpy. Included are functions for temperature, den-
sity, themal conductivity, absolute viscosity, specific heat, and entropy, al-
though the specific heat and entropy are not truly independent of the others.

The superheated steam temperature can be expressed as [9]:

4
)R LI
J=0
where P is pressure in Pa, £ is enthalpy in J/KG, T is in K, and coefficients
(T31i are as given in Table 1.5-8, By taking the derivative of Eq. i.5-13

with respect to enthalpy and inverting, we get the specific heat function.

The density is determined by inverting a function that was fitted for spe-

cific volume [9):

? 2

), 2. ¢ 1'P1Ej)°

f=el 3=0

where p is the density in KG/M3. and the coefficients CNZiJ are as

given in Table 1.5-9,

Thermal conductivity in W/M/K is determined using the expression

]
4

3
i \ . P,
s 22 M Tani) u i 4 2,148 ),

i=0 =0 s




where T is temperature in C, p s density in KG/m3, and coefficients

xl‘ and X?1 are as given in Table 1,5-10, Before Eq. (1.5-15) is

utilized, the density and temperature are calculated fram the enthalpy and

pressure, and 273,15 1s subtracted from the temperature (K).

Table 1.5-8 Coefficient CT31 for Eq. (1.5-13)

J
173 0 1 2 3 4
0 -6,29534E3 6.757606E-3 «2,750097E-9 5.380348E-16 -3,97061E-23
1 1.01245E-2 =1,15508E-R 4,956197E-15 -9.465447E-22 6,782646E-29
2 =1.267194E-9 1,472029E-15 -6,42424E-22 1.247552E-28 -9,0904E-36
3 5.560932f-17 «6,54272E-23 2,89918E-29 -5,727995E-36 4,252915E-43
4 -R,430666E-25 1,008109E-30 -4,55535F-37 9.199409E-44 -6,99126E-5]

Table 1.5-9 Coefficients CNZ‘ for £q. (1.5-14)

J
1/3 0 1 3
-1 «6,0375846E5 33347807 «1.,66C07553E-8
0 2.38729985E -2 -1,4478263E-8 2.1°067927E-15

1 -5,84125397E-10 3.28542173E-16 -4 T 4237911E-23
? 1.0280145(-17 «5,05310121E-24 #.81492754E-31

Table 1.5-10 Coefficients Xli and x21 for Eq. (1.5-15)

i Xl‘ XZ‘

n 1.76E.2 1.0351E-4
1 5.87E-5 A4198E-6
2 1.”4[’7 -20771E'11
3 -4,51€-11 -
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The superheated steam absolute viscosity (N * S/Mz) is also a func-

tion of density and temperature in C, which must first be calculated from the
pressure and enthalpy. A three part function is used [9):

V1 = p (1.858E-7 = 5,9£.10 + T) T(C) < 300
s - i . - )
wr JVlT F T e T 6T - D Ap' (300 < T(C) < 376
li-o f=0 i=0
: i
VHD?"B A o T(C) > 375
(1.5-16)
where A1. F1 and G‘ are as given in Table 1.5-11 and
V1 = .807E-7 * T(C) + B.04E-6. (1.5-17)

Table 1.5-11 Coefficients Ai’ F1. and G, for Eq. (1.5-16)

i

i A1 F1 61

0 3053[’8 ’.aBSE'S c176£3

1 6.765E-11 242787 «1.6

2 1.021E-14 -,6789333E-10 .0048

3 - 6317037€-13 - A74074074E-5
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Superheated steam entropy is also calculated using the thermodynamic iden-
tity (12):

Tds = df - dP/p (1.5-18)

and the saturated vapor entropy, Sg. Entropy S is calculated using the

change in enthalpy from saturation

£

5 sq+/ + df. (1.5+19)

Eq

The integral in Eq. (1.5-19) is approximated using 5 intervals in order to ac-

curately account for non-linearities in temperature versus enthalpy.
1.5.1.1.4 PROPERTIES AT SATURATION

Saturated enthalpy, entrcpy, and surface tension are evaluated using fit-
ted functions given in Section 1,5.1.1.1., However, several saturation proper-
ties are evaluated by other means.

Saturated fluid and vapor densities, themmal conductivities, specific
heats, and dynamic viscosities are evaluated using saturated fluid and vapor
enthalpies and functions described in Sections 1.5,1.,1.2 and 1.5,1.1.3. The
saturation temperature is evaluated at the saturated fluid enthalpy using the
subcooled temperature function, Eq. (1.5-7),

Derivatives of saturated fluid and vapor enthalpy and density are also
needed, These are evaluated by perturbing the pressure, re-evaluating satu-

rated enthalpies and densities, and differencing, e.9.,
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oiti e ok, 1 (1.5-20)

1.5.1.1.5 PROPERTIES IN WATER/STEAM MIX

MINET currently uses a homogeneous equilibrium model (MEM) of two phase
flow, which means both phases are ascumed to move at the same speed. Using
this simple representation, the quality is defined as:

£« Ef
E » (1.5.21)
f9

X =

were E'g e E9 - Ff.

The mixture entropy can be calculated fraom the quality, and saturated

fluid and vapor entropies. The expression is
S = (1 «X) Sf + XSg . (1.5-22)

Mixture specific volume can be calculated using the same quality weighting

as used in Eq. (1.5-22)., Density, the inverse of specific volume, is there-

S 1/ LR Xl. (1.5-23)

Pg pg ’

fore
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The derivatives of density with respect to enthalpy and pressure are also
needed, and can be determined analytically using Egs. (1.5-21) and (1.5-23),
It can be shown that “he derivative with respect to enthalpy fis

B a e (s YT S8 (1.5-24)
3 . (og of)/ 9 d

Similarly, the derivative with respect to pressure 1§

) o f (1ex) PPf x ¥y 1.1 ) BX
— B < — S—— - - - o EE— , (1-5'25)
TR ‘,f! » bg ¥ (99 og/ W
where
8 X 2 L 3 3k
- 8 - -—j- ——I) fQ ® . -

1.,6.1.2 SODIUM

MINET sodium properties were taken fram the Super System Code (SCC), an
LMFBR transient analysis rode [11]. Because of this, many of the functions
are expressed in termms of tamperature, which is a state variable in SSC, un-
11ke MINET, Further, because subcooled sodium is essentially incompressible,
pressure does not appear in any of the functions.

The relation between subcooled sodium enthalpy and temperature is given by
3

LB i T (1.5-27)
1=0
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where £ 18 in J/KG, T is in K, and ¢ are 2s given in Table 1.5-12, To

determine temperature in terms of enthalpy, we solve tor the only real root of
Eq. (1.5-27), The specific heat is detemined by taking the derivative of Eq.
(1.5-27), to get 8y " 8E/ 0T,

The density of subcooled sodium is approximated using the function

3
i
p = ;E: Ry T ' (1.5-28)
=0

where density 15 in KG/M®, and T fs in ¥, and R, are as given in Table

1.6-13. The derivative of density with respect to enthalpy is determined by
taking the derivative of (1.,5-28) with respect to temperature and dividing by
the specific heat.

Themmal concuctivity is detemined using the function

: i
k ;: ok T (1.5-29)
=)

where T is in K, k is in W/M/K, and CK1 are as shown in Table 1.5-14 [13).

Absolute viscosity, in N * S/Mz, is determined using

-y lo(-2.4892 - 220.65/T - 0,4925 109 10 T) (1.5-30)

where T is in K [13].

1.5-17



Table 1.5-12 Coefficients C, for Eq. (1.5-27)

. i ¢y
N 0 -67511.0 %
ﬂ 1 1630.22 |
| 2 -, 41674 |
| 3 1.54279E -4 |
|
Table 1.5-13 Coefficients R, for Eq. (1.5-28)
| 0 1011597 |
S 1 - .22051 §
2 -1,92243E-5 |
: 3 6,63769E-9 |
Table 1.5-14 Coefficients CK, for Eq. (1.5-29) ;
i CK,

0 109.7
i ~.064499
4 1.1728E-5



1.5.1.3 AIR

The MINET air properties are most accurate at atmospheric pressure, and
are based on the ideal gas law

p = P/RT . (1.5-31)

where T 45 1n K, P 1n Pa, p in KG/M>, and R = 287.0 J/KG/K (14).
The air enthalpy at atmospheric pressure is determined using

3
i
£ = Z CA T L (1.5-32)
1=0

where coefficients CA, are as given in Table 1.,5-15, Temperature is
calculated from enthalpy by taking the only real cubic root of Eq. (1.5-32).
Specific heat is determined by taking the derivative of Eq. (1.5-32) with

respect to temperature.

Table 1.5-15 Coefficients CA, for Eq. (1,5-32)

i CA,

0 161800.2
1 984,36

2 0.012504
3 4,6751E-5
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With the density determined by Eq. (1.5-31), the derivative of density

with respect to pressure is
/9P = 1/RT

The density derivative with respect to enthalpy is
ap/ oF

where Cp is the specific heat.

The thermal conductivity of air in W/M/K 1is determired using the expres-

sion

3
, i
k = E CK1 T
1=0

where coefficients CK, are as given in Table 1.5-16.
Table 1.5-16 Coefficients CK, for Eq. (1,5-35)
CK
«9,1583E-5
1.03E-4

-6.633E-8
3.056E-11




Absolute viscosity is calculated fram

3
i
y e ;E% B i (1.5-36)

where u 18 1n N « S/M® and CV, are as given in Table 1.5-17,

Taole 1.5-17 Coefficients CV1 for Eq. (1.5-37)

i CV1

0 4.735E-6
1 4.932E-8
2 «9.0E-12

3 ~3.639E-15

1.5.1.4 NaK

MINET NaK (eutectic) functions were detemined from informat’: provided
'n Sedium - Nak Engineering Handbook, Vol. 1 by Faust [15]. Subcooled NaK is

virtually incompressible, so the state functions are independent of P,

The relation between NaK temperature and enthalpy is given by the function

o N (1.5-37)



where £ is in J/KG, T is in K, and CK1 are as given in Table 1.5-18, To
determine temperature in terms of enthalpy, we solve for the only real root of
£q. (1.5-37). The specific heat is determined by taking the derivative of Eq.
(1.5-37) with respect to temperature.

Table 1.5-18 Coefficients CK, for Eq. (1.5-37)

i CKi

0 0

1 1098.6

2 -.27858

3 1.14527E-4

The density of subcooled NaK is approximated as
: i
p ® 12:‘) T (1.5-38)

where p has units of KG/M3, and RK1 are given in Table 1.5-19, By
taking the derivative of Eq. (1.5-3%) with respect to temperature and dividing
by specific heat, we gat the density derivative with respect to enthalpy.

Table 1.5-19 Ceefficients RK1 for Eq. (1.5-38)

i RKi

0 937.01

i -.2095

2 <2.,346L-5
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Thermal conductivity is determined using the relation

K ® ;[% KK, e (1,5-39)

where k is in W/M/K and KK, are as in Table 1.5-20.

i

Table 1.5-20 Coefficients KK, for Eq. (1.5-39)

i

i KK1

0 14,109
1 0.03271
2 -2.2E-5

Absolute viscosity, in N * S/Mz, is determined using a two part fit-

ted function

1,165/ % 00%/T 1 csm
" (1.5-40)
8.26-6, /% Y%/T | 15673

wrere p 1s density in KG/M3 and T is temperature in K.
1.5.2 HEAT TRANSFER CORRELATIONS
A library of heat transfer ~orrelations for current fluid types and con-

ditions are discussed in this section. While this group is not all inclusive,

many systems can be represented with an acceptably small error. Modifications
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and additions may be made to this library with relative ease, and a continuing
expansion of the library can be expected. The heat transfer correlation is

frequently cited in temms of the non-dimensional Nusselt number
Nu = hD/Kk (1.5-41)

This is easily converted to h using the diameter D and thermal conductivity k.

1.5.2.1 WATER AND STEAM

Because the heat transfer properties of water/steam vary significantly
with conditions, a collection of correlations is used, each with its own
range. The six principal modes and their MINET identifier numbers are:

1 - subcooled convection, 2 - subcooled nucleate boiling, 3 - forced convec-
tion vaporization, 4 - film boiling, 5 - superheated convection, 6 - condensa-
ion. If multiple heat transfer regimes occur in one node, MINET will gener-
ate a combined identifier, e.g., mode 123 means started in subcooled convec-

tion, passed through subcoc” :d nucleate boiling and into fcrced convection
vaporization.
1.5.2.1.1 SUBCOOLED CONVECTION

Heat transfer mode 1 is subcooled forced convection. The Nusselt number

for this model is given as [16]:

8 Pr0'4

Nu = 0.023 Re®* : (1.5-42)

where Re is the Reynolds number and Pr is the Prandl number.
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1.5.2.1.2 SUBCOOLED NUCLEATE BOILING

The heat transfer for subcooled nucleate boiling is given as [17]:
h = §° hNB *F hc . (1.5-43)

where the nucleate boiling coef€icient hNB is given as:
0.79 . 0.45 0.49
K. Cz P

- 0.75
hNB = 0,00122 AP " . (1.5-44)
0.5 0.29 A 0.24 0,24
Q u" fg P
where
Cl = specific heat of 1iquid
Kl =  thermal conductivity of 1iquid

Q = surface tension
A = latent heat of vaporization, and
AP = difference in saturation pressure corresponding to the

wall superheat.

The Reynolds number correction factor F, and the nucleate boiling suppression

factor $ are represented as:

0.45
286 T~  , - < 2.
Fe i e (1.5-45)

1 1
2.57 + 0.7643 ~— , ¥v— > 2.
tt |-,
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1.05 - 1.3 x 10°° ge , Re < 2.5 x 10°

0.83 - 4.3 x 105 ge , 2.5 x 10* < Re < 10°
S = -6 5 5 (1.5-‘6)
0.32 exp (-1.92 x 107 Re), 10° < Re < 6 x 10
0.09 _ Red>6 x10°
and
Re - RC Fl 025 L
L
where xtt is the Lockhart/Martinelli (18] parameter:

; L0805 000
: i (i‘x) , (_5;) . (T') (1.5-47)

v L
The comwective coefficient hc is calculated fram the Dittus Boelter equa-
tion based on liquid thermodynamic properties [16].

1.5.2.1.3 FORCED CONVECTION VAPORIZATION

The same correlation [17] is used for forced convection vaporization as is

used for subcooled nucleate boiling. See Section 1.5.2.1.2.

1.5.2.1.4 FILM BOILINE
The heat transfer for film boiling regime is given as [19]:

0.8 1.23
Nu = 0.0193 Re‘ Pr‘ (—-——) (—-——) . (1.5-48)
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where subscripts & and g denote, respectively, liquid and vapor phase 3t sat-

urstion and sucscript B indicates a bulk property of the steam/water mixtwe.

1.5.2,1.5 SUPERHEATED CONVECTION

For superheated steaw, the following heat tramsfer correlation for furced
corwection is used [20]:

Ny = 0.0133 ReV-B4 p,0-333 (1.5-42)

Fluid properties used in Eq. (1.5-49) are evaluated at the film temperature,
taken as the average of the tube wall and fluid tcaperatures.

1.5.2.1.6 CONDENSATION

It is assumed that al! condensation is filmwise, as it is difficult to
induce the more efficient dropwise condensation in any practical way in 2

power plant [21]. Three condensation correlations are employed in MIRET,
according to the geometry.

1.5.2.1.6.1 COMDENSATION ON VERTICAL SURFACES

This “correlation* is based on a simple representation [6]:

d AT
Q'kf 8 ’




where kf is the fluid conductivity, 6 is the thickness of the film layer,

and AT is the difference between the wall temperature and the saturation tem-
perature. Knowirg the flow area, the flow fraction that is fluid, relative
densities, and the wall surface area, one can vasily determine the film thick-
ness, assuming it is uniform. The current MINET "correlation" will represent
condensation inside or outside tubes or pipes, and could be extended to other

geametries.,

1.5.2.1.6,2 CONDENSATION INSIDE HORIZONTAL TUBES

Condensate flowing inside tubes tends to pool at the bottom, causing a

non-trivial distribution of film. To handle this case, a correlat:on by Chato

[21] was converted to SI units and applied:

1/4
pe (pe =0 ) k3 E! J
T WG e Alae a0 M R (1.5-51)
quT D
where
e TS ST R (1.5-52)
fg g~ "f7 B "pf ‘sat T ‘wall !

1.5.2.1.6.3 CONDENSATION ON HORIZONTAL TUBE BANKS

Representation of this type of condensation becomes somewhat more empiri-

cal, as the film thickness will vary with tube position, etc. A correlation

by Chen [21] was converted to SI units and incorporated as:
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¢ o AT
ho. 1.288-[1+0.2 _.E.f.__.] :
Efg (n-1)
i (1.5+53)
3 '
[."L(“f ol B Bl ] :
n Du AT

where n is the number of tubes stacked vertically, and other parameters are as

described in the two previous correlations.

1.5.2.1.7 CRITICAL HEAT FLUX

when the heat flux due tc nucleate boiling exceeds a critical heat flux
level, surface boiling ceases and heat transfer is by film boiling., because
film boiling is far less efficient, it i< important to locate and simulate
this transition point. At this time, one has to rely on various empirical
correlations to determine this location. There are currently three options in

MINET, one of which must be chosen by the user for each side of each heat

exchamnger.

1.5.2.1.7.1 SODIUM/STEAM GENERATORS

A correlation was detemnined by Harty [22] for sodium to water heat ex-
changers, particularly those planned for the Clinch River plant. The steam/

water qu.lity at the DNB point 1s given by:
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Yon . for q > 6.3 x 10° (1.5-58)
Erg P V6/1350.0 Lol ‘
or
6.3 x 10% o, + (6.3 x 10°/q)!*°
Yong * for q < 6.3 x 10° 2 (1.5-585)

Efg oq V/6/1350.0

where Efg is the latent heat of vaporization (J/kg), G is the mass flow
rate per unit area (kg/s m2). and q 1s in H/m2 and calculated in

forced convection vaporization.
1.5.2.1.7.2 WATER/STEAM GENE%TORS

For the steam generators commonly used in pressurized water reactor
systems, 1.e., hot primary water to cooler secondary water and steam, the
MacBeth [23] correlation i1s used. The water/steam quality at CHF is

3 D0.1

x = 1.0 - 5,1933 -E_—(-iﬁl— A (1.5-56)
fg

where q is in H/M2 and evaluated in the forced convection vaporization
regime, D is the equivalent hydraulic diameter, Efg is the latent hez: of
vaporization (J/kg), G 1s the mass flow rate per unit area (kg/s/Mz).
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1.5.2.1.7.3 FIXED QUALITY

The user has the option of locking the CHF quality at x = 0,75, which is
particularly useful for helical coil steam generators, becaus2 the CHF point
is smeared by the sloped flow path., This option should also be used whenever
CHF i1s unlikely to occur, because it is simpler than the other options, and

thus requires less calculations and reduces the likelihood of errirs [24].
1.5.2.2 SODIUM HEAT TRANSFER CORRELATIONS

For liquid metal flow in a pipe or tube, Aoki's correlation [25] for heat

transfer is used:

Nu = 6.0+ 0.025 (F pe)0+8 (1.5-57)
where

-71.
3 . 0.010 - e"1-8%)

In the laminar region,

Nu = 4.36 for Re < 3000 . (1.5-58)
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For the shell side of a heat exchanger, the Nusselt number is obtaiued
frrom the Graber-Rieger correlation [26]):

C

Nu = A+BPe 110 < Pe < 4300

(1.5-59)
1.25 < P/D < 1.95

where
A = 0.25 + 6,2(P/D) .
B = N,007 + 0,032 (P/D) 3

and
C = 0.8 - 0.024(P/D) .

The range of applicability is also indicated above. For Pe < 110, we use a

constant value for Nu (evaluated using Equation (1.5-59) at Pe = 110).
1.5.2.3 NaK HEAT TRANSFER CORRELATION
The NaK heat transfer film coefficient [27] is:

0.6 0.4
b e o.ezs(-Ji) 6c) [J/m’Seck] (.

o

De

where k is *he themmal conductivity of the NaK or sodium, De is the equivalent
diameter based on the total flow area and the total heated perimeter, and G is

the mass flow of NaK.
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1.5.2.4 AIR HEAT TRANSFER CORRELATION

The heat transfer correlation for air in the laminar and transition re-
gimes flowing across heated tube bundles is based on results given in graph-
fcel form [6]. The grap ~ctually contains five § vs Re curves for various

tube configurations, where

¢

PR T [ SR G (1.5-61)
p 2/3
r

and cp is heat capacity, G is mass vclocity, Pr is the Prandtl number, and

h is the heat transfer correlation, applicable below Re = 6000, As MINET can

make minor adjustments through the heat transfer area correction factor, it

was necessary only to anpruximate these curves as

6 = Re"0® | 0,022, Re < 200
(1-5'62)

g » Re-0.66 + 0.0067 , Re > 200.

For turbulent flow (Re > 6000) over banks of tubes or pipes, regardless of
their configuration, experimental data agree well with [6]:

\)06 003

h = 0.33 k Re Pr""/D. (1.5-63)

Thus, the heat transfer coefficient for air in MINET is applicable from the

laminar and throuci turbulent regimes, across banks of pipes or tubes.
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1.5.3 FRICTION

The pressure chance due to friction is giver by the relation:
P, o bt L VG20 (1.5-64)
f TP p leq .

where f is the friction factor, “TP is the Thom two-phase multiptier
(when applicable), L is length, G is mass veiocity, p is density, and Deq is
the equivalent hydraulic diameter, given by:

4 * flow area

Deq = . (1.5-65)
wetted perimeter

In the transition and turbulent regions, the following relation [28] ' used

\ Re

where € i3 the relative roughness factor by Moody [21]. The roughness of var-

( 0671/3
f = 0,0055;1 + |2000G + € + -—] ) ¢ (1.5-66)

fous piping materials is given in Table 1.5-21. Relative roughness is deter-
mined by dividing the roughness by the diameter D. The friction factor for

laminar flow is given by [21]:

f= = - (1.5-67)

The two-phase multiplier, ‘TP in Eq. (1.5-64) is a fitted function of
data provided by Thom _29]:

G
brp * Yi(x)(-%;-) , (1.5-68)
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Table 1.5-21 Roughness e(M) of Various Piping Materials

Material e(M)

Drawn Tubing 1.6 x 107°

Commercial Steel 4,6 x 10'5

Wrought Tron 4.6 x 107°

Asphalted Cast Iron 1.2 x 1074

Gaivanized Iron 1.5 x 10'4

Cast Iron 2.6 x 10'4

Concrete 3 x 10'4 to 3 x 10"3
Riveted Steel 1073 to 10°
Note: Relative Roughness € = 'ﬁfﬁgiﬂ)

where Y1(x) is a 5 part fitted function (vs. quality):
1 + 101.35x = 3.5x° . P = 1.72 MPa
1 + 37.86x - 0.56x° , P = 4,14 MPa
Yo(x) = 1+ 13,852 + 0.478x% , P = 8,62 MPa
1+ 4.708x + 0.96x° , P = 14.5 MPa
| + .5032x + 3.1898x° - 2.2129x° , P = 20.7 MPa

Parameter q 18

defined as:

(1.5-69)

for interpolating or extrapolating from Eq. (1.5-69), and is

i (Y, (0)/Y,(x))

q =
tn (Pyyy/Py)

(1.5-70)

Thus, 1f one wanted to calculate oTP at P = 3 MPa and x = 0.3, he would

calculate Y1 (= 31.1), Y2 (= 12.31), q (= =1,06), and fin21ly 6TP

(= 17.25).
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1.5.4 CRITICAL FLOW

Three critical flow models are available in MINET, Extended Henry-Fauske
(4] for subcooled water, Moody [5], and isentropic for superheated steam. To
minimize on storage and camputations, functions fitted for use in the RETRAN-
02 Code [9] were ccnverted to SI units and used in MINET,
+ For the subcooled region, the critical mass velocity G (kq/Mz/sec) is

given as a function of enthalpy t (J/kg) and pressure P (pa) by the fitted

Extended Henry Fauske relation:

5 5
Z Z s ' pd e ¢ 2.067858E6
j=0  i=0
o (1.5-71)
5 5
z Z 2, eVl . P> 2.067858E6
j=0 =0

where the coefficients are as given in Tables 1.5-22 and 1.5-23,

In the two phase region, the critical mass velocity is given by the fitted

Moody relation:

5 5
EXP Z Z Mo E' e P < 1.37857266
J’:O i=0
MDY

. ‘ (1.5-72)
5 .
Z Y 2, £'p) , P> 1.378572E6
"0 =0

where the coefficien’s are a qiven in Tables 1.5-24 and 1.5-25,

To avoid discontinuities at the saturated fluid interface, the functions
are interrolated as suggested in the RETRAN-02 [9] guide:
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£-§'1

i/3

Table 1.5-22

Coefficients Hlij for Extended Henry-Fauske, Eq. 1.5-71

1 2 3 4 5
0 5.844785¢+4 -1.817882E-1 -1.146214E-5 2.11432¢-11 -1.253541E-17 2.8429843E-24
1 -6.144985E-1 1.233208E-5 7.7054E-11 -1.659309E-16 1.028924E-22 -2.037626£-29
2 1.181158E-6 -7.884145E-11 -1.769177E-16 4 ,955322¢-22 -3.26443E-28 6.643456E-35
3 3.746133E-12 1.958905E-16 1.271247€-22 -6.810723E-28 4,.913027E-34 -1.037707€-40
4 -1,432334E-17 -2.069124E-22 4.757484€-29 4.142854E-34 -3.460373E-40 7.697998E-47
5 1.161263E-23 7.472281E-29 -6.2246E-35 -8.333039€-41 9.032233E-47 -2.161096E-53
Table 1.5-23 Coefficients Hzij for Extended Henry-Fauske, Eq. 1.5-71
i/ 0 1 2 3 4 5
0 5.857132E+4 2.380976E-2 -3.550971E-9 4.076189E-16 -2.256098E-23 4.214328E-31 !
1 -1.396223E-1 -6.5991 20E-8 2.157757e-14  -2.772088c-"1 1.56244E-28 -2.957623E-36
2 2.303321E-7 ?.360698E-13 -6.773429E-20 7.950999¢£-27 -4,247985E-34 7.890548E£-42
3 -1.710519€-13  -3.246034E-19 8.518386E-26 -9.341207E-33 4_,7%8508E-40 -8.778709E-48
4 -8.882528E-20 2 .38065E-25 -5.45305E-32 5.424395E-39 -2.610384E-46 4.617507E-54
5 5.478637E-26 -6.6R87134E-32 1.416759€-38  -1.30096E-45 5.822964E-53 -9.827271E-61



Table 1.5-24 (Coefficients mij for Moody, Eq. 1.5-72

i/3 0 1 2 3

9.1254883 7.055917E-5 -2.958198E-10 5.573495E-16 -4.648165E-22 1.384205E-28
-1.175828E-5 -1.570065E-10 8.163449E-16  -1.646365E-21 1.415426E-27 -4.282857E-34
1.423839E-11 1.775119€E-16 -1.007318E-21 2.080396E-27 -1.804020E-33 5.478421E-40
-9.215581E-18 -9.760617E-23 5.979624E-28  -1.259719E-33 1.100075E-39 -3.35031>.-46
2.914638E-24 2.601702E-29 -1.710693E-34 3.656980E-40 -3.221719¢E-46 9.835850E-53
-3.550224E-31 -2.692578E-36 1.893676E-41  -4,122780E-47 3.641617E-53 -1.114157€-59

s W NN - O

W

Table 1.5-25 Coefficients MZij for Moody, Eq. 1.5-72

i/ 0 1 2 3 A 5

3.153195E-4 1.113838E-1 -1.654592E-8 -2.197688E-16 1.339861E-22 -6.026818E-30
-1.246415E-1 -2 .331657E-7 4.,931423E-14  -1.200296E-21 -2.120770E-28 1.193308E-35
1.718246E-7 1.945935E-13 -5.237650E-20 2.346%33E-27 1.210697E-34 -9.446506E-42
-1.085987E-13  -7.786264E-20 2.584825E-26  -1.495814E-33 -2.888144¢£-41 3.767468E-48
3.223748E-20 1.459473E-26 -6.038175E-33 4.046313E-40 2.186939E-48 -7.642817E-55
-3.647161E-27 -9.886719E-54 5.388276E-40 -3.976274E-47 5.537792E-56 6.371815E-62

O B W N = O




£ES €k € EF

where An are as shown in Table 1.5-26.,

Table 1.5-26 Coefficients An for Eq. 1.5-75

3.964721E5
0.4987001
-2.254622E-7
6.337852E-14
«1,039562E-20
1.010939E-27
-5.735412E-35
1.735412E-42
-2.222367E-50

In the superheated region, the classic isentropic approach is used. Thus,

the critical mass velocity is given by:

g E aP
2 . - - —— s
crit (au)so




where the deivative is for pressure with respect to specific volume at con-

stant entropy.

1.6.5 STRUCTURE PROPERTIES

Density (kg/na). themmal conductivity (J/(sec*M*k)), and specific
heat (J/kg/K) are available in MINET for 10 common structural materials [30].
Values are provided in Tables 1.5-27 through 1.5-29. The specific heat for

stainless steel is

C, = 380,962 + 0.535104°7

p
- 6.10813E-4°T% + 3.02469E-7°T°. (870
Table 1.5-27 Conductivity of Structural Materials
No. Type k (J/(sec * M * K))
1 Stainless Steel 9.01748 + ,0162997+T - 4,80329E-6+T2
+ 2.184226-9+73
2 2 1/4 Chrom-Moly 49,341695 - 0.0171228°7
3 Admiralty Meta)l 146,01
4 90 - 10 Cu=Ni 84,24
5 80 - 20 Cu=Ni 51.48
6 70 = 30 Cu=Ni 40,25
7 Monel 29.58
8 Inconnel 18.72
9 Carbon Steel 56.9
190 Alumi num 179.71
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Table 1.5-28 Specific Heat of Structural Materials

No. Type Cp/Cp, Steel (=)

Stainless Steel 1.0

2 1/4 Chrom=Moly 1.0

Admiralty Metal 0.84
90 -« 10 Cu~Ni 0.85
80 -« 20 Cu=Ni 0.86
70 « 30 Cu=Ni 0.87
Monel 0.93
Inconnel 0.96
Carbon Steel 1.0

Alumi num 1.95

Table 1.5-29 Density of Structural Materials

- -
o

2
Type p (KG/M™)

Stainless Steel 7849.8
2 1/4 Chrom=Moly 7833.35
Admiralty Metal 8490,6
90 - 10 Cu=Ni 8971.2
RO - 20 Cu=Ni 9211.5
70 « 30 Cu=Ni 9451.8
Monel 8811.0
Inconnel 8330.4

P o DN B ow N

Carbon Steel 7849 .8

- O

AYumi num 2723.4







1.6 CONTROL SYSTEM MGDELS

Models for a generic control system representation are under development.

1.6-1



2. USERS GUIDE

In this section, the essential information needed for running the MINET
code is provided, Other portions of this MINET documentation will provide
important information, which could prove useful in setting up and testing your
input deck, In employing the MINET code, the user should keep a few points in
mind,

1) MINET is a developmental computer code and unexpected results may oc-

cur, although these will continually decrease in frequency. A serious

problem should always be reported to the code developers so it can be cor-
rected on a permanent basis,

2) MINET is written on two levels, the module level and the working

level, The user will find that investigating the valve module, for in-

scance, is relatively easy, as that portion of the code is easy to iden-
tify and read. Modification of such a model is quite feasible, in many
cases, On the other hand, the working level of MINET is very sophisticat-
ed and should be avoided by the user., Fortunately, the working levels
have been well tested, where as, at the module level, user options are
continually being added and modified.

3) There is a negative aspect to the freedom provided the user in simu-

lating a system using MINET, or any other generalized system code., That

is, as long as the system described does not violate physical laws, MINET
will analyze the case as stated by the user, Thus, if the user incor-
rectly states the problem, MINET will attempt (and often succeed) to solve
the stated problem as is, As a result, what appears to be the wrong

answer may, instead, be the right answer to the wrong question,
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2.1 MACHINE AND STORAGE CONSIDERATIONS

The MINET code was designed, developed, and tested with the goal of mini-
mizing machine dependencies and storage requirements, so as to facilitate its
implementation on any medium to large scale high-speed computer. As a result,
one may expect only minor difficulties in adapting MINET to a given computer
(with the possible exceptions discussed in [24]).

MINET was developed and tested on a CDC 7600 computer, and was designed to
execute in small core memory (SCM). Thus, the code has been routinely exe-
cuted using 160, 000 octal (around 57,000 base ten) 60-bit words of SCM, (For
an extremely large test problem, one of the large arrays was transferred into
large core memory (LCM), a fairly simple process that slows execution speed by
10-20%.) In order to use SCM, MINET is segmented, i.e., subdivided into cam-
putational modules that swing in and out of SCM as needed. The segmentation
tree currently used is shown in Figure 2.1-1. For many of the larger camput-
ers, such steps to segment the code and otherwise 1imit the use of core space
will most Tikely be unnecessary.

For a machine using a 32-bit word, the use of double precision is required
for at least part of the code. This has not proved to be a problem, thus far.

MINET currently uses seven input/output device numbers, as shown ir Table
2.1-1. It should be noted that these unit numbers are assigned at a high
logical level and can be re-assigned with little difficulty. When MINET is
interfaced with another host code, the host can set the 1/0 device numbers so

as to avoid conflicts with its current usages of the devices.
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Table 2.1-1 Current 1/0 Device # Utilization

Device No, Current Usage

5 Input Deck, 1.e., Card Images

6 Formatted Print Out, e.g., from PRNT3C

7 Scratch Area (Reduces Storage)

8 Scratch Area (Reduces Storage) .
9 Transaction Output, e.g., Plot Data .
10 Save, i.e., Info. for Re-Start
11 Restore, 1.e, Info. for Re-Start

2.2 BUILDING AN INPUT DECK

Building a MINET Input Deck is relatively simple for a small system, and
quite manageable even for a large and intricate system. An operating system
is a little easier to represent than a hypothetical system, because one is
less 1ikely to attempt to create non-physical conditions, i.e., it is more

fool-proof.

2.2.1 THE SYSTEM

Power plant themmal-hydraulic systems can be almost infinitely large and
complex, particularly if one includes all the auxiliary and clean-up systems.
Experimental configurations can be very simple. Both extremes may be repre-

sented using MINET, if a few basic rules are followed.
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System boundaries must be chosen so that a reasonably accurate set of
transient boundary conditions can be speci’ied. An ideal boundary condition
would be the pressure outside a relief valve, e.g., atmospheric pressure. A
low, or a very predictable flow rate into a large tank is also a desirable
boundary condition,

One MUST INCLUDE AT LEAST ONE INLET AND ONE OUTLET BOUNDARY IN EACK FLUID
NETWORK. MINET needs these for reference. For a closed loop one should open
it slightly by adding tightly closed (e.g. 10"6 relative) valves to bound-
aries. While this may seem a nuisance in isolated cases, it is a convention
that allows MINET to do the generalized steady state solution that is missing
from many other systems codes.

A fairly common component is a “"separator" or tank where water occupies
the lower portion with steam above, which is called a "separated volume" in
MINET terminology. Under these conditions any flow leaving the volume will be
either saturated or a mixture of saturated liquid and steam, as determined by
the water level at the pipe entrance. This introduces the subtle fact that
the sum of the flows entering the volume must have a certain flow energy
(W*E) for the system to be at equilibrium. To assure this, MINET will need
a source of energy to adjust (see Section 1.3.1). The user should make cer-
tain that for each separated volume, there is a source of heating somewhere
upstream, or the problem will effectively be overconstrained.

A situation similar to the separated volume cames up when the user fixes
the temperature at an outlet boundary module. Again, if the user makes this

constraint, a source of heating must be available for adjustment.
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Of the MINET component modules, usages are relatively straightforward,
particularly for the pipes. The valves and pumps are simply one node pipes,
plus an extra term in the momentum equation due to a loss across tne valve
opening or & gain due to the pumping action. An optional choke flow calcula-
tion can be performed for the valve, and should be for valves to atmosphere.
The heat exchanger simply represents the active heat transfer area, and other
modules should be used for plena, downcamers, or separators. The turbine
stage module is a simple in/out module, and should be used for parts of the
turbine when accounting for extraction lines to the feedwater heaters. That
is, for a turbine with an extraction line from the center, use two turbine
stage modules with a volume in between, fram which the extraction line is run
of f.

Usage of the volume for a tank or a point where multiple lines diverge or
merge, e.9., a tee, is fairly obvious. What is subtle is the need to use a
volume because of its dynamically calculated pressure. Any module that has a
large (> 25% relative) pressure drop should be bracketed by volumes and/or
boundaries. This is always true for turbine stages and valves where choking
is expected. It can also be true for a large pump or valve, but need not be
so for all valves or pumps. In the use of MINET, a major factor in the speed
and accuracy of the calculations is the correct and optimum usage of the vol-

ume modules (and the heat exchanger nodalization, as well),
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2.2,2 SYSTEM SCHEMATIC

At this stage the system to be represented should be drawn schematically
using the basic MINET components. Module IDs should be attached, preferably
using a "naming" convention such as the ones illustrated in Section 4. Each
port of each module should be assigned a number. Elevations should be noted
at each module interface.

It is highly recommended that photo-copies be made of the system schema-
tic. They are very useful in interpreting MINET output, and are needed when
extracting and piecing together information from conmon block dumps, which are
automatically produced following an unexpected job termination (see Section

2.6).
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2.2,3 INPUT DECK

This section provides a description of the input file, and will be updated
from time to time. In the next section, a co puter generated input descrip-
tion is provided, and it is 1ikely to be updated more frequently.

The structure of the MINET input is drawn on the same modular lines as
that which dominates the calculational portion of the code. The basic compo=
nent of the input is the input record or card-image record. The entire se-
quence of input records constitutes the input file.

Input s processed by MINET in a three-fold operation., The interpreter,
built around a version of the GENRD [31] processor, makes the initial pass
over the input. Verification follows, checking for consistency within the
data set and against the criteria detailed in the data dictionary. An incon-
sistency at this point causes the program to enter an error mode and generates
a diagonistic message on the output file. The program is terminated at *he
end of this stage if any error has been detected. As a further check, all
card-images are entered on the output file as they are interpreted, as are all
decoded values assigned to all parameters.

With the verification complete, the third processor proceeds to initial-
ize a series of internal parameters on the basis of the defined input. The
steady state calculations are then initiated.

The 1ist of input required to initialize MINET cinsists of a series of
free-format card-image records. These records contain control specifications
and/or data in columns 1 through 72. The record format is 'free' in the sense

that as long as the sequence of data conforms to the ordering detailed in this
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document, the physical placement of data fields as well as their degree of nu-
merical accuracy is determined solely by the user.

A very rudame . .ry psuedo-grammar forms the basis on which the MINET in-
put is constructed. The overall scheme in which this grammar operates is de-

scribed in Figure 2.2-1. Its syntax is defined as follows:

‘801 .CTITLE% FILE RECORD-‘ DATA RECORD i.STOPJ- END —?' EOI
s

: HARACTER
TITLE:
BLANK

TITLE:

A title will appear as part of the banner heading on major pages of the output
file. It is limited to one record's length but may extend beyond the seventy-
two (72) character 1imit to eighty (80) characters. Although a required por-
tion of the input, this record is provided solely as a means of associating an
input with the resulting calculation. The user may choose any degree of func-
tionality desired to assign to the titles, since it is not otherwise process-

ed.
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BEGIN
GET NEXT-RECORD
WHILE NEXT-RECORD IS NOT ‘EOI' DO
PROCESS TITLE
GET NEXT-RECORD
WHILE NEXT-RECORD IS NOT 'END" DO
WHILE NEXT-RECORD IS NOT 'STOP" DO
IF NEXT-RECORD IS FILE-RECORD
THEN
CLOSE PREVIOUSLY OPENED DATA FILE (IF OPENED FILE EXISTS)
NPEN NEW DATA FILE
GET NEXT-RECORD
ELSE
IF NEXT-RECORD IS DATA-RECORD
THEN
PROCESS DATA
GET NEXT<RECORD
ELSE
FRROR CONDITION
GET NEXT=RECORD
END
INITIATE PROCESSING (TO EXTENT SPECIFIED)
GET NEXT-RECORD
END
END
END-STOP

Figure 2.2-1 Psuedo-Grammer Format of MINET Input File
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FILE RECORD:

To open a data file, the following pseudo-grammar is appropriate:

FILE=RECORD : =t D1G] T= STRING =t V ofge BLANK st F1LE « NAME s

DIGIT-STRING: —E'- DIGIT ——

The numeric sequence accumulated in this field is used to identify differing
versions (V) of similar input files. It is provided as a convenience and is
subsequently ignored by the processor. The FILE-NAME provides an associative
Tink between the data of the accompanying data file anc a particular computa-

tional module(s).

DATA RECORD:
The pseudo-grammar for an individual DATA-RECORD is:

. g— BLANK)
DATA-RECORD: DIGIT-STRING D = DATA«LIST ==

For a DATA-RECORD to be properly processed, its DIGIT-STRING (or strings) must

be among the set of defined record numbers of the corresponding data file. A

list of all valid record numbers can be found later in this section.
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A DATA-RECORD is completely processed before the next record is interprete
ed, A DATA-RECORD is implicitly defined to have a maximum length equal to one
or more card-images (72 characters)., It is teminated either by a slash (/)
or by a column seventy-two (72) preceeding a DATA-RECORD, a FILE<RECORD or a
STOP, as described helow. Information following a slash (/) is not process=
ed, nor is any information beyond column seventy-two (72). As a result, the
user may find this to be a convenient place to annotate the data files, With-

in a aiven data partition, several options are available as described below:

)

/
DATA<RECORD
INTERP-SPEC FILE-RECORD
STOP
DATA-LIST: DATA-ELEMENT :
REPEAT ~ SPEC wwmee/
( —aeDATA-LIST
m— o D —
BLANK
- BLANK
q j - E ‘\ pre— Y
DATA-ELEMENT: —A—.omn.smr«; el
L gLANK
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Two shorthand constructs are provided for the specification of input,

The

INTERP-SPEC ; wmeeseetr DIG]TaSTRING oo ']
and the

REPEAT<SPEC: w=wwwweeetr DIGIT~STRING =====e'R'

Both are used to assign numeric data to consecutive memory locations.
REPEAT-SPcC stores a sequence of one or more constants. For example:
7,2, 3R
is equivalent to
702, 7.8, 1.2
and
(1.0, 185, 0,72), 4R

is equivalent to

1.0, 1%, 0.72, 1.0, 15, 0.72, 1.0, 15, O0.72, 1.0, 15, 0.72

The

The '1" specification provides a means of inserting one or more equally spaced

values between two real (or two integer) end points. For example,

13 N
is equivalent to

11, 12, 13, 14, 18, 16, 17, 18, 19

and

3:0, 31, 2,0
is equivalent to

1.0, 1,29, 1.80, 1,75, 2.0
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The integer preceding the 'I' specifies the number of equally spaced values to
be inserted between the end points, The terminal points bound the sequence
and are not strictly considered to be members of it, therefore, 11, 71, 19 and
not 11, 91, 19 and 1.0, 31, 2.0 and 1.0, 51, 2.0 in the preceding examples. A
check is made to determine the data type (real or integer) of the end points.
Both points must be of the same type. If an integer interpolation is indicat-
ed, the resulting increment must also be of integer type.

2.2,3,1 [INPUT RECORD DESCRIPTION (See Also Sec. 2.2.3.2)

Record 1D - Pipe Geometric Record

The first three parameters, pipe 10, inlet port number, and outlet port
numper are assigned by the user, to be used in canmunicating with MINET., The
pipe length and diameter (inner) are self explanatory. The roughness factor
is the ratio of the width of surface roughness over the pipe diameter, and

3 for a small cammercial grade tube to 5 x 107

typically runs from 10°
for a very large drawn tube (pipe) (see Table 2.2-1). Any number of nodes may
be used per pipe, and fluid transport time should be a principal factor in the
choosing. The path parameter indicates how many identical camponents are
being represented, and the total flow will be divided equally between the

paths for detemining pressure losses, etc.

Record 101D - Valve Geometric Record

The first several parameters for the valve geometric record are the same
as for the pipe record, except only one node can be used for a valve. The
maximum flow area through the valve when fully open is 1ikely to be slightly

less than the pipe flow area, if it is unknown. As a zero flow rate causes
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Table 2.2-1 Roughness e(M) of Various Piping Materials

Material e(M)

Drawn Tubing 1.5 x 1070
Commercial Steel 4.6 x 1072
Wrought Iror 4.6 x 10™°
Asphalted Cast Iron 1.2 x 1074
Galvanized Iron 1.5 x 107

Cast Iron 2.6 x 107
Concrete 3 x107% to 3 x 1073
Riveted Steel 10°3 t0 1072

Note: Relative Roughness € = Dia: M
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severe computational difficulties (less than or greater than is no problem),
one should never close a valve beyond a minimum leakage level as given by the
minimum stem position (recommended 10'5). Finally the relation between

the relative flow area and relative stem position will vary from valve to

valve, with the general relation given by

ae gT o, (2.2-1)

where f is the stem power factor, a user input. A value of 1.0 is usually a

good estimate, although knowledge of valve design would facilitate a better

guess.

Record 201D - Pump Geometric Record
The parameters for the pump geometric record are the same as for the pipe.

Again, only one node may be used for the pump.

Record 301D - Heat Exchanger Geometric Record

The first several parameters are again the same as on the pipe geometric
record, although several additional parameters are needed in this case. The
inlet and outlet ID for the flowpath outside the tubes are again user assigned
names for canmunication only. The outer diameter refers to the tube between
the fluids. Pitch to diameter refers to the ratio of the tube center to cen-
ter spacing over the tube outer diameter, and should be set to the ratio of
the inner diameter of the outer tube to the outer diameter of the inner tube
for the rare case of co-axial tubes. The number of tubes is per heat ex~-
changer, and is multiplied (in MINET) by the number of paths in determining
the flow per path, Ten structural materials are currently in the MINET
library, and modifications and/or additions should require minimal effort.

Tube configurations such as co-axial (1), square (4), and hex (6) (also called
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triangular) are available as options, and alternate configurations could be
substituted by modifying subroutine MODL3C, The helical coil heat exchanger
diameter refers to coil (not tube) diameter, is used in modifying the fric-
tional loss, and should be set to zero fo- a straight tubed unit. Fluid
passing through tubes coiled or otherwise curved through a tank, travel
farther than the tank fluid, and the ratio is input, and is again 1.0 for
straight tubes. A core tube, albeit rare, can be inserted inside a heat
exchanger tube to increase the (annular) velocity of the inner fluid. The
dianeter of such a tube is used to modify the flow area and account for heat
storage, and it should be set to zero if there is no core tube. The mass and
surface area of the heat exchanger structure, summed over all parallel units,

is used to calculate heat storage in the transient.

Record 401D - In'et Boundary Module Geametric Record

Only the boundary module ID number and an outlet port number need to be
input. Essentially the user is controlling the inlet port, and need not
assign it a number.

Record 402D - Outlet Boundary Module Geometric Record
Only the boundary module ID number and an inlet port number need to be
output. Again, the user is controlling the other port, i.e., the outlet.

Record 501D - Volume Geometric Record

The volume ID is input on this record, but the port identification numbers
appear on other cards because their count is not generally known. The shape
parameter is really important only if the contents are separated, in which

case the level fraction vs. volume fraction relation must be known. The user
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should set the parameter to one if the horizontal area does not depend on

height, to two if the component is a drum on its side, and contact the code
developers for assistance otherwise. It is possible to represent a tank using
more than one volume module (plus pipes), and this impacts some of the remain-
ing input parameters. The volume of the volume is the space in the component
represented by the MINET volume module. Volume height refers to the total
height of the physical component, and is used so that the relative water level
is referenced to the whole component volume and not just that portion repre-
sented by the module. The minimum and maximum relative levels are the MINET
module bottom and top values relative to the component dim:nsions, e.g., 0.5
and 1.0 for a module representing the top half of a tank The volume eleva-
tion is the vertical midpoint for the physical componert. The path parameter
is as it was for the pipes. The separation parameter is set to 1 for homo-
geneous (usual), 2 for separated, and 3 for homogeneous at steady state but
could become separated during the transient. The third option should be
chosen only if the contents will be entirely liquid or vapor under steady

state conditions.

Record 511D - Volume Inlet Port Geometric Record
The volume module ID number and an ID number for an incoming port are spe-
cified. An inlet port is one through which fluid is entering the volume under

steady state conditions.

Record 512D - Volume Outlet Port Geometric Record
The volume module ID number and an ID number for an outgoing port are spe=
cified. An outlet port is one through which fluid is leaving the volume under

steady state conditions.
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Record 601D - Turbine Stage Geometric Record

The turbine stage module 1D number, and identifier numbers for the inlet
and outlet ports are specified., The absolute angle of approach of steam with
respect to the blades is also needed, but this number is very likely to be
close to 15.0 (deqrees), and an extensive search to determine a better value

is unlikely to be necessary.

Record 801D - Network Geometric Record

The system is composed of one or more fluid networks, which are connected
only by heat exchangers., On this record the fluid type for a given network is
specified, As the network has no identifier number, the user need only speci-
fy any boundary or volume module in the network on this record. Note there
will only be enough of these records input « assign a fluid type to each

network.

Record 901D - Junction Record

This record is used to specify the elevation of a junction, and the mod-
ules and ports to be connected. One must be careful when connecting to a
volume with separated contents that the junction is located dimensionally
within the volume and not some computer round-off error (e.g., 10‘1‘)
outside. Otherwise, unexpected results can occur when the tank runs dry or

full,

Record 1001D - Pipe Performance Record

On this OPTIONAL record, the pipe identifier number and a form loss coef-
ficient are input. Generally, one should assume a value of zero (the de-
fault), unless a better value is known or some adjustmeni is needed to obtain

user desired steady state flows and pressures.
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Record 1101D - Valve Performance Record

Again, the valve module identification number and form loss coefficient
for the pipe-1ike portion are input. The valve form loss coefficient, for the
gate opening, would typically be 0.5 to 1.0 for a simple valve, but could be
much larger (i.e., greater than 1.0) for a series or group of valves repre-
sented as one. The choking parameter is used to specify whether a choke flow
calculation should be done, in which case the valve should be in a (one-node)
segment by itself. The last five parameters are a mini-control system useful
in simulating the action of safety/relief or check valves. The J3VPRS para-
meter is the key, for if it is negative, the option is declined, and the last
four parameters are meaningless and can be set to 0.0. If J3VPRS = 0, for a
check valve, the next four parameters are: 1) the flow (per valve) below which
trips closed (e.g., 0.0); 2) the time conctant for doing so; 3) the flow above
which it will trip back open (e.g., 0.1) and 4) the time constant for doing
so. If J3VPRS is positive, it indicates a volume identification number where
the pressure is being monitored. In this case the trip levels are for the

pressure at which it trips open, and the pressure at which it trips closed.

Record 1201D - Pump Performance Record

The first two parameters are the pump module identification number and the
form loss coefficient for the pipe-like portion. The next three parameters,
as well as the five values of A3PUMP, indicate the pump head as a function of
flow (per pump) and pump speed. For each pump there will be some reference or
rated head at some reference speed and flow rate. The polynomial coefficients
A indicate the relative head vs relative flow at the reference speed. Typi-

cally, the relative head will be about 1.2 at zero flow, 1.0 at 1.0 relative
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flow, around 0,7 at 2.0 relative flow, and “all to zero around 3.0 relative
flow. The last two parameters on this input record are used to coastdown the
pump after a trip, with the first being a time constant and the second ‘s the

period until the pump rotor locks, i.e., stops moving entirely.

1301D - Hest Exchanger Pertormance Record

The first three entries on this record are the module identification num-
ber, and form loss coefficients for inside and outside the tubes, the latter
of which can be large due to support structure. The level type parameters
specify the critical heat flux (CHF) criterion, an index of 1 being an Atomics
International correlation for sodium to water heat exchangers, 2 being MacBeth
for PWR steam generators, and 3 being a quality of 0.75. If CHF is not ex-
pected, specify option 3, as it is more efficient to execute than the others.
The counter/cross/parallel flow multiplier should be set to -1.0 for counter

flow, 0.0 for cross flow, and 1.0 for parallel flow condition.

16010 - Turbine Performance Record

The turbine module ID is the first entry on this card, which actually more
fully describes the turbine than the geometric card does, as the MINET turbine
model is based on known performance rather than geometrical details. The
stage type may be specified as an impulse type (generally only for the first
stage) or the impulse reaction type (the rest). The efficiency of the gener-
ator is not currently a very significant parameter, and should be set to
around 0.95. The next five parameters are used to make inferences about the
pressure change across the turbine stage, and can be estimated easily from a
plant design conditions diagram. The inlet temperature is the only tricky

parameter, and that should be set at least a couple of degrees (K) above the
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saturation temperature for the inlet pressure, if it is not known precisely.
The last two parameters or this record are as they were for the pump in record

12010,

20310 - Pipe Initial Condition Record
This optional record is used if the pipe is receiving a non-zero heat ad-

dition (0 = default). The module identification number and the total heat in-

put over all parallel nipes are input.

2101D - Valve Initial Condition Record

The valve rmodule identification number and total heating over all parallei
valves represented are the first two entries on this card. The remaining
entry is the initial valve stem position, which should be between the minimum

valve stem position (record 101D) and full open, i.e., 1.0,

2201D - Pump Initial Condition Record

Again, the first two parameters are the pump module identification number
and the heat input for all the parallel pumps being represented. The remain-

ing parameter is the pump speed in revoiutions per minute (RPM).

2301D - Heat Exchanger Initial Condition Record
The first parameter is the heat exchanger module identification number.
The second parameter is the amount of heat being transferred from the fluid

passing outside the tubes to the fluid within, and is the sum over all paral-

lel heat exchanger paths.
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24910 - Boundary Module Initial Condition Record

The boundary module identification number is the first entry. The bound-
ary status options are 0 for an inlet boundary, 1 for an cutlet boundary where
MINET calculates the temperature, and 2 for an outlet boundary where the tem-
perature is fixed by input (on this card). The next parameter indicates
whether the enthalpy type input is actually an enthalpy (1), a temperature
(2), or a quality (2). Note that a temperature boundary condition may be
easier to determine, but is dangerous if it is close to the saturation temper-
ature. The enthalpy type parameter is next, followed by the initial flow and
pressure. MINET will use the flow and enthalpy for an incoming uoundary and
the pressure and perhaps (on status) enthalpy for an outlet boundary. The un-
used parameter may be used as an initial guess, so a reasonable value should

be input.

2501D - Volume Initial Condition Record

Once again, the first two parameters are the module identification number
and the total heating for all the volumes being represented. The third para-
meter is the initial water level in a separated homogeneous volume. The re-

maining parameter is an estimate of the initial pressure in the volume.

25110 - Volume Outlet Port Initial Condition Record
The first two parameters are module and port identification numbers. The
remaining parameter is the estimated flow leaving through the volume port, and

is the sum over all parallel volumes being represented as one.
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2601D « Turbine Stage Initial Condition Record

The first parameter input is the turbine module identification number,
which is followed by the inftial turbine speed in RPM. The third parameter is
the work done on the turbine stage (expressed in J/S), e.g., ~1.0E8 J/S.

3011D - Pipe Heat Input Table Record

This is an optional record, with the default being that the pipe heating
is maintained at the initial value. The first parameter is the module identi-
fication number. The remaining parameters are pairs of time and heating en-
tries which are placed into a table and interpolated to determine pipe heating

at any point in time.

31110 - Valve Heat Input Table Record
This record exactly parallels record 3011D.

31210 - Valve Position Table Record

This, again, is an optional record. If it is not included, either the
steady state position will be maintained, or the safety/relief or check valve
control option will be used. The first entry is the valve module identifica-
tion number, which is followed by paired data points that are used to create a

position vs. time table.

32010 - Pump Transient Record
This record can be used to trip a pump at a given point in time. The en-
tries are the module identification number and the trip time. Note, that if

the user does not want the pump to trip, the trip time can be set to an arbi-

trarily large value.
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3211D - Pump Heat Input Table Record
This record exactly parallels Record 3011D.

3221D - Pump Speed Table Record

This is another optional record, which may be omitted 1f the steady state
speed is to be maintained until the trip time, as set in Record 3201D., If
used, the record contains the module identification record, and pairs of time

and pump speed table entries.

34110 - Boundary Condition Table Record

The first parameter is again the module identification number, Pressure
or flow may be input, as indicated by the second parameter, 1 for flow, 2 for
pressure. Again, a temperature or quality can be input instead of enthalpy,
as keyed by the third parameter. The remaining fields, in groups of three,
are time, enthalpy/temperature/quality, and flow/pressure to be used in tabu~

lar form.

35110 - Volume Heat Input Table Record

This record exactly parallels Record 3011D.

3601D - Turbine Trip Record
The turbine module identification number and the trip time are input on

this record.

36110 - Turbine Speed Table Record
This record exactly parallels Record 3221D.
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4000D « Run Control Record

The sole entry is the end of trancsient time.

41000 - Print Control Pecord

The first param:ter is used to get frequent prints during the calculation-
al process, and should be set to =1 for the first run of any deck, so as to
get prints during the steady state calculations. This parameter can also be
used for debug purposes. If, for example, & problem occurs at time step 3014,
set this parameter to 3000 during the next job re-run submission to get prints
at every step approaching the critical one. The second parameter, the print
detail key, is set to 1 for the least detail and 3 for the most detail (3 is
generally recommended). The remaining paired data entries indicate the print
frequency up to a designated time, with less frequent prints generally needed

as the transient progresses.

42000 - Context Save Control

The first parameter keys a restart, If it is zero, a new steady state
will be calculated from the input data. If it is one, a restart file will be
read in to handle the initialization. The second parameter indicates how many
print intervals should pass between restart file writes. The user is also

referred to Section 2.9.
2.2.3.2 INPUT RECORDS (Computer Generated)

The input record description on the following pages are computer generat-
ed. While the descriptions are somewhat brief, this section is easier to keep

up to date, and generally supercedes descriptions in other parts of this code

documentation.
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TITLE CARD.E 0., MINCT DECK X1, GJV 102083
OV MINETD
10 PIPE OCMYR!C RECORD/

MODID MODULE 1D ASSIONED 10 PIPE

lM,HIO = PORT [DENTIFIER ASSIONED 10 INLET PORY
OUTLETID -  PORT IDENTIFIER ASSIONED TO ODUTLET PORY
X3MO0 M LENGTH OF MODULE

Y310 M DIAMETER OF MODULE

€3PS 1 = SURFACE ROUGHNESS FACTOR, ROUGHNE 55/ SURF ACE
N3NODE ~  NUMBER OF NODES TO BE USED FOR MODWLE

NIPATH NUMBER OF PARALLEL UNITS BEING REPRESENTED
1010 VALVE CEOMETRIC RECORD/
MOD 1D MODULE 1D ASSIGNED TO VALVE

INLETID = PORT JDENTIFIER AGSIONED 10 INLET PORT
OUTLETID <«  PORT [DENTIFIER ASSIONED TO OUTLET PORY
X3MOD M LENGTM OF MODULE (PIPE-LIKE PORTION)

Y310 M DIAMETER OF MODULE (PIPE-LIKE PORTION)
E3PSI =~ SURFACE ROUGHNESS FACTOR,ROUGHNE S5/ SURF ACE
N3NODE = FOR VALVE ,MUST USE | NODE

N3PATH = NUMBER OF PARALLEL UNITS BEING REPRESENTED
A3VMAX ME&  MAXIMUM FLOW AREA THRU VALVE WMEN OPEN
S3VMIN * MINIMUM VALVE POSITIONRELATIVE MUST GY 0.0
FISTOA =  FACTOR,POSITION TO AREA AREA=POS|TN®*F 35704

2010 PUMP OCMTRSC RECORD/ 1
MOLIID MODULE 1D AGSIONED TO PUMP :

INLETID ~  PORT IDENTIFIER ASSIONED TO INLET PORT :
OUTLETID - PORT IDENTIFIER ASSIONED TO OUILET PORT i
X3MOD M LENGTH OF MODULE (PIPE-LIKE PORTION) i
Y310 M DIAMETER OF MODULE (PIPE-LIKE PORTION) 3
£3PS| - SURFACE ROUGMNESS FACTOR,ROUGHNE SS/SURF ACE ‘
NINOOE = NUMBER OF NODES.FOR PUMP USE | NODE 1
NIFATH «  NUMBER OF PARALLEL UNITS BEING REPRESENTED :

3010 FCAT EXCHANGER GEOMETRIC RECORD/
MODID MODULE 1D ASSIONED TO HEAT EXCHANGER

INLETID - PORT |0 ASSIONED TO INLET PORT, INSIDE TUBE
QUTLETID * PORT D ASSIGNED 10 OUTLET PORT, INSIDE TUBE
X3MOD M LENGTH OF MODULE (ACTIVE MY XFER LENGTH)
Y310 M INNER DIAMETER OF M1 XFER TUBES
E3PS | = SURFACE ROUGHNESS FACTOR INSIDC TUBES
N3NODE = NUMBER OF AX|AL NODES TO BE USED
NIPATH - NUMBER OF PARALLEL UNITS DEING REPRESENTED
INLETID - PORT D ASSIONED TO INLET PORT,OUTSIDE TUBE
OUTLETID - PORT 1D ASSIGNED TO OUTLET PORT ,OUTSIDE TUB
Y30D M OUTER DIAMETER OF HEAT TRANSFER TUBE
F3TBPD - PITCH TO DIAMETER RATIO(TUBE SPACING/DIAMR)
N3TUBE = NUMBER OF TUBES PER HMEAT EXCHANGER
MITYPE - MATERIAL TYPE IN TUBING

130RID - NO. TUBES EQUADISTANT FROM CENTR TUR, ! .4.B
DICO!IL M HEL ICAL COIL DIAMETER, 0 FOR STRAIGHT TUBES
F31700 - RATIO OF FLOW LENGTH INSIDE TUBE TC OUTSIDE
Y3CORO M DIAMETER OF CORE TUBE (ZERQ IF NONE)
MICORT - MATERIAL TYPE OF CORE TUBE
M3STRC - MATERIAL TYPE OF MX SHELL AND STRLCTURE
AZSTRC ME SURFACE AREA BETWEEN STRUCTURE-FLLU D, BUM-PATH
B3STRC KG MASE OF STRUCTURE ,SUMMED OVER PARALEL PATHS
*sMITYPE ,M3CORT M3STRC OPTIONS;

18T STEEL 2-2.2% CH-MLY 3-ADMRLTY 4-80-10 CU-NI

§-80-20 CU-NI  B-70-30 CU-N! 7-MONEL £~ INCONNEL .
§-CARBOM STEEL 10~ALUMINUM }
401D INLET BOUNDARY MOOULE GEOMETRIC KECORD/ ]

MODID ~ MODULE 1D ASSIGNED TO INLET BOUNDARY

OUTLETID -~ PORT [D ASSOND TO BND OUTLET (SYSTEM INLET)
4020 OUTLET BOUNDARY MODULE GEOMETRIC RECORD/

MODID =~ MODULE 1D ASSIGNED T0 OUTLET BOUNDARY

INCETID = PORT 10 ASSOND TO BND INLET (SYSTEM QUTLET)
S010D VOLUME OCMTRIC RECORD/

MOD1D MODULE 1D ASSIONED TO VOLUME

L 3VEHP - COMPONENT SHAPE ,1-VERT CYL OR BOX,2-HWRZ CYL

v3avoL M3 VOLUME WITHIN MODULE (PORTION OF COMPONENT)

Y3vVOL L) TOTAL HEIOHT OF COMPONENT

F3VMIN < REL HEIGHT OF MODULE LOW PNT W.R.T. COMPNET

F3vMAX . REL MEIOHT OF MODULE MI PNT W.R.T. COMPONE!

Z23VOL M ELEVATION OF COMPONENT VERTICAL MIDPOINT

N3PATH = NUMBER OF PARALLEL UNITS BEINGC REPRESENTED




L3PSEP 1 *HOMOGENEOUS . 2~-SEPARATED PHAGES 3= 1SS-2TRN
$110 vuun m.tv PORT GEOMETRIC RECORD/
MODID . MODULE 1D ASSIONED TO vOLUME
INNETID - PORT 1D ASSIONED TO INCOMING VOLUME PORY
NED vowt OUTLET PORT GEOMETRIC RECORD/
= MODULE 1D ASSIGNED 10 VOLUME
OU‘YLEYID . PORT 1D ASSIONED TO OCTGOING VOLUME PORT
6010 YWINE STAGE GEOMETRIC RECORD/
MODID - MODULE 1D ASSIONED TO TURBINE STAGE
INLETID = PORY D ASSIONED TO INLET PORY
wTLtYlD - PORT ID ASSIONED TO OUTLET MT
DEGRE ABS ANGL OF APROCH STEAM W.R.T. BLADE .£EG-18
BDID NE THORK ocorttmc RECORD/
MOD1D MODULE 10 OF ANY BNDRY OR ACCUMLTR IN NE Twk
IFTYPN = FLUID TYPE ,1~#20 2-S0DIUM, 3~A IR W-NAK
801D J\.NCHON RECORD/

Z23JC M ELEVATION OF INTERFACE ““‘LN MODULE PORTS
noolm = MODULE 1D OF FIRST MOGUL
PORTIDI = PORT 1D OF FIRSY NUJ\A.E
MO0 1 D@ = MODULE 1D OF SECOND MODULE
PORT 1DE « PORT |ID OF SECOND MODULE
1001D PIPE PERFORMANCE RECORD’
MODID = MODULE ID OF PIPE
F3KM| =~ LOSS COEFFICIENT (K) FOR MODULE

1101D VALVE PCM’ORHAM:E RECORD (IF CHOKED MUST 1SOLATE) /
MOD 10D MODULE 1D OF VALVE

F3km] = MODULE LOSE COEFFICIENT-PIPE~LIKE SECTION
F3vaLv » LOSS COEFF ICIENT ACROSS VALVE OPENING

1 3CHOK » CHOKE FLOW OPTION,O~NONE , | ~CHOK ING EXPECTED
JIVPRS - VOLUME WHERE PRESSR TAKEN,NOT USED= -898
PIVOPN PA  PRESSURE AT WHICH VALVE TRIPS OPEN

S3VOPN ) VALVE OPENING TIME CONSTANT

P3VCLO PA PRESSURE AT WHICH VALVE TRIPS SHUT
S3VCLO §  VALVE CLOSING TIME CONSTANT
** ALTERNATE USE OF LAST FARAMETERS ** FOR CHECK VALVE
JIVPRS=D FOR CHECK VALVE
P3VOPN=FLOW/PATH (KG/8) TO OPEN
P3VCLO=FLOW/PATH (KG/S) TO CLOSE

12010 PUMP PERFORMANCE RECORD/

MODID ~ MODULE 10 OF PUMP

FIKM| MODULE LOSS COEFF ICIENT
W3REFF KG/S REFERENCE FLOW RATE (PER UNIT)
H3REF M REFERENCE PUMP HEAD

F3REF RPM  REFERENCE PUMP SPEED

ASPUMP(1) - HEAD(SPEED ,FLOW)=HIREF * (SPEED/F3REF ) #92
@ = ¢ (ABPUMP (1) +A3PUMP(2) *HRAT 10
(&) = SABPUMP (3) *WRAT [O* #2+ AZPUMP (4) YWRAT D04 3
i = +AIPUMP (5) SWRAT 0% %4 |
8 - WHERE WRAT10=W/ (W3REFF * (SPEED/FIREF 1)
S3IPTAU S PUMP COASTOWN TIME CONSTANT,SPU=SPOOCE-T/TAU
SE2 S PUMP SEIZURE TIME AFTER TRIP

S3P
13010 HEAT EX

CHANGER PERFORMANCE RECORD/

MODID = MODULE ID OF HEAT EXCHANGER

F3KM| =~ MODULE LOSS COEF, INSIDE TUBES

F3kMO = MODUL.EI LOSS COEF ,QUTSIDE TUBES

13LvT! = DNB/DRYOUT OPTION, | -DNB,2-DRYOUT ,3-X=0.75

13LVTO =  SAME AS I3LVTI ,BUT APPLIED OUTSIOE TURES

F3CCFL = FLOW DIRECTION, | .PARRLL ,0.CROSS,~| .COUNTER
16010 TURBINE PERFORMANCE RLCORD/

MODID = MODULE 1D FOR TURBINE

137TYP = TURBINE STAGE TYPE,!-IMPULSE ,2-IMPULS-REACT

E3FGEN = EFFICIENCY TD ELECTRICAL GRID

W3TREF KG/S REFERENCE FLOW RATE

P3ITRF PA  REFERENCE INLET PRESSURE

P30OTRF PA REFERENCE OUTLET PRESSURFE

T3 TRF K REFERENCE INLET TEMPERATURE

RITSRF RPM  REFERENCE SPEED

S3ITTAU S  COASTDOWN TIME CONSTNT,SPD=SPNO*EXP(-T/TAU)

S3TSEZ S SEIZURE TIME (AFTER TRIP)
200ID PIPE INITIAL CONDITION (ALL QMOD'S SUBJECT TO ADJUST. )/

MODID = MODULE 1D OF PIPE

Q3M00 JIS  HEAT PUT INTO MODULE ,SUM OVER PARALEL UNITS
21010 VALVE INITIAL CONDITION RECORD/

MOD!D = MODULE ]D OF VALVE

Q3mM0D J/8  HEAT PUT INTO MODULE ,SUM OVER PARALEL UNITS




J&m INITLAL w TION RECORD/
: - 10 OF
JI6 AT PUY INTO €. 5UM OVER PARALEL UNITE

gﬂ tm« INITIAL g!al RECORD/

i XCHANGE &
wl TOTAL MY XFER,OUT 10 IN, OVR PARLEL UNTS
Y {3 lNHML CONDITION RECORD/

D OF BOUNDARY
mm smuc 0= INLET, | ~FLOATING , 2+F IXED
= E3BC FLAG, | “ENTHALPY P~ TEMPERATURE , 3-QUAL TY
JIKD K ENTHALPY RATURE .OR QUAL ITY (IF w2l
«:rt MASE FLOW (TOTAL) gttb FOR INLEY

) D FOR QUILETS ONLY
1D voLuME mmu caomm RECORD/
MO0 | MODWLE 10 OF vOLUME
Jrs HEAT PUT INTD MODULE . 6UM OVER PARALEL UNITE

r v CATIVE LIQUID LEVEL VE COMPONEY ME 1 0M1

PIVOL M ETIMATED VOLUME wx A1 STEADY BTATE
25110 vOLUME OUTLEY PORT INITIAL CONDITION RECORD/

MOD 1D < MODALE 1D OF VOLUME

OUTLEYID =  OUTLEY PORY 1D OF VOLUME

wWavout KO/6 CRTIMATE OF FLOW EXITING. BUM OVER PARL PATH
n%g :)unm HIAGE mnm.llnmn RECORD/

2333

= MODWE 1D F TURBINE STAGE
RETE R mmu vuumt u-tto
QINOD Ji' m ON TURBINE §
30110 PIFI Utﬂ INPUT TABLE REC MD dt'tn € AND 3 ENTRIES)/
MOD 1D MODWE 1D OF PIPE
s307 t TIME OF TABLE ENTR
QaMDt J78  HEAT INPUT FOR mm
B111D VALVE O(M IWT TABLE RECORD (REPEAY @ Mo B ENTRIES )/
MODID 10 OF vaLvE
301 S mt TABLE ENTRY
GIMOY J/6  HEAT INPUT FOR CORRESPOND | NG
ll:g VALVE -osmou TABLE RECORD-0FY |ONAL cll:ﬂtn ENIR 2 80
10 MODWLE 1D OF vALVE

SIVT M S TIME OF VALVE BOSITION uﬂ.t ENTRY
SIVIEN = RELATIVE VALVE ETEM POSITION

32010 m YRMIENY RCW (CAN OVER-RULCDL BY 32210 REC)/
MOD10 MODULE

LAPTRP s, TIME AT mlc:m 1§ TRIPPED
uno m b(ﬂ INBUT M&t nccouo (REPEAY ENTRIES 2,31/

oF  PUNP
% i Tl't ulut ENTRY
1 J/B  HEAY INPUY AT © SPOND . NG
2210 M ucco TABLE mgogg-oﬂ «KRH cm 2.8/

MODID
“P'm S Tl!t TABLE ENTRY
RIPMPT  RPM  PUMP IN:ED AT CORRESPOND |NG
3110 m\r cuwmgu TABLE RECORD mtucn cm “, 8.6/

- 1D OF BOUNDARY
} w «  MEY,1-FLOW SPECIFIED, P-PRESSURE GPEC.
K3LTAB < KEY FOR ETAB, | ~ENTHALP 2= TEMP 3-QUALTY
4B €  TIME OF TABLE ENTRY
2TAB JIKD K ENTH TEMP .OR QUAL ENTRY
ltmt o S, PA FLOW DR PRESSURE Mlt.g ENTRY
!5%8 UME HEAYT INPUT TABLE ROD (REPEAT £.3 ENTRIES)/
10 < MODUWLE 1D OF vOLUME

83067 § TIME OF TABLE ENTRY
Q3IMDT J/E  MEAT INPUT AT CORRESPONCING TIME
36010 1\”"‘ TRIP RECORD (CaN BE OVERRULED BY 3£):0 RECRD)/
MOD 1D = MODULE 1D OF TURBINE STA
LETETR §  TURBINE TRIP TIME
uno Tw"t SPEED TABLE RECORD-OPTIONAL (REFSAT ENTRY @ .3)/
MODULE 10 OF TURBINE STAGE
5{7 : s TIME OF TURBINE SPEED TABLE ENTRY
161 REM  TURBINE SPEED AT CORRESPONDING TIME
40000 RUN CONTROL CARD/
S3END §  END OF TRANSIENT SIMULATION
4100D PRINT CONTROL RECORD (REPEAT ENTRYS 3. 4)/
L3PRON =  STEP NG. TO START FREQUENT PANTS -1 FOR 85
Lmr = KEYS PRINT DETAIL,1-BRIZF ,2-MIDL . 3-DETAILED
EIPRIN &  PRINT INTERVAL
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2.3 STEADY STATE PROCESSING AND PITFALLS

MINET contains a fully generalized steady state analysis package, unlike
many systems codes. This approach has great advantages in that it allow:
widespread MINET applications, but has the disadvantage that one has to follow
specified rules, and cannot just alter one local parameter (e.g., fix a heat
exchanger pressure), without affecting other variables.

Flow rates are specified for inlet boundary modules and pressures are spe-
cified for the outlets, and at least one of each must appear somewhere in each
network., All other flows and pressures are calculated, and the user can in-
fluence these directly only through the form loss factor. This should be
viewed as an iterative process, and a few runs may be necessary before the
steady state has the desired flow and pressure distributions.

The enthalpy and heat transfer distribution calculations include some ad-
Justment factors that bear watching. Bridge factors, used to adjust the heat
transfer rates between sub-networks, are critical in satisfying energy con-
straints, but can be troublesome when a large and a small heat transfer bridge
are adjusted together. The heat exchanger heat transfer area correction fac-
tor compensates for inaccuracies in heat transfer coefficients. In both
cases, the closer these adjustment factors are to 1.0, the better.

Our experience has been that the most difficult period in testing an input
deck 1s before the first steady state printout, which comes after the first
outer iteration has been completed, if L3PRON = <1, Until the first print,
one must rely on common block dumps to pursue errors, which is tedious at
best. Perhaps the best approach is to build a simple, yet physically correct,

system first, and make adjustments later.
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2.4 RUNNING THE TRANSIENT

Any time a new deck is run, or there is a change in steady state condi-
tions, 2 "null", or “steady state", transient should be run. This means set-
ting all transient boundary conditions so as to maintain a steady state. Such
a transient should be run for about 20 seconds, and the results should be
checked to verify that conditions are holding near the initial conditions., If
conditions are not holding, a transient should not be run until the reason for
such behavior is fully understood and judged to be acceptable.

In specifying boundary conditions, the user should avoid making large step
changes, as these are non-physical and strain the code numerics. Previous ex-
perience indicates the most likely error of this type occurs when the user in-
puts flow with pressure indicated or pressure with flow indicated, efther of
which can be highly disruptive.

We recommend that the user utilize the MINET restart option to accomplish
a transient in pieces, particularly for a long transient. This not only re-
duces the likelihood of wasting resources if non-physical conditions occur,
but also can be very helpfu! in gaining job priority on a shared computer,

Generally, one should start with frequent print-outs and decrease the
print frequency as the transient progresses. If a problem develops at some
point well into the transient, the transient should be rerun with a high print
frequency and maximum detail. A late-developing problem will usually trace to
an event occuring in recently preceding time steps.

The basic MINET numerics are stable under most flow conditions, including
forward reversal, convergence, and divergence. Instabilities can be intro-

duced through parameters calculated explicitly, e.g., heat exchanger tube
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temperatures, valve positions, pump speeds. The current MINET moduies are
quite stable, and have proved to be that way for several test cases. However,
one must be careful in specifying time constants or inserting a “"hard-wired"
control system, as one can introduce stability problems. As instabilities
also pose problems in physical systems, various means are often used to delay
component response. Should the user choose to ignore these delays as a sim-

plification, he may force MINET to analyze under unstable conditions,

2.5 ERROR MESSAGES AND SUGGESTED RESPONSE

Current error messages and their meanings are listed in Table 2.5-1.
While the interpretation given in the table is brief, it should be adequate,
in general. For some cases, it 1s necessary to elaborate further:
103 - Area Correction Factor

This error can have two possible causes, one which is serious and one
which 1s minor., If current system-wide conditions are sufficiently off, they
can occasionally cause problems in a heat exchanger, with this error as a pos-
sible outcome. The solution is to adjust the system-wide conditions via bound-
ary conditions, loss coefficients, and module heating. If the error is occur-
ring in a heat exchanger and the conditions appear plausible, it is best to
increase the nodalization. Otherwise, this type of error can be difficult to
resolve and contact with the code developer is in order.
11] - Big System

Subroutine SUBN3S contains a series of nested “do loops" that should be
large enough for most systems. However, for a very large system it may be
necessary to nest more "do loops" in the routine, It will be quite obvious

how to do so from looking at the subroutine.
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Table 2.5-1 Error Messages and Meanings

ERR No Source Nature of Error
103 HX3S Failed to Converge on Area Correction Factor; Check initial Conditions
104 EVLV3S Water Level Outside Range for Volume; Check FLQLV, FMIN, FMAX
105 MINT3S Failed to Converge on Global Steady State Balance; Adjust Conditions
110 PRFL3S Failed to Converge on Flow/Pressure Distribution; Adjust Loss Coefficients
111 SUBN3S System Too Big for SUBN3S, Extend Subroutine (EASY)
118 SUBN3S Problem With Segment Assignment; Check System Layout
119 SUBN3S Problem With Volume Assignment; Check System Layout
120 HX3S Temperatures Cross In Heat Exchangers; Check Conditions
125 BKEY3S System Overconstrained; Reduce Constraints Or Add Heat Sources
139 HX3S Trying to Transfer Heat From Cold to Hot, Check Conditions
141 ETX3C Quality OK As Boundary Condition Only If Water/Steam
201 F 431 Failed To Converge on New Water Level; Check Level and Enthalpy




8 - nt Link

This problem is somewhat hypothetical in that it has never occurred to
date., If 1t should arise, it would indicate trouble in the way the network is
linked together. Contact with the code developer should be made.
120, 139 - Heat Exchanger Problems

The MINET heat exchanger module 15 programmed to recognize these impossi-
ble conditions and avoid the potential difficulty in performing a full itera-
tive solution. Instead, 2 linear heat transfer is assumed, to generate enthal-
py distributions and reasonable pressure drops, in the hopes that on the next
pass conditions will be more physically correct. If this fix occurs on the
last steady state iteration, the area correction factor will be identically

1.0000000, and any transient that follows will be questionable at best,

2.6 RECOVERING FROM AN ABNORMAL JOB TERMINATION

If a problem is not discovered through routine error checks, and instead
leads to a fatal error, e.g., divide by zero, a run can be terminated abruptly
in a “crash." As testing of MINET ..atinues, such ar occurrence will become
increasingly unlikely., However, at this time, an abnormal termination is a
very real possibility, and may be expected to occur from time to time.

The key to determining the reason for a crash is maximizing the amount of
information about conditions at and just prior to the job termination time.
This includes recent printouts, common block dumps, computer system diagnos-
tics regarding the cruesh, and debug write statements subsequently inserted
into the code.

In general, the immediate reason for a crash will be uncovered in 2 rela-

tively short time. Often it will trace to an input error not yet detected.
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The worst case 1s when the reason for an abnormal condition cannot be traced
to the source. At this stage, knowledge of the code processing can be impor-
tant, and we recommend that the user contact the code developer.

In order for the MINET developers to trace a problem, several pieces of
information are needed. If the code was modified in any way, a revised 1ist.
ing will be needed. The input deck and output from the ill-fated run are
needed. Content of the common blocks is useful., Finally, a schematic drawing

of the representation is necessary.

2.7 INTERPRETING THE QUTPUT

In order to interpret printed MINET output, one need’ a schematic f the
system. This is necessary to interpret module ID numbers and visualite the
configuration.

Three levels of print detail are availabie, designated 1 for the shortest,
2 for moderate detail, and 3 for ful)l detail. Thesce are described further be-

low. Example outputs can be found in Section 4 of this report,

2.7.1 PRINT OPTION 1

The heading gives the current simulation time, the length of the most re-
cent time step, and the transient time step number. Knowledge of the step
number can be most useful when a problem develops at some point well into the
transient, so that one can rerun the transient with heavy print\detail turned
on for the previous few seconds.

Conditions at the system boundaries appear next, with the boundary ID, the

network number (MINET assigns), the flow, enthaipy, pressure and temperature,



as well as the fluid type, given for each boundary module. If water is in the
network, i1t 1s wise to watch the enthalpy and temperature if conditions are
anywhere near saturation.

In the steady state print only, a summary of the system sub-networks fol-
lows. Recall that sub-networks are added whenever a separated volume or an
outlet boundary module with a fixed temperature is used. This printout merely

indicates what adjustments had to be made to satisfy these additional con-

straints. A bridge is simply a heat transfer connection, Q4j, between sub-

networks or a sub-network and "ground,” i.e., 1=j. 1f the adjustment factors
are near 1.0, this edit can be ignored., If this factor differs substantially
from unity, the user should investigate why.

The next part of the printout is for the system volumes. Volume 1D, pres-
sure, enthalpy, temperature, water level, heat input, network number (MINET as-
signed), and the number of regions specified in the volume are given. The
number of regions will be one for homogeneous, two for separated, or three for
initially homogeneous, but separated during the transient, The water level 1is
meaningful only for water/steam in & separated volume,

Next to appear in the printout is the segment condition summary. The seg-
ments are listed by their MINET number, which the code assigns while it 1is
processing the input. At the right-nand side of the print, module 1D numbers
are given for the modules connecting at the segment inlet and outlet, which
are helpful in identifying the segments. Segment parameters printed include:
segment inlet, outlet, and average flow rate; inlet and outlet enthalpy and

pressure; and pressure 10ss parameters a and 8.




2.7.2 PRINT OPTION 2

When print option 2 is specified, additional print is provided to give
in-segment distributions. Because the segment module I1Ds are printed for each
segment, one can easily resolve any uncertainty as to which segment is which,
For each node in each segment, the inlet, average, and outlet enthalpy, the
inlet and outlet flow, the inlet, average, and outlet temperature, the average
density, and the total heating (work) added to the node are given. Node num-
ber and nodal interface numbers are also provided, which are needed for the

plot option.

2.7.3 PRINT OPTION 3

By specifyiny print option 3, the user gets, in additivn, a description of
conditions at the module level. For each module, the module number (MINET as-
signed), the module type ordinate number (MINET assigned, e.g., the 4th
valve), module 1D number (user assigned), and the number of parallel units
being represented by one (user assigned) are given. These numbers are also
needed for specifying variables for plottine,

For valves, the current valve position is given, along with the current
choke flow 1imit. A large value for the choked flow 1imit may mean the chok-
ing option was declined, in which case MINET sets the choke 1imit extremely
high so it will not be exceeded.

far pumps, the current pump speed, flow rate, and pump head are given.

The flow rate is per parallel unit.
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For heat exchangers, the area correction factor is first given, which in-
dicates how closely the MINET heat transfer correlations agree with the steady
state conditions. A value near 1.0 is desirable, but a value of exactly 1.0
indicates there may have been a problem in the steady state (see Section 2.5).

Also given for heat exchangers is a node-by-node detailing of current con-
ditions., The tube node number, and the node numbers for the fluids passing
inside and outside the tubes are given. Heat transfer per meter and node
average temperatures are given, as are the heat transfer modes inside and out-
side the tubes, and the temperatures for the core tubes and structure. For
water and steam, multiple heat transfer modes can occur in one node, in which
case mode 45 would indicate that heat transfer began as film boiling (4) and
passed on to superheat (5), for instance. It happens, occasionally, that a
heat exchanger will be processed from opposite ends in the transient and
steady state, in which case the mode could switch to 54, which represents a
physical situation provided the total heat transfer is about the same. (Note:
if, during the transient, the tube structure temperature swings wildly, it may
indicate that the heat transfer area to structure mass ratio is too big.)

For the turbine module, current speed, efficiency, and "power from the
generator" are printed. Note that the "power from the generator" will usually

be negative, and the turbine usually provides power to the generator.

2.8 THE PLOT OPTIONS

As a user-option, MINET will (during normal printouts) write current
values of key variables into a transactinns file, which can be used for

genecating plots and other forms of output. This effort is still under

development.
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The user will be able to specify subsets of the variables 1isted in Table
2.8-1, or the table in its entirety. As a result, a chronologically ordered
set of values will became available in the transactions file.

Access to the contents of the transaction file will be by a post-
processor, which, for now, will be designated "RECALL". In the initial ver-
sfon of RECALL, the user will have to specify the variable name and the value
(e.g., node number) of interest. It 1s hoped that, in later versions, one may
gain access through more basic parameters, such as module ID number and other

external ly meaningful parameters,
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Table 2.8-1 PLOTFILE Parameters

Variable  Group Parameter

D3QDwWE Node Node Heating Derivative w.r.t. Pressure
T3JUNC Node Inf Nodal Interface (Junction) Temperature
T37C HX Nod HX Tube Node Temperature

Q3PMI HX Nod Heating Per Meter, Inside Tube

Q3PMO HX Nod Heating Per Meter, Outside Tube

T3CORT HX Nod Core Tube Tempersture

T3STRC HX Nod Structure Temperature

R3PUMP Pump Pump Speed, Rela*ive to Reference

R3DMND Pump Pump Demand Speed, Relative

F3PUMP Pump Pump Speed in RPM

W3PUMP Pump Mass Flow Rate Per Pump

H3PUMP Pump Pump Head in Meters

S3VPOS Valve Valve Position, Relative

W3VALC Valve Mass Flow Rate at Choking

S3DMD Valve Valve Demand Position, Relative

P3VOL Volume Volume Average Pressure (Pa)

E3VOL Volume Volume Average Enthalpy (J/KG)

F3LQLV Volume Relative Liquid Level

T3vVOL Volume Volume Temperature

R3VOL Volume Volume Avorage Density

D3VRE Volume Derivative of Vol Ave Dens w.r.t. Enthalpy
D3VRP Volume Derivative of Vol Ave Dens w.r.t, Pressure
£3BC Boundary Boundary Module Enthalpy

P3BC Boundary Boundary Pressure

W3BC Boundary Boundary Flow

T3BC Boundary Boundary Temperature

X3BC Boundary Boundary Quality

S3DELT GLOBAL Current Time Step Size

S3TAUM GLOBAL Minimum Time Constant Celculated

A3LPHA Segment Segment Pressure Loss Multiplier

B3ETA Segment Segment Pressure Loss Exclusive of Flow Squared
E3INSL Segment Segment Inlet Enthalpy

E30TSL Segment Segment Outlet Enthalpy

P3INSL Segment Segment Inlet Pressure

P30TSL Segment Segment Outlet Pressure

W3SEG Seyment Segment Average Mass Flow Rate

W3INSL Segment Segment Inlet Mass Flow Rate

W30TSL Segment Segment Outlet Mass Flow Rate

R3TS Turbine Turbine Speed in RPM

E3FTSG Turbine Turbine Operating Efficiency

P3WRGN Turbine Power from Generator (Negative If Turbine Operating)
R3TSDM Turbine Turbine Demand Speed in RPM

E3WSSG Node Inf Enthalpy at Nodal Interface

W3WSSG Node Inf Mass Flow Rate at Nodal Interface

E3CB Node Node Average Enthalpy

D3DRDP Node Node Average Density Derivative w.r.t. Pressure
D3DRDE Node Node Average Density Derivative w.r.t. Enthalpy
T3CB Node Node Average Temperature

Q3CB Node Node Heating (In = Positive)

R3CB Node Node Average Density

D3QDEB Node Node Heating Derivative w.r.t. Enthalpy

2.8-3



2.9 RESTART

The MINET transient restart option can be very useful, particularly once a
transient simulation has begun. It should be employed routinely for tran-
sfents of significant duration, both as failure insurance and to improve ace
cess to shared computers where expected execution time influences job prior-
ity.

Wher a restart file is written, values for all relevant variables are
transferred to the output device. A simulation can then be started up again
from that point, by initializing current values from information in the re-
start file,

The user controls the frequency at which restart files are written. This
is done through parameter N3SINT on input record 4200, which indicates how
many printouts (see record 4100) take place between restart file writes. When
a restart file 1s written, the previous contents are overwritten, Thus, with
a 60 second run, having prints every 2 seconds and N3SINT = &, a restart file
will be written at 10, 20, 30, 40, 50, and 60 seconds. At the end of the run,
only values for t = 60 seconds will be in the "save" (restart) file.

When the user wants to restart a run, the restore file 1s specified to be
the restart save file from the previous run, and parameter L3REST on input re-
cord 4200 1s set to 1. Thus, continuing the example in the previous para-
graph, the job would be continued from conditions at t = 60 seconds.

Control of the restart option and the input/output device number is kept
at a very high level in the MINET program logic. This facilitates transfer-
ence of control to a host code, such as SSC [11], so that coordination and

conflict problems can be resolved.
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3. MINET CODE DESCRIPTION

The ideal computer code is written so that it can always be treated as a
black box, 1.e., details of the internals can be totally ignored. Unfortun-
ately, a computer code with the size and scope of MINET is nearly impossible
to perfect to such a degree. We tried to do the next best thing, i.e., to de-
velop a code that is highly modular and quite readable so the user has a
chance to cope with problems that may arise. This section of the MINET code
documentation is written to facilitate the understanding of the MINET program,
but can in no way describe every facit of the code.

Computer code documentation can be provided in three ways: (1) written,
(2) computer generated, and (3) imbedded in the computer code. Much of this
document is handwritten, which has the advantage of clarity and the disadvan-
tage that it is cumbersome to update. Computer generated documentation can be
tedious to develop, but is easy to update. In-code descriptions are particu-
larly useful when reading the program 1ibrary, but are not much use in formal
reports. In order to keep this section as current as possible, much of it is

computer generated.
3.1 CODE STANDARDS AND PHILOSOPHY
3.1.1 PROGRAMMING LANGUAGE
ANS] USA Standard FORTRAN language (ANSI X3.9-1966) is used as a basis for

MINET code development. Some exceptions have, however been necessary for the

sake of expedience. These fall into two categories:
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¢ Required features not defined within the standard (character man-
fpulation) have been implemented in such a way that machine de-
pendencies due to work size can be overcome on most systems by
global means rather than numerous local modifications,

¢ Overly-restrictive language limitations (indexing expressions,
etc.) have been relaxed based on reasonable assumptions about the

extensfons available in most available compilers.

3.1.2 SUPPORT SOFTWARE

No external support libraries or system-dependent procedures are required.

3.1.3 GLOBAL COMMONs

A1l FORTRAN COMMON declarations with identical labels are implemented with

identical variable 1ists wherever they appear. This avoids confusion due to

"aliasing" of COMMON locations,

3.1.4 NAMING CONVENTION

Certain conventions have been established governing the choice of vari-

able, labelled COMMON, and subprogram names.

¢ global variables are identified by having a numeric character in

the second position according to the following rules:

1., 9 signifies variables associated with utility and driver code

2. 3 signifies variables associated with MINET computational code
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o labelled global COMMON names use a numeric character in the next-
to-last position following the above rules for global variables.
The last character of global COMMON names 1s chosen according to
the rules:

1. V signifies a block containing only REAL types
2. 1 signifies a block containing only INTEGER types

3. P signifies a block containing only global container POINTER
types

4, U signifies a block containina implementation variables for
utility code

SUBROUTINE names use a numeric character in the next-to-last posi-

tion according to the rules:

1. 9 signifies driver and utility code

2. 3 signifies computational code

The last character of SUBROUTINE and FUNCTION names is chosen ac-

cording to which of the major code divisions they belong:

1. R signifies Reader code

2. S signifies Steady-state code

3. T signifies Transient code

4. U signifies Universal code which is used in more than one
division

5. C signifies COMMON code used in beth the steady-state and
the transient calculations
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3.1.5 DESIGN PHILOSOPHY

The objective of the design philosophy adopted for MINET is ke the
finished code easy to maintain and modify. Two major approaches, DULARITY
and the use of DATA MANAGEMENT UTILITIES have been used to accompl 1 this obe

JOCHVO.

o The MODULAR approach involves dividing the code design into smal-

ler parts, called modules, such that each can be dealt with indi-
vidually., Although many methods exist for nerforming modular de-
sign, the end result exhibits similar desirable characteristics:
- modules exhibit high strength in that the module contents
are closely related by the operations they perform,
= modules exhibit lTow coupling in that the contents and funce
tions of any one module have minimal relationship to those
of another,
DATA MANAGEMENT UTILITIES are groups of subroutines designed to
implement abstract data types not available in the programming
language being used (FORTRAN in this case). Each abstract data
type consists of a structured data object, such as a 1ist, and a
group of operations, such as CREATE, DELETE, INSERT, etc. A1) ac-
cess to the data is peiformed by calls to members of a subroutine
group, each of which performs one of the operations. Advantages
include:
- Data structures can be constructed to best fit the problem

being solved so that computational code logic is cleaner.
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« Potentially messy and confusing implementation details are
effectively "hidden" from upper-level computational code.

« Flexibility is enhanced because the actual implementation of
the abstract data types can be changed as needs require
without having any effect on the upper-level code.

« Errors are easily detected by inserting appropriate para-

meter tests in members of the subroutine group.

3.2 CODE STRUCTURE

MINET 1s a carefully structured code, using modular subroutines and highly
specific functions, as well as carefully managed common blocks. Argument
1ists are occasionally used to improve code modularity, but much of the code
data resides in the ¢lobal common blocks. Low Tevel functions and sub-
routines rarely access the global common blocks, and never alter any of the
alues. This carefyl structuring and data management makes MINET relatively

easy to read, understand, and modify.

3.2.1 TIER CHART & CROSS REF MAP

A computer generated tier chart is provided in the pages to follow. While
the format by which the chart continues from page to page is far from ideal,
the chart (as shown) is easy to keep up to date and should not be overly diffi-
cult to interpret. A subroutine and function cross reference map is included

in the pages that follow the tier chart,
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3.2.2 SUBROUTINE AND FUNCTION DESCRIPTION

A computer generated subroutine and function description is provided in
Table 3.2-1. Following each name are two letters, The first indicates module
type (S denotes subroutine, F denotes function), while the second letter indi-
cates to which major code division each module belongs (U -utility, P -prop-
erty, S -steady-state, T - transient, C - common te S and T, I - input pro-

cessor). Also included is a brief description of each module's use.

3.2.3 FOCUS ON SELECTED AREAS

There are several areas in the MINET code that require somewhat greater
explanation than is provided elsewhere in this document. In some cases the
explanation is needed because of local complexities that can be very confus-
ing, if not fully explained. In other cases, a large number of functions and/
or utilities can be overwhelming until they are integrated conceptually into a
special purpose package. In this section, we will try to bridge some of the

gaps, in order to clarify certain points.
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ITICAL MASS VELOCITY FOR SUBCOOLED WATER USES EXTENDD MENRY-FAUSKE
ITICAL MASS VELOCITY FOR WATER/STEAM MIX USES MOODY MODEL

ITICAL MASS VELOCITY FOR SUPERHEATED STEAM, ISENTROPIC MODEL

AT CAPACITY (SPC HT) OF STRUCTURAL MATERIALS

AT TRANGFER COEFF ICIENT CONDENSING INSIDE HORIZONTAL TUBES

HEAT TRANSFER COEFF ICTENT CONDENSING OUTSIDE (ON) MORZNTL TUBE BANKS
HEAT CAPACITY/SPECIH IC HEAT OF SODIUM

HEAT TRANSFER COEFFICIENT FOR SODIUM PAGSING OUTSIDE TUBES

HEAT TRANSFER COEFF ICIENT FOR SODIUM PASSING INSIDE TUBES

HEAT TRANSFER COEFF ICIENT FOR AIR PASSING OVER MEATED TUBES

HEAT TRANSFER COEFFICITNT FOR GENERIC FLUID;CALLS OTHER H FUNCTIONS
HEAT TRANSFER COEFFICIENT FOR NAK, INGIDE OR OUTSIDE TUBES

HEAT TRANSFER COEFFICIENT IN CONDENSING MODE ,VERT SURFAC FILM THICKNS
HEAT TRANSFER COEFFICIENT FOR FILM (WATER) BOILING,BISHOP CORRELATION
HEAT TRANSFER COEFFICIENT FOR SUBCOOLED WATER BY FORCED CONVECTION
HEAT TRANSFER COEFFICIENT FOR NUCLEATE BOILING, INCL SUBCOOLDYTHO-PHAS
HEAT TRANSFER COEFFICIENT FOR SUPERHEATED (STEAM) CONVECTION
PERFORMS NODAL ENERGY BALANCE CALCULATION FOR HX NODES

ARARRR

R332

| PROCESSES MEAT EXCHANGER MGOULE INPUT DATA

—CCCCC 4 C = C CC =N ~C = C = Al = C = CC == C e CCC P =CC T O = -t

HEAT EXCHANGER TEMPERATURE AND HEAT TRANSFER CALCULAT[ONS

TRANG LENT CALCULATIONS FOR MT XCHNOR ,NODE AVERAGE HEAT TRANSFER CALCD
RETURNS GLOBAL ARRAY POINTER CORRESPONDING TO GIVEN CHARACTER STRING
INITIALIZE MODULE LINKAGE FUNCTION COOE

DETERMINES APPROFRIATE HEAT TRANSFER CORRELATION UNDER GIVEN CNDTIONS
INITIALIZES THE ARRAY DATA ABSTRACTION

CALLED BY ABEND!,SDUMP . CONVERT WORD TO CHARACTER STRING.

INITIALIZES THE GLOBAL CONTAINER MANACEMENT UTILITY

CONTROLS INITIALIZATION OF MINET INPUT DATA

INITIALIZE VOLUME (SEGMENT FLOWS ,PRESSURES ENTHALPIES FOR | TERAT|VE
INITIALIZE 1/0 UNIT NUMBERS,GLOBAL CONTAINER ARRAY

READS THE TITLE CARD IN THE INPUT DECK

INITIALIZES LIST TYPE DATA ABSTRACTION

INITIALIZES THE MODULE DATA ABSTRACTION

INITIALIZE NODE DATA ABSTRACTION

INITIALIZE MODULE ORDERING CODE

SCANS; MNODE CHAIN FOR NODE WITH CIVEN 1D, RETURNS ARRAY POINTER
INITIALIZES MINET INPUT DATA READER

PLACES AN ITEM IN LIST AFTER LAST PREVIOUS ENTRY

PART OF ABENO PACK. DECODES SUBROUTINE INSTRUCTIONS.

PERFORMS THE REAL - INTERPOLATE OPERATION,PART OF FREE-FORMAT READ PAKG
RETURNS AN INTEGER VALUE FROM DESIGNATED PLACE IN MODULE DATA AREA
CHECKS 1F ARRAY CONTAINS DIGIT STRING FOLLOWED BY NON DIGIT.FREE FRMT
INTERPOLATES TABULAR FUNCTIONS

SETS UP SEGMENT RESPONSE MATRICE ,LOADS SEG IN,OUT EQUAT IONS , MOMENTUM
SUBROUTINE SETS | POINTERS FOR VARIABLE IN GLOBAL CONTAINER

SCANS NODE CHAIN FOR NODE WITH GIVEN REAL NO. ID,RETURNS ARRAY POINTR
CALCS PARAMTRS NEEDED TO PROCYS A HOLERITH MESSG ON CARD [MAGE

TESTS IF FIRST NON-BLANK CHARCTRS ON CARD SPELL STOP

INITIALIZES INPUT SPECIFICATION UNIT MODULE CODE

CHECKS INTERPOLATE FLAC TO DECIDE IF REAL-INTERP OPRATN CAN BE PRERMD
INITIALIZES A UNIQUE NUMBER OENERATOR

RETURNS JOBNAME TO THE USER

RETURNS INTEGER DATUM ASSOCIATED WlTH MODULE

RETRIEVE THE INDEX(OF THE ARRAY ENTRY [N CONTAINER) FOR VARIABL NAMED
SETE THE PRINCIPAL SUBNET NO. FOR SEGMENTS,VOLUMES HEAT EXCHANGERS
RETUANS DATA AREA 1D FOR POR! PREVIOUSLY DEF INED BY DEFP3R

RETURNS A COUNT OF THE NO. OF ITEMS IN LIST OF GIVEN MOD'ALE TYPE
SOLVES A SYSTEM OF LINEAR EQNS (MATRIX) BY GAUSSIAN EL IMINATION
SOLVES MATRIX EQUATION OF ARRAY DATA ABSTRCTION FORM,CALLS LEQ3C
GENERATES GEOMETRIC LINKS FOR SYSTEM DATA MODULES

PRINTS FORMATTED LISTING OF MINET INPUT DATA FILE

INSERTS LINK INFO INTO NODAL STORAGE SPACE DIRECTS TO NEXT ONE

LOADS NODAL CONSERVATION EQNS INTO SEGMENT MATRIX EGN

SCAN THE L!ST TO FIND ITEM WITH GIVEN MODID,RETURN THE POINTER
LOCATE THE MODULE WITH REAL TYPE 1D DESIONATED RETURN THE POINTER
RETURNS LENGTH OF GLOBAL CONTAINER ARRAY

RETURNS GIZE OF LIST WHERE SIZE IS THE NUMBER OF [TEMS CONTAINED
RETUPNS THE PO.NTER FOR THE PREVIOUS 1TEM IN LIST

RETURNS POINTER TO LAST-VISITED MODULE IN ORDER SET
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TURNS AN ENCODED 1 TNOMBER FOR MODULE OIVEN BY POINTER

\ cmn& OBAL ARRAY FROM DYNAMIC STORAGE INTO CONTAINER
$ ™™ L AINER FROM DYNAMIC 10 STATIC STORAGE

CMEOKS IF L CMRCTRE , IN ARRAY A FORM LETIER-AL FANUMRC STRING FREE FRMT
BOIURNS LINK 10 rom IN mm.m MODULE | AS Iﬂ’lﬂo .‘ INPUT LNKAGS

TURNE cuus Wl FOR MODULE N CURRENT

EESEE NETHORK INPUT DATA
cucu‘gt atu uults AND ENTHALPIES FOR NETWORK VOLUMES
CONBTRUCTS A MATRIX IN DATA ABGTRACTION SYORAGE ARRAY

ATES A NEW DA'A ARE A ron MODULE ASEIONE GIVEN DATA 1D
CREATEE & NEW munct Lm RETURNING & POINTER FOR |1
CONGTRUCTS NEW INGTANCE OF MODULE WITH OIVEN 1D AND TYPE
CREATES NEW NODE smuot SPALL AND RETURNE BOINTER FOR 17
CREATES NEW INBTANCE OF MODULE WITH REAL TYPE MODULE 1D
RETURNE TWll NODE 1D VALUE FOR O)VEN NODE
SLARCHES OIVEN ARRAY FOR A NON-BLANK CHARACTER PART OF FREE-FORMAT PK
ALLOCATES A NEW POINTER INTO Tl GLOBAL CONTAINER ARRAY
RETURNG T8 G1ZE OF TME DATA ATEA ALLOTED FOR GIVEN NODE

PERFORME THE 8K IP-WORDS OPERAY'(W. CALLED BY COINSY

RETURNS PDINTER 70 MNEXT ATO™ W CHAIN, IF LAKY ATOM EXTENDS THE UHAIN
RETURNS THE POINTER [OR THE NFXT JTEM IN W LIST

RETURNG POINTER 10 wEXT MODILE IN ORDE® &EY

RETURNE “ME valUE IN THE NEXT FIELD OF YW GIVEN NODE DAYA AREL

L TURNE PORT 1D WF KEXT SVALL OUTLT PRT CORNESPNDING 10 G VN INLT PRY
INITIALIZES ORDERED SEY oF MODULES UGS IWw BACHTRACK RtvtNSAL

PQINTSG THE PAOE EADING

RETURN MODWULE PORT COUNTE . E.G.ND. INLET OUTLET FREL INLET FREE OUTLEY
PUTE &N INTEGER VALE IN NAMED GLJ8AL CONTAINER ARRAY

PUTE A REAL VALUE [N NAMED GLOBAL CONTAINER ARRAY

RETURNS INLET AND OUTLET PORT [DENTIF IERE FOR CURRENT MOD IN ORDER
PROCESSES PIPL MODLE INPUT DATA

INITIALIZES THE PIPE MODVALES PIRE-PART OF VALVE AND PUAP MODULES
FLRFURME TRANGIENT CALCULATION FOR PIPE MODULE ,PIPE-PARY OF VALY, PUMP
STARTE TIME ETLP CALCWATIONS ADV NUES BOUNDARY CONDITIONS .£7C
PERFORME ETLADY STATE N TWORK PRESSURE AND FLOW BALAMCE

TACS MEAT FXCHANGER SIDE WiTH SUBNET NUMBER

PRINTS OUY CURRENT CONDITIONS IN SYSTEM STEADY STATE AND TRANGIENT
FORMATTED PRINTER FOP ARRAYS IN DATA ABSTRACTION FORM

PRINTS OUT COMMON ARCA WITH VARIABLE NAMES

GATURAT ION PREBSURE (WATER) FOR GIVEN TEMPLRATURE (AND PRES. ESTIMAT)
PROCESSES PUMP MODULE INPUT DATA

INITIALI2EE CONDITIONS IN PUMP MODULE ,DETERMINES PRESSURE CONTRIBUTON
PERFORME TRANS IENT PUMP CALCULAT JONS, CURRENT MEAD CONTRIBUY ION
LACES ENTRY INTO DESIONATED POSITION IN DESIONATED MATRIX

HOST CODE INTERFACE 10 AGSION DATA VALUE ASSOCD WITH BOUDARY

PLACES A GROUP OF VALUES IN DATA AREA FOR MODULE

PUT NEW FILE SPECIFICATION ENTRY IN DATA BAGE

PLACES & GROUP OF FLOATING PT DATA INTO NODAL STORAGE ARCA DESIONATED
PUT NEW INTOR 1TEM SPECIFCTIN ENTRY N CURRNTL OPEN RECORD SPECIFICTN
ETORE INTEGER DATUM VALUE ASSOCIATED WiTH MODULE

PUTE DATA ENTRY IN ARRAY,IN GIVEN POSITION

PLACES A OROUP OF INTEGER DATA INTO NODAL STORAGE AREA INDICATED

PUT NEW RECORD SPECIFCTN ENTRY 1oy CURRNTL OPEN FILE SPECIFICATION
PLACES A GROUP OF VALUE IN DESIGNATED MODULE DATA AREA

ADJUSTE ENERCY TRANSFERS NEEDED TO FIT SUBNET NEEDS

DETERMINES GIMBRG (|, ) s TOTAL G TRANGFERRED INTO SNT | FROM SUBNET J
DETERMINE MEAT TRANFER FROM TUBE CENTER 10 FLUID, PER METER OF TuB LNG
DENSITY OF AIR

READS MOLER|TH MESSAGE .FROM CARD IMAGE , INTO WORD ARRAY

PROCESSES INPUT FROM THE FREE-FORMAT INPUT CARDS

RETURNS A REAL VALUE FROM DESIGNATED PLACE IN MODULE DATA ARLA
RESTORES GLOBAL L VARIABLES AND ARRAYS FROM RESTART FILE

RESTORE OLOBAL CONTAINER CONTEXT FROM SAVE FILE

RELEASES PREVIOUSLY USED STORAGE SPACE IN DATA ABSTRACTION DATA ARRAY
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gi A& €0 GIVEN POINTER

OIVEN NODE
“Mvﬂ CM'M OR BET OF CONGTANTS FREEC-FM
Ol "ﬂ ﬂﬂ sum TO NEXT 1TEM

C FLg ? (CALLS DTHER DENSITY FUNCTIONS
Cl'l - lm l? DATA STORAGE ARE A
FOR MODULE INDICATED BY POINTER

=
; 4&5;4
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i Vt oF CuRIt
Al REFE mt fmmn Mﬂltl ONT( mnt OF MODULE
mcwnm AT ON PROPERT IES FOR oﬂtl &m XL IE NDT SEOMENT
h auunmnu ’lﬂtm 1EE FOR REFERE
1 lmm TIME INTERVAL FOR GIVEN nvt VALK
2“& g Wl AFTER CRASH DUMPS SMaLL CORE MEMORY CONTEN'S
‘ BEOMENT INPUT DATA
®Y ugnm INTEGER 10 # O cunvt HOLERITH CONBTANTS  FREE ~FM1
’gm ATURATE mvca Ful GIVEN PRESSURE
Acvm PREG FLOW INTO SEGMUNY RESPONGE MATRIX
T
} 1 URRENY 1)
" :u:& ADENT ROCTING DETORMINGS UURRESY DATE
NEION BETREEN WATCR/GTEAM AT E1vEn TEMPCRATURE (Y ATURAT ION)
RACES BACK H.m 0 FOR EACH SueneY
N(i CONTEXY OF GLOBAL «aRIAHLES AND ARRAYS FOR POSEIBLE REBTI8Y
SAVE GLOBAL CONTAINER CONLIXT DN SAVE FILE DEFINED EY INGCSJ CALL
FNTROIPY OF WATER/STUAM FOR O1VEN ENTHALPY  PRE SSURE
FROCE &8 ou%:t $UBTEM TNBUY DAY
MOVE TABLE DWY2 FOR INPUT DAIA RECORD YO OLOBAI CONSA'NER
CALCULATCE 418 TEMPECATURE &1 GIVEN ENTHALPY  PeATOMEM PREGSR
lNlhALIltt TURTLINE STAGE CONDIT . ONS
PERFORME TRANSIINT “ALCAATIONS FOR TURBINE STADE
FUNCTION SETS NCOE CND TURE TEMPS O 481 BTHY WITH TC.FLUID TEMNS | M16
CA PULATES TUBE TIMPEPATURE A% AXIAL POSN, & LOWNG 60 |OMT L AL OinTRY
TEMFERATIPE 0 OENERIC FLUID FOR O1VEN ERTMALE ¢ REGBUR, FLUD 1 vPf
CALCULLTES THOM TWO=PASE FRICTION MU TIR IFR
RETURNE EVENT TIiMING (NFOMATION END PRINT S10RE, JAv
THESMAL CNDWATIVITY OF SOOI
TEMPERATURE OF EWNLCT . C NAK
TEMPERATURE OF SUBCOOLED WATER FON GIVEN ENHALPY  PRESSURE
TEMIE LA TURE or SUPEIHEATED STEAM FOR GIVEN ENTHALPY  PRESOGURE
TEMPERATURE OF SODIuM
CALLED FROM #BEND, TRACES THROUGH WHK CaL
TRACEBACK 5TARTING AT G]VEN ADDRESS,FART utm PACKAUE
PROCESSES TURRINE MODULE INPUT DATA
GENCRATES &4 UNIQUE NUMOER, INITIALIZED BY TUNIBU CALL
DYNAMIC VISCOSITY (F aiR
PROCESSES VALVE MODULE INPUT DATA
INITIALIZES VALVE CONDIYIONS
PERFORME TRANGIENT CALCULATIONS FOR VALVE MODULE
DYN VISCOSITY OF GENEYIC FLUID GIVEN ENTHALPY PRESSURE .FLUID TYPE
DYNAMIC VIBCOSITY OF SUBCOOLED WATER FOR 01VEN ENTHALPY ,PRESSURE
DYN VISCOSITY OF SUPERHEATED STEAM FOR GIVEN ENTHALPY, msm
CALCULATES VOLUME FRACTION BETWEEN TWO LEVELS 1N MORIZONTAL CYL INDER
LOOPE THRU NETWORK VOLUMES LOADING PROPS FOR PANTIC AND TRANGIENT
ADVANCES CONDITIONS IN VOLUME MODULE PARTICULARLY THE LEVEL
PROCESS VOLUME MODULE INPUT DATA
MAIN DRIVER FOR MINET [INPUT DATA VERIFICATION
DYNAMIC VISCOSITY OF SODIUM
DYNAMIC VISCOBITY OF Nak
SUME UP FLOW EMERGY (FLOW X ENTHALPY) IN AND OUT E£ACH SUBNE THORK
DETERMINES FLOW QUAL'TY AT DNB,ATOMICS INTRNL FOR SODIUM TO WATER
DETERMINES FLOW QUALITY AT DRYOUT MACBETH FOR WATER TO WATER
RETURNE ELEVATION OF MODULE PORT

f




3.2.3.1 INPUT PROCESSOR

The input processor forms an interface between the user and the computa-
tional code. Its main task 15 one of translation, On the user side, 1t must
accept textual input describing the system which 1s to be modelled. This must
be transformed into equivalent data in the correct form for use by the compu-
tational code. This task must be accomplishad correctly for all combinations
of valid fnput data as defined by the program specification. Further, the in-
put processor must be able to handle incorrect input data in such a way that,

e the run does not terminate due to run-time error
¢ appropriate error messages are issued to the user
o remaining input 1s processed for further errors before the run is
terminatod
This applies to both simpie syntactic errors as well z¢ more subtle global con-
sistency and semantic errors,

Other functions include genersting formatted and unfo:matted 1istings of

input data, listing optional features selected through the input data, and

generating internal data stcrage maps.

3.2.3.1.1 DESIGN CONSIDERATIONS

A major design consideration for the MINET Input Processor is the require-
ment for a host-code interface. This interface allows MINET reader functions
to be controlled by other codes in place of the stand-alone MINET program.
Especially critical are those functions, normally controlled by input for the
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stand-alone code, which require control from the external host in the inter-
faced version, It should be noted that subroutines MAINSR and CRDROR in the
stand-alone version perform functions that would be replaced by host-code in
the interfaced version.

3.2.3.1.2 INPUT PROCESSOR SUBTASKS

Input processor activity is divided into several subtasks which are in-
voked by either a stand-alone main driver or host-code. Each subtask is con-
trolled by a sepatate subroutine whose name appears in parentheses after the
subtask name.

¢ The “EAU (KEAD3R) subtask <c-ntrols the reading of duta from the
inpuc file. This requir:s various file management operations in-
<luding positioning, reading of logical data records, and testing
for ena conditions, During this process, syntactic and data field
type errors are identified ard ap.riprizte error messages are
issued with the unreformatted input data listing.

e VERIFICATION (VRFY3R) consists of a group of error tests designed
to detect missing data, semantic errors, and global data inconsis-
tencies.

o DATA INITIALIZATION consists of allocating storage and Yoading
computational data from input data, subject to a predefined inter-
pretation process. This is the most difficult task performed by
the Input Processor because of the extreme flexibility required
for representing the generalized class of systems to be modelled.

Various types of input data errors may be detected during these
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processes, requiring appropriste error messages to be issued to
the user. In the case of storage overflow error during the allo-
cation process, it 1s necessary to provide the user with an esti-
¢ of the additional storage required before terminating the
~ allows the user to determine exactly how much addition-
al storage 1s needed to accommodate the data set.

3.2.3.1.3 MAJOR SUBROUTINES

The following descriptions summarize the functions perfirmed by the major
Input Processor subroutines. They are grouped according to the subtasks out-
lined above. Details are purposeiy left out for the sake of claritly.

3.2.3,1.2,) MAIN DRIVER

MAINOR controls the sequencing of the Input Processor subtasks (see also
Figure 3.2-1). It first calls CRDROR, a secondary driver which controls the
reading of input data from the INPUT file. The verification subtask is then
invoked by calling VRFY3R, Finelly, the DATA INITIALIZATION subtask is in-
voked by calling INIT3R. An error count parameter is tested after each of the
calls, and the run is terminated if it is nonzero. On return, an integer-
encoded context restore ("“restart") flag is passed back to the calling code to
indicate whether or not the input data contained a context restore request.

CRDROR sets up the proper conditions prior to the beginning of the actual
data reading. It first calls INRD3R to initialize Input Processor internal
code, then it positions the INPUT file at the beginning of the MINET data and
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calls READ3R to do the reading. If an input file error is detected before the
cal) to REAN3R, an error message 1s issued and the run 1s terminated.

3,2.3.1.3.2 READER INITIALIZATION SUBTASK

INRD3R initializes various internals of the Input Processor, These in-
¢lude:
o global constants
o finternal utilities
o MINET inpst #1le conlent definition (using ISU)

o data 'ists (using LIS[ data abstractinm)

3.2.3.1.3.3 READ SUBTASK

READ3R controls the actual MINET input data file reading process. Consece
utive records are read from the INPUT file until either an end-0”-file condi-
tion or an end of MINET data is encountered. File access is indirect in that
calls are made to a file manager, GENRD, which passes back one complete MINET
input record at a time, along with flags to signal end conditions. This is
done to unburden READ3R of the need to perform low-level syntax analysis re~
lated to the external INPUT file definition. It also simplifies read logic at
this level by covering up the asynchronous nature of the read process ~reated
by continuation 1ines and varying end conditions. Each record is the . passed
to a record-processing subroutine, DMOD3R, unless GENRD flags a syntax error.

In this case an error message is issued and the entire record is ignored.
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DMOD3R tests interpreted imput record data fields for errors and passes
them to the appropriate destination for further processing, Error tests ine
¢ lude:

invalid record number

incorrect record length

duplicate record conflict

incor ~ect data field type
intra-record port identifier conflict

module identifier type dic-agreement

3.2.3,1.3,4 VERIFICATION SUBTASK

VRFY3R perfoms error tests for missing Ja. 4. semuntic errors, and global
data inconsistencies. LIST3R is called tc write 3 formatted listing of input
data record fields to the OUTPUT file., On return, a data error count 15 pass-

ed back to the calling code.

LIST3R writes a formatted listing of input data record fields as they were

interpreted by the Input File Manager. In urder to simplify processing logic
and to minimize globa) data storage, the 1isting i1s actually generated eariier
by DMOD3R and written to a scratch file. LIST3R only has to wri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>