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THYDE-W is applicable not only to transient analyses, but also to
steady state analyses of RCS behaviors. In a steady state analysis, the
code generates a solution satisfying the transient equations without
external disturbances. In a transient analysis, the code calculates
temporal RCS behaviors in response to various external disturbances.

One of the most important features of THYDE-W is the fact that mass,
momentum and energy conserve.

The first half of the report is the descriptien of the methods and
models for use in the THYDE-W code, i.e., (1) the thermal-hydraulic net-
work model, (2) the various RCS components models, (3} the heat sources
in fuel, (4) the heat transfer correlations, (5) the mechanical behavior
of clad and fuel, and (6) the steady state adjustment. The second half
of the report is the user's manual for the THYDE~W code (version SVO5LO07)
containing the items; (1) the program contrel, (2) the input requirements,
(3) the execution of THYDE-W jobs, {4) the output specifications and (5)

the sample input data set and the sample calculation.

Keywords: THYDE-W Code, RCS, Methods, Models, Heat Transfer, Control,
. Thermal-Eydraulic Network, Clad, Fuel, LOCA, RCS Transients,
Version SVO5L07, Sample Problem, User's Manual
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1. Introduction

The subject matter of this document is the description of the
computer code, THYDE-W, to be applicable not only to transient
analyses, but also to steady state analyses of reactor coolant system
(RCS) of water reactors. Especially, THYDE-W is applicable to a large
break loss-of-coolant accident (LB-LOCA), which can be considered to

(2)-(10)

be the most critical for testing methods and models for plant

dynamics, since thermal-hydraulic conditions in the system drastically
change during the transient. Therefore, THYDE-W has intensively been
applied to LOCA analysis to verify its methods and models.

There .are thre;: major problems in thermal-hydraulic analysis,
which appear typically in an LB-LOCA. First of all, imbalance of mass
or momentum or energy may result if improper space differencing is
applied to the conservation equation. If space differencing is incorrect,
mass imbalance in a LOCA analysis could be so large that & large amount
of mass comparable to injected ECC water could "disappear” from the
system. Secondly, even if the space differencing is correct, imbalance
still ¢ould occur unless the.equations thus spatially differenced are
solved "exactly” by applying a non-linear implicit scheme. Thirdly,
various mode transitions, e.g., coolant phase change may bring about
numerical instabilities. These problems predominate especially at low
pressure. Thislfact ig the main remson why the secondary system of a
PWR or the neiborhood of the turbine of a BWR, which is at low preasure
élready at a steady state, has not been adequately included in a transient

analysis. In a LOCA analysis, in particular, to avoid numericel

instability induced by condensation ("water packing”) and teo somehow



JAERI-M 90172

continue a reflood calculation, it is customary either to raise the ECC
water enthalpy or to neglect the time derivatives in the conservation
equations. These assumptions are not only unconvincing, but also are
likely to lead to erroneous conclusions.

The main features of THYDE-W are (1) the steady state adjustment,
(2) the new thermal—l:lydraulic network model, (3) the non-linear
implicit scheme for thermal-hydraulics, (4} the mnon-equilibrium
models, (5) the automatic time step width control and (6) vectorization
cf the program

(1y THYDE-W carries out steady state adjustment, which is
complete in the sense that the state obtained is the set of exact
solutions to the null transient problem, i.e., the transient problem
without an external !disturbance. Originally, this capability was
developed to obtain a well defined initial state from which a transient
caleulation by THYDE-W can start. From a different point of view, it
provides THYD-W with another capability, that is, what 1is called
thermal—hydraulic design of RCSs.

(2) A new representation of a control volume has made it possible
te develop a new thermal-hydraulic network model, which well matches
our physical intuitions. The model reduces the flow equations by three
steps, each of which is closely related to topological features of the
hydraulic network. The new model does not depend on specific forms
for the conservation equations, but is quite general.

(3) To solve the equations of a network "exactly”, an iterative
methed which may be referred tc as a non-linear implicit method is
apé]ied based on the new neilwork model. Since a linear implicit method
does net yield an "exact” sotuticn, its applicability is questicnable

especially at low pressure when non-linearity of the [low equations
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predominates.

(4) The non-linear implicit scheme for use in the thermal-hydraulic
network requires continuiiy of all the parameters invoived in the flow
equalions. Physicaily, this amounts to taking into consideration
non—equilibrium effects arising from various mode transitions.

(5 THYDE-W determines the time step width autonmiiéally as the
calculation proceeds. The non—linear implicit method, the

non—equilibrium model and the steady state adjustment are all combined

Lo materialize the automatic time step width control of THYDE-W.

These femtures have enabled THYDE-W to perform a through

calculation ¥ of LB-LOCAs without an artificial change of the methods

1l

and models.

Chapters 2 to § describe the metheds and model for use in THHYDE-W,
while chapters 7 to 10 are the user’s mannual. Chapter 11 presents the
results of & PWR LB-LOCA calculated with THYDE-W. Whenever it is
found necessary to reler to input specifications in the discussions in
chapters 2 to 6, this will be done by referring to the relevant input data
block as BBXX, where XX is the identification number of input data

blocks described in section 8.4.

What is improved with THYDE-W as compared to THYDE-P2¢'® is ;
(1) analyses of a plural number of disjoint loops or nets are possible,
{2) the control system simuiation model is included, (3) the trip model
is better, (4) heavy water as a coolant is allowed, (&) the effect of
drift flux is accounted for in the steady state adjustment, (6) boron
transport is included and (7) to obtain loop heat balance, the opticn of

adjusting the enthalpy distribution is prepared in addition to that of

adjusting heat exchanger areas.
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2. Thermal-Hydraulics

In this chapter, we will discuss the thermal-hydraulic network
model of the THYDE-W code. Starting from the three conservation
equations for a two-phase mixture, we will develop the new calculation
scheme for thermal-hydraulics such that mass, momentum and energy
conserve. If we stay within the framework of the three conservation
equations f(or two—phase mixture, however, it will be difficult to
explain two major problems; (1) phase separation and (2) phase change.
In order to sclve these problems, we are obliged to resort to what is
called UV (unegual velocity) and UT (unequal temperature) models. In
THYDE-W, the UV effect will be accounted for on the basis of the drift
flux model (sce section 2.2.2), while the UT effeet will be incorporated
by taking intc consideration two other conservation equations (section
2.2.3).

-ln section 2.1, nodes and junctions for use in the THYDE-W
thermal-hydraulic network model are defined. It is the special
node—and—junclion representation of a thermal-hydraulic system that will
enable us to construct the new thermal—hydraulic network model described
in sections 2.2 and 2.3. In section 2.2, we will derive the equations
for nodes and junctions from the conservation equations. In section 2.3,
the new algorithm for a thermal-hydraulic system is presented. The
accumulator and steam separator models are described in section 2.4
along with the hydraulic machine model. In section 2.5 , we will

discuss loss coefficients, valves and critical [lows.
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2.1 Network Components

[n the THYDE-W code, & coolant network is represented by nodes
and junctions shown in Tables 2-1 and 2-2. THYDE-W has a special moedel
for accumulsaters (refer to section 2.4.2). In such a representation of
a coolant network, & node and a junction appear alternately.

A normal node is a volume element to which the one—dimensional
[low model may be applicable (see Fig.2-1-1}). It is the mnew
representation of the conservation laws in such a volume element, i.e.,
a normal node, that will enable us te construct the new
thermal-hydraulic network model to be described in sections 2.2 and 2.3,
We will see later that even a pump can be represented by & normal node.
Let the positive direction of a flow be that of the steady state flow.
For a node, the inlet and outlet of the steady state flow will be referred
to as points A and E, respectively.

A normal junction serially connects two normal nodes possibly with
a sudden zrea change (see Fig.2-1-2). Among nodes and junctions in Table
2-1 and 2-2, only mixing junctions are multiple—branched ( see
Fig.2-1-8). Owing to this very feature, they play an essential role in
[orming a complex coolant network such as a reactor coolant system {sce
[Fig.2-3—1). In THYDE-W, a steam separator is simulated by a mixing
junction ( refer to section 2.4.3).

A boundary junction (Fig.2-1-4) will be placed at an interface
hetwean our thermal- hydraulic network and its exterior. A dead end
of a duct can be simulated by a boundary junction through which no
interaction with the exrerior takes place. Boundary junctions can be
clagsified into two groups, i.e., pressure sources {p—sources) and mass

fiux sources {G—sources). We call a normal node adjacent to a boundary
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junction a boundary node, exemplified by a guillotine break node, a dead
end node and an injection node. Depending on the situation, they can
be either p-sources or G-sources. A dead end is & special case of
G-sources. The boundary conditions of the sysiem will be incorporated
in the model by modifying the node equations of the boundary node.

The ducti connecting a boundary junction to a mixing junction of
the network is called a linkage duct which is composed of & number of
normal nodes called the linkage nedes (see Fig.2-1-4). Whether the
coclant may be initially flowing or not, we let point E of a linkage duct
be the end adjacent to the boundary junction, whereas point A be the other
end adjacent to the mixing junction. Accordingly, points A and E of each
node in the linkage duct can be determined. For a stagnant chain of nodes
from a mixing junction to anotlher, one can arbitrarily decide points A
and E of the chain. Accordingly, points A and E of each node of the
stagnant chain can be determined. [t should be noted that prior to &8
double—ended break, the break point is regarded as a normal junction,
but alfter an occurence of a break the break point will become a boundary
jiunectioen. Finally, we note that & node and & mixing junction have volume
whereas a normal or boundary junction is volumeless. We also note that
in a power plant the thermal—-hydraulic network can be regarded as &
medium which combines thermal—hydraulically the thermal, mechanical

and neutronic behaviors of the system.
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L4<0

Fig.2-1-1 Normal Node

n @ n+ |

Fig.2-1-2 Twae Successive Normal Nodes Connected

by Normal Junction
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mixing junction

_—

normal node

I@

____normal node

Fig.2-1-3 Mixing Junction
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Table 2-1 Nodes

duct
normal node core channel
pump

others

node

accumulator node
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Table 2-2 Junctions

normal junction

mixing junction ( steam separator etc.

junction

() p—source

houndary juncticn

(b) G-source
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()~=——boundary junction

E
-~—— boundary node
"0
E .
~——— linkage node
A
normal __—
junction E
"0
E ‘ nonndl node
A Yo

O Q O

N\

mixing
junction

Fig.2—-1-4 Linkage Nodes and Boundary Junction
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2.2 Derivation of Network Equations

In this section, we will derive the equations for the network.

2.9.] Conservation Equations for Two-Phase Mixture

The one-dimensional mass, energy &nd momentum eguations for a

(2-86)

two-phase mixture are given by

2 Ap+ L AG=0 (2-2-1)

L Apht-E-As=Ag’ (2-2-2)
and

%AG+A%§+%A¢=-Apg~%(%+%IGIG);‘,'—j (2-2-3)
where

k=kG1G | Rez e,

= (kp/D)ReG Re=Re; {2-2-4)

p=apo,+(l—a)oy (2-2-5)

G=apgugt (1—a)psuy (2-2-6)

¥=gpui+ (1—a)omut (2-2-7)

A=apghgugt (1—a)pshsuy {2-2-8)

ph=apzhgt (1—a)pshy . ‘ (2-2-9)
We consider in the fol‘lowing way. The solution (p, h) to the
conservation equations for the mixture, i.e., Lgqs.(2-2-1) to (2-2-3)
defines the equilibrium state. And non-equilibrium density o In

Egs.{2-2-1) to {2-2-3) will be obtained from equilibrium density @ with
a time lag. The equation to govern the lag will be described in
subsection 2.2.3. The actual {non-equilibrium) state will

asymptotically approach the equilibrium by transferring energy between
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the phases, if the mixture is lelt without external disturbances.

2.2.2 Thermal-Hydraulic Quantities

We eliminate ug, and wy, in Egs.{2-2-7) and (2-2-8) with the help of

G*apgurel
u_,r*=——————p
and

_ G+(lwa)pfurei
U= 7]

Then, we obtain

2
wz%_.{,B (2'“2—10)
and
A=Gh+1T (2-2-11)
where
I~a
B:i(mw_pﬂiugel (2-2-12)
and
1—a h
I= af );ogpf gf ees - (2-2-13)

o

The relative velocity u,.,; may be given by the drift flux model'? as

.
. 2 (2-2-14)
where ugz; is the drift velocity' % and
g -
wgy— 114 [ZELLTbae) ying: (2-2-15)

Pis
for the "churn—turbulent” bubbly [low. Tactor S, is defined such that
S,=1—glima1/(1-a0) (2-2-18)
with a,=0.8, in order to avoid divergence of u,e; when ¢ appreaches unity.
When ¢ is large, the flow pattern becomes annular or stratified flow
so that u, and u; could change independently. Momentum [lux B has been

found usually not effective, while enthalpy flux I may play an important
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role, for example, in phase separation under a vertical low flow

condition.

Next, we consider a parameter x defined such that

h—hgs{p)
e ' 2—-2-11
“ her(P) ( )
where Ay =hgs—hss . Bguation (2-2-17) can be transformed to

h o= hgxit hp(l—x) (2-2-17a)

which implies that x, is the mass fraction ol the vapar phase in &
two-phase mixture, thatl is , mass quality. Parameter xi, howsever, c¢an
become either greater than unity or less than zero. Therefore, we might

define mass guality such that

x.= 1 h > hgs
= X3 hfsghghgs
= 0 h < hys

But, since the derivatives of mass quality defined above are not
continuous at x; = 0 or 1, we may fail to obtain a solution such that
mass, energy and momentum conserve. This is one of the problems
associated with phase change.

In order to overcome the difficulty, we will define =x. to be
referred to as equilibrium mass quality which is a4 smooth function of
p and h and bounded between zero and unity such that

%, — ae*(&—xl)/u

X1 < a
= x asx,=b {2--2—-18)

1——(1”?3)9—(1‘_!’)”1_&) x; > b

i

where 0 < a < b < 1. In terms of x,, we can define
X Pff
[
a , 2-2-19
¢ xopi+ (1-xc)0f ( )
which is 0O<a.<! . In Ig.(2-2-19}, p¢ = o(p,hg) and o7 = e(p.hy), where

equilibrium specilic enthalpies k5 and hj are yet to be delined in the
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following. We will call the quantity «. the void fraction in what is
called the equilibrium model (see subsection 2.2.-3).
Next, we discuss the implications of the modifications of x, for
x; < a and x, > b, i.e., Eq.(2-2-18). Consider the equilibrium state
so that for example a=a.. Then Eq.{(2-2-9) gives
h=x g+ (1—-x.)h} ) (2-2-20}

since Bg.(2-2-19) gives

<
T g a.Pg

X = c

P a.ogt(l-ac)ef

Equation (2-2-20) should be compared with another expression for h;
h=xihge+ (1~21)hys . (2~-2-21)
that is Eq.(2-2-17a).
For asx;=b, x, is equal to x. so that we can define
hy =hgs (2-2-22)
and
hS —hye . (2-2-23)

For x,<a, assuming hfi=hg in Eq. {(2-2-20) , we obtain

h—zxh
hS - ”"1% (2-2-24)
and
he =  hgs . (2-2-25)

For x,>b, assuming hf=hy,, we similarly obtain

h—he(1-x.)

he = s (2-2-26)

and

R = hys. (2-2-27)
Equation (2-2-24) implies that [or a two-phase mixture whose specific
enthalpy A is nearly equal to hy,, hy is less than hg, while Eq.(2-2-26)

implies that for a two phase mixture whose specific enthalpy A is nearly
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equal to hgs, hg is greater than hg. Equilibrium specific enthalpies hg
and h§ thus obtamined can be used to obtain gas and liquid densities.

In transient analyses, 1t has been found that smoothing of
equilibrium void fraction a. defined by FEq.(2-2-19) as well as
equilibrium specific enthalies ht and A} defined by Eqgs.(2-2-22) to
(2-2-27) does not suffice to overcome difficulties such as “water
packing” encountered near x; = 0 at low pressure. In the next subsection,

we intend to deal with this problem.

2.2.3 Relaxation Equation for Void Fraction

In this subsection, we will derive the relaxation equation for void
fraction, which is closely related to what is called the UT model or
the non—equilibrium model. The assumptions and comments concerning
this derivation are listed below:

(1) In this subsection, we will assume that mixture specific
enthalpy h has already been obtained by solving Egq.({(2-2-2) . It should
be reminded that mixture specific enthalpy h conteins the effects of heat
trasferred from the wall and enthalpy transported by the two—phase
fnixture flow. Therefore, these effects do not present themselves in
the following discussion, but only heat [low between the phases is
involved

(2) Given any pair of p and h, we can uniquely define the
(fictitious) equilibrium state with a.(p,h) Aj(p.h) and he(p,h) as
deseribed in the previous subsection. In a saturated equilibrium state,
vaper and liquid temperatures are equal to the saturation temperature
T.(p) so that there is nc heat flow between the phases. ( Strictly

speaking, this is not correct for "unsaturated” egquilibrium state with
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x, <aor b < x .)

(3) A non—equilibrium state can be defined by p, h and a
non-equilibrium veoid fraction, say, a. In a2 non—equilibrium state,
T, # T; so that there will be heat {low between the phases.

(4) In view of comment (2), to each actual state with p, h and a,
there corresponds an equilibrium state defined by p and h. An
equilibrium state actually exists al a steady state.

(5) Evaporaticn is accounted for as a change of a., regardless of
equilibrium or non-equilibrium. Thus, evaporation in a non-equilibrium
state is taking place as much as in the corresponding equilibrium state.
The deviation from the equilibrium state contributes not to evaporation,
bul to heat flow hbetween the phases leading to thermal-equilibrium.

(6) Consider a non—equilibrium state with constant p and constant
h. Then, no evaporetion occurs in the corresponding eéuilibriunm state,
and hence neither in the non—equilibrium state. But, non—equilibrium
void fracticn ¢ can still change such that ¢ assymptotically approaches
to a.(p,h) due to energy transfer (or heat flow) between the phaseé, if

the mixture is left without external disturbances.

Tn the following, under several assumptions, we will derive the
equation which governs the dynamic behavicr of non—equilibrium void
fraction a.

Let the iﬁcrenmntal values with § mean the deviation from the
equilibrium value. Then, any quantity such as void fraction ¢ and vaper
generation rate I' can be divided into two parts such that

@ = a.t8a . (2-2-28)
and

r = r.+ar . ‘ (2-2-29)
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Since it is assumed that the rate of phase change in a& nonequilibrium
state is the same as in the corresponding equilibrium state, we have
8 = 0 so that Eq.(2-2-29) gives

ro- r. . (2-2-30)
Similarly, heat input io the vapor phase can be set such that

gz =(q. ) +8(qg ) (2-2-31)
where the [irst term accounts for the portion of the external heat input
to the vapor phase to be used [or phase change at the corresponding

equilibrium state, while the latter acconts for interfacial heat

transfer. ‘I'he latter may be expressed as
ror s Sin ¥in
8 (g ) = T | (2-2-32)

where V is the total volume of the mixture of interest, while Sine 18
the total! interfacial area in V. The interfacial heat flux @i, may be
expressed as

®ine=hir (T Ty) (2 -2-33)
which venishes at s saturated equilibrium state where T, = T, = Ts.

Specific enthalpy of the mixture given by Eq.(2-2-9) can be

expressed as

xhg+t{(l—xYhy = h (2-2--34)
where

- . Py o
s Y . (2-2-35)

Equation (2-2-35) defines non-equilibrium mass quality x in terms of
the non-equilibrium quantities, a,‘pf and p,, where

pr = pi(phy) (2-2-36)
and

pulp.hg) (2-2-37)

|

. P

We assume the ideal gas law for the vapor phase so that
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- P —9
Py 7,7, (2-2-38)
which leads to
8o, 8T, .
P + i = 0 (2-2-39)

since d8p = 0. Neglecting &p; and using Eq.(2-2-39), we obtain from
Eq.(2-2-35)

_ Peby 8T
§x = o7 [fa—al(l—a) T,

] . (2-2-40)

Since 8h = 0, we obtain {rom Eg.(2-2-34),
herxt (cp)gxdTy +{(1-x){(cp) 8T, = 0 . (2-2-41)
Substituting Ea.{2-2-40) into Eq.(2-2-41), we obtain

(cpletp  afl-a) (cp)s(l-a)p

8T, + 8Ty = 0. 2—-2—-42
harey Te 18T¢ heiog ! ( )

de +{
The energy conservation equation for the vapor phase is given by

Lot Laoghguy = gy = (ay )¢+ 8g ), (2-2-43)
at dz

which is the vapor phase part of the energy conservation equation
(2-2-2). In Eq.(2-2-43), cross section A was dropped. For the

corresponding equilibrium state, we have

?gracp§h§+"é%;afp§h§ug = (q;g”)c . (2-2-44)

Subtracting FEq.(2-2-44) from Eg.(2-2-43) and using Fq.(2-2-32), we

obtain
a 5 h 4 o] 5 h o Sintq’int 92945
Y (apghg) Dz {aeghgluy, = v . ( 49)

The mass conservation equation for the vapor phase is given by

Praet fravus = I (2-2-46)

which is the vapor phase part of the mass conservation equation (2-2-1).
In Eq.(2-2-46), cross section A was dropped. For the corresponding

equilibrium state, wo have
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o

—a—z—acpé-%--a—acpéug# r. . (2-2-47)

-4
Subtracting Eq.(2-2-48) f{rem Eq.(2-2-47) and using Eq.(2-2-30), we

chtain
D s(ap )+ 8(ap)uy, = O (2-2-48)
at £ 8z g/7g :

In the following, we will make several assumptions to derive the
relaxation equation for void fration ¢ from FEgs.(2-2-45) and (2—2-48).

First of ali, assuming sghy ~ eghg ~ constant in Eq.(2-2-45), we obtain,

3 8 _ Sine®Pine _g_
?;f3a+ az(aa)ug —ii%zg— . {2-2-49)

Next, we consider a solution to Fq.(2-2-48) such that
8(ang) = 0 , {(2-2-50)

which, with the help of Eq.(4-2-39), gives

se _ fT ' e
a - Te . (2—-2-51)

SQubstituting Ba.(2-2-51) into Eq.(2-2-42), we obtain

herapy
[fﬁjy——+(cp)ng]pg5a + (1-a)pflep) 8Ty = 0. (2—-2-52)
Now, in Eqs.{2-2-51) and (2-2-52), assuming that the equilibrium state

is saturated, we set

8Ty = T;=Ts
8T, = T4,-Ts (2-2-53)
g = a—@a.

to obtain

Te=Ts = —7-T; (2-2-54)

and

y (hgsaps/ P+ (cp)gls)Pe _
T~T5 (1-2)2,(¢p)s (a.—a) . (2-2-55)
Substituting Eags.(2-2-54) and (2-2-55) into Eq.(2-2-42), we obtain

jjg

; horaprog/ e+ (c Ta0
Dine - Rint £+ gfefife (cplelaPe

(1-a)os(cp)s

J{a.—a) . (2—-2-586)
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Equation (2-2—-49) with Eq.(Z2-2-56) describes void propagation with
relaxation. In THYDR-W, it will be further transfermed to cbtain the
void relaxation equation without the propagation term. Substituting
Eq.(2-2-58) into Eq.(2-2-49), approximating Tz ~ T, ~ Ty and

neglecting da./8¢t and the second term of the left hand side, we cbtain

da a.a _ (2-2-57)

t T t{a)

In Fg.(2-2-57), time constant r is a function of void fraction ¢, among

other things, such that

Pehaohq
r = —“—__"—"mf £ (2-2-58)
hir TspfsBa
where
V —
a, - ellza) (2-2-59)
Si_nt
and
o (cplghys hgrPgs 2
B, = 1+ (=HEE et (mao)a
‘ 'of[ ((Cp)fpfs e (Tgp(cp)f) )
(1-a)? + _hga” (2-2-60)
(Cp)fTs '
Factor A, can further be transformed as follows. For a bubbly flow,
we note:
aV. _ Vg
Si.nt Sint
=(volume of single bubble)/(surface area of single bubble}
73
= 7
A similar manipulation is possible for a dispersed flow. Thus, we
obtain ;
d
AV L ZEqpgy bubbly  flow (a<1)
Sint 6
dy; .
g idispersed flow {(a~1})
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where Taylor instability"® gives

de = df = 2 Vi = d

-l
g(Pf_pg)
We interpolate aV/ Sin smoothly between bubbly and dispersed flows to

cbtain
. d 2
Ay = 3 (1-ata”) . {2-2-61)

Iln THYDE-W, the interfacial heat transfer coelficient hiﬁ in

Fq.(2-2-58) is chosen ta be

hitt = cugy Efi%ﬁﬁi (1-a)exp(E2) (2-2-62)
where
Copr = 1.0 fer p > 10.0 ata
=0.1 for p < 5.0 ata
p = pressure in ats,
a =17.3 ata
and

b = 30 ata
In Eq.(2-2-61), the interfacial heat transfer coefficient h'ft is assumed
(1) to have the same pressure dependence as of nucleate boiling (refer
to Bg.{(3-5-6), (2) to be large for bubbly flew and small for dispersed
flow and (3) for r given by Eq.(2-2-58) to be of order of b seconds al
30 ata. The factors exp( p/a ), (1—a) and dpg(cplzexp( —b/a }y/6 mecount
for items (1), (2) and (3), respectively. Substituting Egs.(2-2-60),

(2-2-61) and (2-2-62) into BIg.{(2-2-38), we obtain

(1~a+a®)hys
ffefj(cp)gTsBaexP((p*b)/a)

(2-2-63)

Fquation (2-2-57) will be referred to as the relaxation equation
for the void fraction. We now let p and h vary, following the

conservation equations for the mixture. We here note that the effect
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of changes of p and h on lhe relaxation equation presents itsell mainly

through .. As h includes the contribution of external heat source {see

Tg.(2-2-2)) , so does a..

2.2.4 Normal Node Equations

We assume that a normal node has uniform cross section A, length
1., height Ly and external heat source qm. It should be noted that height
Ly is signed as shown in Fig.2-1-1 and that Ly must be the height between
the centers of the two sadjacent junctions. Therefore, a summation of
inputted Lp's along any closed path in a coolant network should vanish.
Since we assume a uniform cross section for & normal node, the symbol
A in Egs.{2-2-1) to (2-2-3) entirely drops.

In THYDE-W, the number of parallel channels, the flow area per
channe! A and the hydraulic diameter DD are to be inputted. For a core
flow associated with a fue! rod whose pitch and ovuter radius are I, and

ran., respectively , A and D to be inputted may be given as follows ;

A = lf,“rrr,%
and
_ 2A
D = Tra

In this report, the super— or sub-scripts A, E, av, new and old will be
used to refer to point A, point E, node average point, time t+4¢ and time
t, respectively. Symbols new and av, however, will frequently be
dropped. For a variable f(p,G,h), its node average f* will be defined

a8

fCLU f(pau,hu”,Guu)

where

" (p"+p%) /2

!
I
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g = (GA+GEy /2

and A% is given as the solution of Eq(2-2-65).
Differencing Egs.(2-2-1),(2-2-2) and (2-2-3), spatially between
points A and E within a normal node and temporally between t+d4t {mew)

and t {old), we obtain, respectively

_ pn—pgld A_ ~E _ g_n

(fi)n - —Ln At +Gn Gn = 0 y (2 2 64)
_ _oldgold

(f3dn = ~Lp2elnbnlo g ATbg L, = 0 (2-2-65)

and
| GArGE-gletd_gEeld

(fidn = —La 2 2:” 2 + pﬁg*pf+¥'f"¥ff

L 2 ay
L 1616y, - o g(LamTneaa)a = 0 . (272766)

In THYDE-W, it is mssumed that
r 1

= . (2-2-67)
In order to define specific enthalpies R? and AZ for normal nodes (see
Tgs.(2-2-69) and (2-2-70)) and hj.r' for nmormal junctions (see subsection

2.2.5), we deline time constants (rf)n, (rf)n and (rﬂ),», respectively,

for enthalpy mixing such that

(t#}n = (tf)n = 1.x10°% sec ,
and
(rn)} = 1.%107° sec : (2-2-68)
Similarly, rZ can be determined. Then, we will define R and RF such
that
R = Bhom if from-junc is normal and open (not a break)
= ppotd else if from—junction is closed,

it (rn)a+ ipromAt
- (”)A fro else if Gi >0
(rh)n'hdt

4_24_,
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Aold Avhadi
Rt (i) nth, else if G = 0

(ri)fi+dt
{(2-2-65)
and
RE = hio if to—~junc is normal and open (not a break)
plold else if to-junction is closed
_ ME ARt clse if GE <0
(Th)i+dt "
_ AR Rt hadt clse if GF 2 0
(tn)E+dt T
(2-2-70)

If the to—junction is a boundary junction, then hie(t) in Eq.(2-2-70)
should be given as a boundary condition. This is also the case with
Rirom(t) in Eq.(2-2-69), if the from—junction is a boundary junction.

In Eq.(2-2-65), we notle that

A Ch + I

( sec Iig.(2-2-11) ). The relative enthalpy f{luxes J; and [} must
carefully be defined to ensure its continuity at junctions. In the
following, we will use parameters Ef, Ef, ‘rf and }'f to be defined in
section 2.5. Let 8" and 7/ be the total relative enthalpy {lux through

a normal junction and the coordinate independent relative enthalpy flux,

respectively. Then, 9% can be expressed such that

8 = ALpn(€1 ) from if (cvadio = 1. and (cvadjrom = —1

= —Abm(ET )00 if {evadio #* 1. and (¢vu)prom = —1

Then, we set
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o= = . (2-2-71)
and
5-!-r'nm
s - fA . (2-2-72)

Bgquation (2-2-71} applies 1f the to—junction is normal, while
Eq.(2-2-72) applies if the from-junction is normal. Next, we consider

the cases when the to-junction or the from—junction is & mixing

junction. If the to—junction is a mixing junction, we obtain
I = 5] cvag=0
= PR} cy<0 . (2-2-73)

If the from—junction is a mixing junction, we obtain

4 = gyt cyu>0

e cvr<0 . (2-2-74)

Thus, with the help of Egs.{2-2-71) to (2-2-74), we can obtain effective

I* or 17 such that

A ga
& - Lt _ (2-2-75)
and
E_ L E
LgE - Liint S (2-2-76)

Here, we note that the time consiants in Fgs.(2-2-75) and (2-2-76) must
be identicai for a given mormal junction so that the relative enthalpy
flux can have eontinuity. Physically, Fgs.(2-2-75}) and (2-2-76) describe
the enthalpy transport due to relative velocity u,. given by Eq.(2-2-14).
Since the drift velocity ug; given by Eq.(2-2-15) is related to the
terminal velocity of a bubble, it is necessary to take into account the

transition process in which the bubble tends to a&ttain the terminal
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velocity. Time constant r in Eqs.(2-2-75) and {(2-2-76) could be obtained
by considering how the transition process evolves. But, it is set to
be 0.05 sec in the present version of THYDE-W,

Next, we define the momentum coupling equation between a junction

and a normal node such that

+
Kirem
Pirom — [pﬁ+—21p‘; ] = 0 (2—2-77)
and
K+
(pr —5k )= plo = 0 : (2-2-78)

i3

For a turbulent flow, we have

A kY-
Teom = RaGhiom | Grom | =kit(—=2 g1 =—22 G168
Kfro Tfrom T fram (A;rorn) (anT'f)z
A
K
A ’ (2-2-79)
(E?

where Eq.(2-2-4) was used. If quantity «J is used, the same expression
can be obtained for a laminar flow. The condition for a turbulent flow,

(1G1D/8)rrom>Re, can be expressed such that
Rel/ Nyt >Re,,
gince

NG ID/ ) bom = AR Abrom Ref = Rel/ /vl

where we set

+ A
ﬂfrcm ~o Mg

The similar expression can be obtained for «i,. In summay, we have
; Ri i i i i . .
K = ( i)anlGn' Rer/ A/ (vE)i>Re, (i = A,E) (2-2-80)
Yn
kn

(yé)?_(%),ﬂﬁetaﬁ Rel/ o/ (v€yr=Re, (i = A,E). (2-2-81)
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Substituting Eag.(2-2-79) into Eq.(2-2-77), we obtain

“h
A
2pa

(fz)n = (Ef)z(p}rom#pﬁ )_' 0 . (2‘2*776’1)

Similarly, substituting Kepo = «Z/(¢5)? into Eq.(2-2-78), we obtain

=
(f3)n = (E5Y'(pR—plo)y — ;;E = 0 : (2-2-78a)

2.2.5 Junction Equations

We note that only a single normal node is involved in all the
conservation equations discussed in the preceding subsection, i.e., FEgs.
(2-2-64), (2-2-865), (2-2-66}, (2-2-77a) =and (2-2-78a). In this
subsection, we will consider the conservation equations in which a plural
number of normal nodes are involved. They are the conservation equations
for mass snd energy at a normal or mixing junction.

Fer & mixing junction j, we have

told

- (PF'_P ) -
(M1 = _%_( ZAnGﬁ—ZAnt)/V} =0 (2-2-82)
froem o

and

g+ +old; +old
(pjhi—p;" "hi )

(f;}j At

f

S (L AE= LA IV - = (2-2-83)
o

from

where ij and E:ﬁom are the summationg over the to— and from-nodes of

junction j, respectively.
If junction j is nermal , Eg. (2-2-82) reduces to
(IT)J = _AfromG;?rom+Atono = 0 - ( 2*2"84)

The energy egquation for normal junction j is assumed to be
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Y C IR SRS W1
Nyo= hj—— L_< = 0 2—-2-85
(fz); bi (rh)}4-dt ( )

where (7;); has been delined in_Eq.(2—2—58) and

. A
h—c = ?gnm Lf Gto = 0,
= ¢ if G < 0.

2.2.6 Boundary Node Equations

Within the framework of our thermal-hydraulic network, what
connects our network to i1ts exterior 1is the boundary nodes, i.e.,
injection nodes, dead end nodes and break ncdes. Accumulators to be
described in subsection 2.4.2 are regarded as exterior and are connected
to cur neitwork by the boundary junctions. Within the [ramework ol our
network theory, the boundary conditions of our network should be
specified by those equations of the boundary node.

First of all, we note that the boundary condition for enthalpy can
be given by specifying hﬁn; in Eq.{2-2-69) or h.f in Eq.(2-2-70) for a
boundary node.

The boundary conditions may be classified into two; p-sources and
G-sources. Generally speaking, however, a hydraulic boundary condition
usually is a p-source boundary condition. TFor a p—source boundary, the
boundary condition wiil be given by specifying pio in Eq.(2-2-78a) and
by specifying h.,t in Eq.(2-2-70) for & beundary node. For example, in
case ol an open accumulator, h}om and pi, are given by A, and p, to be
obtained from Eqs.(2-4-69) and (2-4-71), respectively. It should be
reminded that a Tboundary junctionm ( except a pguillotine Dbreak
junction ) is situated next to the point B of an cutermost linkage node.

For & G-scurce boundary, we have instead of Eq.(2-2-78a),

(fadn = GRi—G(pE.hi,t) = 0 (2-2-86)

izg —
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wher-e G{p,h,t) is a given {function. For example, & behavior of the
pumped injection subsystems can be simulated by a G-source ( it can also
be gimulated by a p—source).

Next, we discuss the break boundary condition. Consider the
from-node of the break junction. When the discharge flow is inertial,

pio and ¢f in Egq.(2-2-78a) for the break node will be given by

dp:o pref"'pto
PT T (2-2-87)

and

tno= 1
Here, it should be noted that loss coefficient EZ to be used in
Eq.{2-2-77a) must be the one " alter the break " . Time constant 7 in
Eq.{2-2-87) is an input of THYDE-W (BB17). If the network calculation

with Eq.(2-2—-87) results in

1 GEV =Gy (pl ki) , (2—2-88)
then instead of Eg. (2-2-78a), we use the critical flow condition

(f)n = [alpZ GEREY = 1GE 1 —Gu(ps hn) = 0 (2-2-89)
where Gy is given in subsection 2.5.3. Dquation {2—-2-89) is a specisal

case of Eq.(2-2-88) which defines G—source boundary conditions. Suppose
that the break flow is in the region of critical flow. And let Gy be
the solution to Egq.(2-2-78a) with pf, pio and pk being the old velues.
If the calculaticn with Eq.(2-2-89) turns out to be
L Gr | <Gy

then, we return to the inertial flow, that is, Eqg. {2;-2—78a) with
Fgq.(2-2-87). The equations fer the from-nede of the break can similarly
be given.‘ When the break flow is an inertial flow, it may become un
infTlow. Then, it will be assumed that Rt = hg in Eqs.(2-2-69) and

(2-2-70).

i30 -
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2.3 Algorithm for Thermal-Hydraulic Network

2.3.1 Qverall Strategy

In this section, we will develop the algorithm for a
thermal—hydraulic network which can be represented in terms of nodes and
junctions defined and discussed in the preceding section. Accumulator
nodes will be treated separately in subsection 2.4.2. An example of
thermalil-hydraulic networks is shown in Fig.2-3-1, which represents the
nuclaer steam supply system (NSS3) of a PWR. We note that in such a
representation, any two neighboring normal nodes will be connected via a
junction. In the following, some af the points which we should keep in

mind when reticulating a cooclant system are listed in order:

(a) A mixing junction has a volume and is multiple—branched.

{b) FFor a double-ended break, we set a normal junction at the place
where the break will be assumed to occur. Prior to the ovccurrence
of the break, the junction will be regarded as & normal junction
with which the steady state adjustment for the entire netwerk

will be performed.

{c} A split break may be simulated to occur at the end of a fictitious

linkege node placed at the point where the break is assumed to

take place.

(d) Whenever there are parallel channels, the entire flow area and
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the [low area per channel must be distinguished. If this were
not taken into account, we would have pressure and flow rate
changes at the inlet and outlet of the parallel channels.

Other requirements are cited in Chapter 8.

The computational procedure [or use in THYDE-W is shown in.Fig.
9.9-9  For the calculation of a steady stiate, reference should be made
to chapter 6. Looking over Fig.2-3-2, we can see that the network and
its exterior are coupled to each other with a time lag 4t. At stép ! in
Fig.2-3-2, the state of the exterior such as the pump head, the heat input
to the netﬁork , the degree of openings of the valves and the
thermal—hydraulic condition at the boundary junctions will be specified.
The present seciion corresponds to step 2. In this section, we will
present a new algorithm for a hydraulic network, which is an implicit
scheme for the system described by the node—and—junction equations derived
in the previous section. Il is due to the entirely new node—and—junction
representation of a hydraulic network that such an implicit integration
technique can yield the algorithm which may well coincide with our
physical intuition, as can be seen in the discussions that follew. Step
3 is discussed in chapters 3 and 5. Tor step 4, reference should be made

to section 7.3.
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1. Obtein new states of boundary junctions, hydraulic machines,

control systems, valves, accumulators and hydraulic sources.

9 Splve the simultaneous equation of order BN+2J for the thermal-
hydraulic network by means of the non—linear implicit method.
Simultaneously obtain ccolant state. Usge old heat inputs to

coolant flow.

3. Obtain new states of heat conductors along with their heat fluxes
under a new coolant condition. Obtain a new distribution of boron

concentration.

4. Check the time step width., If its reduction is necessary, go back
to slep 1 and repeat the calculation all over again with the
halved time step width. Otherwise, proceed to the calculation for

the nexl time step.

Fig. 2-3-2 Overall Transient Compulation Procedure
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2.3.2 Vector Representation of Network Equatlions

By c¢asting the equations discussed in section 2.2 into the vector
forms, we can develop the solution procedure for thermal—hydrau.lics, which
is the seccond step in Fig.2-3-2. In this section, only for the sake of
clarity, we assume that the hydraulic network is composed of a single
disjoint subnetwork. Looking over the discussions that follow, we can
see that the procedure in this section is quite general, independent of
the thermal-hydraulic model as long as the Jacobian has a structure of
the same kind.

For a hydraulic system we will define the unknown state vector of

the system which is (8N+2J)—dimensional such that

X1
X3
X3
x= : (2-3-1)
x'N
XN+1
where
G
(xl)n A
(xZ)n p'&
Xp= {x3)n = Ga (1=n=N) (2-3-2)
(xfi)n prI::
{x5)n hi”
and
— o= [ pT]
1 hi
X3 +
+ P2
x3 Wt
¥ 2
Xpe1= X4 = (2-3-3)
. ‘4.
| x) ] by
| A _]
so Lhat x, is 5 dimensional for 1=a=N and 2J dimensional for n = N + 1.

In the above, J and N are the numbers of junctions (excluding boundary
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junctions) and nodes (including boundary nodes, but excluding accumulator
nodes), respectively. We note that J includes the normal junction where
a double—ended break may be assumed to occur. Vector X (1=ns=N) is
associated with node n, while vector xn+ is the collection of stale vecliors
of the entire junctions except the boundary junctions. It should be noted
here again that the states of the boundary junctions are not unknown, but
are given as the boundary conditions. In order [or the problem to be
soluble, as many relationships as 5N+2J are needed.

There are 5 relationships associated with each normal node n, that
is, (1) the mass equation within node n, (fi)n, i.e., Eg.{(2-2-64), (2)
the equation of pressure linkage with the from-junction, {(f2)n, 1.e.,
Eg.(2-2-77a), (3) the equation of pressure linkage with the to—junction,
(f3)n, i.e., Eq.(2-2-78a), (4) the momentum equation within naode n,
(f4dn, i.e., Eg.(2-2-66), and (5) the energy equation within node n,

(fs)n, i.e., Eq.(2-2-65). We reproduce them in the following

pav_puuold
(fl)n=Gf-—Gf—Ln‘”—Z?"—=0 (2-3-4)
A
(f)n= ED (Plron=pi )= %5 = 0 | (2-3-5)
B2 B + KE
(farn=(E2) (Pn " Pto) — Z:E = 70 (2—-3-6)
< : L av
(fi)n=Do—pa+Ta—Fn— 2;'*" [x+-[D— IG1G)*
o GA+GE—Ghotd_Eeld
—Pn g(LH_Lhead)n—Ln A 74: = =0 (2*3‘7)
and
Aﬁ—AE s auhiu_ uv,oldhau,old
(fs)n‘—‘—“j:n—" +q, -~ 2 p’;” - -0 . (2-3-8)

Specific enthalpies R2 and AF are given by Egs.(2-2-69) and (2-2-70),

respectively. Quantities %, ¥ and A are defined by Egs.(2-2-4), (2-2-7)
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and (2—-2-8), respectively.
If nede n is a boundary node, then (f3)s ( or (S}, )} will be given
as described in subsection 2.2.6 . For example, if the to—junction is a

break under & critical mass flow condition, we have

(f3)n = fe(pk.GE.REY = 1GEV —Gu(pr . ha) = 0O , (2-3-6a)

while if the to—junction is a G-source , then we have Eg.(2-2-86), i.e.,
(f3da= Gr —G(pr) = 0 . (2-3-6b)

There are two equations associated with each junctien. For any

normal junction j, we have Egs.(2-2-80) and (2-2-81), i.e.,

(1) ;== AsrromGlrom+ AGio=0 . (2-3-9)
and
Rttt v h At
+ + ] J ¢ !
e gt d ThI T RefR 2-3-10
(f2),= ny (Th);+ 41t ( )

After a break occurs at junction j, it might no longer be regarded as a
normal junction, but as & boundary junction so that the number of the
unknowns as well as the dimension of the system Jaccobian would change
after the break. But, in order to retain the same dimension and structure
af the system dJacobian even after an initiation ol a break at a normal
junction, we keep allocating the dummy unknown variables p} and h} [or this
junction j such that, after its initiation,

(SDi=pj - pi*"° (2-3-11)
and

(J2);=h; — 3" (2-3-12)

For a mixing junction j, we have Iigs.(2-2-82) and (2-2-83)

(S = 2AGE = 2 AGE + Viel-eit) /1 4t=0 (2-3-13)
to

Ffram

and
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(fﬁ)jﬁlekAf—fZ'AeA‘? b Vet PR 1 AL gy T =0 (273714)
o

rom
Eq.(2-3-9) is the gpecial case of Eq.(2-3-13), when Vi=0 and there is no

branching at junction j.

Thus, we have BN+2J equations which can be cast into & function vector

{f such that

i
fq
= (2-3-15)
fu
fNH
where
(f1)
(fz)n
Fa=| ([3)n (1=£n=N) (2-3-16)
(f1)
{(fs)
and
(]
(fin
rr (f1)2
fé (f1)2
fyi= = - . (2-3-17)
5
(/D
L (30

1t should be noted that the 5-dimensional function vector fa associated

wilh node n is related to only one pair of junctions, i.e., the from— and

to—junctions, but not directly to the other normal nodes. In other words,

nodes are decoupled to each other. Tunction vector frnier 18 the collection

of the junction equations (f1); and (f3);, so that it is 2J dimensional.
We now have to solve the thermal—hydraulic network equation

f(x(t),t)=0 . (2-3-18)
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where only for the sake of clarity 4¢ is dropped. In order to solve a
thermal-hydraulic network equation such as Egq.(2-3-18), it has been
common to use what may be called a linear implicit method (2),(3). 41, (18)
But, as long as a linear implicit mephod were used, mass, momentum and
energy would not conserve, even if the space difference were correct. In
THYDE-W, we use an iterative procedure that may be called the nonlinear
implicit method to solve Eq.(2-3-18) with a strict convergence criterion.
A linear implicit method is equivalent to performing no iteration in the
nenlinear implicit method without paying an attentiop to convergence of
any kind. In other words, it is equivalent to the nonlinear implicit

method under a very weak convergence criterion so that no iteration is

needed.

2.3.3 Method for Solution to Themal-Hydraulic Network Equation

This subsection corresponds with step 2 in Fig.2-3-2. Suppose that
we have obtained the solution of FEg.{(2-3-18) up to time t and now wish
to solve it for new time t+d4t, i,e.,

Fx(t+d4t)y,t+4L)=0 (2-3-19)
Step 1 in Fig.2-3-2 can be regarded as specifying the form of functions
vector [ at time t+dt. We now set the wunknown state vector
x"¥=x(t+4t) ta be

X"V = x g+ Ax (2-3-20)
where x, is an appropriate guess vector. Substituting Eq.(2-3-20) into
Fq.(2-3-19), we obtain

f(xg+dx)=0 (2-3-21)
where the argument t+4t¢t has been dropped. Expanding Eq.(2-3-21) around
xg and retaining only the terms up to the first order in 4x, we obtain

f(xg)+Jdx=0 (2-3-22)
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where J is (5N+2J)x(5N+2J) Jacobian matrix such that
_of
=% e

By solving the linear equation Eq.(2-3-22), we could claim to have obtained
the solution. But, it should be noted that the solution to Eg.(2-3-22) does
not satisly the conservation laws, i.e. Eq.(2-3-19). In THYDE-W, we
try to obtain the solution of Eg.{(2-3-19) with an iterat.ion procedure Aas
closely as possible so that mass, energy and momentum do conserve.

The procedure to solve Eq.(2-83-19) or (2-3-21) is shown in Fig.
2-3-3, which is a nonlinear implicit method. Such a nonlinear implicit
method is needed especially at low pressure where non—linearity of the
flow equations predominates. The non—linear implicit method imperatively
requires continuity of the various parameters involved im the flow
equations, e.g., Eq.(2-2-18), which, in turn, makes the automatic time
step width control possible. Reference should be made to section 7.3
for the time step width contro! (TSWC) with respect to the nember of

iterations.
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(_Start )

fl0) 2 f(X(O))

Solve
T gaX=-f (X

¥ k) =x(k)+Ax
f(k*l)z f (x{kﬂ))

d” uxKg +¢

No
(k+1)—=(k)

@o fo Next Time Step)

Fig. 2-3-3 Nonlinear Implicit Scheme for Thermal-Hydraulic System
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The Jacobian matrix J has the following form

J, 0 0 ... R
o J, 0 ... R
0 0 Js ... I
J=1 o 0 0 ... Ry (2-3-23)
LiLs Ly ... M

where J., Rn, L. and M are also the following (5xb), (5x2J), (2JX5) and

(2Jx2J) jacobian matrices such that

_dfn

Jn= 0 X,
af,
R.= O XN+1
_8fhu
n 3 x,

and

_3fNn
M= O Xy

whose components are given in Appendix A.2Z. We note that all the other

olemenls of matrix J vanish due to node-node decoupling.

With the help of Eg.{(2-3-23), Eq(2-3-22) can be decomposed to the

following set of equations.

Jodxn+ Rodxyei=—Ffn  (n=1,2,...,N) (2-3-24)
and

N .

S Ladxnt Maxw=—Fxn (2-3-25)

n=1

Trom Eq.(2-3-24), we obtain
L=~ I3 Radtriss =I5 f n (2-3-26)

which. is substituted into Eg.(2-3-25) to obtain

BAxyy=F (2-3-27)

where B and F are (2Jx2J) and (2Jxi) matrices, respectively, such that

B=) B.—M (2-3-28)

(2—3-28a)
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and
N
F=fui— 2 LaJa'fa : (2-3-29)
n=1

Thus, the node—and—junction equation {2-3-22) has been reduced to the
.junction eguation (2-3-27}.

For a given branch, we number the junctiens from upstream 1to
downslream successively in the direction of the steady state flow. Then,
for a given node, (6x2J) matrix R, and (2Jx5) matrix L, are made to have
the following simple block structures whose non-zerc elements correspond

to the [rom— and to-junctions of node n ;

R,=L 00 ... Fo ... 00] {2-3-30)
and
~ 5
o
L.=| {a (2-3-31}
o
L. © _|

where r, and I, are (5x4) and (4x5) matrices respectively such that

Fn= (3Fn/ BXrom, DFn/ dXty) (2-3-32)
and
a f},—o,n/ O Xn
L= [ 31,/ 8xn } : (2-3-33)
With the help of Eqs.{2-3-30) and (2-3-31), the elements of matrices
B and matrix F can further be manipulated. First, we deal with matrix

F. With the help of Eq.{2-3-31), we obtain
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LoJ = an—;—‘lfn (273-3x§)

where non-zero element I,Jn'fn, corresponds to the from- and to— junctions

of node n. 1t can be expressed with the help of Eq.(2-3-33) as

. 8 f rom/ d%n Jn' Fn }
1
ann fn"l: 5f:a/<3xn J;Ifn (2*3“35)
We set
F,
¥y
= (2-3-36)
Fya
F,

where F;(15j=J) is a 2-dimensional vector. Substituting Eq.(2-3-34) with
Eq.(2-3-35) into Eg.(2-3-29) and comparing the resultant equation with

Eq.(2-3-36), we obtain

Fj:f}“ Z Fj o~ Z F; from (2-3-37)
to—-nodes from-nodes
where
of;] .
Fj.from= axfr-;m']f;omffrom ’ (2-3-37a)
and
af;
Fiomgrdeoln (2-3-37b)

The explicit forms of F; . and F, jrom are given in Appendix A.5.

Substituting Eqs.(2-3-30) and (2-3-31) into Eq.(2-3-28a), we obtain

o 0 0 ¢ o
o ¢ l,,J,_,lrn 0 0

&, = o o o o o (2-3-38)
oo 0 o o
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In fq.(2-3-38), non-zero element 1. J:'r,, corresponding to the from- and
to— junctions of node n, is given as

-1 = (bfrﬂm,from)n (bjrom,ta)n] _a_
ann Ta (bto,from)n (bto,to)n (2 3 39)

where

+
(bij)a= g;; J;lgi}' (i,j=from or to) (2-3-40)

which is a (2x2) matrix given in Appendix A.3. The non-zero elements of
®, correspond, as shown in Hq.(2-3-39), to the to— and from-junctions of
node n. Matrix J’;lr,1 and vector Ji'f, are obtained in subroutine IVJACB,
while matrix L.J.'r. and vector [.J,.'f. are obtained in subroutine REDUCJ.

Matrix M can be expressed as

n, 0 P 0
M o= 0 my ... O (2—-3-41)
where
ars
my=-—r7 (2-3-42)
ax,-

which is given in Appendix A.4.

Substituting Eqs.{2-3-38) and (2-3-41) into Eq.(2-3-28), it can be
seen that (2Jx2J) matrix B can be represented as a (JxJ) matrix, whose
compoenents are 2x2 matrices. The (i,j) component of matrix B does not

vanish when either (1) i=j or (2) i and j corresponds to two neiboring

junctions, that is,

Z(bii)n_mj for i = j (2-3-43)
and

(bij)n, faor two neighboring junctions i and j
where the surmmation [or i=] should be made over all [rom- and to- nodes

ol junction j, while n;; is the number of the node between two neighboring
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i and j.

junctions

9 and J

Consider the hydraulic network shown in Fig.2-3-4 where N

the (14x14) matrix B can be obtained as [ollows. First,

In this case,

7.

.9) given by Eq.(2-3-38) as follows

we chtain matrices ® ( n=1,2,.

oo oo
DO DD O OO
Lo I <o <o~ il <u= Rt <l v o
OO0 O

OO OO0

\|nM\|nM [ R e No- T e B R — [T nw i < Bl wne i e I e B e
cCoooCOo oD I locococ coocoocoo coocoooo s w
bb ~ ~—
COOD OO — P i cocococoo OO B S -
o e
= = o o Acoo oo coooOooC ~ —
- - - =] 0
Co0 oo T noocooco -~ — cCooCo oo )
) o o o coocoo
- - — ocooCcoC o cCoOToDo o coocococoo
L | L | i ! | ! | i
i I I i [}
— =3 Iac] - wy
je=1 [25] 2= ==} =
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(Bﬁ=

&7:

(BB=
and

(Bg:

Thus, we

D=

where

cbtain matrix B defined by Eq.(2-3-43) as

Z,
(ba1)2
¢
(b"ll)l
0
0
¢

(biz)2
Z,
0
0
0

(bs2)s
0

JAERI-M 90172

0 0 0 O 00 07
09 0 0 000
00 0 4] 000
0 0 (baz)s (b34)s 0 0 O
0 0 (by3)s (bus)s 0 0 0
00 0 0 0 00
00 0 0 0 0 0_|
000 4] 0 0 07
000 0 0 00
000 0 0 00
0 00 (bys)r (Bys)2 00
00 0 (bsa)r (Bs5)2 00
000 0 0 00
0 00 0 0 0 0_]
6 000 0 0 0]
0000 0 0 0
06 090 0 0 0
0000 0 0 0
0 000 (bss)s (bse)s O
00 00 (bes)s (bge)s 0
0000 0 0 0 _|
0000 0 0 0 7]
0000 0 0 0
0000 0 0 G
0000 0 0 0
00 0 0 (bss)e O (bs2)g
0000 0 0
0000 (bis)g © (bar)g

0
0
Zs
(bys)e

0
0

(b13)s

Zi= (b +H (b )s—my

Zo= (bgy)ot {bya)s—ny

Zaﬂ

(baz)s+ {(baa)s—ma

(b
0

(bas)s
Zy

{(Bs54)7
0
0

0
0
0
(bss)a
Zs
{(bss)a
{(brs)y

O
{bis)s
0
0
(bse)s
Zg
(brg)a

t

0
(bar)s

0
{bs1)e

(bgr)s
A
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Zy= (bsg)1+(bag)et (byg)r—my
Zy= (bs5)e+ (bss)st (Dss)e—ms

Zo= (bas)at (bes)at (Degls—mg

and
Zo= (br7)a+ (ba2)s+ (ber)e—my
Junction equation (2-3-27) can further be reduced to what may be
called the mixing junction equation. To this end, we use the following
numbering convention for junctions. Let g be the number ol branches in
the network with at least one normal junction. Then partitioning the

nermal junctions branch-wise into q groups and collecting the mixing

junctions as one group (group gq+l), we have g+l junction groups. Let

{h(1Sh=g+1) be the size of junction group k.

Then we can cast Eq.(2-3-27) to the following form.

Bs, 0 ... 0 Bg
p- 0 de R BR:
- 0 0o ... qu Bﬁq
Bi, B, ... By, Ba.,
dx,
Axg
Axpe =
diq{-l
and
Fy
F,
F=
f"q+1

where the tilde refers to a junction group.

(2-3-44)

(2-3-45)

(2-3-46)
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The matrices By, and By, which are 21p;X2l; and 2lgraX 21y
respectively, show how junction group k (1=ks=qg) and g+l are coupled to

each other such that

(bk;,k,)kA

S S (2-3-47)
(bk}.k()kg
(kf) (kt)
arnd
(br, kh)e,
D (1-3-9
(br, b5 )iy
(1) (lw)

where ka,keJﬁ,kZ,kI and k, are the most upstream node , the most downs team
node, the from-junction and the to-junction [for junction group k
(1=k=g), respeclively. Eq.(2-3-47) shows that the non—zero 2X2 elements
of matrix Bp, are (1,ky) and (lp,k¢), while Eq.(2-3-48) shows that the
non—zero 2%X2 elements ol matrix B, are (ks 1) and (ke lx). These mean
that, for a given junciion group k (1Zh=g), the most upstiream junclion
in group k is linked to {rom-mixing junction ky, while the most downstream

junction to to-mixing junction k..

In case of Fig.2-3-4, noting that
q = 2

I, = 2 (j=1 and 2)

I, =1 (j=3)

and
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la =4 (j=4.5,6,7) ,

we obtain matrices By, and Bp, (k=1 and 2) sand By, (k =1,2,3) as follows

[ (bar 1 0
0 0
Br,= 0 CITOE
P 0 0
[~ (bs3)e
0
BL2= 0
(byr)s
[ (b1g)1 O 0 0
B}11= 6 0 (bZE)S 0

Br,=[ (bag)s 0 0 (be3)s ]

o[ iy, (7 ]

dezz;;
and
Zy  (bys)a 0 0
B, = (bsa)e  Zs  (bss)s (bBst)e
s 0 (besys Zg  (bgr)y

0 (bis)e (bag)s 2o

Substituting Eqs.(2-3-44), (2-3-45) and (2-3-46) intuv Eq.(2-3-27),

we obtain

Budxy+ By, Axq1=F, (1 s hk=gq) (2-3-49)
and
q -
S B Axu+DBg, Axgn=Fa (2-3-50)
=1
We obtain from Eq.(2-3-49),
A%,=~ B Bp,d x g1~ By, Fo, (1=k=gq) (2-3-51)

which is substituted inte Eq.(2-3-50) to obtain
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CAxy,=G (2-3-52)
where
q
C=Ba.,~ 2 Bi,(Ba) 'Bx, (2-3-53)
k=1 .
and
- q ~
G=Fo— Y Bu(Ba) " Fu (2-3-54)
k=1

We call FEq.(2-3-52) the mixing junction equation which 1is =&
simultanecous equation of order 2lg, i.e., twice as many as the number
- of mixing junctions. Matrix (Bdk)_lBHi and vector (Bd,.)_lffw"k are obtained
in subroutines REINV and IVBAND, while matrix C and vector & are
obtained in subroutine REDUCM. Equation (2-3-52) is solved in subroutine
GAUSS.

By tracing back the discussions, we can obtain 4x in Eq.(2-8-22).
First of all, we solve Eq.(2-3-52) to obtain the mixing junction vector

A;cq,,l. Secondly, substituting A;q+] into Eq.(2-3-51), we obtain chain

vectors A;ck (k=1,2,...,q). Thus, we have obtained junction vector Adxw.:
corresponding to Eq.(2-3-45). Thirdly, substituting dxnq into
Eq.{(2-3-26), we obtain norma! node vectar dx, (n=1,2,...,N). Thus, we

have obtained the state vector of the system d4x. This procedure will be

repeated following the scheme in Fig.2-3-3 until the solution converges.
2.4 Hydraulic Machine, Accumulator and Moisture Separator

In this chapter, we discuss the hydraulic machine maodel, the
accumulator model and the moisture separator model. The discussions in

this section correspond to a part of step 1 of Fig.2-3-2. We note that
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accumulators are excluded from the implicit scheme discussed in the
preceding section and that they are linked to our hydraulic network via

boundary junctions.

2.4.1 Hydraulie Machine

It should be noted that both the head and torque of & machine are
proportional to densityz. In THYDE-W, Lpesa 18 defined without density (see
Eq.(2-2-66)), whereas T, T, and 7" are defined with density.

The equation of angular momentum of the machine shaft is given

by(ZU)
g—?— - Alro(ty-b(l) —hialal —kysign{a)lal/?] (2-4-1)
where
- Ry
a e
M
;m)k(t)
b 7
Ty = TE?(‘:-‘)
and
307"
AT g

M is the number of machines on this shaft and k, and k; are constants and
subscript "r” referes tc the rated values not to be confused with the

initial or steady state values.

Heat loss in a turbine node (see BEq.(2-2-65) or (2-3-8)) may be given

as
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where theﬁ rated enthalpy losses 4h" are inputs (see BB15).

Eq.{2-4-1) is integrated with respect to tirﬁe to find the shaft speed.
For each turbine and pump, we have to evaluate the hydraulic torque Th %n
Eq.(2-4-1) and the machine head Lpesa in Fq.(2-2-66}. This is performed
by using the sigle phase homologous pump curves'? (see Figs.2—-4-1 and
2-4-2) with modifications for two-phase mixture or cavitation as follows.

First, we discuss how to obtain the hydraulic machine head Lgeas and
torque Tp for a non-cavitating subcooied water flow when the flow rate

and the machine speed are given. We set

Ly
Pheaa= 7725 (2-4-2)
+head
and
W —4—
w=or . . (2-4-3)

The head—discharge curve may be represented by two plots HE and H§ which
give Apeaa/a’ versus w/a for all speeds in the forward and reverse

directions, respectively. Then, ;Jhead can be given as

Preas = a'Kf(w/a) (a 7 0) (2-4-4)
and

Presd = @*HE(wsa) (a < 0) . (2-4-5)

where the tilde means the non-cavitating subcooled case to be modified
later with the corrections for cavitation or saturated two—phase mixture.

The similar homologous relations apply to the hydraulic torque
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Fig. 2-4-1 Example of Homologous Torque Curve
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|
o
@

Fig. 2-4-2 Example of Homologous Head Curve
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b =a*Ti(w/a) (a 2 0) (2-4-6)

and
b =a’TB(w/a) (a < 0) . (2-4-7)
For small lal, the above relationships may become unsatisfactory so

thet the second set of homologous relations is utilized, although the two
sets of relationships may be equivalent in principle. The THYDE-W code
selects the applicable set of homolegous relations according to the
relative magnitudes of lwl and lal: If lwli< lai, then the relationships

(2-4-4) through (2-4-7) are selected. Otherwise, for w&0 , we have

Pheas = w'li(a/w) (2-4-8)
and

b =wTh(alw) (2-4-9)
whereas for w<0 we have

Preaa  =w'li(a/w) (2-4-10)
and

b =wTH(a/w) . (2-4-11)

In the THYDE-W c¢ode, the correction of the above homologous
relationships due to cavitation or two-phase mixture is performed as
follows. TIirst, we deline the pressure and specific enthalpy at the

impeller eve as

Pin +p u .
pegle’ﬂpfniet“(NPSbrn)g"“J”—zo—‘t—l!‘L (2*4‘*12)

and

h hin1e£+houtlet
eve 9

where subscripts inlet and outlet refers to the inlet and ocutlet nodes of
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the machine, respectively. In Eq.(2-4-12), the required net positive
suction head NPSHp will be given as a function c;f a and w. The cavitation
is assumed to occur if the quality at the impeller eye Xey obtained [rom
Deye Bnd Ay 15 caluclated to be positive. We assume that for each machine

on the shaft the torque and nhead under cavitation can be expressed as

T

Tp = ";”fh - M Th-Ta) = ";i"*i‘h — M.AT, (2-4-13)
and
Liead = Lneas — Mn(Pneas — Lhead) = Lheaa = MadLncad (2-4-14)

where M, and M, are the torque and head multipliers as functions of void

fraction. Thus, we have
peye T
b = pr b - Mtdbhyd (2*4'15)
and
Phecd = ;head - Mpdlnesa (2-4-16)

where dbayg = ATp/T" and Alyeea = dLneaa / If.aa are input functions of shalt
speed. It should be noted that the factor pey/p" in Eq.(2-4-15) can be
traced back to the definition of torque in THYDE-W. Therefore, a care

must be taken [or the inputs Absy and Alpesq
2.4.2 Accumulator

The accumulator (ACC) system 1is one of the safety injection
subéystems. It consists of a large volume reservoir of borated water
maintained under gas pressure with a check valve in the accumulator piping
Lo isolate the accumulator water from the primary coolant flow during &
normal operation. The amccumulator model can also be used to simulate a

reactor contminment vessel, for example. The ACC piping is not included
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in the THYDE-W accumulator nodel, but is to be simulated by a linkage duct
pessibly with valves, The schematic figure of an accumulsator is presented

in Fig.2-4-3.

We have
4 AV Y= —miah 4
T (PAV )= —minhin; {2-4-17)
and
2oy, = — 2-4-18
T (V)L Mlinj . { )

Frem Fas.(2-4-17) and {(2-4-18), we obtain

Ay MR (2-4-19)
where
%‘Qb if mipi= 0 (inflow)
= (a very large constant) otherwise (outflow)

Applying the ideal gas law to the gas, we obtain the gas pressure pg such

that

_ e Yoy _ r 4
P = pG(Vc) G(VT VL) (2 4-20)

where the water volume V; is obtained from Eq.{(2-4-18). In terms of

Vi, hr and pg obtained from Xgs. (2-4-18), (2-4-19) and (2-4-20},

respeclively, the accumulator bottom pressure p, can be given as
P = pe + gMpG Lo hL) (L) , (2-4-21)

where the height of the water volume (Lg)z is given in terms of the ACC

cross section Aacc a8

Vo
Anco

(Lmde =

In a transient calculation, we set p, =p2' on the right hand side of

Lg.(2-4-21). The solutions p. and Ay to Eqs.(2-4-19) and (2-4-21),

respectively, give a p-source boundary conditien of the thsrmal-hydraulic
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network described in section 2.4.

gas

Fig. 2-4-3 Schematic Figure of Accumulator
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2.4.3 Moisture Separator

A moisture separator is simulated by a special kind of mixing
junction as shown in Fig.2-4-4 where flows W, W; and W;, are the flow
te the SG downcomer, the flow to the turbine and the flow from the SG
riser, respectively. We assume that entire steam goes to the S5G
outlet , while water goes patially to the the SG outlet and mostly to
the downcomer. Let fs., be the separation efficiency such that

Wi=Bsep(1-2 )Win - (2-4-22)
Therelore, separation efficiency Hsp is the fraction of the recirculated
liquid mass to the total liquid mass in the separator. Thus, the [low rate
W, to the turbine is composed of the vapor flow rate x'W;, and the liquid

flow rate {1—Bsep)(1-x"3¥W,;.. Thus, we obtain W, and its quality (x3)ers &S
D

follows
Wa=x Wit (1-Beep) (172 )Win
= [ 1Boep(l=x") IWin | (2-4-23)
and
2 Win

(xz):ff=—‘ﬁ72_

+
- ~4-24
lfﬁsep<1—x+) (2 ’ )

Thus, the specific enthelpy h” for the main steam flow to be used [for
hrom in Eg.(2-2-69) may be expressed as

R =hbo(xa)egr + Rpe( 1=(xadifr ) . (2-4-25)

In a transient, separation efficiency Bsep may be deterioreted so that

the recirculation flow W, may contain vapor. Thus, the specific enthalpy

h" of the recirculation flow to be used for hyom in Eq.(2-2-69) may be

expressed as
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h‘uh}sﬁge‘p +h+(1__ﬁ;ep)
sep sep
o+ Bsep Bsep o+ kgt o
=hye 7] +(1- a ) [ hgsx +H{l—x )hfs)] ' (2-4-26)
sep sep

where BLP is given by Eq.(6-4-1}. Define (xl):” such that
R =his(xy)ers + Rhe (1= (x1)ess) . (2-4-27)

Then, equating Eqs.{2-4-26) and (2-4-27), we obtain

Beep
0
Hsep

(x )by =2 (1- y . (2-4-28)

In the present version of TEHIYDE-W, the separation efliciency Bsep is
assumed to vanish if W, <0 or Wy < 0 or Gin < 50 kg/(m’sec) or = < 0.1

or x> 00.985,

—_ 62__
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Wo
steam flow
Wi
recirculation
flow
Win

Fig. 2-4—4 Moisture Separator Mixing Junction
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2.5 Form Loss Coefficient, Valve and Critical Flow

2.5.1 Junction Area

For each normal node, we define in this subsection
A% = Ag® (2-5-1)
and
A% = A", (2-5-2)
where constriction facters ¢ and ¢ are inputs (BB10). In this subsection,
only for the sake of clarity, we assume & single parallel node and a single
normal junction. For each normal or boundary junction, we define the

junction area A} such that

ALY = (AP opaftall) (2-5-3)

and

i

(A5 opnk from{t) (2-5-4)
where we note that £y = E;Emm ( refer to Eq.(2-5-12)) and (Al)opn is obtained
as follows.
If junction j is normal,
(A7) spn=min(Afrom, Alo, Ainpue)  f0r Alnpur#0
=min(Af-om. Alo) for Alnpu=0 (2-5-5)
where 4“ and AF have been defined in Egs.(2-5-1) and {2—-5-2). If junction
j is a boundary junction,
(A;Yopn=Afrom Jor Alnpue=0
=min{Afrom, Alnput ) for Alnput=0 . (2-5-6)
Jiven Igs.(2-5-5) and (2-6-6), we define effective constriction factors
4 and " for each normal node such that

y2 = ¢ (an input) if from—junc is a mixing junction

_64 —



JAERI-M 90172

A'-r m e .
= S—ii%jﬁi- otherwise , (2-5-7)
and
vy = ¢y (an input) if to-junc is a mixing junction
Al opn
{(Ato)apn otherwise . (2-5-8)
An

For a normal junction j, substituting Egs.(2-5-7) into Eq.{2-5-3), we
cbtain

A = Eo(Adopn = ElorloArs . (2-5-9)
Similarly for a normal or boundary junction j, substituting Egqs.(2-5-8)
intoc Eq.(2-5-4), we obtain the other expression for A} ;

A7 = £fom(Adopn = EfromTiromAfrom (2-5-10)
Owing to Eq.(2-5-12), we obtain from Egs.(2-5-9) and (2-5-10)

Y?oAto = T}g.—omAfmm .

for a normal junction,

2.5.2 Form Loss Coefficient

Loss coeflflicients to be inputted are those for reverse flow at
initially flowing nodes, those at initially stagnant nodes and those at a
break point after its break. Loss coeflicients mt node average points A%
will be obtained by the steady state adjustment [or initially non—-stagnant
nodes. Junction loss coefficients £* and k* are inputted or calculated in
the code.

The option to calculate juncticn loss coefficients is as follows.

il Apom<Ap,, then
(FaYeo = (Kd)io = 0

(BEYfrom = (1A' /A): = (1-v{)?
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and

() jrom = 0.45(1=A"/ Awg) = 0.45(1—7%)
It Aprom™>Ar, then

Y from = (BE)jrom = 0

KBYeo = (1=A"/ Aprom)’ = (1=7From)’
and

(kEYio = 0.45(1=A"/ Aprom)= 0.45(1=7from)

2.5.83 Valvoe

The velve behavier can be simulated hy

(2-5-11)

where €. is the valve opening such that
£, =1 when it is completely open
=0 when it is completely closed
The time constant r { an input ) anpd the logic to determine §. depend on
the type of the valve.
In addition to the valves specified by the inputs, there are pseudo

valves presumed in the code which inclﬁde
(1) dead end valves ; always closed
(2) open valves at ordinary normal nodes ; always open

(except at nodes with actual valves)
(3) valves to imperatively cut oflf . to be closed when residual

accumulators water is fess than 5 %.
All valves including the pseudo valves can be placed only on the E
point of a normal node. For the sake of clarity, we allocate variables

£ and £ to all nodes. Thy are unity, il the corresponding place does
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not have a valve. Then, for a normal junction,
Ef‘o:EfErom . (2-5-12)

I{f the from-—-junction is a mixing junction, the point A can not have a valve

s0 that

£ = 1

2.6.4 Critical Flows

Given the specific enthalpy h and the pressure p at the discharge

point, the eritical flow (i can be given by the following set of equations.

a) 1f the coolant is subcooled, the critical [low is given by

Gu=cin/20(p,h)(p=Csps) (2-5-13)
where
po= s (P) x £ 0
= ey (p,h) x <0

and ¢, is a function of enthalpy h such that

1 =Calm(ps.h) 7 /205 (h) (1-Caps)
by If 0.02 < x < 1, then

Uy=CxCpgu{p.h) (2-5-14)
where gu(p,h) is given by Moeody Table'*™ and Cx is the factor to ensure
continuity of Gy at x=0.02.

¢) If x > 1 , then

Gu=Car/7(2/ (r+ 1Ty (p )P (2-5-15)

where

Co(p)=CxCpam{p by (p))/ A7 (2/ (v +1)) T, (D)

am 67 .
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2. Heat Transfer

In this chapter, we will discuss heat transfer aspects of THYDE-W.
In section 3.1, various heat sources in a fuel rod including metal—water
reaction are discussed. In section 2.2, given a heat transfer
coeflficient, we will give the method to calculate heat transfer rate
to a coolant flow. In section 3.4, rod—to—rod radiative heat transfer
is discussed, using the 3 x 3 rod cluster model. In section 3.5, the heat

transfer and ecritical heat [lux correlations are cited.
3.1 Heat Generation inside Fuel

Heat sources inside fﬁel % to be used in Eq.(3-3-1) are (i)‘fission
power, {ii) decay heat of [ission products, (iii) decay heat of actinides
and {(iv) metal-water reaction heat. In the following, we will discuss
them, separately. Items (i), (ii), and (iii) are not accounted for in

a non-nuclear calculation option.

32.1.1 Fission Power

The nuclear reactor kinetics equation in the THYDE-W code is based

on the point kineties model with 6 groups of delayed neutron precursors.

6
a8 (p, - 1ymt LA (3-1-1)
dt 1 £
dCi 8i .
—EE—'ﬂ —'A,;Ci‘l'—l—n, (L=1,2, ..... 6 ) (3*1-—2)

where
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3. HMeat Transfer

In this chapter, we will discuss heat transfer aspects of THYDE-W.
In section 3.1, various heat sources in a fuel rod including metal-water
reaction sare discussed. in section 3.2, given a heat transfer
coefficient, we will give the method to calculate heat transfer rate
to a coolant flow. In section 3.4, rod-to—rod radiative heat transfer
is discussed, using the 3 x 3 rod cluster model. In section 3.5, the heat

transfer and eritical heat {lux correlations are cited.

3.1 Heat Generalion inside Fuel

i

eat sources inside fue! & to be used in Eq.(3-3-1) are (i)rfission
power, (ii) decey heat of fission products, (iii) decay heat of actinides
and (iv) metal-water reaction heat. In the following, we will discuss
them, separately. Items (i), (ii), and (iii) are not accounted for in

a non-nuclear calculation option.

3.1.1 Fission Power

The nuclear reactor kinetics equation in the THYDE-W code is based

on the point kinetics modeil with 6 groups of delayed neutron precursors.

6

1B (= Dt 2 AC (3-1-1)
i=1

‘fﬁin m-aici+‘5;in, (i=1,2,..... 6 ) (3-1-2)

where
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and

n{0)=1

Total reactivity eoe(t) in Eq.(3-1-1) is calculated as the sum of
five reactivity components, i.e.,

Pige(t) = Teu(t) + frp + g + Iy + T'p . (3-1-3)

In Eq.(3-1-3), the [irst term [,.(f) represents the external reactivity

contributions such as control rod insertion, whereas the second, third,

fourth and [ifth terms are the feedback effects due to a [uel temperature

change, a coolant temperature change and a coolant density change ( a

yoid fraction change) and a beron concentration change, respectively,

such that

Fpp=v7,(Tp(t)-Tr(0)) )

Fre=rrc{Tc(t)=Tc(0)) .

Fo=T(p) .,
and
o5{N5—N%)
g = —— 75— , (3-1-3a)
a
where 7'y, ¢, o and N are the averages over the entire core. In

Fq.(3-1-3a), absorption cress section of natural boron ¢p is 755 b, while
atomic number density c¢f natural boron Np (ecm™) is given by boron

concentiration ¢y (ppm) as

o il Pf(l“a)CB ] corefly (p;’:‘ Yeoreflu
Ng = Cg Mo =y Ma . (3—-1-3b)
where C,,=1¢"", Mgz = 10.8 g/mole, and ¢ = (1-x)cp. In Eq.(3-1-3b),

(Ac)eore i5 the average of pc over Lhe core, where ¢ is the solutions

tec Egs.{5~1~2) and (5-1-5H).
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3.1.2 Fission Products Decay Heat

The decay heat due to P (fission products) except actinides 1Iis

caleulated'”) such that

11
I“?,Fp= EZJC;;
i1

where
Edt—x5=ki(nﬁ'i—xg) (lsisl11)
e = 1.0 JTor a BE calculation
= 1.2 for an EM calculation
and

X (0)= E; (1s5is11)

(3-1-4)

{3-1-58)

(3-1-6)

For the BE and EM calculations, sce chap 7. Parameters E; and i; are

given in Ref. (7).

J.1.3 Actinides Decay Heatl

The heat contribution from actinides decay is

follows. We consider only ?*°U and ***Np

B ()N P
Then
AN yg=—A39N30+C 2,0 (0
71 V29T ~ 29V cZa{(03R{L)
and
G Ny~ AagNag + ApgN
ap Vaa= - AaeNag+ Ao Ny

where

calculated =as

(3-1-7)

(3-1-8)



hro=4.91%107" sec

and

A39=3.41%107" sec
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-1

-1

I{ the chain is &t a steady state, then

N(0)=C.Z.0(0)/X: (i=29 and 39)
Relative power Racr produced by actinides decay 18 given by
(¥ANYgo+ (¥ANV )30
- ~1-9
where
Y = 207.3 MeV/{ission

Ya

and

¥

If we sct

then Bq.{

where

and

with the

39 = 0.456 MeV/decay

0.434 MeV/decay

38

Niﬁcczai(g#"i (i=29,39) ,

3-1-9) will be transformed to the following equation.

Ty (yx)a9F (¥x)3a a1
%, ¥ (3-1-10)

Racr=C

L= Ay (n—220) (3-1-11)

E%xag= Agg(xze—xag) {(3-1-12)
initial conditicn

x {0)y=1 (i=29 and 39)

3.1.4 Metal-Waler Reaciion

Heat generation in the cladding due to the metal-water reaction
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t(zs)

is calculated based on the equation of Baker and Jus with no

limitaticens for steam availabiiity as required by Ref.{(1). When & burst
is calculated to occur, the Zircaloy cladding is assumed to react on
the inside as well a2s on the outside for a length of the burst node.

The equation of Baker and Just is

%%dz lg—Kﬂ;ﬁﬂm) .
where

Ki=0.775%107" m*/sec
and

Ky=2.29%x107" K
In the THYDE-W code, it is assumed that the heat generation 1is

uniformly distributed in the cled node where the boundary of the reacted

zircaloy is present. The volumetric heat source of the node with

thickness 4dr is given by
EMW":pzrdhreucg—?/Ar (3—1—14)

where
Par=6.568X107" Rg/m®
Following assumption (b) in subsection 4.1.2, oxide thinning resulting

from clad burst will be taken into consideration in Eq.{(3-1-13).
3.2 Heat Transler from Fuel to Coolant

A distinetien is made for two |kinds of  Theat transfer
coefficients , i.e., Lhe one which is the ccelficient of heat transfer
to.tho coolant and the other which is the heat transfer coefficient for
the calculation of the wall surface temperature. The difference arises

when rod—-to-rod radiation becomes effective, for example, after clad
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burst. In section 3.3, heat conduction is discussed.

2.2.1 Before burst (Elevation without Burst)

In the following discussion, we will drop the subscript indicating
the core node in question. The heat source to the core coolant q''’ in

Fq.(2-3-8) is given by

©+  LARIRPR —2-
with
ep=hi {(Tr—Ty) {(3-2-2}

where A, is the coofficient of heat transfer to the coolant which is
not to be confused with A{f, i.e., the heat transfler coefficient for the
calculation of the clad surface temperature (see section 3.5). The heat
transfer coefficient Af, can be divided into two components such that
hie=hi +hi" : (3-2-3)
where A% ° is the rod-to—coolant radiative heat transfer coeflicient,
whereas ASU" is the rest due to convective or boiling or condensation heat
transfer. The readers can refer to subsections 3.5.1 and 3.5.3 for the

latter and the former, respectively.

3.2.2 After burst (Elevation with Burst)

The core will be divided into several regions, each of which will
be regarded as a collection of identical coolant channels. Suppose that
the fuel rod in & certain regicn was calculated to burst at a certain
elevaticen. Then, it will be interpreted that bursts have occurred at that
eclevation with & certain pattern in the entire region. With the

caleculated cccurence of & burst, the tweo fuel rod calcuiation will be
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started for the regien to include rod-to-rod radiative heat transfer on
the basis of the 3 x 3 rod matrix to be described in section 3.4.
Among the parameters in Egs.(3-2-1) and (3-2-2), not only the heat
transfer coellicient, but aliso the wetted perimeter and the
cross—sectional [low area will be influenced. The former will be
explained in section 3.4, while the latter two in the following.
Averaging the latter two over the 3 x 3 mairix , the heat input frem
the buret axial node of the matrix Lo the average core flow is cbtained
as follows:
First we obtain the change in the wetted perimeter. If the center
rod is burst, then the wetled perimeter in the matrix changes from
lo=8xrp
to

ll'u'—'ﬂf'}{(S_Mb—A?)""*’:"R(Mb*“‘jyz“b‘) . (3—2—4a)

And if the center rod is nct burst, then the wetted perimeter chenges

to

l;,.=7rr}1(6-M,;—i\:rT")+7rr;;(2+Mn+ j\é") . (3-2-4b)

Thus the heat input from the axial malrix node with clad burst Lo the

average core f{low is given by

o _wil 27?7‘1{)69}1‘*:602(27”’5?)07}1 (3-2-5)
Ay
with
wtwy=4
=M,/ 2+ N,/ 4 if center rod is burst
wi=1+M,/ 2+ N,/ 4 tf center rod is non—burst
Pr=h{ (Th=T4) = (hE +hi) (Th=T0)
and

er=hi(Th~Ts)=(hi-+RhE) (TR=Ts)
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where RS is defined in Eqs.(3-5-3) and (3-5-4). The flow area Ay in
Eq.{(3-2-5) is given by Eq.(4-1-20) or (4-1-22). The heat transfer
coefficient A, is given by Bq.(3-2-3), and hE7 is the coefficient of heat
transfer to coolant for the burst node. For the meaning of N, and M,

or N, and M,, relsrence should be made to section 3.4.

3.3 Heat Conduction

3.3.1 Heat Conductor Confliguration

Tleat conduction in heat conductors is assumed one—dimensicnal so
that direct heat transfer (heat <conduction) between adjacent two
conductors are not taken into cosideration.

Depending on the type of boundary condition at the left { or
inner ) and right {( or outer ) surfaces of a conductor, there are 5 cases
as shown in Fig.3-3-1. The case of a constant wall temperature can be
simulated by case 4 or 5 by inputting a sink temparature equel to the
desired wall temperature along with a very large convective heat

transler coefflicient.

3.3.2 Temperature Distribution

The heat conduction in a heat conductor is given by

oCp 3=t 0 (ar2lys 5 (3-3-1)
where
a =0 for cartesian coordinate system
=1 for cylindricgl coordinate syétem
= 2 for spherical coordinate system
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We define the noding convention in a heat conductor as shown in

Fig.3-3-2. For a solid cylinder, we let rg = 0.

left (in right{out) left(in) __ right (out)

% 7
aL-0 é node  node / -0
L1111
2 N 12] - N
case | case 2
left (in) right {out)
node node
BEEN
[2 N
case 3
left (in)__ right out) left (in) _ right (out)
node sink sink node
It i11 L1t
{2 N {2 N
case 4 case 5

Fig. 3-3-1 Heat Conductor Configurations
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@

Fig. 3-3-2 Noding Convention of Heat Conductor
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Tor rod type fuel, the heat production rate E(r.t) may be
represented by
F=tep(z,0)I(t) ,0<r<rp (3-3-2)
& mw ,Féﬁ<r<FR {3-3-3)
where heat production is mssumed uniform in the fuel pellet, whereas
Euw is given by Eq.(3-1-14) such that it does not vanish in the clad nodes
where the boundary of the reacted zirconium is present. The tempceral
behavior of the heat generstion in nuclear fuel I{t) is given by

- [n+Rept+Hacr] " -3-
{1+ Brp{0)+ Racr(0)) e

bt

where Iipp and Racr are given by Egs.{(3-1-4) and (3-1-10), respectively.
It should be noted in Eq.(B-—3—4} that the condition HO(0)=1.0 1is
satisfied.

Integrating BEq.(3-3-1) from r = r;; to r = ri, we obtain

a;;i) = 8 Tin— (8,48, DT + 8,7 + E,V; ,

riVi(

which can be transformed to

aT; 8T i1 {(8+8;- )T+ 8.7 g .
A S (3-3-5)

In Eq.(3-3-5), the parameters are defined as follows ;

Vi = L(f%—riﬂ)az a=0

- 2(ri—-ri sz a=1
- %’L(l—cosa)(r?"raiq) q=2

S; = Léz a=0
= 2nr;8z a=1
= 2x(l-cosf)r? a=2

Lia(ri—ri )+ Ai(ria—r)

2
(rivi=ri-i)

6,; = 281

and

vi={ocp)i
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Especially, for 8o, 8x. To and Ty+1. we have
g = 0 for IC =1

= Soher for IC = 2,3.,4

Softraa (T519+273)°—(T31%+273)%)

= (Tﬁ‘d—Tﬁ’ld) for IC = 5
Sy = Syher for IC = 1,3,5
=0 Jor IC 2
wold | gnqyd_qold N
SN}l:'ad((TN+1+2133)OI{§1N +273) ) fOT' IC = 4
(THO-TNT)
To = T for IC = 2,3,4
= Tsinn for IC = 5
(not defined for 1C = 1)
and
TN+1= ‘Tb - for IC = 1.3.5
= Teink for 1C = 4
{nct defined for IC = 2)

We now solve Eq.(3-3-5) by the Crank-Nicolson method, i.e.,

Tr_mw_Tt_)td . . ~
—-‘"jt—‘—=8(}’f”"+(1—s)G?M (0<8 =1) (3-3-6)

which can be transformed to he

(~AT s+ BT CiTi) = D (3-3-7)
where
A;=83;
Bi= Vi + 8 (8;+8;-1)

At
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Ci= 88,
D, = V"—’;;T—gj+(1—§)vir;c;?“+vi§5?””
Especially,
DN=—-——V”’;N;F?“M +(1-8)VurnGHi+ 8 (EV)',:;’%—V”’ngT” for 1C=3
Dy VBT | (G vy nGats (g e YHrdaTame o joay
and
Dl=_——Vlgf?M+(1—é)Vlrlc;?“u5(5V)’f““+£”—f,?ﬂ for IC=5

In the linear implicit scheme, the coefficient 4;, B;, C;, and I
in BEq.(3-3~7) are the old values so that it becomes a tri—-diagonal matrix
equation to which Thomas algorithm can be applied as follows.

Cages 1 and b

Set
Tioy =F,T: + Fi, {i=1,2,..... N) . (3-3-8)
Substituting Eq.{(3-3-8) 1into Eq.(3-3-7) and solving the resultant

equation for T;, we can identify

Aj
B = 3, -CiEi ! (3-3-9)
and
. D+ CiF _na_
Fi =g—ag . (3-3-9a)

Equation (3-3-8) with Egs.(3-3-9) and (3-3-9a) gives 7T'; successively [from
i=N to i=1, since Ey = Fy = 0 and Tx+1 = Truin-

Cases 2, 3 and 4

Set
T, =ET.. + F, {(i=1,2,..... N) . (3-3-10)
Substituting it into Eg.(3-3-7) and solving the resultant equation for

T, we can identify
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N O S _q-
Ei = 5—Aiwo , (3-3-10a)
and
o AT AL _a_
F,; T B A . (3-3-10b)

Equation {3-3-10) with Egs.(3-3-10a) end (3-3-10b) gives T, successively
from i=! to i=N, since Ens1 = Fyyp = 0 and To = Tpuik.

2.9.8 Gap Conductivity® @Y

Special treatments are needed for a fuel rod with a gap. We assume
the following relationship to hold
P (rrtrap) =¥ rp (3-3-11)
which means that the total heat flux at the clad inner surface coincides
with that at the pellet cuter surface. In THYDE-W, the gap conductivity
Rte, is defined in terms of @&l such that
Oit =hba (T -TEL) . (3-3-12)

Substituting Fg.(3-3-12) into Eq.(3--3-11), we obtain

rptr . i
gue I EOR pl (TO-TEL) (3-3-12a)
Gap conductivity hga,, is composed of two components ; (1) heat
conduction and {(2) radiation. We first discuss heat conduction. 1f
rgep > 0, then
P Agap (3-3-13)
B ppapt4.39x107°
and il rge, = ¢ , then
—6 Agap
Rgap=1.16X10 Spy +——E— (3-3-14)

4.39%x107°
where p,. is the contuct pressure between fuel pellet and cladding.
The conductivity of the gas mixture Adg, in Eqs.(3-3-13) and (3-3-14) is

calculated from a formula hased on the work of Brokaw{zg). that is,
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Agu,,=zlai/(1+ Y vy (3-3-15)

j=1,j#i

where
S L1+ A2 MMy
vij= 1.5 1/ (3-3-16)
25N 1+M /M)
Mi—=My(M;—-0.142M;
¢U=1+2.41( M) (M - 1) (3-3-17)
(Mi‘lrMJ}‘
and
M = molecular weight of a compeonent gas
¥ = molecular fraction of the gas
A = the thermal conductivity of the pure gas.

In BEqg.(3-3-15), the summatiocns extend over all the component gases.
The following expressions are used for the thermal conductivities of
He, Xe, Kr, air, Ny and H,

Il rgue is less than the mean free path of a helium molecule, then

Are=A%rf1{ Pgap. Teap) (3-3-18)
and olherwise

Ape= A% (3-3-19)
where

A9e=5.43%X 1077 (1.8(Tgap+273) %0808 (3-3-20)
The others are'”

Ae=5.75X1077 [ 1. 8( T gapt273) 1087 (8-3-21) "

Afe, =B 56X 1079 [ 1.8B(Tp+273)1° %% (3-3-22)

Aair=3.03%107" [ 1.8(Tgu,+273) 10 8¢ (3-3—-23)

Aijy=3.08X10 7" (1.8(Tpep+273) )" % (3-3-24)

Aig,= 2. 41X107 [ 1.8(Tp,+273) 10821 (3-3-25)
and

(3-3-26)

Air,o= T3 {Pgaps Tgap)



JAERI-M 90 -172

In the above, f: and f7 are input {unctions of pgp and Tgap-

The second component of h;,,p, i.e., the gap conductivity due to

thermal radiation is given by (30

1.369%10 M [ (7% +273) —(T&+273)")

Rrga= : — ,  (3-3-27)
ad (er+rgap)/2rp[1/5F+rp/(rp+rgup)(IIECL—l)](T%”‘—TE},) (
Thus, the total gap conductivitiy heep is given by

Riap=hgapthraa (3-3-28)

where Agep and A..g Are given by Eq.(3-3-13) or (3-3-14) and Lg.{(3-3-27),
respectively. In summary, the parameters influencing the gap
condu.ctivity are (1) the temperatures of the surrounding surfaces, (2)
the gas temperature, (3) Lhe gas composition, (4) the gas pressure (
Pep ) and (5) the gap width ( rgep )} The temperatures of the
surrounding surfaces can be calculated by the method discussed in
subseclion 3.3.2, while the gas temperature is set equal to the
arithmetic sverage of the pellet surface temperature and the c¢lad inner
surface temperature {see Eg.(3-3-31) or (4-2-10}). The temperature of
the upper and lower plenums are assumed to be given as

Tup=Ti""+Cr . (3-3-29)
and

(3-3-30)

- bottom
Tipt=Tg

where 7'5°° and TF°'*°" are the bulk temperatures at the top and bottom
nodes of the core channel flow, respectively. The gap gas composition
is an input to the TIIYDE-W code and is assumed to remain constant
throughout the transient except that, if burst is calculrated to occur,
the gas composition in the burst node is assumed lo be steam. Fer the

caleculation of the gap width rg, and the mixiure gas pressure Dgp, the
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readers can refer to section 4.2.

Thus, we have the folliowing set of equations

c:}it_l_ in
Tgap=T1—2£9’i Jrom Egq.(4-2-10)  (3-3-31)
Pgap=Pgap{Tgop. Tgap) from Eq.(4-2-9) (3-3-32)
and
Feap™=Tgap{ Pgap, temp distribution) Srom FEgq.(4-2-3a) (3—3-33)
Suppose that the temperature distribution in fuel is known. Then, we

can obtain  pgp and  rg, by solving Egs.(3-3-32) and (3-3-33)
simutaneously, Thus, having obtained pg.p and rg,, we can obtain Ag.,,
heap 8nd h,gq¢ from the following egquations.

Agap=Agapt Pgap. LT gap) from Eg.(3-3-15) (3—3-34)

heap=hear{Agap  Fgap) from Eg.(3-3-13) (3-3-30)

and

Rraa=heaalTHE  TEL T gap) from Eg.(3-3-27).  (3-3-36)
gap

3.4 Rod-to—Rod Radiative Heat Transfer

In thig secticn, we will obtain the radiative heat transfer
cocfficients for burst and non—burst reds, h, and Ay, which are to be used
for Iigs. (3-5-3) and {3-5-4) Lo give ¢r and ¢r in Iig.(3—-2-5), repsectively.
To this end, we will consider a 3 x 3 rod matrix'® as shown in Fig.
3—4-1, in which some of the rods are burst.

In THYDE-W, rod-to-rod radiative heat transfer will be accounted
for in the following way only altler a clad burst. The core will he
divided into several regions, each of whiech will be regarded as a
collection of identical coclant channels. Suppese that a fuel rod in a

region was calculated to burst at a certain elevation. Then, it will

be interpreted that bursts have occurred at that elevation with a certain
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pattern in the entire region. With the calculated occurence of a burst,
the two fuel rod calculation will be started for the region to include

rod-to-rod radiative heat transfer on the basis of the 3 x 3 rad matrix.

SURFACE 2

Fig. 3-4—1 3x3 Rod Cluster Model
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I. ONE BURST ROOD
® OO0 OO0O0
CHONORENONONC),
OO0 00O

(A) Np=3,Mp=4 (B) Np=4, Mp=3
2. TWO BURST RODS

®0® ®60 0®O0
OO0 000 006
OO0 000 00O

(A) Nn=2, Mn=4. (B} 'Nn=3, Mn=3 (C) Nn‘-‘4, Mn=2
3. THREE BURST RODS

®0® ®&O0O® ®®O 06O
OO0 O0O0O® O0O6G® ®0O6
OO0 OO0 00O 00O

(A) Np=1,Mp=4  (B) Ny=2,Mp=3  (C) Ny=3,My=2 (D) Ny=4,Mp=1

4. OTHER CASES CAN LIKEWISE BE CONSIDERED,

Fig. 3-4-2 Burst Patterns (Non-burst center rod)



JAERI-M 90172

| ONE BURST ROD
O O O
O ® 0O
O O O
Np=My=4

2. TWO BURST RODS
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(A) Nb=3! Mb='4 (B) Nb=4!Mb=3
3. THREE BURST RODS
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(A) Npz2,My=4 . (B) Np=3,Mp=3  (C) Np=4, My=2
4. FOUR BURST RODS
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O®0 0®® OO0
O0® 000 00O

(A) Nb=!1Mb=4 (B} Nb=21Mb=3 (C) Nb=31Mb=2

Fig. 3-4-3 Burst Patterns (Burst center rod)
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(D} Ny=4, My |
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The burst pattern must be specified as inputs by choosing it from
Figs. 3-4-2 or 3-4-3. We also assume that the matrices with the
prescribed burst pattern are isolated from each other with respect to
rod—to-rod radiation,

The conceivable rods burst patterns are shown in Figs. 3-4-2 and
3-4-3, where the definitions of M, N, My &and My &are shown in
Nomenciature. The diagonal rod refers to rod 2, 4, 6 and 8, and the
of[~diagonal rod to rod 3, 53, 7 and 9. Let np be the number of burst rods
in the matrix. Then we have a relaticnship

Mo+ Ny=B—ny
1f the center rod is non—burst, while
My+ Ny=9-n,
if the center rod is burst,
According to Hottelf?’m, the radiative heat flux from the center

rod may be given by

e =F a0 [ (Th+273)' —(T:+213)"1( i = n or b)) (3-4-1)
where
Fiy== 1
Fag+(1/7e,—1)+A /Ay (17631
Fu: modified geometrical factor,
A= area of surface 1 |
As= area of surface 2 ,
T,= average temperature of surface 2,
&,= emisgsivity ol surface 1 ,
and

g3= aversge emissivity of surflace 1
Since surface 1 does nct see itself, but only surface 2, we can set

F]_le
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whence

a = 1 .

Fys 1/e,+A; /Ay (1/eg—1) (3-4-2)
The emissivity &; is that of zircaloy &.., i.e.,

e,=e,(THY ( i = n or b ) (3-4-3)

as a function of temperature.

The ratio A;/A; can be obtained in terms of the radii of the burst

and nen—burst rods

do=2rn
and
d,=2rp
as
Ay d;

Ay Bdpt ((Mi+M Y/ a—N7a~M;78) (dp~dn) +8/x(1,~dp)
{ £ = n or b )
In calculating the avarage values of T, and £; over surflace 2, we will
neglect the values at the coclant portion of surface 2 and obtain them,

for example, ms area—weighed averages, i.e.,

f o 3dpea (TR) = (Ni/4+Mi/2) (ot (Th) —dn(Th) )

2 3dp— (dp—d,n) (Ni/4+M:/2) {3-4-4)

and

7. 3dpTh— (N, /4+M;/2) (dyTh—d.Th)
i 3dp— {dp—dm)(N;/4+M;/2)

(3-4-5)

Thus, the rod—to-rod radiative heat transfer coefficient to be used for
the calculation of clad surface temperature (see section 3.8) is given

by

h, =2 i = n or b . 3-4-6
e ) (3-4-6)

The outer rod diameter of the burst rod dy=2rz can be obtained from
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Eq.{4-1-5).

3.5 Heat Transfer and CHF Correlations

First of all, it is important to make the following distinction
between two kinds of heat transfer coefficients, kS, and A{{. The heat
transfer coefficient hfr will be used in Eq.(3-2-2) to obtain a heat
transfer rate from the wal! to the coolant, whereas the heat transfer
ceelficient Aff will be used in Eg.{(3-3-12) to cbtain the wall surface
temperature. These two heat transfer coefficients are identical if
rod—to-rod radiation is absent.

The heat transfer coefficient from the well to the coolant A, is
composed ol two components; the one is the convective or boiling or
condensation heat transfer coefficient, while the other is the
wall-to—cecolant radiative heat transfer coefficient. We will refler to
the former as h{l" and the latter as AY,°. Thus, the coellicient of hesat
transfer from a {fuel rod to a cooclant flow c¢an be represented by
Iig. (3-2-3), which we reproduce here again,

G =hE A : (3-5-1)
The heat transfer coeflicient Ai; to be used for the calculation of the

wall surface temperature is given as follows

ir=hi, before burst (3-5-2)

S=pt.+hY (burst rod) after burst (3-5-3)
and

hir=hi . +hi. (non—burst rod) after burst . (3-5-4)

The radiative heat transfer coefficients Ay and A, are given by
Eq.(3-1-6).

In the following subsections 3.8.1 to 3.5.3, we will show the heat
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transfer correlations used in THYDE-W.

Table 3—1 Heat Transfer Coefflicients

mode Condition Correlation

11-13 7y, Tw<T,, Re < 2,000 Fishinden and Saunders
{(natural convection)
10 Ty, Tw<T,, Re = 2,000 Dittus—Boelter
{subcooled forced convection with wall parallel to {low)
19 Ty, Tw<Ts, Re > 2,000 Fishinden and Saunders
(subcooled forced convection with tube rows perpendicular to [low)
20/21 Ty<T<Ty Interpolation between modes 10/11 and 3!
20722 Tp<T<Ty Interpolation between modes 10/11 and 32
31/32 Tw=T,, T:<Ty Jens—T.ottes {31) or Thom{32)
(nucleate boiling)
11-45 Tw=T,, T;<T, { see Table 3-2 )
(film boiling)
60 Tv=Ts, T>Tw Nusselt**®
{condensation}
51 Tw>»?Ts, Re < 3,000
(laminar steam flow cooling)
52 Ty>T,, 3,000 < Re < 5,000 Interpolation between modes 51 and 53
53 Ty>Ts,Re < 5,000 MecEligot

{(turbulent steam flow cooling)
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Table 3-2 Post—-CHF Heat Transfer Coefficients

[ Ge = 271.2 kg/(m®s) )

mode Condition Correlation

41 x > 0.5 G > G, Groeneveld
p > 30 ata

42 x > 0.5 G > G Dougall and Rchsenow

p < 30 ata
43 x < 0.5 G > G, Interpolation between Al or
Ri2(x=0.5) and AFFT(x=0)
44 G < G,
Berenson IHTROF(2)
Modified Bromley {HTROP(2)
Brom!ley-Pomeran:z ITHTROP(2)

il

i
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3.5.1 Correlations of Heat Transfer Coefficients

{#) Subcooled Forced Convection

The heat transfer coefficient at a wall parallel to a subcooled

(3L)

forced convection flow is given by Dittus and Boelter as
Gl Do .
heo=0 0238 (LG e ep s (3-5-5)

When a coclant is flowing perpendicular to tube rows, then the heat

transfer coefficient is giv@n(m) as
P flmaxd)
hyr=0.33 TA)"CHQ’(—L‘p—a_)U'GPr”'S

{(b) Nuecleate Boiling

(32)

Jens and Lottes gave the heat transfer coefficient for nucleate

boiling as

3 (Tw_ins)fl(ep/l?.?a)

Ber=T.92X10° Ty , (3-5-6)

where T, and A are in 9%, ata and keal/ nﬁsecDC), respectively.
P P ¥

(140)

Thom pave a different correlation ;

(Tw=T:)"(e?*/4.32)°
(Tw=Tw)

ht,rz

where T, p and h, are in °F, psia and BTU/ (ft®sec’F), respectively.

{¢) Subccoled Boiling under Natural and Forced Convection
When a coolant is subecoled, but the wall temperature is higher
then the saturation temperature, then an intermediate process is assumed
to take place with a heat transfer coefficient
her=hb+cophle . (3-5-7)
wheré A, and A% are subcooled heat transfer coefficient {mode 10 or

11) and saturated heat transfer coelficient (mede 31/32), respectively.
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In the present version, c. is set to be 0.1 in Eg.(3-5-7).
{d) Stable Film Boiling

The stable film boiling heat transfer correlation by Groeneveld?
is used to calculate heat transfer after DNB.

IGID Pe (1-x)) 10588 pp g1 26y 108 (3-5-8)

— g
her= 005275 [ (xt 5

where
Y=max[0.1,1-0.1(p./p, 1) (1-2)"*)
and FPrg is the Prantle number of superheated steam whose temperature

is equal to the caldding surface temperature.

{a) Steam Cooling

The following correlations are used for steam cooling. For =

laminar flow ( Re < 3000 ), we use

s Ty+273 -
hf"'_c’lD(iI" +273) (3 5 9)
where €, and C, are constants. For s turbulent flow (Re<5,000 ), we
use
_ Ay 0.5, 0.4, Tp+2873
h”fo.OZ(D YRe “Pr (Tw+273) , (3-5-10)

given by McEligot®®,

(f) Condensation

When wal] temperature is lower than bulk temperature of saturated

fluid, condensation may ocecur. Define a Reynolds number Re; such that

4htr(Ts”Tb}Lx (3_5_] 1)

Red=4l‘,,/;1f = #fhfg

where L, is the distance from the wall top. For m laminar flow ( Reyq

< 1,800 ), Nusselt®® gave

Aete AL (T-Ty) .
her  =1.28(=LL5104¢ (hs B y-1re
By Bplgs
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For a turbulent

flow ( Heq > 1,800 ),

the following heat transfer

correlation is used for condensation.

13 2
her=0.0077(L2E 33 p 0.

B
For Rey > 1,800,

the resultant equation for h,,,

LY
Rap=0. 00773 (2L ng}sfg

substituting Eq.{(3-b-11)

(3-5-12)

into Eq.(3-5-12) and solving

we obtain

41«(7}‘Tb))zm

By

{g) Natural Convection

For a single phase [low

transfer correlation is available.

h¢r=0.477'{)—(Gerrp)l”

:0.17%(Grpprp)"“

where subscript F refers to

temperature and

, Dipie | Ty—Ty
gr=

(3n)
iy

3.5.2 CHF Correlations

drhgy

the following natural convection heat

3

(GrePrr<1.0 x10%)

(GrePrp>2.0x10%)

gauntities evaluated at average film

The following CHF correlations are implemented in the THYDE-W
code .
G > G
(1} Biasi®
(23 QR
wour=7.54x10%(0.84-x%) 1G1<0.678 x10°
Popr=T7.54%10%(0.80-x) 0.678x10%°< 1G 1 <1.02x10% (8-5~-13)
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(3) RELAP'"

G < Ge

(1) Interpolation between ecnr(G=G.) for G > G; and 0.9 x 10° Btu/ft?
(2) Modified Zuber'"”

(3) Zuber!”
2.5.3 Rod-to—-Coolant Radiative Heat Transfer Coefficient

The following additional heat transfer coefficient due to thermal
radiation should be added in each mode of the previcus subsection before
clad burst (see Eg.(3-5-1)).

(To+273) = (Tp+273)"

h;;—=ﬂa 7110_Tb (3_5_14)

where #, is & function of 4 to be determined experimentally, e.g.(S),

___1-0.5e
Ta=125—-0.15a

3.5.4 Pool Quenching Model

Suppose that a heat conductor with velume V, length 4z is placed
in a coolant, which is at saturated pool condition and that the conducter
surlace is at post—CII.

First, we heuristically derive & necessary condition for pool
quenching. Integrating Lg.(3-3-1) over the material regions in the

conducteor, we cobiain
AN oc,TVY =2, (5V)i=ludze. (3-5-15)

where subseripl i stands for s material region. Dividing this equation

by V, we obtain
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{,dze
< = Fr—
ag PeeT

1%
) (3-5-16)
where :
p= i:;z<5>

and the bracket means averaging over fuel.

In order for the temperature not only at the surface, but also in

its interior to be quenched, Eq.(3-5-16) requires “** that
p =9 (3-5-17)
at saturated posgt—CHF condition.

In THYDE-W, we use the modified form of Eqg.{3-5-17) such that
' <ce

(3—5-18)
where

c=1.5

Facter ¢

cbviously depends upon the correlation of heat

transfer
coellicient for pool

film boiling. The quenching heat flux, when the
quenching eriterien (3-5—-18) is satisfied, will be assumed to be

1

P, 200 keal/(mPsec) B0<I1G1 < G,

(3-5-19)
100 kcal/(m’sec) Otherwise.
In summary, it is assumed that if cendition (3-5-18)

is satisfied
under saturated post—CHF pool condition,

quenching will

take place with
the heat flux given by Eq.(3-5-19}.
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4. Mechanical Behavior of Clad and Fuel

Mechanical behaviors of a clad and a fuel rod influence the gap
width, the gap pressure, the flow area, the rod-to-rod radiation and
the oxide thinning. Among them, the last three are assumed in THYDE-W
to be effective only after a clad burst.

The geometrical dimensions of a fuel rod at an initial operating
condition must be determined by calculating, for example, deformations
due to pressure and temperature changes from a room to ‘an operating
condition. Such complicated calculations, however, are outside the scope
of this work so that atl the geometric dimensions of a fuel rod at an

intial operating condition are assumed to be given as inputs. Throughout

this report, we will neglect an axial deformation of a clad and a fuel.

4.1 Clad Deformation

Prior to a burst, a clad expands due to thermal- and
pressure—induced elastic strains and a plastic hoop strain. In THYDE-W,

as long as a clad burst deoes not occur, only their effects on the gap

width is taken into consideration. 1{ a eclad continues to strain
plastically, it will eventually burst. When & burst is predicted, we,
for the f[irst time, take into account the contribution of c¢lad

deformation to flow ared reduction, rod-to-rod radiation and oxide
thinning.

Before we discuss clad deformaticn, we will present the expressions
Iiqs.(4-1-1) and (4-1-5) for clad inner and outer radii, ri? and ra,
respectively.

First, we express clad inner radius réf as

rét = p0 o+ Arit = ré(1+s,+s:+t8i0) (4-1-1)
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where .5,, §; and §;, are the strains of the clad inner radius due to a
pressure change, a temperature change and a hoop stress, respectively.
Hoop strain s;, of the clad inner radius will be given in Egq.(4-1-9),

4

whereas s, and s; are given by

[ 1+mptet(1-20,) | (PgapPrap) = (2-#p) (PoLnT—pCLNT) )

5 _ (E,(1-¢’) ) (4172
where
= [1£§g] (4-1-3}
rR
and
se= 1eL{TENTE-TEY . (4-1-4}

As stated above, spland s, are so small that they need be accounted for
only in the calculation of a gap with, Otherwise, they will be
neglected.
Next, we express the clad outer radius rp as
ra=r%(l+ sgue ) (4-1-0)
where the elastic strains are neglected. Equation (4-1-53) will be used

in Tg.(4-1-15).

We now try to express s;, in Eq.(4-1-1) and seu in Eq.( 4-1-5) in
terms of s and e, where s is the heop strain at the initial radius,
(r&+r%)/2. Assuming a constant cross—sectional area under plastic or
burst hoop strain, we obtain,

rm8=rn8° (1-1-6)
where r,, is the radius which was initially equal to (r%+r8f) /2 and @
is the clad thickness. Since

Fm=rm{l+s8) {(4—-1-7)

Ey. (4-1—6) gives
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80
G=W . (4_1"8)
Then, the plastic or burst radial strains at the inner and outer surflaces,

8in and S.u: can be given in terms of s and e as

] . —
sinm [rmm e (=T 1 7080 =35 (e v {75 (4-1-9)
and
o —_
soue= [ratE—(rad o)y /ra=Sase—3%) (4-1-10)

l+s
Therefore, once hoop strain s is given, we can obtain s;, and sg. from
[gs.{(4-1-8) and (4-1-10), respectively. The plastic and burst hoop
strains s in Egs.(4-1-9) and {4-1-10) are discussed in subsections 4.1.1

and 4.1.3, respectively.

4.1.1 Clad Deformation prior to Burst

Hardy'"" performed a series of tests in which rods with constant
internal pressure were ramped to a series aof temperatures at various
ramp rates. Analyzing his data, the following form of equation for
plastic hoop strain s may be obtained.

dr
F=ri(s, 05, ToL, “g70) (4-1-11)

=8

|

Q

where

r
0p="F-{ Pgap~ PCLNT) {(4-1-12)

and f, is an input function.
Substituting the solution s of Eq.(4-1-11) into Egs.(4-1-9) and
(4-1-10Y, we aobtain si;n and Seut. Then substituting s;. and 5S¢ Iinto

Eqs.(4-1-1) and (4-1-5), we obtain ré&i and rg.

— 100 —
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4.1.2 -Cilad Burst

Clad is assumed to burst if the hoop strain s calculated by
Egq.(4-1-11) reaches a certain value (an input) or if the clad temperature
renches the burst temperature. The burst temperature is calculated from
a correlation of op versus cladding temperature with the following form
from various sources, notably ORNLY?

Tyurse=f2(0n) (4—-1-13)
where f; is an input function.

If burst is predicted, the following assumptions are used to
calculate the rupture rod conditions:

(a) The rod internal pressure is reduced in one time step to that in
the corresponding'coolant node and is set equal to it for the remainder

of the calculation.

(b) The metal-water reaction is continued on the surface with the

oxide layer being thinned in accordance with the calculated swelling.

(c) The loeca! hoop straein and the f{low hlockage alter burst are
celculated according to the method described in the next section.

The axial length of the swollen zone is that of the burst node.

(d} The metal-water reaclion is started on the inside ol the burst
clad node. The reaction inside the cladding is assumed not to be
steam limited, i.e., the gas composition of the burst node is set to

e steam for the rest of the calculation.

— 101 —
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4.71.3 Local Hoop Strain and Flow Blockage after Burast

It is assumed that at the time of clad burst the localized
diametral swelling occurs very rapidly and changes the hydraulic
diameter of the corresponding core f[low node discontinuously. The
diameteral swelling is celculated from a correlation of the form,

s=/f3(0k) (4-1-14)
where f3 is an input function of ¢,, which is the hoop stress st the time
of burst. Substituting s obtained from Eg.{4-1-14) into Eqgs.(4-1-9)
and (4-1-10), we obtain s;, and s,,., respectively. Then, substituting

resultant s,, and sgu: into Egs.(4-1-1) and {(4-1-5), we obtiain

rrR=rr(l+seu(s)) (4-1-15)
and
P =rEP (14 5:a(8)) (4-1-16)

where elastic strains have been ignored.
The outer radius after burst rz, however, is limited such that
rR< T Rmax
and hence
PO+ Sou (8)) <7 R (4-1-17)
where rnme: 18 an input. IHence, s also is limited by Sms., which can

be obtained {rom from Egq.{4-1-17) such that

Smax=a++~ a’+db /2 (4-1-18)

where

a={2/(1+ VT))(Q:—_”;;E&"——l—e)
and

bzl-lz-e (ri,_;‘;:x -1

In the THYDE-W code, the flow area afier burst A’ is not simply set

— 102 —
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equal to li—xrﬁ. but is obtained in the following way by utilizing the
3 x 3 rod matrix model introduced in section 2.4.
If the center rod is burst, then the flow aresa in the 3 x 3 matrix

changes from

Ag=4(1i—nrk) (4-1-19)
te
A§=4lf,—(%+~%—b—)xr%—(4-—%b"—%)xr}f (4-1-20)

Thus the flow blockage is given by

Ay, (A=My/2-Ny/ )a(ri ~rp)

- X100 4-1-21
Ay 4(1%~arh) ( )

BL=100(1—

Il the center rod is not burst, then the flew area at the burst elevation

of the matrix change®s to

As=ali-arh(Mp s Doy —rita- M ny (4-1-22)

so that the flow blockage in this case is given by

_(3=Mu/2-N/)a(ri—rk)

X100 4-1-23
4(1E—xrR) ( )

BL

Since we consider two elevations with elad burst in the 3 x 3 rod bundle,
we have Llwo values for BL. We choose the larger of the two as the
effective values for BL.. We also assume that BL is bounded from below
so that BL > BLM {(an input value; see BB24).
When clad burst occurs, it is assumed that the f[low area of the
corresponding flow node change from A to
AT=0.25A, (4-1-24)
which, in turn, changes the hydraulic diameter and the Reynolds number

ol the burst node to

D=2 (ﬁ}l) (4-1-25)

and

— 103 —
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Re =1GI5- (4-1-26)
1t should be noted in view of the discussions in subsection 2.1.5, that

the effect of sudden contraction and expansion of the flow area brought

about by clad burst are automaticelly incorporated in the formulation.

4.2 Mechanical Behavior of Fuel and Gap

In section 3.3.3, it was assumed that the gap gas pressure and the
gap width were given as shown in Egs.(3-3-32) and (3-3-33), respectively.
In this section, we will obtain thei.r explicit expressions. To this end,
we have to investigate the deformation of the bounding surfaces of the

gap, i.e., the clad inner surface and the fuel pellet surface. The former

has already been discussed in section 4.1.

4.2.1 Gap Width

Radial thermal expansion of the pellet is calculated by

re=rp+drp (4-2-1)
where the increment due to temperature rise drr is given hy
N1
Arp= Zﬂ (rog = ae(Tar Y (Ther—~Ther) . (4-2-2)
Then, with the help of Eqs.(4-1-1) and (4-2-1), we obtain
Feap = TEL = rr = reap + réi(sitsptsin) — drp . (4—2-3)

Substituting Egs.(4-1-4) and (4-2-2) into Eq.(4-2-3), we obtain the gap
width for each axial node as
renp= Feapt &L (1oL {TEY(TEL-TE) +sp+5in(s) )
N1

Y = A (Tae) (T =To01) (4-2-3a)

n=(}

— 104 —
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where s, and s;.(s) are given by Eqs.(4-1-2) and (4-1-9), respectively.
The hoop strain s, in turn, is given by Egs.(4-1-11) and (4-1-14) before

and after burst, respectively.

4.2.2 Gup Gas Pressure

The gas volume inside a fuel rod may be composed of the following
volumes in addition to the clad-peliet gap: plenum volume , crack and
dish volume, open porosity volume and chip and roughness volume. We
note the differencé between the fuel envelope volume and the net fuel
volume is composed cof the crack and dish volume, the open porosity
volume and the chip and roughness volume. In THYDE-W, we neglect the
open perosity volume and the chip and roghness volume.

The pellet en#elope volume in an axial node is given by

Venlt)=ark(t)dz : (4--2-4)
The initial net fuel pellet volume is given by

Vi = Ve Vi=n(r$)’4z-Via  (4-2-5)
where the initial dish and erack volume is an input to the THYDE-W code,
Utilizing the initial net [uel volume obtained by Eq.(4-2-5), we can
obtain the thermally expanded net pellet volume at any time during the
transient as

Ve(t) = VS 1+39p(<Tr>)(<Tp>~<T%>)] . {4-2-6)
With the help of Egs.(4-2-4) and (4-2-6), the crack and dish volume at
any time during the transient can be obtained as

Vea(t) = Vea(t)-Vr(t)

= 2ri(1)4z=VE{ 1+37p(<Tp>)(<Tr>=<TF>) ] : (4-2-7)
Substituting Eq.(4—-2-1) intc Ig.(4-2-7), we obtain

Vea(t) = V%t 2ar2drrdz — 3Vhnp(<Tr>)(<Tr>—<Ti>),

— 105 —
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where 4dry is given by Eq.(4-2-2). The gap gas volume of the axial node
is given by
Veap(ty=2dz [ rEL(t)Y ~ri ) =adz [ 2rp(t) +reap{l) ) reap(t) (4-2-8)
where the [uel pellet radius rr and the gap width rg, are given by
Egs.(4-2-1) and (4-2-3), respectively.
The upper and lower plenum volumes are assumed to remain constant
throughout the transient.

Thus the gas pressure inside a fuel rod is given hy

Pear=ReNgap/ [ Vupt/ Tupt + V“ﬂmpf+Z(Vgap,,-f7'ga,,.,-

+ Vg, j/Tea ) ) (4-2-9)
where the summation extends over all the axial nodes of a fuel rod and
the number of mols of ‘gap gas Ngp, 18 an input. The plenum temperatures
Typt and Ty, are giyen by Egs.(3-3-29) and (3-3-30), respectively, in
subsection 3.3.3, while the temperatures Tgp is given by

|Of[.lt+ in .
Tgap=7r ZTCL (4-2~10)

[or each axial node. The crack and dish temperature 7. may be set equal
to the volume-averaged temperaiure of the fuel, but then the steady stale
adjustment will become unnecessarily complicated. Since T. appears
only in Eq.(4-2-9), we set the crack and dish temperature 7. be egual
to the arithmetic average of the fuel center and f{uel surface

femperatlures.
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8. Boron Transport

Behaviors of boron transported by a coolant [low can be simulated
by considering only mass consevation in the [ollowing way.

We assume thet boron is dissolved uniformly in the liquid phase.

Thus, the boron concentration cm obeys the following equation.

adTCB(l—d)Pf _ (ea(l-a)esurla ; (cp(l-a)psuslm ' (5-1-1)

Obtaining from Eag.(2-2-3)
(l1—a}py =(l-x)p
letting

1l

;} =(l—x)cB

and neglecting u,:, we obatain from Eg.{(56-1-1)

d = _ CAGAI_J c xGe _ (5-1-2)

Q.

2y
-]
]

Then, ;:A and EF can be defined such that

ca= ¢4 if point A is closed.
- E“j;’r;ti;mntdt if Ga >0.
et ede if Ga 5 0. (5-1-9)
and
cp= g if point E is closed.
_ 5°t§;j___+§_tié” i/ Gg < 0.
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~old -
+
»——f-——ifﬁ—r“-’—t— | if Gg 2 0. (5-1-4)

The equation for a mixing junction is given by

el = ) ((AGE)M) 5= ) L(AGE)A ) (5-1-5)

where Zm and mem are the summations over the to— and from-—nodes of
junction j, respectively. Boron concentration at a normal junction is
given as

+

¢ = Rprom - (5-1-86)

Equation (5-1-2) is implicitly solved for ¢ as follows. First,
substitute Egs.{(5-1-3) and (5-1-4) into the time-differenced form of
Eq.(5-1-2) and then solve the resulting equation for ¢. Similariy,
Eq. (5-1—5-) can be solved for Ej implicitly. Looking over the above
discussions as well as Eq.(3-1-3b), it should be realized that the
programming of boron transport can be made in terms of ¢ without using
boron concentration in the liquid phase c¢p. It should be noted that an
injected borated water ig usually subcocled.

In order to obtain a steady state distribution of ¢, we let either
time derivatives vanish or 4t infinitely large in Eqs.(56-1-2) to (5-1-6)
as well as Eq.(2-3-4). Then, we can show that at a steady slate a
distribution of ¢ is uniform along a continuous stream line without an
boron source. It should be noted that, usually at a steady state, boron

is used in a subcooled water for which ¢ = c¢p.

— 108 —



JAERI-M 90-172

6. Steady State Adjustment

6.1 Overall Procedure

For an initiel value problem to be well posed, the initial steady
state should be an exact solution to the transient equations without
external disturbances. Thus, when we wish to solve an initiasl value
problem described by a set of equations, we first must obtain the steady
state solution of the equations with their time derivatives vanishing.
In other words, we must be able to produce a solution Lo the null
transient problem. Therefore, any transient modei should contain a
steady slate anal;sis capability so that it can be applied to
thermal-hydraulic design. We will call the procedure to set up the
initial state the steady state adjustment.

The overall procedure to obtain =& steady state of a
thermal-hydraulic network is shown in Fig.6-1-1, where step 2 is
explained in sections 6.2, 6.3 and 6.4, while step 3 is in sections 6.5
and 6.5. The part of step 6 regarding loss coefficients is given in
section 6.7. In the following, we may drop the subscript 0" referring
to a steady state whenever confusions can be avoided.

A steady state distribution of boron concentration has already been

discussed at the end of chapter 5.
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(1) Give initial guess values for heat fluxes from heat fluxes to
coolant. {(Subroutine STHINT)
(2) Obtain thermal-hydraulic quantities such as densities.
(Subroutines STFLOW, STHTBL, STENT, STPRHO, STSHFT and STHYM)
(3) Obtain temperature distributions inside heat slabs and renew their
heat {luxes (Subroutines STSLGP & STSLAB). Obtain steady states
of accumulators (Subroutine STACMC),
{4) Check convergence of Ty of coolant nedes (Subroutine STPYCK).
If net converged, repeat steps(2) and (3), until both converge.
{This is controlled by Subroutine STEADY).
{5) After convergence, print out calculated steady state information
such as distributions of mass, specific enthalpy and pressure as
_____ _well as loss coefficients. (Subroutine STCHK)
If printed cut information is not satisfactory, the code user can

(6)

try a new set of input deta based on information in step 5.

Fig.6—1-1 Overall Procedure to Obltain Steady State
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6.2 Thermal-Hydraulic Quantities

This section corresponds with step 2 in Fig.6-1-1, which can further
be subdivided as shown in Fig.6-2-1. Main inputs to THYDE-W in
conjunciion with steady state thermal-hydraulics include s for all
nodes and G‘fng and hf‘vm, for certain nodes IVOL’s and the ratios r of
the outflow rates at each mixing junction as well as heat [lows Qout's
out of each loop.

In the following, the tilde is used to refer to chains. Let q° be
the numher of the branches in the network. We note g=g" where g stands

for the number of the branches with at least one normal junction.

(1) Determination of mass velocity G of all normal nodes (STFLOW)

We have a si'mple linear simultaneous equation {or mass flow rates
r;qi describing mass balance and branching at each mixing junction. It
should be noted that for certain node(s}) IVOL, G is given as an input.
Therelore, the mass flow rate r;n of the corresponding chain(s) has
a.]ready been specified. The linear simultaneous equation can iteratively
be solved lor r;L; and hence for G,f==Gf=°=r;u/A,. at all the nodes in each chain

i. In order to obtain [ast convergence of the iteration, it is important

to choose suitable node number(s) for IVOL.

(2) Calculation of Loop-wise Ieai Balance and Heat Input to Each Node
{STHTBL)
Since heat fluxes through heat conductors have already been given,
( see Fig. 6-1-1), heat inpuis to {lowing nodes can be obtained. Then,

for each loop, the heat input and output through heat exchangers are
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(1) Delermination of G of All Flow Nodes (subroutine STFLOW)

——

(2) Detrermination of Loop—wise IHeat Balance and Node-wise Heat

Input (subroutine STHTBL)

(3) Determination of Specific Enthalpies R, RE and R}

{subroutine STENT)

(4) Determination of o2, oE, pE and p' for nodes
J

(subreutine STPRHO)

(5) Determination of k&, of non-stagnant nodes

{subroutine STAJDW)

Fig.6-2-1 Procedure to Obtain Thermal-Hydraulic Quantities

(Step 2 in Fig.6-1-1)
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obtained. If they do not coincide, either hivor or the heat transfer aresa
of the "out” heat exchanger conductors will be changed to balance the heat

output and input of each loop (reler to section 7.2),

(3) Determination of specific enthalpies at inlet and outlet of each

chain and at mixing junctions. (STENT)
Let us use superscripts A and E for the iniet and outlet of a chain

as well, respectively. Then, we obtain

RE = B+ )L () Let(IR-I5) YA m, (1sisg’)
chain i
B e = ) Rt o+ ) A dE - L (155 l4n)
j-out f—in i—in J-out
and
hfﬂh} ' for all chain flows out of mixing junction j ,

where Zchain i Z}-_wt and Zj*in mean the summations over all nodes in
chain i, all chain flows out of mixing junction j and all chain flows
into mixing junction i, respectively. There are g equations of the last
type in the above so that we have 2¢ +{g+1 equations whereas there are
the same number of unknowns, i.e., h% and A7 for inlets and outlets
ef chains 1 = 1,2,...... .q" and specific enthalpies of mixing junctions

whose number is g4,

(4) Determination of R4 and KRE of flowing normal nodes (STENT)
Suppose that all nodes in a chain are labelled successively from

upstream to downstream. For any ncede n in the chain, we have

18- 1E+ L.,
Gn

hE = n2 o+

which gives hE=p2 | successively from the inlet node to the outlet node

— 113 —



JAERI-M 90-172

of the chain, since A7 of the inlet node, which is equal to the specifiec
enthalpy of the frommixing junction equation, has already been decided
in step 3.

In subroutine STENT, ﬁ&p = w /(1-x") (see Eq.(6-3-1) ) is obtained

for a moisture separator mixing junction.

(5) Determination of e, ey, pi and p; for non-stagnant node (STPRHO)
{a) First, we obtain
pr=0(pa . hi)

{b) Next, we determine junction pressures &as

A
+ 1 A Kn
o= = nt — , 6—-2—-1
Pi Jout j;ﬂ (p pr ) ( )

s

where Ejﬁﬂutrneans the summation over all the flows out of junction j.
{c) Obtain density of mixing junctions such that

o5 = o(p;.h})
(d) For =& node n whose from—junction is & mixing junction, update

inputted p7 by the solution to the following equations,

A ki
n +
Pr + = Pfrom
20(pn. hi)

(e) Solve the following equations to obtain pf for all the normal nodes,

E Kn
n

Pr 7 T % m. = Pt
20(pk hE) iy

(6) Determination of on, o, ph and pf for stagnant nodes (STPRHO)
{a} a stagnant normal chain with a closed valve

From the valve to the A-node of the chain, solve for pg

A, B
0=p*— pr-o (= h) gLy, (6-2-2)
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succesively, starting with ps equal to the from-mixing junction pressure
and ending with pr of the valve node. We note in Eq.(6-2-2) that Aoy =
( h® + hfo_,wdg y/2 , whose right hand side can be decided f[rom inputs
{(BB19). Similarly, we solve the above equation backwards f{or pa,
starting with pg equal to the to-mixing junction pressure and ending with
ps of the tonode of the valve.
(b) a stagnant normal chain without a closed valve

For each chain, solve Eq.{6-2-2). Then, for comparison, print out
the calculated pressures and the inputted pressures for the to— and from-
mixing junctions. If the difference is found too large, the code user
must change the input data or redesign the system in question. This

is part ol step 6 in Fig.6-1-1.

(7) Determination of k. for non—stagnant nodes (STAJDW)

Tor a turbulent flow, we obtain loss coefficients k. such that

2 z
an Gf Gf n
kn”—? Pf_ f+ A pE _pngLHn)_%n‘Ln . (6—2‘3)
n

n n

For a laminar flow, similarly, we can obtain %4,. [f the loss coelficient
thus obtained turns out to be negative or unrealistically large, then,

its adjustment will be necessary. TFor this, refer to section 6.7.
6.3 Moisture Separator

Letting @ = Wy / Wi, in Eq.(2-4-22), we obtain

0 _ @ 6-3—-1
Bsep 1”(154‘)0 ( )

where branching ratio @ at the separator junction is an input in BB12.
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6.4 Hydraulic Machine Shaft

Since R(D) is an input, we have

2(0)

a(0) =—%r (6-4-1)
Assuming that W{0) has already been known, we have
W0
w(0) W (6-4-2)

Given a(0) and w{(0) by Egs.(6-4-1) and (6-4-2), respectively, the
homologous law gives presa(0) and b(0), which in turn give
Lneaa(0) =Preaa(0) Licua
and
To(0) =T77.(0)
where 1,(0) is given by Eq.(2-4-1) as

7,(0) =b(0)+ka(0)? + kya(0)'"*
6.5 Heat Conductors

First of all, we note that some of the equations do not have a
s-teady state, e,g., Eq.{(3-1-13) for metal-water reaction of ‘Zircaloy
cladding and Eq.(4-1-11) for plastic hoop strain of Zircaloy cladding.
Since d@&/dt and dS/di are very small at a steady state, they are
neglected in the steady state adjustment.

Since THYDE-W is intended primarily to analyze transient
phenomena, we will, il possible, try to keep unnecessary complications
from being involved in the steady stale caleculation. For example, the
célculat_ion of hot geometrical dimensions of a fuel element at the
initial operating condition is outside the scope of this work, since it

is a complicated steady state problem itselfl, involving various
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calculations such as the deflormations due to pressure and temperature
changes from room to operating condition. Thus, in THYDE-W, all the
hot geometrical dimensions of a fuel rod are assumed to be given as
inputs and we consider only the deviations from the hot dimeénsions,
e.g., Egs.(4-1-2), (4-1-4) and {4-2-3a}.

Morcover, we note if we defined the crack and dish temperature
T.a in Fq.(4-2-9) to be the volume-averaged temperature of the fuel, then
the steady state adjustment would become unnecessarily ceomplicated.
Since 7.: appears only in Eq.(4-2-9), we have simply defined T.g to be
the arithmetic average of the fuel center temperature and the fuel
surlace temperature.

The equation to govern a steady state temperature distribution in
a heat conductor is given by letting the time derivative in Eq.(3-3-5)
vanish. Thus, we have

§:Tiv — (848, )T + 8Ty + Vi & = 0 . {6—b-1)
Equation (6-5-1) has the same form as Igq.(3-3-7) with = 1 and 41 =
@ . Thus, a steady state temperature distribution in a heat conductor
can be chtained in exactly the same manner as a transient distribution
discussed in subsection 3.3.2.

For heat conductors simulating a fuel rod with a gap, a steady state
similarly can‘ be obtained, by solving Ea.{ 3-3-1) successively from
the cuter surface mesh to the center node. But, the proccedure is
different due to the existence of the gap, since relaticnships
tgs.(3-3-31) to (3-3-36) along with Eq.(3-3-11) must be satisfied. We
note that Lq.(3-3-33) or (4-2-3a) is automaticatly satisfied at a steady
state. Figure 6-5—1 shows the procedure to obtain gap quantities, when
the clad surface heat flux ep and the inner surface temperature of the

i . . o ]
clad T are known. It should be reminded that dimensions such as rgp
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are inputs.

(Start )

_ —out _ —in
Tgap= Te “TCL
initial quess

o=

Pgapi€yq, (4-2-9)

A ggp: Eq (3"3'15)

hgap:€q. (3-3-13)

hred :Eq (3-3—2?)
l

7€, (6-4-3)

Toap=(TE4 TeL)/2

convergence NO

check

Iig. 6—6—-1 Procedure to Obtain Gap Quantities at

Steady State
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In Fig. 651, T#¥® is obtained as follows. At a steady state,

we have
0L (rptroap)=9nrrR . (6-5-2)
Eliminating ot from Egs.(3-3-12) and (6-5-2) and solving the resltant

. £ .
equation for T#", we obtain

"'_ - vn
TP =T + B ; : (6-5-3
rF+ Fgap h;ap(Tgap ] T%u‘ 1 Té’i )

6.6 Accumulator

Fquation (2-4-21) must be satisfied. The height of water volume
(Lu)? can be determined by inputs (BB17) as

V acc— Vo
Aacc

(Lg)l =

Suppose that an ACC junction is closed so that it is isolated from the

network. Then, since pg(0) and hr(0) are inputs (see BB17), ACC bottom
pressure p, can be obtained by iteratively solving Eq.(2-4-21).

On the other hand, suppose that an ACC junction is open so that

ACC is connected with the main network. Then, we solve Ig.{2-4-21}

iteratively to obtain pg, assuming that (p:.hL) = (p*,A") at the ACC

junction, whose state has already been obtained by the steady state

calculation for the main network.
6.7 Adjustment of Form Loss Coefficients

The loss coefficient k given by Eq.(6-2-3) often turns out to be
unrealistic or negative. In the following, a recipie to obtain realistic
loss coefficients, by changing inputted pressures (or sometimes

hydraulic diameters) will be shown. This is part of step 6 in Fig.6-1-1.
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n @ n'

Fig. 6-7-1 Node—Node Coupling

Fig. 6-7-2 Node-Mixing Junction Coupling
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6.7.1 Relationship between Form Loas Coefficient and Neighboring
Pressures
We make use of the relationship which exists hetween the loss
coelficient and the neighboring pressures , depending on nade-node
coupling (Fig.6-7-1) or node-mixing junction coupling (Fig.6-7-2). In

the [ollowing, only [or clarity, we assume a turbulent flow.

(a) Node—Node Coupling
We cconsider Fig. 6-7-1. For the sake of clarity, we assume
(B%y, = ©

Then, Eq.(2-3-6) for node n and LEq.(2-3-5) for node n’ give

; kL GE
pn + 5T T (p%)n ' (6-7-1)

n

while Ig.{2-3-7) for node n gives

2 2
pf+~g}}*‘pf—%—%(kn+
n

n

fnLn
D, )

2
%}vpngLHngo ' (67772)

Eliminating pZ from Egs.(6-7-1) and (6-7-2) and solving the resulting

equation for k., we obtain

20n ; A4 A krGh G Saln
k= A-pit - =2 —p.g(Ly)a— e 6-7-3
Gi {p I 295 o g( H) (2,DA) } Dn { )

{(b) Node—-Mixing Juncition Coupling
We consider Fig. 6-7-2. Suppose that junction fricticn factor KE
at E-point of node n has been inputted (see Fig.6-7-2). Then, equation

fa for node n is

G
pE - RER = pl : (6-7-4)

for a turbulent flow. Eliminating pf from Egs.{(6-7-2) and (6-7-4) and
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solving the resulting equation for k,, we obtain

E 2
=__2_ﬂ“_ f A + knGn M_’i (6—7-5)

kn Gf: —Hi — 2pf - png(LH)n}_ D.

Pn—Pj

We note that mixing junction pressure p} is given by Eg.{(6-2-1).

We cast Egs.(6-7-3) and (6-7-5) into the following forms,
respectively,
(p*)n = pit+xikatxz (6-7-6)
and
p:f=p,‘f+xlkn+x2 . (6-7-7)
It can also be shown that the same expression holds for a laminar f{low.
In PFgs.(6-7-6) and (257777), it shoud be noted that x; and =x; are
insensitive to p or k. Therefore, the values x;, and x; of each node will

be printed out as a guide to estimate new pressure distribution ta yield

realistic loss coefficients {(refer to the next subsection}.

6.7.2 Adjusiment Procedure

Consider a sample calculation for Fig., 2-3-1. First, input system
pressures 150 ata and 60 ata, for example, for pA’s uniformly in the
primary and secondary nocdes, respectively (BB10). Then, on the basis
of the printed out information discussed in the previous subsection,
the pressure of each node will be decided one by one.

Suppose that the information for node 10 is printed out such that

ply = 152.0644 (ata)
pi = 151.9945 (ata)
x, = —0.013973 (ata)
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-x3 = —0.070156 (ata)
and
ke = —0.021
The result is not satislactory, since Ry = —0.021. If kg is desired to

be, say, 0.01, then, pf’l to be inputted can be obtained as follows.
Substituting the above information along with Ay = 0.01. instead of —-0.021
inte Eq.(6-7-6), we obtain
pll =plh—~0.01%0.013973-0.070156 = 151.994 {ata) ,

which is the pressure to be inputted for pfl

Usually, the brocedure will start with a pump iniet and end up with
the pump outlet or in the opposite way, thus [inally deciding the pump
head. Or, it can start with the core outlet and end up with the core
inlet or in the opposite way, thus eventually deciding the core pressure

drop or the number of grids'.
6.8 Check of Thermal-Hydraulic Design

There are a number of variables which may have to be changed Lo
ensure consistency amoeng the input data. These variables include (m)
the pressure distribution {refer to section 6.7), (b)Y especially
pressures associated with stagnant mixing junctions (refer to item 6-b
in section 6.2), (c¢) heat transfer areas of heat exchanger conductars,
(d) external heat inputs and (e) specific enthalpies of hydraulic sources.
For items (c¢), (d) and (e), refer to item 2 in section 6.2. THYDE-W
will print cut the originally inputted and adjusted values of these

variables [or comparison so that the user can check the design of the

system to be analyzed.
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7. Program Control

In this chapter, we will briefly present the main program controls

of the THYDE-W code.
7.1 Null Transient Calculation

The system simulated by THYDE-W is a very complicated non—linear
system whose exact transient solution is in general impossible to
obtain. DBut, there is one exception for which we know the exact
solution, i.e., the null transient problem. In the null tiransient
problem, as time goes by, the solution must not deviate from the initial
steady state obtained by the procedure described in chapter 6, provided
that the system is stable. In the course of the THYDE-W development,
the null transient calculation capability has been coenfirmed whenever a
new modification was made to the code. A null transient calculation

can be made with NPERT=1 in BB0l (see subsection 8.4.2) and without

external disturbances such as a trip action.
7.2 EM and BE Calculations

For a caleculation of a PWR LB-LOCA, a special option is provided
in the THYDE-W code, i.e., the evaluation model (EM) calculation based
on lhe conservative assumptions. The ordinary calculation not based on
the-Se assumptions is called the best estimate (BE) option as opposed
to the EM option. The BE option includes all the up—to—date knowledge

or realistic assumptions so that it can be applied to all the transients

including an LB-LOCA.
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Fig. 7-2-1 PWR LB-LOCA EM Noding
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The EM option is composed from the following items ;

(1) the special noding, for example, a single downcomer (see
Fig.7-2-1),

{(2) the FLECHT correlation so that the core is assumed to be 12
ft long,

(3) factqr 1.2 far FP decay ( see LEg. 3-1-6 )},

(4) a series of closings and cpenings of the fictitious valves
Vi, Vy; and V; after blowdown (see Fig.7-2-1),

(5) a special form of equation f; for the downcomer node,

(6) no return to nucleate boiling during blowdown,

{7} hypothetical heating of subcooled and saturated nodes from the
end of bypass to the beginning of lower plenum injection,

and

(8) saturated enthalpy for ECC water after the end of blowdown.

In the EM calculation, the scenario of the transient { see Table
7-1 ) must be specified in advance by means of the input data in BBO0S&
in subsection 8.4.7 and the input data for valves V;, V; and V; (BB29
in subsection 8.4.30 ) in addition to the corresponding valve trip data
(BB04 in subsection 8.4.5). The time of the end of bypass Tgopp should
be determined by the plotter output or the major edit of a tentative
run with & very large input value for it. The time of bottom of core
recovery Taocrec should likewise be obtained. We note that lower plenum
injection is assumed to start as soon as the hypothetical heatup of
subcooled and saturated nodes (see BB06 in subsection 8.4.7) ends .

On the other hand, in the BE calculation, the program.detérndnes
the scenario by itself in response to the “scenario” of the boundary

conditions and the external disturbances.
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The EM assumptions may conform to Ref.(1). Therefore, if this
code should be used as part of a licencing application, the calculation
may be performed using the EM option. Judgment of the overall adequacy
of each engineered ECCS features may be made in the light of the criteria
stated in Ref.(1), which, for example, requires that the calculated

maximum fuel cladding temperature shall not exceed 1,200°C.

7.3 Time Step Width Control

The Lime step width control (TSWC) of THYDE-W has been made
possible as a result of the elforts made to ensure continuity of all
the parameters in the conservation equations. Such efforts have been
indispensable for the THYDE-W nonlinear implicit method.

TSWC with respect to the number of the iterations in the
thermal-~hydraulic network calculation is performed according to the
criteria shown in Table "f*2. For TSWC with respect to the rates of
change of the following variables, the two TSWC options are available
{see nexl two subsections) ;
fa) normal node variebles p, G, h and L,

{b) accumulator variables M, , AL , Vg and,
(c) ali center and surface temperatures of heat conductors.

If a steam table error takes place, the calculation will be done
all over again with the halved time step width. TSWC for the reactor
power is not explicitly performed, since it is effectively done by means

ol the heat conductor temperatures.
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7.3.1 2-and-1/2 TSWC

This TSWC is. based on the relative increments of the

above-mentioned variables. At each time step, the value

| xnew__xo.[d |

— (ez: an input
(12" +e3) 3 put )

will be calculated. L.et the maximum of these values be REL. If REL
is greater than e; (an input value), the time étep width will be halved
and the calculation is to be done over again. If REL is less than ee;
(e; ; an input value), then the calculation proceeds to the next time step
which has twice as large a width as the last. If REL is in between e;
and e,e;, then the next time step calculation is to be done with the same

time step width as the last. The parameters e, ez dand e3 are given

in Table 7-3 or to be inputted by BB03 (see subsection 8.4.4).

7.3.2 Table—Controlled TSWC

In this opticn, the time step width control with respect to the
rates of change of the above-mentioned variables (a) to {¢) will be done
as shown in Fig.7-3-1, on the basis of dx/dt/x versus A4t table to be
inputted by input data block BB03 (see subsection B8.4.4). In this
method, efficiency of the time step width control is dependent on how
the TSWC tablp ig chosen. Generally speaking, however, it is very
difficult to obtain a table with a wide range of applicability. The
table can easily be changed by giving input data subblock SB0301, whose

default is shown in Table 7—4.
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start
ATDOW= AT old

|

For TSWC variablei,
decide Aty according to
the table specified by
input data block BBO3
or table 7-4

[

A= Aty

ave all Atj
been decided

At NEW = min At

@xf time steD

present TSW (time step width)

AtTE¥ - TSW to be used in next
time step

At now :

Fig., 7-3—-1 Table-Controlled TSWC
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Table 7-2 TSWC w.r.t Thermal-Iydraulic Iteration

Condition TSWC

N > N; " Recalculate with 0.54¢t.

N, > N > Ny Go to next time step width 0.54¢t.

N, > N > N; Go to next time step width 4t.
Ny > N Go to nex! time step width 24t.

[f ITSTYP < 0 is inputted, then the default values (N;,N;,N3) =
(20,13,9) will be used. Otherwise, (N;,N;,N3) must be inputted (see
subsection 8.4.4).

Table T3 2-and—1/2 TSWC Parameters

Variables e ey €3
p 0.1« 0.2 0.001
G 0.2 0.2+ 100. »
h 0.1 0.2 0.001
T 0.01+ 0.2 0.001
E 0.1= 0.2 0.001
The parameters shown above are those for use in ITSTYP = -1. For

ITSTYP = 1, the data with = must be inputted (see subsection §.4.4).

Table 7T-4 Default {or Table—Controlled TSWC Parameters

At (ms) | dp/dt/p | dG/dt/G | dh/dt/h dE/dt/E |dX/dt/X
128, 0.1 < 2.0< 0.4< 1.0< 1.0<
64. 0.2 4.0 0.8 2. 2.
32. 0.4 8.0 1.6 4. 4.
16, 0.8 16. 3.2 8. 8.
8. 1.6 32. 6.4 16. 16,
4. 3.2 64. 12.8 12. 32.
2. 6.4 128. 25.6 64. 64.
1. 12.8 256. 51.2 128. 128.
0.5 25.6 B12. 102.4 266. 256.
0.25 61.2 1024. >102.4 512. 612.

0.125 > 51.2 >1024. >512. >512.

X stands for variables other than node variables p, G, h and E.
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7.4 Loop—Wise Initial Heat Balance

Whether a solution for an initial steady state can be obtained or
not depends sometimes on input data in BB0S, namely, QOUTI, QOUTZ,
QOUT3, QOUT4, G4 and hs so that they should be inputtied by try-and—error.
With regard to adjustment of heat transfer areas of heat exchangers
which transfer heat from net INET to other nets NETT1, NETT2, NETT3,
NETT4, the following two options are avai]able.‘

If INET is inputted with a positive sign, then fixing hRivor's for
net INET as inputted, the heat conductor areas of the out—SG's will be
changed to obtain heat balance of net [INET, that is , to make its heat
output equal io its input. On the other hand, if INET is inputted with
a negative sign, thenl fizing the heat conductor areas of the out-8G’s
as inputted, hfvor's for net INET will be changed to attain heat balance

of net INET. 1t is recommended to try first INET with a positive sign.
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8., Input Requirements

In the following, the requirements for noding, data deck organization,

input data cards and problem restart are presented.

8.1 Noding Conuention‘s for Thermal-Hydraulic Network

When we intend to use THYDE-W, first of all we have to reticulate
the coolant system by means of nodes and junctions according to the
THYDE-W network model:

(a) The network has at least one mixing junction.

(b)Y A normal node without heat source must be placed both at the
most downsteam and most upstream ends of a core channel.

{c) Normal nodes should be numbered loop after loop in numeric
order chain-wise [rom one mixing junction to another according
to the direction of the steady state chain [low. But, normal
nodes in a linkage flow should be numbered from the mixing
junction to the boundary junction regardless of the direction
of the [low. Points A and E should be named likewise.

(d) Accumulator nodes should be numbered after all normal nodes.

{e) Among junctions, first, normal {(and guillotine break) junctions
should be numbered loop after loop in numeric order chain—wise
from upstream to downstream. Then, the mixing junctions should
numbered loop after loop according to the direction of the steady
state [low. After them, the injection junctions and finally the
dead—end junctions should be numbered loocp after loop.

(f) For PWR EM calculation, special noding is required (see section

7.2 ).
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{(g) A pump should be represented by a single node, while a turbine
should be represented by at most 7 nodes.
{hY A plura! number of core channels can be simulated. But, the

axial neding of the channels must be identical.

An example of thermal-hydraulic noding is shown in Fig. 2-3-1. In
the figure, junctions 1-47, 48-70 and 71-89 are normal junctions, mixing
junctions and boundary junctions, respectively. Nodes 1-99 are normal
necdes, whereas nodes 100 and 101 are the accumulators. In Fig. 2-3-1,
we note that there are 37 heat conductors and 22 valves. Nodes 57 and 68

are P’SSS's®, which should be dummy nodes in usual calculations.

8.2 Numbering und Noding Convention for Heat Conductors

An example of heat conductors numbering is shown in Fig. 8-2-1.
In Fig. 2-3-1, there are 37 heat conductors. The symbeol (48) in the
rectangle for hegt conductor 37 means that node 48 is the other node to
which it is connected. Depending on the type of boundary condition at

the left ( or inner ) and right { or outer ) surfaces of the conduector, there

are 5 cases as shown in Fig.3-3-1. We define the noding convention in
the heat conductor as shown in Fig.3-3-2. For a solid cylinder, we letl
rg = 0.

In the [ollowing, the requirements for numbering and noding of heat

conducteors are listed in order.
{a} At least, one heat conductor is required.

{(by First, fuel conductors with a gap and then fuel conductors
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without a gap and finally other conductors should be numbered.
Heat conductors must be either rectangular or eylindrical or
spherical. Fuel with a gap must be cylindrical.

The first inputted fuel is regarded as the average fuel rod (or
plate) with IDROD = 1.

More than one heat conductor can be associated with one normal
coolant node. But, it is not allowed that one surlace of a
conductor is associated with plural coclant nodes.

For a given fuel rod or plate, numbering of heat conductors must
be in numeric order.

For a given core coolant channel, it is possible to define more
than one kind of fuel.

A heat conductor is radially composed of one or more regions,
each of which has the same heat conductivity, the same specific
specific heat under constant pressure, the same density and

the same heat production rate. Each region is made from one or
more meshes. Numbering of meshes in a region should be made
fr0n1‘the left to the right for a rectangular conductor and
from the inside to the outside for a cylindrical or spherical
conductor.

Numbering of meshes must be made not region-wise, but
conductor-wise.

For a given fuel rod or plate, the most upstream and most

downstream conductors must be without heat sources.
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node | [conductor node
| |

Fig.8-2-1 [Example of Heat Conduclor Numbering
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8.3 Data Deck Organization

A THYDE-W data deck, ending with the terminator BEND card, could
contain more than one problem, each of which consists of a title card, data
cards and the subterminator card. The terminator is a card whose first
4 columns are punched as BEND, while the subterminator is the
identification card for dummy data block 99. The listings of the inputted
and compiled data sets are printed at the beginning and end of each
THYDE-W job, respectively.

A block identification card is placed for the top of each data block
and is punched in the first 4 columns as BBXX, where XX indicates the data
block number. If the block XX has more than one sub-block, a sub-block

identification card must be placed at the top of each data sub-block and

will be punched in the first 6 columns as SBXXYY where YY indicates the

sub-block number starting with 01.

8.4 Input Data Summary

In the following description of the data cards, the data block number
is given along with a descriptive title of the data block and the number
of the sub—blocks. Then, the order of the data (1,2,....... Y, the format
(I.,R,A or table), the variable name and the input data description are
given where applicable. The formats of the field, i.e., integer, real
(floating),. alphanumeric and table is indicated by I, R, A, and T,
respectively. Table data for an independent variable should be given as
i'ollows. First, the number of poinls must be given. Then as many sels

of the independent and dependent variables as the number of points must
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be inputted.

A card whose first column is "/" is regarded as a comment eard which
must not be placed before the title card. Some limitations exist in
placing a comment card in BB05, BBO6 and BB00. Reading input cards is

performed soley by the free-format input routine REAG®?.

(1) Problem Title (No block numbers)

1-A ITITLE Problem title

The problem title must be punched in columns 1 to 72 on an IBM card

(2) Problem Control Data BBUI

4

TSWC stands for time step width control. Variable ranges such as

NTRIP$ are given by the include statement RANGE in the program.

1-1 LDMP Restart file control
0 = no restart file used
N = Restart at restart number N using the f[ile
on FORTRAN Unit 3.

2—-1 NEDI Number of minor edit variables desired
(0=SNEDI=9)
31 NTC Number of time step width controls
' (1=NTC £20) .
4-1 NTRP Number of trip controls to be inputted in BBO4
{1=NTRP =NTRI1PS$)
5-1 MTRP Number of logical condilions to be inputted in
BR3o
(1=MTRP =NTRPCS)
6-1 10UT Qutput option for edited input
0 = no output
1 = output
7-1 NPERT Flag for the following conditions
(1) no metal-water reaction in cladding
(2) TEOBP = + infinite for IEM =0
(3) TBOCREC = + infinite for IEM = 0
etc.

0 = The conditions are not satisfied.
(To be used for a normal transient calculation)
1 = The conditions are satisfied. '
(To be used for a null transient calculaticn)
Note: For a null transient calculation, NPERT=1 is not
suflficient, but also no trip is needed.
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. 8~-1 ICLASS T.? in JCL card
{1=ICLASS =12)
9-1 LSEC CPU time (sec) to end caleculation
{ 0 = no limitation )}
10-1 IDPSTP - Time step to end calculation
{ 0 = no limitation )

11-R DMPTM Physical time to end calculation (sec)
{ 0.0 = no limitation ) '
12-1 NOCK Number of nodes to which TSWC for G is not
applied.
{1=NOCK =50)
13-1 NI, Number of node free from TSWC for G
ND;
NDwock

{3) Minor Edit Variable Data BB02

Data block BB0Z is required if NEDI is greater than zero. This data
block specifies the variables to be edited in the minor edits. NED!}
specifications must be inputted. Each specification consists of an

alphanumeriec entiry and an integer entry such that

I - A4 XXX-YY

NEDI — A4 XXX =YY’
where
XXX ~XXX ; are the variable symbols to be edited,
and
YY ~YY : are the position indexes.

The symbols of available minor edit variables are shown below. In
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the present version ,however, minor edit is not possible for

variables. See Table 8-1 for the convention of the position index.

Table 8—1 Position Index Convention for Minor Edit

position index

node variables

junction variables . _ junction number
hydraulic machine shaft speed shaft number

other hydraulic machine variables machine number
accumulator variables accumulator number
core variables roed ID number
fuel(with gap) variables heat conductor number
heat conductor variables heat conductor number

node number

Symbol

PRA
PRE
GLA
GLE
HLA
HLE
RITA
RHE
XLA
XLE
ALA
ALE
QAR
TMP
KLX
REA
REL
(CBA
(CBE

Symbol

AAA
(TRQ

Symbol

Variable (with reference to normal node)

fuel

Pressure as point A

Pressure as point E

Mass velocity at point A

Mass velocity at point E
Specific enthalpy at point A
Specific enthalpy at point E
Density at point A

Density at point E

Quality at point A

Quality at point E

Void [raction at point A

Void fracticn at point E

Power density

Temperature

Form Loss Coeff{icient
Reynelds number at point A
Reynotds number at point E
Boron concentration at point A)
Boron concentration at point E)

Variable (With reference to hydraulic source)

Injection flow rate

Variable (with reference to hydraulic machine shaft)

Relative shalt speed
Relative external torque)

Variable {(with reference to hydraulic machine )
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HDP
BBB
WWW

Symbol

PAC
GAJ
HAC
VAG
MAL

Symbol

QCR

RCR
RRH
RTM

RBR
RXN
RTT

Symbol
PGl
PG2
HC1
HC2
HG!?
HG2
LIl

LIz
101
Lo2

QM1
QM2
TS1
Ts2
TC1
TC2

Symbol

BSL
BSRR
BCL
BCR

JAERI-M 90172

Head
Relative torgue
Relative volumetric flow rate

Variable (with reference to accumulator)

Nitrogen pressure

Mass [low rate

Water speciflic enthalpy
Nitrogen volume

Water mass

Variable (with reference to core)

Relative power

External reactivity

Void (density) reactivity

Fuel temperature feedback reactivity plus
Coolant temperature feedback reactivity
Beron reactivity

Xenon reactivity

Total reactivity

Variable (with reference to fuel with gap)

Gap pressure of rod 1

Gap pressure of rod 2

Heat transfer coefficient of rod 1

Heat transfer coefficient of rod 2

Gap conductivity of rod 1

Gap conductivity of rod 2

Thickness of zircaloy reacted at the clad inner
surface of rod 1

Thickness of zircaloy reacted at the c¢lad inner
surface of rod 2

Thickness of zircaloy reacted at the clad outer
surface of rod 1

Thickness of zircaloy reacted at the clad outer
surface of rod 2

Metal water heat production rate of rod I
Metal—-water heat production rate of rod 2

Fuel rod surface temperature of rod 1

Fuel rod surface temperasture of rod 2

Fuel rod center temperature of rod 1

Fuel rod center temperature of rod 2

Variable (with reference to heat conductor)

Temperature at lefl/inner surface

Temperature at right/outer surface

Heat transfer coefficient at left/inner surface
Heat transfer coefficient at right/outer surlace
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(4) Time Step Width Contrel (TSWC) Data BB03

Number of subblocks = 1+NTC

The time step width control is made according to the method described
in section 7.3.

The following data form the first subblock SB0301, which includes
the option-dependent data. Data 2 to 4 are the parameters to be used for

TSWC with regard to the thermal-hydraulic network iteration.

1-1 1TSTYP 1 = 2-~and-1/2 TSWC (Data 2 to 12 must be inputted.
Data 13 to 17 are not needed.)

2—and-1/2 TSWC {(Use the default values, i.e.,
Table 3-3 and (N;,N;,N3)
=(20,13,9). Data 2 to 17 are
not needed.)

2 = table—controlled TSWC (Data 2 to 4 and data
13 to 17 must he inputted
with data 14 to 17 repeated
ITBLN times. Data 5 to 12
are not needed.)

-2 = table-controlled TSWC {(Use the default values
i.e., Table 3—4 and (N;,N;,Nj3)
={20,13,9). Data 2 to 17 are

" not needed.)

-1

2—1 N,
3-1 N; (see Table 7-2.)
4-1 Ny
5-R P-E, e; for node pressure p
6-R H-E, e; lor node enthalpy h
TR T-E, e; for heat conductor temperature T
8- AC-E,; e, for AC variables
9-R  E-I e; for node energy E
10-R G-I e; for node mass flux G
11-R G-BE, e; for node mass flux G
12-R G-E; ey for node mass flux G
13-1 I'TBLN Number of variables whose TSWC are to be changed
from the default method.
14-1 1COMP ID of variable x for which the input specified
table—controlled TSWC is to be applied
1 = node pressure
2 = node mass f[lux
3 = node enthalpy
4 = heat conductor temperature
6 = AC variables
7 = node energy
15-1 NTBN Number of peoints in TSWC table for x
- 4T(1) Value of 4¢
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AT (NTBN) .
17-R 4X(1) Value of dx/4t/x

4X{(NTBN)
In ITSTYP =2 or —2, the time step width 4¢ will be chosen such that

4r = AT(i+1)  if 4X(i) < x < 4X(i+1).

NTC sets of the following data must be inputted as subblock SB0302,

SB0303,...., SBO30O(NTC+1).

1-1 NMIN Number of DTMAX's per minor edit
(1=NMIN=1000)
Note: Minor edit frequency is the same for output to
plotter file FTH0F0O0L.
2-1 NMAJ Number of minor edits per major edit
{(1=NMAJ=1000)
3-1 NDMP  Number of major edits per restart file edit
{1=NDMP=100)
4-R  DTMAX Maximum time step width (sec)
5B DTMIN Minimum time step width (sec) : If time step width
Note:If the time step width becomes less than DTMIN,
then the calculation stops.
6—R TLAST End of control by this subblock (seec)

(5) Trip Control Data BB04
Number of subblocks = NTRP

Note: (1) There must be only one subblock with IDTRP=7.
(2) For IDTRP=2, 4 and 5, if a CSSM is simultaneously inputted
then the TRIP overrides the CSSM.
(3) A trip can be used to define its TRTM (see BB31) to be used

in CS5M.
1-1 IDNUM Trip control ID number (0SIDNUMS32767)
2-1 IDTRP Trip action index
1 = end of problem
2 = hydraulic machine shaft trip
3 = external reactivity insertion such as scram
(The reactivity must be inputted as IDCl in BB21.)
4 = valve on/off
(Time constants are to be inputted in BB27.)
5 = heat source in heat conductor
6 = control block output
7 = guillotine or split break as specified by BB13
8 = break of accumulator top
3-1 I1Z1 Index for trip action location (1)
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(0=1Z15100)

=0 for IDTRP=1,3 or 6
=sha{t number for IDTRP=2

=valve number for IDTRP=4

=heat conductor number for 1DTRP=5
=junetion number for 1DTRP=7
=accumulator number for TDTRP=8

1722 Index for trip action location (2)

(0=1Z22=6)

=() for I1DTRP=1,2,3,4,6,7 and 8

=region number for IDTRP=5
10N Number of on—action specified in BB30

(0=SION=32767).

0 = no on—-action

For an initially closed valve, on-action means opening.

For an initially cpen valve, on-action means closing.
I0FF Number of off-action specified in BB30

(0=I0FF=32767).

0 = no off-action

For an initially closed valve, off—action means closing.

For an initially open valve, off-action means opening.
10CS Selection index for ON/OFF conflict

0 = Continue the old action.

1 = Take the new action.

B-R DELAY Delay time for initiation of action after reaching

setpoint (sec)

(6) Delay Constant Data BB#S5

1-1

2-R

4-R

6-R

{ Not required when NOPTD = 2 or 4 (see BB07) )

NTAUD Number of nodes whose delay constants are to be changed
{0=NTAUD=50)
DTAUD TDefault value (sec)

In the following, Tirst 10 ITAUD's and corresponding 10 TAUD s
shoud be inputted. Then, next 10 ITAUD’s and corresponding 10
TAUD's should he inputted, and so on.

ITAUD1 Number of node whose delay constant is set to be TAUDI
(= DTAUD) :
ITAUD2 Number of node whose delay constant is set to be TAUD2

(= DTAUD)

TAUDI Delay constant to be set for node ITAUDI (sec)
TAUDZ Delay constant to be set for node ITAUD2 {sec)

NTAUDJ Number of junction whose delay constant are to be
changed :
(0=NTAUDJI=50)

DTAUDJ Defgult value for TAUDJ (sec)
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In the following, first 10 ITAUDJ s and corresponding 10 TAUDJ s

shoud be
TAUDJ s

ITAUDJ1

ITAUDJ2

8- TAUDJI1

TAUDJ 2

inputted. Then, next 10 ITAUDJ’s and corresponding 10
should be inputted, and so on.

Number of junction whose delay constant is set to be
TAUDJI (= DTAUDJ)
Number of junction whose delay constant is set to be
TAUDJZ (= DTAUDJ)

Delay. constant to be set for node ITAUDJI (sec)
Delay constant to be set for node ITAUDJZ {sec)

{7) PWR LB-LOCA EM Option Data BBOS
( Not required for IEM = 1 (see BB07). )
{ Refer to section 6.2 for the detail of this data block. )

[

[

H=Ne-BES - S L N
|

—
>
I
—

11-1

12-1

MSTAG
NSTAG
JDSG
JCOLD
NDWNC
RCOLD
TEOBP

‘( See Fig.7-2-1 )

Downcomer node number
Height of downcomer top mixing junction (m)
EOBP time (sec)

TBOCREC BOCREC time (sec)

TQDELT
NQ

In the fo
shoud be

Hypothetical heating time (sec)
{TEOBP + TQDELT = TLPINJ)
Number of nodes for which hypothetical heating is assu

llowing, first, 10 NQNODE's and corresponding 10 QNODE’
inputted. Then, next 10 NQNODE's and corresponding 10

QNODE’s should be inputted, and so om.

ND,
ND,
NDng
Q1
Q2

Qnpvg

Number of node for which hypothetical heating is
assumed

Hypothetical heating for node ND,
(kecal/sec)
Hypothetical heating for node ND;
(kcal/sec)

Hypothetical heating for node NDwg
(kcal/sec)
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(8) Problem Option Data (BB0O7)

1-1 NMODEL Option flag for steady state calculation model
0= For each flowing node, input pressure ps and cbtain
a loss coefficient.
1= Input loss coefficinet k for flowing nodes and p* for
mixing junctions and obtain pressure distribution.
2-1 1EM BE/EM option flag
0= EM calculation for PWR LB-LOCA
1= BE calculation
3—1 NOPTF Fuel heating mode [lag
0= nuclear heating (reactor kinetics and decay heat}
1= non—nucliear heating
4—1 NOPTD Relaxation model index
1= relaxation of void fraction ,r input (BB05)
2= relaxation of void fraction ,r internal
calculation
3= relaxation of density ,r input (BB0b)
4= relaxation of density ,r internal calculation
5—1 ICIFOP1 CHF correlation index for {low condition
1= Biasi's correlation
2= GIE correlation
3= RELAP type correlation (combination of B&W2, Barnet
and modified Barnett)
6—1 ICHFOP2 CHF correlation index for pool condition
1= Interpolation by G between CHF of ICHFOP(1)
at G = G, (= 271.2 kg/m?/s ) and 66.9 keal/m*/sec.
2= Modified Zuber’'s correlation
3== Zuber’'s correlation
7-1 TIITROPI Index [or heat transfer correlation for nucleate boiling
1= Jens - Lottes
2= Thom
81 ITITROP2 Index for heat transfer correlation for film boiling at
pool condition
I= Berenson
2= Bremley and Pomerantz
3= Modified Bromley
-1 ISTM Option flag for steam table of light water
1= table for high pressure
2= table for low ©pressure
10-1 EPSRD Convergence judgement parameter for calculation of
steady state temperature distribution in conductors

(9) Problem Dimensions Data BB0S
CSSM stands for the control system simulation model desribed in

~in Appendix D.

1-1 NNET Number of disjoint hydraulic nets

(1SNNET=NNET$)

2-1 NVOL Number of normal and accumulator nodes
(1=NVOL=NVOLS$)

3-1 NJUNC Number of junctions including boundary junctions
(1ENJUNCsNJUNCS)
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4—-1 NMIX Number of mixing junctions
(1=NMIX=NMIX$)

5-1 NHYDS Number of hydraulic sources including dead—end ducts, i.e
number of all boundary junctions except ACC junctions
(0=NHYDS=NFPINJ$)

6—1 NPUMP Number of hydraulic machines
{0=SNPUMP=NPUMP3)

7-1 NSHFT Number of hydraulic machine shafts
(0SENSHFT=NSHFTS)

8-1 NACCUM Number of accumulators
{(0=NACCUM=NACCUMS)

9-1 KROD Number of nuclear fuel types
{0=KROD =NKRODS) XROD

10—1 NCTOT Total number of nuclear fuel slabs ( Zi=1 N; where N;
is number of heat conductors of fuel type i )

{1=NCTOT =NCTOT$)
= (0 when KROD = 0

1i—1 NCORE Maximum number of axial coolant nodes per core channel
(3=NCORE =NCORES$)
= 0 when KROD = 0

12-1 NSLB Number of heat conductors
(1=NSLB =NSLB$)

13—-1 NRGN Maximum number of material regions in conductors
(Gap of fuel rod should not be counted.)

(1sNRGN =NRCGNS$)

14— NMESH Maximum number of radial meshes in conductors
(3<NMESH =NMESHS$)

15—-1 NVLV Number of valves
(Exclude valves attached to ACC gas volumes.)

(0ENVLV =NVLV})

16—1 NSEP Number of moisture separators
(0=NSEP =NBSEPS$)

17-1 NIMP =1 when boron transport is simulated
=0 otherwise

18~1 NMAT Number of material property tables
(O=NMAT =NMATS)

19-1 NHSTG Number of stagnant nodes
(0sSNHSTG =NHSTGS)

201 NCI Number of control inputs to be used by CSSM (See BB31.)
(0=NCI =NCI$)

21-1 NCB Number of contrel blocks to be used by CSSM (See BB31.)
{0<NCB =NCB$) '

59 NCOTBL Number of tables to be used in CSSM (See BB3Z.)
{(0=NCTBL s=NCTBL$)

(10) Initial Loop—wise Thermal-Hydraulics Data BBG3
Number of subblocks = NNET

Whether a solution for the initial staedy state can be obtained
or not depends on inputs QOUTI, QOUTZ, QOUT3, QOUT4 as well as
Ga and hs so that they should be inputted by try—and—error.

1-T INET Net number
(1= | INET | =NNET)
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With regard to adjustment of heat transfer areas of heat

exchangers which transfer heat from net INET to other

nets NEIT1, NETT2, NEIT3, NEIT4, the fcllewing two

optiong are available.

positive sign =Adjust heat exchanger areas, but fix h?vmr.

negative sign =Adjust hfyoL, but fix heat exchanger areas.
2—1 ICLNT Coolant identification flag

0 = light water

1 = heavy water

3-1 NETF Number of incoming net—-net heat flows at steady state
(1=NQIN=4)
4—1 NETF1 From-nei number. (1)
{(0=NETF1=NNET)
b—1 NETF2 From-net number (2}
(0=NETF2=NNET)
6—1 NETI3 From-net number (3)
(0=NETF3=NNET)
7-1 NETF4 From-net number {4)
(0=NHQIN4=NNET)
8-1 NETT Number of outgoing net—-net heat flows at steady state
{1=NETT=4)
9-1 NETT]I Tonet number (1)
{(0=NETT1 =NNET)
10-1 NETT2 To-net number (2)
(0=NETT2Z=NNET)
11-1 NETT3 To-net number {3)
(0=NETT3sNNET)
12-1 NETT4 To—net number (4)
{0=NHQOUT4=NNET)

13-1 NADJ Number of sets of initial data 18 to 21

14-R  QOUT1 Guess value for heat flow from mnet INET to INETTI
(kcal/sec)

15~R  QOUT2 Guess value for heat flow from net INET to INETT2Z
(kcal/sec)

16-R QOUT3 Guess value for heat flow from net INET to INETT3
(kcal/sec)

17-R  QOUT4 Guess value for heat [iow from net INET to INETT4
(kcal/sec) '

NADJ sets of the following data must be inputted. For NIMP=0,
‘datum 21 must not be inputted.

18-1 IVOL Number of the node from which iteration of steady state
calculation for (G,h) ditribution starts
(Node IVOL must be an outlet node of a mixing junction.)

19-R  Ga G at point A of node IVOL (kg/m’/sec)

20-R Aa h at point A of node IVOL {(kecal/kg).

21-R " Initial value of c¢%=cg{l-x) at point A of node IVOL
(ppm)

{Note that, at a steady state, boron is usually used
in a subcooled water for which ¢ is identical with c¢g.)
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(11) Normal or Linkage Node Data BBI0
Number of subblocks = NLOOP

1-1 INO Node number

{1=NOV=NLOOP)

2-1 FJN From-junction number
(1=IW1sNJUNC)

3-1 TJN  To-junction number
(I£IW2sNJUNC)

4-1 INU Numhber of parallel nodes

(I=INU= 59999)
-1 INET Loop number

(1= INET=NNET)

6—1 [XCV CSSM Control ID number for a calculation of relative
external heat input per node
(1) pesitive sign : initial value = 1.0

!

QEXO (datum 18}
or updated value

{2) negative sign : initial value = 0.0
reference value QEX0O (datum 18}

reference value

I

{3y 0 : no control for external heat input
7-R  p'/k
= initial pressure (ata) for flowing node (NMODEL=0}
= loss coefficient (—) for flowing node (NMODL=1)
= loss coellicient (—) for stagnant node (NMODL=0,1)
with minus sign
8RR A" Cross section at average point (m?)
" 9-R £ A*/A% ( to be updated if Agom < A%)
10-R ¢ A®/A®™ ( to be updated if A5 < A®.)
[1-IR B} {1} Hydraulic diameter (m)
= (4A%/x)"* if zero is inputted
(2) Tube outer diameter if the flow is perpendicuiar to a
group of tubes (Input with a negative sign.) {(m)
12-R L Node length (m) :
13-R Loy Node height (height of the to—junction center with
. reference to the from—junction center)
14-RR Ry Junction loss coefficient at point A for a [orward [low
15-IR Ria Junction loss coeflicient at point A for a reverse flow
16— kk Junction loss coefficient at point E for a forward [low
17-R kR Junction loss coeflicient at point E for a reverse flow

18-R QFEXO Heat input/node other than those from heat conductors

(kecal/sec)
If IXCV 20, it is to be used for initial value as

as well as [or reference value. For IXCV > 0, it will

possibly be updated.
For IXCV < 0, this is to be used only for reference

value,

If D < 0, then input the following data.
19-1 Number of tube rows perpendicular to flow (—)
20-R Anin Minimum cross sectional flow area (nﬁ)

(1) For a core flow associated with a fuel rod ,for example, whose
pitch and outer radius are l, and rg, respectively , A and D to be inputted
may be given as follows.

A=ll=mrk
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b= 2

If one wants to input a loss coeffcient for a forward/reverse
flow at normal junction j, then one can do it by inputting
either Rh/kL of the to-node or kE/ k%kof the from-node,
respectively. Moreover, the built—-in formula can be used

for & normal junction, if — 1.0 is inputted for either A or E
point adjacent to the junction. No built-in formula, however,
is available for the junction loss coeflicients around a mixing
junction ( see subsection 2.5.1 ).

A” and A® are used only in resistance calculation.

Ly should be the height between the centers of the two
adjacent junctions.

(12) Junction Data BBII

For data 5 to 7, input 0.0 if junction JNO is initially non-stagnant.
For NIMP=0, datum & must not be imputted.

1-1 JNO Junction number
(1= JNOsNJUNC)
2-1 JTP Junction type
1 = normal junction
2 = mixing junction (upper plenum)
3 = mixing junctien {(downcomer top)
4 = other mixing junction
5 = ACC injection junction
7 = hydraulic source junction or dead end junction
3-1 INET Loop number
(1=INET=NNET)
4-1 I1JU Number of parallel junctions
5-R (VYV/A D Y unie
Junction volume/unit for mixing junction (m®) or
Junction area/unit for volumeless junction (m?)
Note: (1) If A'unir = 0.0 is inputted for a volumeless
junction, the minimum of (AF"EE)ﬁmm and (A% E%).q
will be set for Ai.i: by the code.
Otherwise, the minimum of (Aa"fE)from, (A% Y0
and inputted Aj,;, will be set by the code
(refer to section 2.5.2).
(2) Aunit is used only in resistance calculation.
6-R PJO For NMODEL = 0

(a) initial pressure for stagnant mixing junction (ata)
(b) initial pressure for flowing boundary junction (ata)
(c) initial pressure for stagnant boundary junction of
a chain with a closed valve (ata)
(d) 0.0 otherwise,
For NMODEL = 1
() initial pressure for stagnant mixing junction (ata)
(b) initial pressure for flowing mixing junction (ata)
Note: For each net, the following must be satisfied
{1}y For at least one flowing mixing junction, its
initial pressure must be inputted.
{2} For other flowing mixing junctions whose
initial pressures are to be specified, their
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values should be inputted with a negative sign.
{3y It is recommended to input a pressure for a
mixing junction with a plural number of merging
flowing lows.
(4) For a flowing branch immediately upstream of
a mixing junction whose pressure is inputted,
the pressure balance will be taken by adjusting
the form loss coefficints of the nodes.
(¢) initial pressure for stagnant boundary junction of
a boundary chain with a closed valve (ata)
(d) 0.0 otherwise.

7-R 11JO Initial enthalpy of stagnant junction (kcal/kg)
{dummy for JTP > 4)
B~-R BCJO Initial concentration of boron in liguid phase for

initially stagnant junction (ppm)
{(dummy for flowing junction)
(For NIMP=0, this must not be imputted.)

(13) Mixing Junciion Data BBI2
Number of subblocks = NMIX

(a) Data 5 are thé ratios of mass [low rates in (kg/s).
(b) Subblocks must he inputted netwise.
(¢) For each subblock, the first line must have data 1 and 2 only.

i—-1 JNO Junction number
{1=JNO=NJUNC)
2-1 IDC Contrl TD number for calculation of relative

external heat input ( Reference value is the initial
value calculated by the code.) (0=1DC)
3-1 NOUT Number of outgoing [lows at steady state
(1=NOUT=NOUTS$ )
4-1 NI} To-node (1)
{0=ND,=NVOL)

NDpygur To—node (NOUT)
{(0ENDyoursNVOL)
b-R @ Fraction of outgoing flow (kg/sec) through node
NI, at steady state

@youyr Fraction of outgoing [low (kg/sec) through node
NDyour at steady state

(14) Hydraulic Source Dala BB13
: Number of subblocks = NHYDS

If IFPT = 0, then data 4 to 8 are arbitrary.

1-1 IH Hydraulic source number
(1=NOPINJ=NHYDS)

2-1 1J Boundary junction number
(1=1J=NJUNC)
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3-1 IFPT Option flag
0 = dead end
1 = G-source ( G(t) or G(p) )
2 = p-source ( p(t) or p(G) )
4-1 IHFLG Initial steady state flag

1 = inllow
-1 = outflow
0 = stagnant (closed)
5-1 1DC CSSM ID number [or contreol of flow rate or pressure

{a) Control of flow rate retative to the initial
(IHFLG =0) or reference (IHFLG=0) value for IFPT=
{b) Control of pressure (ata) for IFPT=2
0 = no control for flow rate or pressure
61 1DB CSS8M ID number for control of boron concentration (ppm)
in liquid phase
0 = no control

7-1 [ DH CSSM ID number for control of specific enthalpy of
flowing—in coolant ( reference value = hus )
¢ = no control
Note : This control is effective only during inflow.
8-1 JPARA Number of parallel units ‘
9-R hus Relerence specific enthalpy of water injected at

junction IJ (kcal/kg) : dummy for THFLG = -1
10-R mys Reference’ flow rate per unit for flow rate control
(kg/sec)
(When either IHFLG =0 or IFPT =1, this input is a
dummy, and the calculated initial flow rate will be
used as the reference value [or a flow rate control. )
>0 if relerence flow enters the network.
< § otherwise '

(15) Hydraulic Machine Shaft Data BBI14
Number of subblocks = NSHIFT

If 1DT=0 is inputted, data 4 to 9 and 11 are dummy.

1-1 IDM Shaft number
(1 =IDM=NSHFT)
2—-1 IDT Trip mode index
0 = locking of shaft ({speed trip)
1 = disceonnection of motor or generator
{(electric torque trip)
3-1 1DC CSSM IID number

0 = no contrl {usual calculation)
positive sign = speed control
negative sign = electric torque control
1-R Q" Rated shalt speed (rpm) ( 0=2")
5-R 2{0} Initial shaft speed (rpm) ( 0=8(0))
6—R 1, Steady state speed (rcm)
=R(0)y if 0.0 is inputted.
=R Ip Moment of inertia (kgm®/rad®)
8-R =k, Coeflicient of angular momentum equation ( 0=Fk;)
{See Eq.(2-4-51).)
5~-R k3 Coefficient of angular momentum equation { 0Sky)

(See Eq.(2-4-51).)
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Trip degay constant (sec)
(decay constant for speed when 1D=0 )
(decay constant for electric torque when ID=1 )
=0.01 {(default)
Rated torque {(J/rad)

(16) Ifydraulic Machine Data BRI5
Number of subblocks = NPUMP

Data 4 to 10 should be in order of initial steady flow. For each
subblock, the first line should consist of data 1,2 and 3 cnly.
The number of parallel units is specified by INU in BB10 to be

inputted for nodes N;, Na, .., Nwwyu.
1-1 NM Machine number
(1 =ENM=NPUMP)
21 1DM Shaft number
(1=1DM=NSHFT)
3-1 NNM Number of nodes in mechine NM
(1=NPNODE=7)
4-1 N, Node number
{1=N,=NLOOP)
5—1 Nuynu Node number
{0=Nynuy=NLOOP)
6—1 ITAP Number of table group to be used (see BBI6)
(1=ITAFP=NPTB)
7-R W Rated volumetric flow rate per unit (m?/sec)
positive : pump
negative : turbine
8-R Liesd Rated head (m)
9-R Ak,

Rated enthalpy loss in node N; ~ (kcal/kg)

10-R dhwny Rated enthalpy loss in node Nywu (kcal/kg)

11-R o7

Rated density (kg/m*)
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(I7T) Hydraulic Machine Characteristic Curves Data BBI6
Number of subblocks SNPUMP

0-~1 NPTB  Table group number

(1=sNPTB=NPUMP)

The following 18 tables should be inputted according to THYDE-W table
input specification. In the data from 9 to 16, 4dbpye and Al mean
((Tn)ap= (Te)1e) /(Th)" and ((Lread)2¢~ (Lhead)19)/ Lheaa, respectively, with le =
single phase and 2¢ = twon pahse.

1 (Head-flow curve for positive speed : ¥§)
la-1 IP1 Number of points .

1b-T [Pl pairs of (w/a, pPresasa’)
2 (Head-flow curve for negative speed : X§)
2a—1 1P2 Number of points .

2b-T IP2 pairs of (W/8, Phesa/a’)
3 (Head-speed curve for positive flow : ¥§)
3a-1I 1P3 Number of points

3b—"T IP3 pairs of (a/w, Preaa/w’)

4 (Head—-speed curve for negative flow : i)
4a—1I 1P4 Number of points _

4b-T IP4 pairs of (a/W, PDhesa/w’)

5 (Torque—flow curve for positive speed : I§)
ba~1 IP5 Number of points .

5b—T IP5 pairs of (w/a, b/a?)

6 (Torque-{low curve for negative speed : T§)
Ga—1I 1P6 Number of points _

6b—T IP6 pairs of (w/a, b/a®)

7 (Torque-speed curve for positive flow : T§)
Ta~—1 IP7 Number of points .

7b-T IP7 pairs of (a/w, b/w?)

8 (Torque—speed cuver for negative [low : Ti)
8a—1 1P8 Number of points 5

8h—T IP8 pairs of (a/w, b/w")

9 (dlreaqg—flow curve for positive speed)
9a—1 1P9 Number of points

9b-T IPY pairs of (w/a,dlheqa)

10 {Aliesg—flow curve for negative speed)
10a-1 IP10 Number of points

10b-T IP10 pairs of (w/a,dlpesa)

11 (Alpeada—speed curve [or positive [low)
1ta~1 [P11 Number of points

11b-T IP11 pairs of (a/w,dlneua)

12 {(Alpeaa—speed curve for negative flow)
12a-1 IP12 Number of points

12b-T IP12 pairs of (a/w,dipeqq)

13 (4bpya—Fflow curve for positive speed)
13a—1 [P13 Number of points

13b-T IP13 pairs of (w/a,drnyg)

14 {4brya—[low curve for negative speed)
14a-1 IPi4 Number of points

14b-T IP14 pairs of (w/a,drnya)

15 (dbpya—speed curve for positive [low)
15a~1] IP15 Number of points
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15b-T IP15 pairs of (a/w,dtpya)
16 (4bgyg—spoed curve for negative flaow)
16a—1 [P16 Number of points

16b-T IP16 pairs of {a/w,dtrnya)
17 (Head multiplier)

17a—1 IP17 Number of points

17b=-T IP17 pairs of {(a,Ms)

18 {Torque multiplier)

18a~-1 IP18 Number of points

18b-T Ipl8 pairs of (a,M.)

19 (NPSHp table)

19a-1 IP191 Number of points for a
[9b-1 1P192 Number of points for w
19¢-T (Give as follows.)
(blank) [ arpi1gl
Ly NPSIZf{wl,CLl) ..... NPSH(wl,alplgl)
Liig NPSH(wsz,ar}y ..., NPSH (w;,arpis1)
WrpLg2 NPSH(wiprez . d1) - NPSH(wjptaz,arp191)

(18) Accumulater Data BBI7
Number of sub-blocks = NACCUM

An accumulator to be specified by this block is only its tank parts
so that its duct part should be modelled by a chain of normal nodes.
If the accumulator duct does not have an initially closed valve,
data 7 and 8 are used to obtain (pV/T)g = (a constant) and,

using this re
steady state

1-1 NOV
2-1 [JUNC
3- NPARA

I
4-1  1STCAL

5-R h?ﬂﬂ
6~R  Auacc
?_R VACC
8-R Vg
9-1R od
10-R Pset
11-R Cj

iationship, data 7 and 8 will be updated in the
calculation. Otherwise, they will not be updated.

Node number
{NLOOP+1=NOV=NVOL)
Injection junction number
(1= TJUNC=NJUNC)
Number of parallel units
Option flag for steady state calculation for ACC duct
without a closed valve
{Input a dummy for ACC duct with a closed valve.)
0 = Regard inputted peé as dummy, fix inputted Ve
and obtain pd.
1 = update po and V&, using relationship (pV)g =
(2 constant obtained from inputted data 8 and 9).
Initial specific enthalpy of water (kcal/kg)
Cross sectional area per unit (m?*)
ACC tank veolume per unit (m*)
Initial gas velume per unit (nﬁ)
Initial pressure {ata)
Set point for opening of cover gas relief valve (ata)
Boron concentration of ACC water (ppm)

{1%) Break Point Data BBIS

In case of a

dead—end break, data 3, 4, 7, 8 and 11 are dummy.
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JBRK Junction

IDCTB
'y

Cp

Cy

DTAUB
UTAUB

Initially
Num

{1=JBREAK=NJUNC)

Control 1D number for back pressure table speciflication

See Eq.(2-5-13). (—)
{to-node of break junciion)

Discharge coefficient for critical flow (=)
{to—node of break junction)

See Eq.{(2-5-13). (-)
{from-node of break junction)

Discharge coeflicient for critical flow (—)
({rom-node of break junction)

Loss coefficient at break ()
(to-node of break junction, discharge)

lL.oss coefficient at break ()
(to—node of break jurction, suction)

Loss coefficient at break ()
(from-node of break junction, discharge)

Loss coefficient at break (=)

({rom-node ol break junction, suction)
Break time constant at to—node of break (sec)
Break time constant at from-node of break (sec)

Stagnant Node Enthalpy Data BB19
ber of subblocks = NHSTG

INO Node number

(NLOOP+1=INC=NVOL)

1I-R h¥ Initial specific enthalpy at point E (kcal/kg)

(

dummy il connected to a mixing junction )

(21) Core Control Data BB20
(Not required for KROD=0)

Num

ber of subblocks = KROD

Fuel rode or fuel plates should be inputted first. Fuel rods with
gap should be inputted earlier than fuel rods without gap. First
inputted fuel is rergarded as the average rod or plate.

1-1

21

IDROD

NROD

NBOT

- NTOP

NSLBOT

‘NSLTGP

IGAP

Rod type identification number
{(1=IDROD=KROD)
Number of fuel rods
(1=sNROD=5(,000)
Number of most upstream core node
(1=ENBOT=NLOOP)
Number of most downstream core node
{(NBOT=NTOP=NLOOP)
Number of most upstream conductor
(1=NSLBOTsNSLB)
Number of most downstream conductor
(NSLBOT=NSLTOP=NSLRE)
GAP option

0 = fuel without gap
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1 = fuel with gap

Note: For 1GAP = 1, fuel must be cylindrical.
81 QMW Metal-water reaction option

0 = without reaction

1 = with reaction

(22) Nuclear Heating Dala BB2I
{Not required for KROD=0)

1-1 I1DC1 CSSM Control ID number to calculate external
reactivity after 1DTRP=3 in BB04 is satisfied.
0 = no external reactivity

2-1 IREACZ Option flag for density reactivity calculation

6 = Do not use CSSM, but input data 16 and 17.
1 Calculate reactivity with control IDC2.
2 Calculate reactivity coefficient with
control IDCZ.
3-1 1DC2 Control ID number in CSSM for density ( or void)
reactivity calculation. Set 0 for TREACZ=0.
4-1 IREAC3 Option flag for [uel temperature reactivity
calculation
0 = Do not use CSSM, but input data 18 and 19,
1 Calculate resctivity with control 1DC3.
2 Calculate reactivity coefficient with
control I1DC3.
5-1 I1DC3 Control ID number in CSSM for fuel temperature
reactivity calculation. Set 0 for IREAC3=0.
-1 IREACA4 Option flag for coolant temperature reactivity
calculation
0 = Do not use CSSM, but input data 20 and Z21.
1 = Calculate reactivity with control 1DC4.

I

It

9 = Calculate reactivity coefficient with
control IDC4.
7-1 I1DC4 Control ID number in CSSM for coolant temperature
reactivity calculation, Set 0 for TREAC4=0.
8-1 IREACSH Option flag for boron reactivity calculation
0 = usual calculation
1 = ealculation with control TDCH
9-1 1DCB Control ID number in CSSM for externmal calculation of
boron reactivity : Set 0 for IREACE=0.
10-1 NI'LG 0 = 6 delayed neutron groups
1 = 15 delayed neutron groups
11-R I Neutron lifetime (sec)
12-R (4,,8,,)) A;= Decay constant of delayed neulron precursor of

i—th group (1l/sec)
B:= Delayed neutron fraction of i-th group {-)

(Ax.Bx.)

K= 6 for NFLG =0

K =15 for NFLG =1
13-R C. Conversion ratio (—)
14~ 2 Macroscopie thermal absorption cross seclion (cm by
15-R Zy Macroscopie thermal {ission cross section (em ™)
16—R < Initial thermal neutron flux (lfsec/cm)

Input data 15 and 16 only when IREACZ = 0.
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16-1 IP1 Number of peoints in void reactivity table
17-T IP1 sets of (p/po.Tp)

¢ : coolant density

pg @ initial coolant density

I, : density reactivity (3)

Input data 17 and 18 only when IREAC3 = .

18-1 1P2 Number of points in fuel temperature coefficient
table

19-T : I1P2 sets of (T;,rr,)
T; : fuel temperature (°C)
rr, : fuel temperature coefficient ($/°C)

Input data 1% and 20 only when IREAC4 = 0.

201 IP3 Number of points in coclant temperature coefficient
table

21-T IP3 sets of (T.,rr.)
T, : coolant temperature (°C)

vr, : coolant temperature coefficient ($/°C)

(23) Metal-Water Reaction Data BB22
(Not required if KROD=0 or if IQMW=0}
Number of subblocks = number of rod type subgroups, each of
' which has the same values forthe
following data (=KROD)

1-1 NN Number of IDROD’ s (Input by a single card.}
2-1 {DROIY, (Input by a single card.}
1DROD:
FDRODy
3-R Ahreae Hent of metal-water reaction (kcal/kg)}
4-R ki Coefficient of Eq.(3-1-13) (mz/sec)
5-R ks Coeflicient of Egq.(3-1-13) (° k)

6-R (L%, 117},

from upstream to downstream

( luut ’ lin)NCGRE

Note ; 1°'= initial thickness of zircalaoy reacted
at outer surface {(m)
and
[‘" = initial thickness of zircaloy reacted

at inner surface {(m)
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(24) Fuel Gap Data BB23
{Not required if KROD=0)
Number of subblocks = number of rod type subgroups, each of
which has the same values for the
following data {(=KROD)

1-1 NN Number of IDROD's {(Input by a single card.)

2-1 1DROD, {Input by & single card.)
1DROD,
IDRODxN

3-R N Mols of gas in pin

4-IR Pge Contact pressure (ata)

5-R reap(0) Initial gap width (m)

IR V pe Plenum gas volume (m*)

-k Vopr Open porosity volume (m*)

8T Ver Chip and roughness volume (m*)

9-R Vea(0y Initial clad and dish volume (m®)

10-1R Cr Constant in Eq.{(3-3-29) (°C)

11-IR ENF Fuel pellet emissivity (-)

12-R £y Fuel clad emissivity (-)

13-R FRASM Medn {ree path (m}

14-R Tie Mol [raction of H, (-)

15-R Txe Mol fraction of X, (-)

16-R Tir Mol Fraction of K, (-)

17-R Qair Mol fraction of air (-)

18-k TN, Mol fraction of Ny {-)

18-R  #g, Mol fraction of Hy (-)

201 TH,6 Mol fraction of H;O ()

(25) Clad Burst Description Data BB24
{Not required if KROD=0)
Number of subblocks = number of rod type subgroups, each of
which has the same values for the
following data (=KROD)

1-1 NN Number of IDROD’'s {Input by a single card.)
2-1 IDROD, {Input by a single card.)
[DROD;
IDRODwN
3-1 N; Number of non-burst digonal rods in 3 x 3 matrix
1-1 M; Number of non-burst off-diagonal rods in
3 x 3 matrix
5-1 A
6-1R B
7-R C Coefficient of Eq.{4-1-11)
8-R D Coefficient of Eg.(4-1-11)
9-R E Coofficient of Eg.(4-1-11)
A

=)
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11-R Ay .

12-R Ay Coefficients of Eq.{(4-1-14)
13-R Aj

14-R Ay

15—-R A Coefficients of LEq.(4-1-13)
16-R B

1R Shurse Threshold strain for burst (-}
(0-0 < Sburst. < 1'0)
18R BLM Minimum blockage ratio {—) due to rod burst

(26) Heat Conductor Data BB26

Group the heat conductors so that each group has the same input values fo
data 3 to 16. For each group, NSB1 is the first conductor number, while

NSB2 is the last.

1-1 NSB1 Conductor number
(1=NSB1=NSLB)
2-1 NSB2 Conductor number
(NSB2=0 or NSB1=NSB2=NSLB)
3-1 KGEO Geometric type
1 rectangular
2 = cylindrical
3 = spherical
4-1 KSLB Conductor category
0 = ordinary
1 = fuel
2 = heat exchanger conductor to couple two different
hydraulic nets or a net and a heat sink.
| NSLB Number of conductors
61 NRGN Number of regions
For a luel slab with gap, NRGN=2 cnly is acceptable.
7-R Fin Inner radius or width (m)
81 Tout OQuter radius or thickness {m)
9-  Tyine Sink temperature ("C)-
Effective when N;= -1 or Npz= —~1. Otherwise, arbitrary.
10-R £ Emissivity {-)
Effective when N;= —1 or Np= —1. Otherwise, arbitrary.
11-R  DEG1 Angle ( ° ) : ¢ for KGEO=2 and @; for KGEO=3
= 360° if 0.0 is inputted for KGEO =2.

i

Input region—wise NRGN sets for data 12 to 1i6.

12-1 IDRGN Region number
(Numbering of regions should be started from inside/left
13~1 IM Material number
>0 : Material number (see BB27)
~1 = U0, (Use built—in table)
-2 = Zircaloy {(Use built—-in table)
14—-1 IMESH Number of meshes
15-1 1PC CSSM ID number for relative power calculation
0 = Do not use CSSM (internal calculation}.
16—k WDTH Region thickness (m)

Input (NSB2-NSB1+1) sets for data 17 to 25.
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17-1 N, Coclant node number at inner or left side of conductor
=) : adiabatic at inner/left side of conductor
=-] : constant sink temperature at inner/left side of
conductor
18-1 Ng Coolant node number at outer or right side of conductor
=0 : adimbatic at outer/right side of conductor
=-1 : constant sink temperure at outer/right side of

conductor
19-1 EKPL Option flag lor position of slab w.r.t flow
0 parallel to flow at node Ng
1 perpendicular te flow at node N
20-1 KPR Option flag for peosition of slab w.r.t flow
0 = parallel to flow at node Np
H perpendicular to flow at node Np
21-R  SLEN Conductor length parailel to flow (m) for KGEO = 3
DEG?2 Angle 8; ( ° ) ( 8, > 8, ) for KGEO=3
929-R HTRCV (1) Initial convective heat transfer coefficient at inner/

It

left side for Ny = -1 (keal/m*/°C/s)
(2) Initial convective heat transfer coefficient at outer/
right side for Ny = —1 {(kcal/m?/%C/s)
(3) A dummy otherwise
23-R  XLX Elevation (>0) between conductor center and wall top

where condensation film starts.
(to be used in the calculation of heat transfer
coefficient for filmwise condensation)

NRGN sets of the following data must be inputted in order of the
regions.

24-R  RQO Initial power density (kcal/sec/m®)
0.0 for the most—upstream or most—-downstream fuel slab
26-R RQR Rated power density (kcal/sec/m®)
{ To be used as the reference power in case of 1PC =0
with zero initial power density.)

(27) Heat Conductor Material Property Tables BB27
Number of subblocks = NMAT

1I-T MAT Material 1D number
- Material name (in less than 72 characters)
3-1 1IP1 Number of points
4-T 1Pl sets of (T,p)
T : temperature (°C)
p : density (kg/m®)

b-1 1P2 Number of points
6T IP2 sets of (T,Cp)
T : temperature (°C)
C, : speciflic heat (kcal/kg/°C)
7-1 1P3 Number of points
8-T IP3 sets of (T,4)

T : temperature (°C)
A : heat conductivity (kcal/m/sec/°C)
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(28) Moisture Separator Data BB28

Number of subblocks = NSEP

1-1 JSEP Junction number
(1 =2JSEP=NJUNC)

2-1 Nuix Number of to-node (saturated mixture)
{(1=NMIX=NLOOP)

3-1 Npg Number of to-node {(saturated water)
{1=sNF5=NLOOP)

4-R rp Time constant for separation efficiency (sec)

(29) Valve Data BB2S

Number of subblocks = NVLV

Note :(l) A valve can be placed only at E point of a normal node.

i '
—

{(2) Neither a trip input nor & control input is required for a

check valve.

(3) Foer & G-source boundary junction{(lFPT=1), placing a control

valve (IVTYP= =2 ) with TRIP (IDTRP=4) or control IDCV
is equivalent to inputting the corresponding operator for
IDC in BB13.

IVLV Valve number
(1=IVLV=NVLV)
IVTYP Valve type
1 = check valve, initially opened and to be opened
for a forward flow

—1 = check valve, initially closed and to be opened
for a reverse flow
2 = control valve, initially open
-2 = control valve, initially closed
NIV Number of node where the valve is located
Incv 0S8S8M 1D number for calculation of valve opening

A(t)/Agpn (<1) only for IVIYP = = 2)
0 = no control (either complete opening or
complete closing with time lag)
TAUOPN Time constant of opening by TRIP {sec)
= {.1 when zero is inputted
( dummy for IDCV #0)
TAUCLS Time constant of closing by TRIP (sec)
= 1.0 when zero is inputted
{ dummy for [DCV #0)

— 162 —



JAERI-M 90-172

(30) Logical Condition Data BB3¢

Tnput

Number of subblocks = MTRP

Logical condition is evalusted by
X op (Y + R) (8~4-1)
where X, Y, R are specified by (IX1,IX2), (IY1,1Y2) and
RR (or 1RR), respectively, while the operator op is given
such that
op = .GT. for 1 =IDSIG=8

LT, fer -8 sIDSIG=E-1

AND. for IDSIG = §

.OR. for IDSIG =-9 4
But, for IDISG = 0, we consider instead of Eg.(8-4-1)

0 op R (8-4-2)

where
op = .GT. for 1X1 =0
LT, for IX1 =1 .
In other. words, both X and Y must vanish for TDSIG =
Note
(1) For |IDSIGI» 5, 6, the minor edit symbol
is available so that a logicael condition (8-4-1)
reduces to IDSIG=0 such that

0 ovp R’ (8—4-3)
" where
R = Y+R-X

(2) A logical condition inputted in this data block
will be used to define an on— or off{-condition in
TRIP (BB04) or & condition of operator IF in CSSM

(BB31}.
1-1 1DT Logical condition ID number
(1=IDT=32767)
Input with a minus sign if R is to be calculated.
by CSSM.
2-1 1DsIG Identification of dimension of X, ¥ and R
(-8=1DS1IG=9)
=0 : arbitrary ( R calculated by CSSM )}
=x] : time (sec)
=+2 : ceoolant pressure (ata)
=+3 : coolant temperature(°C)
=%4 : normalized reactor power({-)
=+x5 : rector period {sec)
=+8 : liquid level (m)
=+7 : heat conductor temperature {°C)
=+8 : coolant mass [lux (kg/sec/m?*)
=+ 9 logical trip
3-1 [X1 See T&ble 8-2.
-1 1X2 =mesh number for IDSIG=%7
=0 otherwise
5-1 IY1 See Table 8-2.
6-1 IY2 =mesh number for IDSIG==x7
=0 otherwise
the following on a new line.
7-R RR (1) Setpoint for signal IDSIG if positive IDT is
inputted. (same unit as for IDSIG)
or (2) Set 0.0 for 1IDSIG = = 9
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i-1 IRR Contro! ID number to calculate setpoint when
IDT < 0.

Table 8-2 IDSIG, IX1 and IY1

ABS(IDSIG) 1X1 IY1
0 1 if op = LT (R>0) 0
0 if op = GT (R<0)
1 - 0 . 0
2 node number ncde number or ¢
3 node number node number or 0
4 0 0
5 0 0
6 accumulator number accumulator number or 0
7 heat conductor number heat conductor number or 0
8 node number node number or 0
g logical cond. number logical cond. number

(31) CSSM Data BB3l
Number of subblocks = NC1 + NCB

Note

1) NCI sets of data 1 to 4 should be inputted te form control
inputs subblocks SB3101 — SB(3100+NCI).

(2) For each series of control blocks, the corresponding control
control block ID numbers must be strictly in order of the
operations.

(3) For the detail of this data block, refer to Appendix D.

i-A4 CBYM Symbel of control input
= Minor edit symbol for minor edit variable
TIME for time
= TRIP for trip
TRIP= (0.0, 1.0) for {(trip-on, trip-off), respectively.
= TRTM for elapsed time after trip condition has been
satisfied
TRTM=0.0 before trip initiation.
{Note: Delay time for trip actuation is ignored.)
= CONS for constant
2—1 1DC Control input ID number ( IDC=0 )}
{ Number must be unique in this block)
3-1 TREG Region number
=0 for TIME and CONS
= trip control ID number (BB04) for TRIP or TRTM
= node number for minor edit nede data
{set 1 for reactor power)
= junclion number for minor edit junction data
= machine number for minor edit hydraulic machine data
= machine shalt numbher for minor edit of hydraulic
machine shaft speed
= geccumulator number for minor edit accumulator datae
= conductor number for minor edit heat conductor data
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4-R . Gain Input multiplier .
For CONS, this value is treated as the input itself.
Tor TIME and TRTM, this value is ignored.

NCB sets of the following data must be inputted as subblocks SB
(3101+NCI+NQO), SB(3102+NCI+NO),..... , and SB(3100+NCB+NCI+NO)

without a jump, where NO is a positive interger. For each series
of control blocks, they must be inputted strictly in order of the
control operaticns.

1-A3 ITYPE Control block type
= MUL : Multiplier
DIV : Divider
SUM : Weighted summer
XPO : Lxponentiation
IN : Natural logarithm
ABS : Absolute value
MAX : Maximum
MIN : Minimum
VLM : Velocity limiter
DER : Differentiator
INT : Integrator
EXT : Extrapolator
FNG : Function generator
FGT : FNG by time table
DLY : Time delay
LAG : Lag conpensation
1LLG : Lead-lag compensation
I1F : Logical—-if controller
= TIF : Trip—if controller
= OUT : Output
2—1 1DC Control block 1D number (0<IDC)
( Number must be unique in this block)
3-1 INCI Control block input (1)
=control input ID number or other control block [D
numhber
=0 for ITYPE=FGT
4—1 INC2 Centrol block input (2)
=control input ID number or other control block ID
number for ITYPE=MUL,DIV,SUM,XPO , MAX MIN,IF,TIF
=control table I number {(BB32) [or ITYPE=ING,FGT
=time step interval lor print out for ITYPE=OUT
(=0 for same [requency as minor edit)
=0 for otherwise
5-1 INC3 Control block input (3)
=number of samplings for ITYPE = DLY
=trip-on condition ID number (BB30) for ITYPE=1F
=trip control ID number (BB04) for I[TYPE=TIF
=0 otherwise
6-1 INC4 Control block input (4)
=ID number (IDC) of control input which decides
initial value of control block output
=0 i{ specified by CIC
=0 if ITYPE = OUT
T-RR Gain Control block output multiplier
= 0.0 for ITYPE = OUT
83-R CP1 Control block parameter (1)

It

i

I

i

Il

Il

It
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=weighting factor g, for ITYPE=SUM
=maximum output velocity V,, for ITYPE=VLM
=gampling time T for ITYPE=DLY
=lead time constant 7; for ITYPE=LLG
=0.0 otherwise

5-R CP2 Control block parameter (2)
=weighting factor g, for ITYPE=SUM
=maximum output velacity Vgeuwn for ITYPE=VLM
=lead time constant ry for ITYPE=LIG and LAG
=0.0 otherwise

10-R CIC Initial value of control block output
= 0.0 [or ITYPE = OQUT
{ This input is ignored if INC4 = ¢ .)

11-R CMIN Minimum for control block output
= 0.0 for ITYPE = QUT

12-R CMAX Maximum for control block output
= 0.0 {for ITYPE = OQUT

(32) CSSM-related Table Data BB32
Number of subblocks = NCTBL

1-A40 CTBL Comment on table

2-1 MTBL, Table ID number

3-1 NPI Number of points

4-T NPI sets of (X,Y)
b4 : independent variable
Y : dependent variable

(33) Dump Control Data BBGO
This data block must be placed after the BEND card.

1-1 NCLL Dumping index of flow network iteration

0 = no dumping

—] = Dumping starts at time step NCSTEP.
NCSTEP Time step number when dumping of network iteration star
NXDMP Numer of groups of array dumping

L3 Do
|
Pt —

8.5 Input Data for Restarting Job

An old restart data file to be used must be mounted on FORTRAN Unit
3 and a blank on Unit 2. A new plotter file will be generated on Unit
50. There are Lwo methods to control creation of restart file, i.e., by
specifying (1) one of 1CLASS, LSEC, IDPSTP and DMPTM in BBO1 or (2) NDMP

in BB03. Input data specifications for a restarted run are given in the
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[ollowing. The other data need not be inputted except the dump control
data block BB0O and the BEND card.
Probelm Control Data BB01
LDMP = a positive integer
NTRP must be equal to be the value at the previous run.

The others can be changed.

Minor Edit variable Drta BB02
The quantities being edited on the new run need not have any
relation to those of the original run. The same rules apply

as [or Lhe original problem.

s

Time Step Width Control Sequence Data BB(3
TLAST must be greater than the time at which the present run
satrts. The same rules as for the original problem apply to

the rest of the variables.

Trip Control Data BB04
Data block BB04 must not be changed only with the following
exception. For the sub-block corresponding to IDTRP = 1, the

value for SETPT must be greater than that of the previous run.

Delay Constant Data BB0S

Data block BB05 can be changed.

EM Option Data BBO6

This data block is not required for a BE calculation.

— 167 —



JAERI-M 90-172

9. Execution of THYDE-W Job

The following data sets are reguired te perform a THYDE-W

calculation. The relationship among these date sets are shown in
Fig.9-1-1.
input data sets
FT30FC01 : steam table of HyO for high pressure
FT311F001 : steam table of Hy;0 for low pressure
FT32F001 : steam table of IO
FT0aFo01l : restart data
TT12F001 : input data
cutput data sets
FT02F001 : data for next restart
FT0o6F001 : data for ordinary FORTRAN output
IFTO8F001 : data for compiled output
FT09F001 : data for debugging output
FT10F001 : data for restart at the latest major edit in case of
abnormal ending
FT20F001 : data for output of input data
FT50F001 : data for plotter

When a THYDE-W ;ﬂlculation is started from an initial state, all
the data described in section 8.4 are required with LDMP = 0 in BB0l (see
subsection 8.4.2) and with a dummy data set FT03F001. When a THYDE-W
calculation is restarted from a restart dump point in a previous run, all
the data in section 8.4 is not required. Input data requirements for a
restart are described in section 8.95.

Restart dump fequency can be controlled by NDMP in BB03 { see
subsection 8.4.4 ). In addition, a restart dump is also made, when ICLASS
or IDPSTP or DMPTM in problem control Data block BBOL (see subsection
8.4.2) is specified. The restart dump is made on FORTRAN Unit 2 in case
of normal ending. To back up the cases when the run stops abnormally,
the restart data at the latest major edit is stored in FORTRAN Unit 10
with LDMP = 1.

| Control cards for execution is computer system dependent so that they

will not be discussed in detail. Tables 9-1 to 9-3 show examples of

contral cards.
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Table §-1 Control Cards for Compile of Source J2937.W.FORT77,

00010
00020
00030
60040
00050
00060
00670
00080
00090
00100
00110
00120
00130
00135
00140
0015G
00160
00160
00150
0019856
00210
00220
60230
00240
00250
00260
GH270
00280
00290
00300
00310
60320
00330
00340
(0350
00360

Linkage with Load Module J2937.A.LOAD and
Execution for a First Run

/7JCLG JOB

//JCLG EXEC JCLG

//SYSIN DD DATA,DLM='++'

// JUSER 23282937, ASAHI.YOSHIR,0431.01,THYDE. W
T.6W.4 1.4 C.5 E.0 SRP

OPTP PASSWORD= ,CLASS=0,MSGLEVEL=(1,1,1)

// EXEC FORT77VP,S0='J2937.W',Q=".FORT77",

// A='NOSOURCE, NOVS, NOVMSG,ELM(»), ALIGNC",

// OBJS="300,10",DISP=NEW

//SYSINC DD DSN=J2937.A.INC.FORT77,DISP=SHR

// EXEC LKEDIT,LM="J2937.A"

// EXEC GOA

//FT06F001 DD SYSOUT=x,

/7 DCB=(RECFM=FBA , LRECL=137, BLKSIZE=19043)
//SYSPRINT DD SYSOUT=+

//SYSIN DD DUMMY

/7 EXPAND DISKTO,DDN=FT12F001,DSN="J2937 . RUNDATA",

! Q="_DATA(IRIS}’

// EXPAND DISKTO,DDN=FT30F001,

/7 DSN="J2637 .NSK.J3149. ALMST4.CONVERT’ ,Q=".DATA"

//  EXPAND DISKTO,DDN=FT31F001,

I DSN="J2937 .NSK.JR3N18 . NEWSTEAM.CONVERT',Q=".DATA
//  EXPAND DISKTO,DDN=FT32F001,

I DSN='J2937 .NSK4.NEW2.STMD20' ,Q=".DATA"’

//FT08F001 DD SYSOUT=:,DCB=(RECFM=FBA, LRECL=137, BLKSIZE=274)
//FT20F001 DD SYSOUT=»,DCB=(RECFM=FBA,LRECL=137,BLKSI1ZE=274)
//FT09F001 DD DUMMY
//FT1I0T001 DD DUMMY
//FT60F001 DD DUMMY
/=
//FT03F00r DD DUMMY :
’ EXPAND DISKTO,DDN=FT02F001,DSN="J2937.R1’,Q=".DATA’
I/ EXPAND DISKTO,DDN=FT50F001,DSN="J2937.P1",Q=".DATA"
r
R
Iy
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Table 9-2 Control Cards for Execution of a First Run by Load

0010
0020
030
6040
G050
0060
6070
0080
0u90
0100
0110
0130
0140
0130
0160
0170
G196
06200
0190
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
330
0350
0360
0370
0390
0400
0410
0420
0430
0440
0460
0470
0480
0490
0500
0520
0530
0540
0650
¢580
0590

Load Module J2337.A.LOAD

//JCLG JOB

//JCLG EXEC JCLG

//SYSIN DD DATA,DLM="++’

/7 JUSER 23282937, ASAH] . YOSHIR,0431.01, THYDE. W
T.7 W.4 1.5 C.5

OPTP PASSWORD= ,CLASS=3,NOTIFY=J2937

//VP EXEC SYSA .

/ /GO EXEC LMGOA, PNM=TEMPNAME, LM=J2837.A
J/FTO6FR001 DD SYSOUT=., DCB=(RECFM=FBA ,L.LRECL=137,BLKSIZ=274)
//SYSPRINT DD SYSOUT=» '

//8YSIN DD DUMMY

/o

flexssrsrarsaseesx [NPUT DATA FILE sextstrrsrtrnssssrsrrssscrsrerzas
/e .

//  EXPAND DISKTO,DDN=FT12F001,DSN="J2537 RUNDATA",

/Y Q=" .DATA(JRR3}'

/=

J/srszersrsesszrsr STEAM TABL tssssssxsssrrtrrreszersrsssssxsssxzes
/=

/7 LEXPAND DISKTO, DDN=FT30F{001,

/Y DSN="J2937 .NSK.J3149.ALMST4.CONVERT" ,Q=".DATA’

//  EXPAND DISKTO,DDN=FT31F001,

/7 DSN="J2037 .NSK.JR3N18.NEWSTEAM.CONVERT"' ,Q="_DATA"
//  EXPAND DISKTO,DDN=FT32F001,

7/ DSN="J2937 . NSK4.NEW2.8TMD20’ ,Q=".DATA’

/s

//ssrrxrszsszsesss DATA SET TO PRINT OUT INPUT DATA sssresrzzzs2s
/i =

//FT20F001 DD DUMMY

//=:FT207001 DD SYSOUT=+,DCB=(RECFM=VBA,LRECL=137 ,BLKSIZE=3164)
/=

S /srrsanssrsxsxrssz OUTPUT LIST zazsrstrrrssssrrrsrrsrrsrrnsnssxrssas
S

//TT08F001 DI SYSOUT=»,DCB=( RECIFM=VBA ,LRECL=150,BLKSIZE=3164)
//FT08F001 DD DUMMY

//FTI0F001 DD DUMMY

/o«

J/trssasssnzxzzzsx DATA SET FOR RESTART s#tzxsexssxrrrrxrrrransass
I/

//FT03F001 DD DUMMY

/e

Jiteasnsesvxzzxsz: DATA SET FOR RESTART DUMP sstztssrsssssszarze
/=

//  EXPAND DISKTO,DDN=FT02F001,DSN="J2937.R1",Q=".DATA"

/e

Jiseewssxarsnxsxssx DATA SET FOR PLOT DATA OUTPUT KX RS ETREEEETER
/7=

//  LXPAND DISKTO,DDN=FT50F001,DSN="J2937.P1",Q=".DATA"’

+--1-

/Y
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Table 9-3 Control Cards for Execution of a Restaerted Run by Load

6010
0020
0030
0040
G080
0060
0070
0080
0090
0100
0110
0130
0140
0150
0160
6170
0180
0200
0210
0230
0240
0250
0260
0270
0280
0290
03006
0310
0320
0330
0350
0360
0370
03850
0400
0410
- 0420
0430
0440
0450
0470
0480
0480
0500
0520
0530
0540
G550
0580
0580

Module J2937.A.LOAD

//749CLG JOB

//JCLG EXEC JCLG

//8YSIN DD DATA,DLM="++"

// JUSER 23282937, ASAHI . YOSHIR,0431.01, THYDE. W

T.7T W.4 1.8 C.5

OPTP PASSWORD= ,CLASS=3,NOTIFY=J2937

//VP EXEC SYSA .

/ /GO EXEC LMGOA,PNM=TEMPNAME,LM=42937.A

//TTOEF001 DD SYSOUT==, DCB={RECFM=FBA , LRECL=137 ,BLKSIZE=274)
//8YSPRINT DD SYSOUT=»

//8YSIN DD DUMMY

/i

Jirrrrrzrzrzrzrzzrzsxzxs [NPUT DATA FILE s2sx22saxsastzsrssrrrrrrrrrzezezzs
A

//  EXPAND DISKTO,DDN=FT12F001,DSN="J24837 . RUNDATA",

/i Q="_.DATA{(JRR3R)’

//=

//ssssxssrssrrzzzr STEAM TABL sssssssssssrsessxssxsrrrasrsrrrsazsnnny
/s

/4 EXPAND DISKTO, DDN=FT30F001,

/7 DSN="42937 . NSK.J3149.ALMST4.CONVERT' ,Q=".DATA"

//  EXPAND DISKTO,DDN=FT31F001,

I DSN='J2937.NSK.JR3N18.NEWSTEAM.CONVERT" ,Q=".DATA"’
//  EXPAND DISKTO,DDN=FT32F001,

/Y DSN='J2937.NSK4.NEW2.5TMD20" ,Q=".DATA"’

e

J/eszzxesereszase DATA SET TO PRINT OUT INPUT DATA szsszxxerass
I

//FT20F001 DD DUMMY

//=TFT20F001 DD SYSOUT=+,DCB={ RECFM=VBA ,LRECL=137 , BLKSI[ZE=3164)
f/x

J/sxszxsxzsxrxzraxs QUTPUT LIST *tetrssrrrsrsrrexrrrrrrsassrsxsarssesy
/e

//FT08F001 DD SYSOUT=+,DCB=(RECFM=VBA, LRECL=150, BLKSIZE=3164)
//FTO9F001 DD DUMMY

Z/TT10F001 DD DUMMY

e

Jlsxsxsssrsrrxanes DATA SET FOR RESTART sesxsxxsessnavrsvsasssszrs
/]

// EBXPAND DISKTO,DDN=FT03F001,DSN="J2937.R1",Q=".DATA"

e

//eerzrrsrssrnssxzs DATA SET FOR RESTART DUMP ssts2ssxsszxzsras2x2
I

// EXPAND DISKTO,DDN=FT02I°001,DSN="J2637.R2",Q=".DATA"

/e

//szxzzerrrssssxzaz JJATA SET FOIR PLOT DATA OUTPUT FTTFIEELTTEXTLRL X
/i

// - EXPAND DISKTO,DDN=FT50F001,DSN="J2937.P2" ,Q=".DATA’

+

/
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10. Output Specifications
I10.1 Output Listing

The format of the output listing of THYDE-W is shown in Fig.10-1-1.
Figure 10-1-2 shows the message which will be printed out when a need
for time step width c_ontrol oceurs . When the module where this need
occurred is TRPGH, the number AYYY indicated bys in Fig.10-1-3 has the
following meaning.
A= 3 : TSWC due to pressure change at node YYY

4 : TSWC due to mass f[lux change st node YYY

5 : TSWC due to low pressure (= 1 atm) at node YYY
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first job

JCL
FTO8F001
system messages
FTO8FQ01
(1) output of editted input
data
(2) output of steady state
calculation
(3) output of transient
calculation
FT20F001

output of input data

restarted job

JCL
FTO6F001
system messages
FTO8FOO1L
(1) output of editted input
data
{2) output of transient

calculation

FT20T001

output of input data

Fig.10-1-1 Format of Output Listing
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subroutine

MESSAGE 0 1 4063 TRPGH AT 6742 1.6000D-2 NEED FOR TIME STEP CONTROL

numbers set time TSW
in the code step {sec)

Fig. 10-1-2 Message of Time Step Width Control

10.2 THYDE-W Plotting System

The THYDE-W plotting system can depict resuits of THYDE-W by
compiling data sets generated in a series of THYDE-W jobs. Data for
the THYDE-W plotting system are stored in a data set defined by FT50F001
with the same [requency as for minor edits controlled by NMIN in BB03 (see
subsection 8.4.4) during execution of & THYDE-W job. TFigure 106-2-1 shows
relationship between execution of THYDE-W jobs and generation of plot
data.

Figure 10-2-2 shows relationship between the plotting system and

the required input data sets. In the following, each of the data sets will

be explained.
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( START )

\

terminal

input of
plot control
data

plot control
data file

IRD input of data

& of plot information

IOPTS data files FTO05

file number
IRD = g

No
(IRD # 0) lot data files

T40,FT41,FT42,...

g.

edit of <
plot data

: plot ihformation
data files vV
FT20,FT21,FT22,....
’ )
nlot CRT
f%ff%j%j COM file
4
——
END

Fig. 10-2—-1 Relationship between THYDE-W Execution and Plot Data
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first run
‘ I input data ; .
= FT12F001 1ine printer
b
T
steam table oL
\vl \__/D_‘SEFODI
001
C:::\, THYDE-P
~——"FT09F001
FTO1FQO1
~——FT20F001
Restart Data Restart Plotter Data
(Abnorma] Data
ending or
FT10F001) FT02F001
A FT50FQ01
L
i : second run
I
FT03F001 | |
:I Ejiiiifijj input data
:{ =5 for restart
| ’
steam table X L, r : - .
' b line printer
ezl THYDE-P

Restart Data
(11)

[iifii] Restart
FTO2F0C1

Data

A

Plotter Data

Qor

Fig.

I
!
1
1
1
!
}
!
T
L

+

’ to next run

\ 4

!
I
1
|
|
[
|
]
T
3
\
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(1) Plot Control Data (to be inputted by FORTRAN Unit 16)

1-A KTITLE Title to be printed on top of each
figure
2—(A, L) (FEND, IXTIN)
FEND : Number of plot data sets
{1=FEND)

IXTIN : Tlag for editting plot data sets

0= When time spans of two data sets
overlap, the data set for the
earlier period overrides the other.

1= For each data set, the data in the
period specified by additional
inputs ms indicated next are used.

2a—(R,R) (TIMI, TIM2) Not required for IXTIN=0.
. FEND pairs should be inputted. TFor
each data set, the data in the .period
(TIMI, TIM2) are used.

3-(R, ) (TIMLES, TIMEE}
TIMES : The smallest time of the abscissa{sec)
TIMEE : The largest time of the abscissa (sec)
41 IFLAGS Flag for setting origin and scale

{Not required for COM film cutputting)
0= Use the default values shown in
Appendix C

origin of abscissa = 0 for TYPE = 1
origin of ordinate = 0 for TYPE = 1

scale = 0.8

1= Origin of mbscissa, origin of ordi-
nate and scale should be inputted in
order.

(2) Data of Plot Information Data Sets (to the inputted by
FORTRAN Unit 5)

1-¢(I, Iy (IRD, I0OPTS)
IRD Number of the file unit which contains
plot information data (20=IRD)
(Refer to next subsection.)

[OPTS Flag to classify plot information [ile
0= use index to select the valuables to
be plotted.

1= mannual setting

(3) Plot Information Data (to be inputted by FORTRAN Unit
20, 21, 22 etc.)

The data specifies what is Lo be plotted among the variables contained
in the plot data sets. In the following, only the case when 10PTS = 0 will
Lo described. In this case, only the same kinds of variables can be plotted

in a figure. Table 10-1 shows an example of plot information data.
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1-1 [PLNO Number of curves to be plotted in the
[igure
(1=ITPLNO=20)

2-1 1AXTY 1 = Give the minimum and maximum

values of the oridnate.

0 = Use default values for each variable
{see Appendix C)
2a — (R, R) (YM1,YM2) Give when TAXTY = 1.
YM!l : Maximum value
YM2 : Minimum value
3 - A Title Title of figure
4 ~ A ITAX Give within a single line IPLNO vari-
ables to be plotted with a blank
between each pair. The variables must

be represented by the symbols with an
index as shown in Appendix C.

(1) Output to Cathod Ray Tube (T4014 or T4006)

Graphic display output of THYDE-W results can be made by source file
TXPLOT.FORT. In the following, the method to use command procedure
TXPLOT {see Table 10-2) will be described.

Befcre TXPLOT is actuated, plot data sets FT40F001, F41F001,
and plot information data sets FT20F001, FT21F001, .... have to be all-
acated. When TXPLOT is actuated, FT05F001, and F10F00! are automalically
aliocated to the graphic display terminal. The former is to be used to

give the data of the plot information data sets, while the latter the plot

conirol data.

— 179 —

—an



JAERI-M 90172

Table 10-1 Example of Plot Information Data

010 2 1

020 2.5E3 —2.5E3

030 CVCS FLOWS

040 GLE-037 GLE-038

050 1 1

060 1. —1.

070 TOTAL REACTIVITY
080 RTT-001

080 1 1

160 1.2 0.

110 POWER

120 QCR-001

130 2 1

140 330. 280.

ib0 CORE INLET AND OUTLET TMPS
160 T™MP-001 TMP-012

170 1 1

180 I.E3 0.

190 TURBINE BYPASS FLOW
200 GLE-071

216 2 1

220 3.3 0.

230 FUEL TEMP (SLABS8)
240 TC1-008 TS1-008

250 1 1

260 1.01 0.99

270 MCP SPEED

280 AAA-001

290 2 1

300 1.6K7 4.E6

310 STEAM DOME AND MS PRESSURES
320 PRE-032 PRA-071

33¢C 1 1

340 1.E5 0.

350 PRIMARY RELIEF FLOW
360 GLE-045

410 1 1

420 1. -1.

430 CORE EXIT QUALITY
440 XLA-022

450 2 i

160 0.5 0.5

470 BORON & DENSITY REACTIVITIES
480 RBR-001 RRH-001

490 0 0

Numbers 2 and 1 in line 10 show that IPLNO and IAXTY are 2 and 1,

respectively. Numbers 0 and 0 in line 490 indicate END of DATA.
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00020
00030
00040
00050
Qo060
00070
Qooso
00220
00230
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00480
00550
00600
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Table 10-2 Command Procedure TXPLOT

PROC 0 .
CONTROL NOMSG FLUSII
WRITE x+++ ENTER THYDEP PLOTTING SYSTEM (& SYSDATE & SYSTIME
DELETE TEMP.0RBJ
FREE F(FT10F001)
FREE F(FTO6F001)
FREE F(FTO5F001)
FREE AT(TY)
LIB *SYS9.PTS.LOAD’
ATTR TY BLKSIZE(144) RECFM(UA)
FREE AT(F10)
ATTR F10 BLKSIZE(80) LRECL(80) RECFM(F)
ALLOC DA(=) F(FTI0F001) USING(F10)
ALLOC DA(=) F(FT85F001)
ALLOC DA(») F(FT06F001) USING(TY)
ALLOC DA(x) F(FT05F001)
ALLOC DA(TEMP.OBJ) F(SYSLIN) NEW
FORTHE TXPLOT.FORT TERM NOPRINT OBJ(TEMP.OBJ) ELM(s) BYNAME
WRITE +x++ END OF FORTRAN COND CODE=&LASTCC =:s+
WRITE =+++ ENTER LOADGO PROCESS s=+=
LOADGO (TEMP.OBJ) LIB('SYS9.PTS.LOAD') FORTLIB NOLIBDD SIZE(5
DELETE TEMP . OBJ :
FREE F(FT10F001)
WRITE #s+++ ENT) OF PLOTTING SYSTEM (& SYSDATE & SYSTIME) s=ss
EXIT

In this command precedure, FT05F001, FT06F001 and FTLO are allocated

for the terminal.
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11. Sample Input Data Set and Sample Problem

In section 11,1, we discuss a sample input data set [or the NSSS
of a typieal 4-loop 1,000 MWe PWR. The input data set, corresponding
to nodalization shown in Fig. 2-3-1, is listed in Appendix E. The list
may be interpreted with the help of chapter 8. The input datae set can
be used for various transients such as a LB-LOCA. In section 11.2, the
calculated steady state is described. In section 11.3, the results of a

sample calculation for a LB-LOCA will be presented.
11.1 Descripltion of Sample Input Data

In Fig. 2-3-1, t‘he 2—loop nodalization is shown for the NSSS of a
typical 4-loop 1,000 MWe PWR. The lelt and right of the primary loop
in I"ig. 2-3-1 are called loop A and B, respectively. Loop B represents a
single loop, where an external disturbance may be introduced, whereas
loop A represents the other three loops. The pr_essurizer is placed in
loop A. Each of loop A and B has one LPIS and one HPIS. For a LOCA,
the break point will be placed somewhere in loop B, which then can be
called the broken loop, while loop A will be called the intact loop.
The secondary locps are likewise represented in Fig. 2-3-1, where those
corresponding to primary loop A and B will be referred to as secondary
lecop A and B, respectively. Nodes 57 and 68 are PSSs st In the
present work, however, we ignore them by letting their node length very
small (- = 1.0 x 10? m) and always closing fictitious valves 11 and 12
( éee Table 11-3 ). The core was divided radially into two regions , i.e.
one coll'ection of "average” channels and the other of "hot” channels.
Nedes 33, 39, 40 and 46 are non—heated.

One of the features of Fig. 2-3-1 is split downcomer noding, that
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is, the downcomer annulus is divided azimuthally into two, the one which
is two thirds connected to loop A and the ather which is one third
cennected to loop B.

There are several items over which the sample input data set should
be improved. Far example, (1) structures are not adequately taken into
account as heat conductors, (2) a reactor contrel legic is not included,
(3) & turbine—condensor system is not included.

In Fables 11-1 to 11-13, the sample input date are described. In
the fellewing, CVCS, ¥W, PZR, MSIV, LPIS, HPIS, LPCI, HPCI, DC and
HC stand for chemical volume and control system, feewdwater,
pressurizer, main steam isclation valve, low pressure injection system,
high pressure injection system, low pressure coolant injection, high

pressure coolant injection, downcomer and heat conductor, respectively.
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Table 11-1 Geometrical Data of Nodes

node description flow area length no of
no. A (m?) L (( m ) nodes
1 hot leg {loop B) 0.43 2.50 1
2 hot leg (loop B) G.43 2.750 1
3 SG inlet plenum {(loop B) 2.888 1.664 1
1 SG U~tube 3.017D-04 4.b038 3382
5 SG U-tube 3.017D-04 4.539 3382
6 G U-tube 3.017D-04 1.413 3382
7 SG U-tube 3.017D-04 1.413 3382
8 5G U-tube 3.017D-04 4.539 3382
9 5G U-tube 3.017D-04 4.539 3382
10 SG outlet plenum 2.898 1.664 1
11 crossover leg (loop B) 0.487 7.327 1
12 MCP (lcop B) 0.1920 12.39 1
13 caold leg {(loop B) 0.3830 0.144 1
14 cold lesg {(loop B) 0.3830 3.000 1
15 cold leg (loop B) 0.3830 3.144 1
16 hot leg (loop A) 0.430 2.500 3
17 hot leg (loop A) 0.430 2.750 3
18 S5G inlet plenum 2.8898 1.664 3
19 5G U-tube 3.017D-04 4.539 10146
20 5G U-tube 3.017D-04 4.039 10146
21 S5G U-tube 3.017D-04 1.413 10146
22 5G U~tube 3.017D-04 1.413 10146
23 SG U-tube 3.017D-04 4.533 101486
24 5G U-tube 3.0¥7D-04 4.539 10148
25 SG outlet plenum 2.898 1.664 3
26 crossover leg {loop A) 0.4870 7.327 3
27 MCP (loop A} 0.1920 12.39 3
28 cold leg {loop A) 0.3830 3.144 3
24 cold leg {loop A) 0.3830 3.144 3
30 downecomer top 0.7000 5.090 2
31 downcomear 1.860 4.577 1
32 lower plenum 3.645 6.100 1
33 core (average channel) 8.788D-05 0.11 50752
34 core (average channel) 8.788D-05 0.7320 b07bH2
35 core (average channel) 8.788D-05 0.7320 50752
36 core {average channel} §.788D-05 0.7320 60752
37 core {averapge channel) 8.788D-05 0.7320 50752
38 cere {average channel) 8.788D-05 0.7320 50752
39 core {averege channel} 8.788D-0% 0.11090 50752
40 core {(hot channel) 8.788D-05 0.1100 200
41 cere (hot channel) 8.788D-05 0.7320 200
42 core (hot channel) 8.788D-05 0.7320 200
43 core (hot channel) 8.788D-05 0.7320 200
44 cere {(hot channel) 8.788D-05 0.7320 200
45 cere {(hot channel) 8.788D-05 0.7320 200
46 core {hot channel) 8.788D-05 0.1160 200
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Table 11-1 Geometrical Data of Nodes (Continued)

node description flow area length no of
no. A (m?*) L (m) nedes
47 core cross flow 9.080D-04 0.1 200
48 core bypass flow 1.7203 3.880 1
49 upper plenum 9.290 4.454 1
50 downcomer 6.200D-01 4.577 1
51 lower plenum 1.215 6.100 1
52 pressurizer 4.730 3.430 1
53 pressurizer 4.750 3.430 1
54 pressurizer 4,780 3.430 1
55 pressurizer surge line 6.160D~02 14.66 1
56 pressurizer surge line 6.160D-02 14.66 1
57 PSSS (loep B} 1.156¢ 1.D-09 1
58 pressurizer spray line 5.940D-03 44.50 1
59 pressurizer spray line 5.940D-03 44.9 1
60 accumulator duct {loop A} 3.880D-02 80, 3
61 injection duct (loop A} 4.700D~-02 10. 3
62 LPIS duct (loop A) 4.700D-02 10. 1
63 HPIS duct (loop A) 4.700D-02 10. 1
64 accumulator duct (loop B} 3.880D-02 |50. 1
65 injection duct {loop B) 4.700D-02 10. 1
66 HPIS duct (loop B) 4,700D-02 10, 1
67 LPIS duct {loop B) 4.700D-02 10. 1
68 PS8SS (loop A) 1.150 1.D-09 3
£9 PORV line 1.840D-02 0.1 1
70 safety valve line 1.840D-02 0.1 1
71 CVCS bleed line 4.700D-02 10. 3
72 upper head 3.855 3.658 1
73 8G downcomer (loop A) ak 10.45 3
74 SG riser (loop A) 6.4242 3. 450 2
75 SG riser (loop A) 6.4242 3.450 3
76 SG riser (loop A) 6.4242 3.450 3
77 separator inlet {(loop A) 6.4242 0.1 3
78 recirculation flow {(loop A)Y | 7.853D-01 1. 3
79 steam dome (lcop A) 8.7615 6.770 3
80 steam line (loocp A) 4.560D-01 126.7 3
81 steam line (loop A) 1.3705 5.151 3
B2 SG downcomer {loop B) 1.0568 10.45 1
83 SG riser {loop B) 6.4242 3.4580 1
84 S5G riser (lcop B) 6.4242 3.450 1
85 SG riser (lcop B) 6.4242 3.450 1
86 separator inlet {loop B) 6.4242 0.1 1
87 recirculation flow (loop B) 7.853D-01 1. 1
38 steam dome (loop B) B8.78156 6.770 1
39 steam line {(lovp B) 4.560D-01 126.7 1
90 steam line {(loop I3) 1.3705 5.151 1
91 main feedwater (loop B) 9.2903D-01 |[10. 1
92 main feedwater (loop A) 9.2903D-01 |10. 3
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node description flow area length no of
no. A ( m*) L (m) nodes
93 2ndry safety valve line 0.0184 0.1 3
94 Zndry relief valve line 0.0184 0.1 15
95 2ndry relief valve line 0.0184 0.1 5
a6 2ndry safely valve line 0.0184 0.1 1
97 aux., I'W line {(loop B) 0.1 0.1 1
98 aux. I'W line (loop A) 0.1 0.1 3
99 main steam line 1.3936 76,250 1
Table 11-2 Mixing Junction Data
June description to—node to-node to—node Lo-node
No. (2) (3) (4)
48 upper plenum 1{0.2b) 16{(0.70) 72(0.0)
19 2(1.0) 87(0.0)
50 14(1.0)
51 15(1.0) 58(0.0) 64(0.0)
52 30(0.0) 50(1.0) 65(0.0)
53 core inlet 33(254.) 40(1.0) 48(10.0)
54 36(1.0) 47(0.0)
55 43(1.0)
56 core outlet 49(1.0)
57 17(1.0) 68(0.0) T1(0.0)
58 28(1.0)
39 29{(1.0) 59(0.0) 60(0.0) 61¢(0C.0)
60 52¢1.0) T000.0) 5I(0.0)
61 31(1.0)
62 EG(0.0) 67(0.0)
53 62(C.0) 63(0.0)
64 moisture separator | 78{0.75) 79(0.75)
65 73¢1.0) | 82¢(—0.25) | 98(0.0)
86 81¢(1.0) 94(0.0C) 93(0.0)
67 82(1.0) 91(~-0.25) S7(C.0)
68 moisture separator| 87{(0.78) 88(0.25)
69 80(1.0) §6(0.0) 95(0.0)
70 99(¢(1.0)
In Table 11-2, the wvalues in parentheses show relative branching

[low rates.
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Table 11-3 Valve Data

valve description node
no.
i PORV (PZR} 69
2 pressurizer salety valve 70
3 ndry reliel valve (loop A) 94
4 Indry salety valve (loop A) 53
5 2ndry relief valve {loop B) 95
B 2ndry safety valve (loop B) 96
7 accumulater check valve {loop A) 60
8 HPIS control valve (loop A) 63
9 accumulator check valve {loop A} 64
10 HPIS control valve (loop B) 66
11 fictitious valve 68
12 [ictitious valve 57
13 feedwater control valve {loop A) 92
14 feedwater control valve {lcop B) 91
15 MSIV or pgovernor valve 99
16 spray control valve 59
17 spray control valve 58
18 LPIS control vlave (loop A) 62
19 LPIS control vlave {loop B) 67
20 CVCS bleed contro valve 71
21 auxilliary FW control valve (loop A) 98
22 auxilliary FW control valve {(loop B) 917
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Table 11-4 Logical Condition Data

1D ne. description
3001 time > 0.01 sec

3002 Poa < 40 ata

3003 Psz > 15690.91 ata

3004 ps:s < 158.55 ata

3005 psz > 170.11 ata

3006 psg < 170.11 =ata

3007 pgg > 74.85 ata

3008 pgg < 68.05 ata

3009 pga > T4.85 ate

3010 Pso < 68.05 ala

3011 pgg > 66. ate

012 pgg < 64, ata

3013 Psg > G66. ata

3014 Pgg < 64, ata

3015 psz < 123.8 ata

3016 psz < 10, ata

3017 Gy < 0.85 x 10" kg/(seem?)
3018 Ggg < 0.85 x 10% kg/(seem?)
3019 3017 or 3018

3029 3002 or 3015

3021 3019 or 3020

3022 normelized reactor power > 1.15
3023 3021 or 3022 ({scram condition)

Logical conditions in Table 11-4 are to be used in TRIP {(Table 11-5)

or CSSM {Table

11-12). Condition 3023

is the

condition 3020 is the MSIV closing condition.
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Table 11-5 TRIP Data

TRIP description on of f delay time
no. condition|condition (sec)
101 MCP (loop B) trip 3023 0 0.
402 MCP (locp A) trip 3023 0 0.
103 PORV con/off 3003 3004 0.
404 PZRR safety valve con/off 3005 3006 0.
405 2ndry safety valve on/off 3007 3008 0.
406 2ndry gafety valve on/off 3009 3010 0.
407 2ndry reliel valve on/off 3011 3012 0.
408 2ndry reliel valve on/off aol13 3014 0.
409 HPIS valve on {loop A) 3015 0 : 22.2
410 HPIS valve on (loop B) 3016 ) 22.2
411 LPIS valve on (loop A) 3016 0 0.
412 LPIS valve on (loop B} 3016 0 0.
413 FW valve closes. (loop A) 3020 0 0.6
414 FW valve cleses. (loop B) 3020 0 0.5
415 MSIV closes. 3G20 0 0.5
116 aux. FW valve on (loop A) 3020 0 37.
417 aux. FW valve on (loop B) 3020 0 37.
418 reactor scram 3023 0 0.1
419 occurence of a piping break 3001 0 0.0

On— and off-conditions are given in Table 11-4. A trip defines
ite TRTM which is the elapsed time after the trip condition is

satisfied,.
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Table 11-6 Hydraulic Source Data

HS |june description h” w* contrl ID
no. keal/kg |kg/sec
1 71 LPIS 50. 283. 31156
2 72 HPIS 50. 89. 3116
3 80 CVCS bleed 354, -3. 0
4 73 TIPIS 50. 89, 3117
b 74 LPIS 50. 283. 3118
6 85 feedwater (loop A) 225, 472.69 319
7 84 feedwater (loop B) 225. 472.69 3109
8 86 turbine [low 655. -1.890 3108
9 77 upper head dead—end 0. 0. 0
10 75 PORV 200. 0. 3112
11 76 pressurizer safety valve 200. 0. 3112
12 81 2ndry reliefl valve (V3) 200. 0. 3112
13 89 2ndry safety valve (V4) 200. 0. 3112
14 82 2ndry saflety valve {VE6) 200. 0. 3112
15 83 2ndry relief valve (V5) 200. 19.44 3112
16 87 auxilliary feedwater 30. 19.44 3113
17 88 puxilliary feedwater 30. 3li4

Each control in Table 11-6 is described

Table 11-7 SG Data

in Table 11-12.

U—tube pitch

number of U-tubes per unit
cuter diameter of U—tube
inner diameter of U-tube

initial

secondary system pressure

initial specific enthaipy of {eed water

initial mass [low rate of {eed water

3.0 x 107* m
3,382

1.112 x 107%  m
0.982 x 107* m

62 ata
224.8 kcal/kg
472.7 kg/sec
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Table 11-8 Initial Fuel Heat Flux

HC heat flux mode
no. kecal/{m’sec)
1 0.0 (non-heated)
2 94 .4 10
3 179.4 10
4 180.4 10
5 180.0 10
6 94.6 10
7 0.0 {non—heated)
8 0.0 (non—heated)
g 123.4 10
10 234.1 10
11 233.9 22
12 234.8 22
13 123.0 22
14 0. {non-heated)
Modes in Table 11-8 are calculated results.
Table 11-9 MCP Data
rated speed 1,190 ( rpm }
initial speed 1,190 ( rpm )
rated [low 5.58 ( m® / sec )
rated torque 30,350 (J / rad )
‘rated head 84.¢ (m )
rated density 755.0 ( kg / m*)
moment of inertia 30,350 ( kgm®/ rad? )

The data of the single-phase head and torque homologous curves are
shown in Figs. 11-1-1 and 11-1-%2, respectively. And the head difference
homologous curves are shown in Fig.11-1-3. The head and torque
multipliers as functions of void fraction are shown in Figs.l1-1-4 and

11-1-b, respectively.
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-1.0-~

Fig.11-1~-1 Single—phase Homologous Head Curves

{ Sample Problem)
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Fig.11-1-2 Single-phase Homologous Torque Curves

(Sample Problem)
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Fig.11-1-3 Head Difference Homologous Curves

(Sample Problem)
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Fig.11-1-4 Head Multiplier Curve

(Sample Problem)
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Fig.11-1-5 Torque Multiplier Curve

(Sample Problem)
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Table 11-10 Core Data

reactor thermal power 3,409 MWt
active fuel length 3.66

plenum gas volume 5.493 x 107 m*
ciad cuter diameter 9.50 x 107° m
clad thickness 0.64 x 107 m
pellet diameter 8.05 x 107° m
fuel rod pitch 1.26 x 107 m

tn Table 11-10, the last four values are those at

operaling condition.

Table 11-11 Accumulator Data

the full

initial water volume/unit
initial nitrogen volume/unit
specific enthalpy of water
initial pressure

boron concentration

23.3
10.0
50.
46
2,100

me
m
keal/kg
ate

ppm
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Table 11-12 CSSM Data

control description
ID no.
3108 mps = 0 if condition 3020 is satisfied

= 1.0 otherwise

3109 dmpw/dt = {mmg — mpw, /100

3110 Precv = & functicon of time
as given by SB3208.

3111 I'scram = a function of time {t — tscram)
as given by SB3207.

3112 P = 1 ata

3113 marpw = 1.0 if TRIP 418 is on
= 0.0 otherwise

3114 marw = 1.0 1f TRIP 417 is on.
= (.0 otherwise

3115 mper = 1.0 if TRIP 411 is on.
= 0.0 otherwise

3118 mupcr = 1.0 if TRIP 412 is on.
= (.0 otherwise

3116 MipCi = 1.0 if TRIP 409 is on.
= .0 otherwise

3117 mMupc] = 1.0 if TRIP 410 is on.
= (.0 otherwise

3120 . PZR heater irips i[ condition 3023

{scram condition) is satisfied.

It should be noted that the present input data set does not include

g reactor control system.

11.2 Calculated Steady State

The data for steady state adjustment for the primary system are

given in Table 11-13. The calculated results for the steady state are
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shown in Tables 11-13 to 11-17. The heat transfer modes shown in Table

11-8 are calculated results.

Table 11-13 Initial Loop—wise Thermal-Hydraulics Data

primary loop secondary loop
G}y = 9.804 x 10° kg/(m?’s) G§, = —508.8 kg/(m?®s)
Wt = 354.4 keal/kg hiy, = 224.8 keal/kg
Cy = 500 ppm G§y = -508.8 kg/{m®s)
hi, = 224.8 kcal/kg

Table 11-14 Center and Surface Temperatures of TFuel

BC surface temperature center temperature
ne.
2 305.6 749.3
3 325.1 1257.0
4 333.6 1265.9
5 341.7 1274.3
& 336.4 779.5
9 310.5 805.3
10 335.3 1636.8
11 346.3 1648.8
12 350.9 1654.0
13 3417 .8 942.5
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Table 11-15 Loss Coefficients of Nodes

node k k% ki kt kg
no.
1 7.8400D-03 0.001 0.001 0.001 0.001
2 3.1761D-02 0.001 0.001 0.7253 0.7253
3 9.2228D-03 0.001 0.001 0.001 0.001
4 7.9070D-03 0.2916 0.4198 0.001% 0.001
0 7.5159D-03 0.001 0.001 0.001 0.001
6 8.1567D~03 0.001 “0.001 0.001 0.001
7 7.9599D-03 0.001 ¢.001 0.001 0.001
8 9.4543D-03 .001 0.001 0.001 0.001
g 9.9808D-03 0.001 0.001 0.4198 0.4198
10 1.1736D-02 0.001 0.001 0.001 0.001
11 1.2628D-02 0.3744 0.6921 0.001 0.001
12 2.1390D-01 0.2726 10. 0.2487 10.
13 9.8408D-03 0.001 0.001 0.001 ¢.001
14 9.,5391D-03 0.001 0.001 0.001 0.001
15 3.8438D-03 0.001 0.001 0.001 0.001
16 7.8400D-03 0.001 0.001 0.001 0.001
17 3.1761D-02 0.001 0.001 0.72563 0.7253
18 9.2229D-03 0.001 06.001 0.001 0.001
19 7.9070D-03 0.2916 0.4198 0.001 0.001
20 7.5159D-03 0.001 0.001 0.001 0.001
21 8.1667D-03 0.001 0.001 d.001 0.001
22 7.9599D-03 0.001 0.001 0.001 0.001
23 3.4543D-03 0.001 0.001 0.001 0.001
24 9.6260010-03 0.001 0.001 0.4198 0.4198
25 1.7462D-02 0.001 0.001 0.001 0.001
26 1.25471D-02 0.3744 0.6921 0.001 0.001
27 0.46492 0.2726 10. 0.001 10.
28 8.8506D-03 G.001 0.001 0.001 0.001
29 9.8438D-03 0.001 0.001 0.001 0.001
30 5.0000 0.001 0.001 0.001 0.001
31 1.3686D-03 0.001 06.001 0.2398 0.2398
32 1.0523D-02 0.001 0.001 0.001 0.001
33 0.98671 0.001 0.001 0.001 0.001
34 06.98907 0.001 0.001 0.001 0.001-
35 1.0003 0.001 0.001 0.001 0.001
3b 1.0053 0.001 0.001 0.001 0.001
37 1.0910 0.001 0.001 0.001 0.001
38 1.0042 0.001 0.001 0.001 6.001
39 1.1059 0.001 0.001 0.001 ¢.001
40 1.0018 0.001 0.001 0.001 0.001
41 0.998034 0.001 0.001 0.001 0.001
42 0.97100 0.001 0.001 0.001 0.001
43 1.0423 0.001 0.001 0.001 0.001
44 1.0419 0.001 0.001 0.001 0.001
49 1.0426 0.001 0.001 0.001 0.001
46 1.0416 0.001 0.001 0.001 0.001
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Table 11-15 Loss Coelficients of Nodes (Continued)

node k k' k& ki kE

no.
47  {1.0000D-02 | 0.001 0.001 0.001 0.001
48 [1.1710D403 | 0.001 ¢.001 0.001 0.001
19 9.2516D-03 0.001 0.001 0.001 0.001
50 |1.3686D-03 | 0.001 0.001 0.2398 0.2398
51 11.0523D-02 | 0.001 0.001 0.001 0.001
by 1.0000D-02 0.001 0.001 0.001 ¢.001
53 1.0000D-C2 0.001 0.001 0.00t1 0.0C1
o4 1.0000D-02 0.001 0.001 0.001 0.001
5b 20. 10. 0.9742 0.001 0.001
56 20. 0.001 0.001 1 1.
57 |10. 2. 2. 2. 2.
08 10. 10. 0.001 0.001 0.001
54 10. 10. 0.001 0.001 0.001
60 10. 0.001 0.001 10. 10.
61 1. 0.001 0.001 0.001 0.00C1
6% 1. 0.001 0.001 0.001 0.001
63 1. 0.001 0.001 0.001 0.001
64 10. 0.001 0.001 10. 10.
6o 1. 0.001 0.001 0.001 0.001
66 1. 0.001 0.001 0.001 0.001
67 1. 0.001 0.001 0.001 0.001
58 |10, 2. 2. 2, 2.
68 1. 0.001 0.001 13. i3.
70 1. 0.001 0.001 53.3 53.3
71 1. 0.001 0.001 0.001 0.001
72 |1, 0.001 0.001 0.001 0.001
73 7.36895D-03 0.001 0.001 0.6981 0.6981
74 4.3879 0.001 0.001 0.001 0.001
75 4.4113 0.001 0.001 0.001 0.001
76 4. 4759 0.001 0.001 0.001 0.001
77 4.2813 0.001 0.001 100. 0.001
78 1.017¢% 0.001 0.001 0.001% 0.001
79 5.0084D-01 0.001 0.001 0.001 0.001
80 |4.9832D-02 | 0.4286 0.8988 0.001 0.001%
81 3.5347D-02 0.001 0.001 0.001 0.001
82 7.3685D-03 0.001 0.001 0.6981 0.698!
83 |4.3879 0.001 0.001 0.001 0.001
84 4.4113 0.001 0.001 0.001 0.001
85 [4.4759 0.001 0.8986 0.001 0.001
86 4.2813 0.001 0.001 100. 0.001
87 |1.0179 0.001 0.001 0.001 0.001
88 [5.0084D-01 | 0.001 0.001 0.001 0.001
89 4.9832D-02 0.42866 0.001 0.001 0.001
90 3.5347D-02 0.001 0.001 0.001 0.001
g1 1.631¢ 0.001 0.001 0.001 0.001
92 1.6316 0.001 0.001 0.001 0.001

— 201 —




JAERI-M 90-172

Table 11-15 Loss Coeflicients of Nodes {Continued)

node k ka ki ki kg

no.
93 1.0 0.001 0.001 74 .45 74.45
94 1.0 0.001 0.001 18.6 i8.6
95 1.0 0.001 0.001 18.6 18.6
96 1.0 0.001 0.001 T4.458 74,45
a7 1.0 0.001 0.001 0.001 0.001
o8 1.0 0.001 0.001 0.001 0.001%
99 0.048 0.001 0.001 0.001 0.001

In Table 1115, loss coefficients k's at average points of flowing

nodes only are determined in the manner described in section 6.6.

Table 11-16 Initial Heat FFluxes of Heat Conductors

HC flux (L/IN) mode (L/IN) flux (R/0UT) [ mede (R/0UT)
no. (keal/(m®sec) (keal/(m’sec)

15 —-100.4 10 88.7 32
16 -72.0 10 63.6 32
17 -59.8 10 52.8 32
18 —49.9 10 43.8 32
19 -35.1 10 31.¢ 32
20 -25.0 10 22.1 32
21 —100.4 10 88.7 32
22 -72. 10 63.6 3z
23 -59.8 10 52.8 32
24 —49.7 10 43.9 32
25 -35.1 10 31.0 32
26 -25.0 10 22.1 32
27 3.5 10 -3.4 10
28 0. 10 0. 10
29 0. 0 0. 10
30 0. 0 0. 10
31 0. 0 0. 10
3z 0. ] 0. 32
33 0. 0 0. 10
34 0. 0 0. 10
35 0. 0 0. 10
36 3.5 10 -3.4 10
37 0. 10 0. 10

For heat conductors 15 to 26, it was found necessary to multiply

the inner and outer surfaces with f[actor 0.7078 in order to cbtain a
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system heat balance {refer to section 7.4).

Table 11-17 Calculated Heat Inputs to Pressurizer

heat input (MW)

node B2 —~1.986807D-02
node 53 -1.883249D-02
node 54 5.658184D+01
node 53 6.348951D-01
node b6 2.493490D-01
junction 60 —-5.74263810+01

I'n the present calculation, spray valves 16 and 17 are closed so that
nodes 52 to 56, which are saturated, are stagnant. Since the coolant
is saturated, there is a heat transport in the PZR due to vapor drift,
which must be canceled out by external heat addition or removal, if
the system is to be at & steady state. Table 11-17 shows required hegt
inputs and outputs thus obtained. It should be noted that the total of

them wvanishes.

11.3 Sample Calculation : Analysis of PWR LB-LOCA

In this section, we witl present the THYDE-W result calculated
for an LB-LOCA of a typical 4-lcop 1,000 MWe PWR with the input data
sels listed in Appendices E.1 and E.2. The one shown in Appendix E.12
is lor the first calculation starting from the initial steady state and
the other shown in Appendix E.2 is for a caculation restarting from a
restarting dump point 2 of the previous run. The input data listed in
Apvendices .1 and E.2 could be interpreted in the light of Chap. 8.

The main sssumptions for the calculation include ;
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{I) a BE calculation

{(2) a double—ended guillotine break at the cutlet of an MCP, where
a large change in cross section exists,

{(3) a through calculation to the end of reflooding

(4) two (hot and average) channel representaion for the core with
a single cross flow
{5 discharge coefficient 0.6
{6) ccastdown of the centrifugal pumps
{(7) ECC water enthalpy of 50 kcal/kg
{8) the same heat transfer correlations package in reflooding
as in bleowdown, and

(§) the time constant in the relaxation equation for veid fraction
was calculated according to the method described in subsection
2.2.3.

In conjunction with item (2), it should be noted that the break
point is located upstream of the ECC water injection point of the broken
loop ( see Fig. 2-3-1"). Therefore, it is expected that all ECC water
injected into the broken loop will go out as part of the core side break
[low.

No particular model for the reactor containment was provided except
the temporal behavior of the containment pressure which was a function

of time as given in Table 11-18.

Table 11-18 Containment Pressure during LOCA

Time (sec) 0.0 7.5 15.0 30.0 1000.0

Pressure(atm) 1.0 2.7 4.0 4.0 4.0

The maximum time step width allowed (BB04) in the present

calculation is given in Table 11-19.
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Table 11-19 Meximum Time Step Width Allowed

A max = 0.001 sec for t< 0.3 sec
= 0.004 sec for 0.5 < t < 20.0 sac
0.064 sec for 20.0 <t < 40.0 sec
0.006 sec for 40.0 < t

il

The transient is assumed to start at 0.01 sec when the guillotine
break tmkes place in the cold leg at junction 11. The chronology of
events is summarized in Table 11-20.

The CPU time and memory regquired by a VP2600 FACOM computer
are 31 minutes 40 seconds and 4,756 k bytes , respectively. The degrees
of mass and energy imbalances are 4.20 x10°% % and 5.25 X107% %

respectively, at the end of the calculation.
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Table 11-20 Chronology of Events

Time{sec) Events
¢.01 The break occured.
0.08 Voiding started st the middle of the hot channel.
0.186 VVoiding started at the intamct loop het leg.
0.24 Voiding started at the middle of the average channel.
4.2 Voiding started at the lower plenum.
4.2 Voiding started at the downcomer (intact loop).
8. FWs were tripped off. (Fig. 11-3-6)
14.2 ACC injection started. (Fig. 11—3u2)
28. Refill started.
30. HPCI started. (Fig. 11-3-4)
32. End of blowdown. (JFFig.11-3-8)
40. Reflooding started.
43, The core bottom became subcooled. (BOCREC)
44, Auxilliary FW started. (Fig.11-3-7)
55. LPCI started. (Irig. 11-3-4)
74. Rellcoding of the average channnel ended. (Fig.11-3-27)
32. ACC injecticn ended in the broken loop. (Fig. 11-3-3)
88, ACC injection ended in the intact loop. (fig. 11-3-2)}
115, Reflooding cf the hot channnel ended. (Fig.11-3-30)

It is also interesting to compare these results with the THYDE-PI
EM result‘*® as weil as LOFT results'™ . It is important to note that
the decay heat level is sufficiently low so that the fuel can finally
be quenched at the end of refllcoding {see Figs. 11-3-19 to 11-3-2Z).

The detailed discussions on the calculated results will be made in

the following subsections. It should be reminded that the pesitive
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direction of a mass flux of a node ig that from point A to point E of

the node.

{1) Nuclear Power

As shown in Fig. 11-3-1, the nuclear power suddenly dropped to
the level of the decay heat due to the scram as well as the negative

feedback reactivity caused by voiding in the core.

{2) Pressure

The calculated pressure transients are shown in Figs. 11-3-8 and
11-3-9. The system pressure shown in Fig.11-3-8 decreased very quickly
from 1.52x10" Pa. (initia! pressure) to 1.23x10" Pa. in 0.16 sec.
Then, the choking at the break points as well as in the pressurizer surge
line and voiding in the core made the gradient smaller. By 5 sec, both
break flows became satureted (see next subsection), making the gradient
even less. At 32. sec, the system pressure is almost equal to that
ef the reactor containment { 4 ata ) (the end of blowdown).

The pressures in the primary system showed a very similar behavior
except those of the pump-side breesk point and the pressurizer. The
pressurigzer pressure ({(Fig.11-3-8) showed a rather gradusl transient
because of the choking in the surge liﬁe. The pump-side break pressure
{ Fig.11-3~9) was substantially smaller during the blowdown, because
the large break flow caused a large pressure drop across the pump.

The secondary system pressure gradually decreased (Fig. 11-3-8).

[ts tendency was augmented by auxilliary feedwaters, which started at

44 gec.
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{3) Break Flows

The break flow rates and their qualities gre shown in Figs. 11-3-10
tec 11-3-12. Note that the negative [low means discharging at the core
side of the break. With the occurence of the break, the break f{lows
increased. As the flashing occurred in the core, the rate of
depressurization decreased so that the break flow began decreasing.

At the core—-side brezk, the quality continued to increase (Fig.
11-3-11) because of ‘depressurization unti{ !6. sec when it suddenly
began decreasing due to the effect of the ACC injections, which had begun
at 15, sec {(Fig. 11-3-2 and 1-3-3). Moreover, the ACC injections as
well as HPCls stopped the decreasing tendency of the break flow and
maintained it at a substantial level (Fig. 11-3-10). The HPCI, which
started at 30. sec, helped the bresk [low to clear the threshold of zero
quality (Fig. 11-3-11).

At the pump side of Lile break, veiding at the pump side break began
at 4. sec. The quality tended to increase and remained superheated after
24 sec owing lo heat addition from the SG secondary system. After 48

sec, the pump-side break flow practically vanished.

(4) Downcomer

Downcomer mass fluxes and gualities are shown in Figs, 11-3-13
to 11-3-16, Tigure 11-3-11 shows that the intact loop DC [low was
almost always positive (downwards), while the broken loop DC flow was

elmost always negative (upwards). Figure 11-3-14 shows that the
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direction ¢f the DC top [low was negative (from the intact to broken loop
cold leg) until 64 sec, but after that it was opposite. The refill
started at 28 sec, because after that at the inlet of the broken loop
DC, (1) the coolant became subcooled (Fig.11-3-15) and (2) the f{low
net only became positive, but zlso tended to increase (Fig.11-3-13}.
Then, subcooled water kept on moving toward the core to finally reflood
the core {Figs. 11-3-18, 11-3-22, 11-3-23 and 11-3-24). The DC
qualities became positive after 80 sec dus to the end of ACC injections

(I'igs. 11-3-15 and 11-3-16).

{5) Core Flow

The core flow in the hot channel and in the average channel showed
quite & similar behavior. That is , (1) at first, just after the rupture,
a reverse [low occurred and continued until 28 sec, (2} the reflcooding
started at 40 sec (Fig. 11-3-17), and (3) the coolant at the core bottom

became subcooled at 43 sec {BOCREC) (Fig. 11-3-18).

(6) Intact Loop Flow

Comparing Figs. 11-3-17 and 11-3-19, it can be seen that the hot
leg flow had almost the same tendency as the core flow. The SG inlet
and outlet qualities are ghown in Fig. 11-3-20, which implies that in
the later pericd of the LBALOCA, the SG secondary system acted as a heat

gsource to the primary system.
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{7T) Broken Loop Flow

The mass flow rate in the broken lcop was controlled by the
pump-side break flow (Fig. 11-3-10). Comparing Figs. 11-3-12 and
11-3-21, it can be seen that the broken loop SG zlso behaved as a heat

source to the primary system in the later periced of the LB-LOCA.

{8) FECC Behavior

The ACC behaviors are shown in Figs., 11-3-2 and 11-3-3. As soon
as the break took place, a premature ACC injection occurred in the broken
loop. After 14.2 sec , persistent ACC injection continued in both loops,
since the pressures of the boundary junction remained below the pgas
pressure minus the water head. In both loops, the HPCI and LPCI started
at 30. and 57 sec, respetively. ACC water stopped voiding in the cold
leg and increased the core—-side break flow rate. Water in ACCs was

exhausted by 81 and 88 sec, in the broken and intact loops, respectively.
(9} Fuel Temperatures and Qualities in Core

The gqualities shown in Figs. 11-3-22 to 11-3-24 indicate how the
ECC water penetrated through the hot channel. The fuel temperatures
are shown in Figs, 11-3-25 to 11-3-29.

Looking over the calculated fuel temperatures shown in Figs.
11-3-25 to 11-3-30, we observe as follows. The temperatures at the
conters of the fuel suddenly fell due to the scram. The cladding surface
temperature rose quickly just after the rupture, because the decrease

of the [low rate and the [lashing due to depressurization in the core
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caused & DNB (departure of nucleate boiling}. The clad surfaces
temporarily rewetted due to a negative core flow recovery from 10 to
20 sec (Fig.11-3-17) e)n;cept at 1ICs 2 und 9 where qualities remained large
during this period. But, prior to the start of core refllooding, the core
[low became stagnant (Fig. 11-8~17) and again a DNB tock place in
HCs 3 to 5 and 10 to 13, followed by superheated steam cooling. Then,
ECC water began to come into effect and the precursory cocoling took

place, evetuanlly leading to quenching (Figs. 11-3-25 to 11-3-30}.
(10) 8G Sccondary System Behavior

The FW [lows were tripped off at 8 sec (Fig. 11-3~-6). The
auxilliary FWs were actuated at 44 sec (Fig. 11-3-7). The secondary
relief valves were never cpened, but the secondary system pressure
gradually decreased (Fig. 11-3-8). In the later period of the accident,
the secondary systems acted as heat sources to ithe primary system. In
each of the SG@ secondary systems, a natural circulation continued, but
it tended to vanish due to the injected ECC water and the auxilliary

feedwaters.
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Fig. 11-3-6 FW and Turbine Flows (Sample Problem)
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Fig, 11-3-7 Auxilliary FW Flows (Sample Preoblem)
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Fig. 11-3-8 Tressurizer and System Pressures (Sample Problem)
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THYDE-W LB-LOCA CF PHR 90-08-31
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Fig. 11-3-9 Break Point Pressures (Sample Problem)
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Fig. 11-3-10 Break Flows (Sample Problem)
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THYDE-H LB-LOCA OF PHR 90-08-31
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Fig. 11-3-11 Break Point Quality (Core Side) (Sample Problem)
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Fig.

11-3-12

Break Point Quality (Pump Side) (Sample Problem)
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LB-LQCA OF PHR
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Fig. 11-3-13 Downcomer Flows (Sample Problem)
THYDE-W LB-LOCA OF PHR 50-08-31
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Fig. 11-3-14 Downcomer Tep Flow (Sample Problem)
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Fig. 11-3-15 Downcomer Inlet Quality (Intact Loop) (Sample Problem)
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Fig. 11-3-16 Downcomer Inlet Quality (Broken Loop) (Sample Problem)
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Fig. 11-3-17 Core Inlet Flow (Average Channel) (Sample Problem)
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Fig. 11-3-18 Core Inlet Quality (Average Channel) (Sample Problem)
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"THYDBE-H LB-LOCA OF PHR 30-08-31
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Fig. 11-3-19 Hot Leg Flow (Intact Loop) (Sample Problem)
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11-3-20 B8G Inlet and Outlet Qualities (Intact Loop)
(Sample Problem)
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11-3-21 Hot Leg Quality (Broken Locp) {(Sample Problem)
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Fig. 11-3-22 Core Quality (node 41) (Sample Prcblem)
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Fig. 11-3-23 Core Quality (node 43) (Sample Problem})
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Fig. 11-3-24 Core Quality (node 45) (Sample Problem)
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o TRYDE-H LB-LOCA OF PHR 90-08-31
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Fig. 11-3-25 Clad Surlace Temperature (HC 2) (Sample Problem)
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Fig. 11-3-26 Fuel Center and Clad Surface Temperatures (HC 5)
(Sample Problem)
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Fig. 11-3-27 Clad Surface Temperature (HC 6) (Sample Problem)
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Fig. 11-3-28 Clad Surface Temperature (HC 9) (Sample Problem)
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Fig. 11-3-29 Fuel Center and Clad Surface Temperatures (HC 12)
{Sample Problem)
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Fig. 11-3-30 Clad Surface Temperature (HC 13) {(Sample Problem}
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12. Concluding Remarks

In RCS transients, the coolant can be regarded as the medium which
combines various phenomena taking place in various parts of a RCS. Thus,
in RCS transient analyses, we have to obtain coolant behaviors as correctly
gas possible. This means that since coolant behaviors are governed by the
conservation laws, we have to solve the conservation equations as correctly
as pessible so that mass, energy and momentum conserve. To this end,
two reguirements must be satisfied , i.e., (1) the conservation equations
are spatially differenced so that they retain conservative forms, and (2)
the resulting equations are solved "exactly”. In the course of the
development of THYDW—V;’, it has been found that these rather mathematical
requirements act as a’ guidg to develop physical models.

The first requirement was satisfied by the new space difflerencing
scheme. It is new in that the scheme leads to the new thermal-hydraulic
network model, that is, the conservation equaticons are reduced by three
steps, each correspending to the geometrical features of the system.
Especially, it should be noted that the rank of the finally reduced equation
is determined solely by the geometrical! feature of the network.
Therefore, the programming of the three step reduction turned out to be
rather straightforward regardless of the degree of network complexity.

The second requirement can be satisfied, only if a nonlinear implicit
method with a strict convergence criterion is applied. The nonlinear
implicit method of THYDE-W is based on the three step reduction procedure
ol ‘the new thermzl-hydraulic netwark model. Toa be practicail, the
nonlinear implicit scheme must converge as rapidly as pessible under any
realistically possible circumstances. Therefore, [irst of all, it. was

necessary to ensure continuity of all the parameters contained in the
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conservation equatidns. Non-convergence of the nonlinear implicit scheme
was solved not always by interpolating the parameter in question, but
sometimes only by developing new physical models. ¥For example, the
relaxation model for void frection was developed under certain assumptions
concerning thermel non—equilibrium betwsen the two phases. This mode!
is vita!ly needed to overcome what is sometimes called the "water packing”
problem.

There are several items which should be improved with THYDE-W.
One of them is to refine the non-equilibrium model presented in section
2.2. In subsection 2.2.1, given A and p for a two-phase mixture, an
equilibrium state was defined, but sometimes it is not a true equilibrium
state, since the liquid or vapor phase is not necessarily at saturation
temperature. Moreo;rer, in deriving the relaxation model for void {raction
2, several assumpiions were made. They must be scrutinized.

The capabilities of THYDE-W is clearly shown in chapter 11, where
the ecalculated results for a 1,100 MWe PWR LB-LOCA are presented. The
BE calceulation was made by a FACOM VP2600 computer untill 129.8 sec
{physical time). It should be noted that a through calculation of the
LB- LOCA was succesfully made without any artificial assumption, i.e.,
those cited in section 2.2. 'The overall tendency of the calculated result
is very similar to that of LOTFT 1.2—319%3 gxperiment, which was performed
to simulate an LB-LOCA of a commercial PWR.

In view of the fact that THYDE-W is capable of a through calculation
of an LB-LOCA, which is regarded zs the most critical for testing methods
and models for thermal-hydraulics, it is expected that there will be a

great deal of possibilities(m'“’ﬂ’ﬁ) of THYDE-W applications to variuos

RCS transient analyses.
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Appendix A Jacobian Elements
A.1 Partial Derivatives of h2 and hE

(a) Partial Derivatives of ha

Derivatives of h? can be obtained from Eq.(2-2-69) as follows.

(1) if the from—junction is valumeless and open (but not & break), then

3hs

3 ha

-0

ahi

=1
o h}mm

and

(2) If the from—junction is & hreak, then

ha .
2B 0 if (G > 0,
-—AL—; otherwise.
At +71h
dhn _ 0
Eﬁh?rom
and
dhi _
ahie

¢3) 1f the from—junction is & mixing junction, then
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if (G = 0,

8 ki
she - 0
= AA:A otherwise.
L Th
A
dhn At if (Gf)old > 0,

ah}’rom At+rf

otherwise.

and

A
dh, 0

dhio
{(4) Il the from-junction is closed, then

dha

ahuu=0

Ohn
8 hjrom

and

dhi _
3R,

(b) Partial Derivatives of hE

Derivatives of Y can be obtained from Eg.(2-2-70) as foilows.

(1) If the to-juncticn is volumeless and open (but not & break), then

DAL _

AR

Bhn
8 h}-rum

and
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(2) If

txy

Bhe _
3 e’

3

dhE

] h}r om

and

dhE

the to—junction

JAERI-M 90-172

if (G s 0,

dhie

——Ai—E' otherwise.
At+1k
At . E,\old
if (Gr) =0,
At+tE
0 otherwise.

(3} If the to—junction is a break, then

3Rk
a hil) =

_Ohn

o} h;rom
and

dhn _
dhio

if (GH) =9,

4¢

= otherwise.
At +71h

0

(4) If the to—junction is closed, then always

ank
B hoY

=0
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dhn _
3Rfrom

énd

dhE
Bhi,

4.2 Node Jacobian J,

In this section, only for the sake of clarity, let a break mean & break

under a critical mass fiow conditicn.

(a) Derivatives of (fi)n

Differentiating Eq.(2-3-4), we obtein;

(jll)n=1

. . Lin ju’_ av
(fi2)n= 2At(ap)n
(jlg}n=“1

. — IJn_ m au
(Jld.)nﬁ ZAt(ap)"

and

. Ln , 80 (av
(Jlﬁ)rz:—_AT(ﬁ)n

(b) Derivatives of ([)n

If the to-junction is not & "hreak”, then Eqg.{(2-3-5) gives ;

GA

A1 pta B 4
_"'“(_)n K
FERN

agt™"

(Fordn=— (£)°
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. ) Kl 2
(Jada= (EY2 1 -1+ 2( ) (SEyt-$ 5 it
(j23)n==0
(j2e)n=0
end
. (t,’f) N orE kA 3 @2 4 0hn
(125>n [( A)(ah)n (ah) ] ahf‘," (ahpf)n hi”
If the to—junction is a "break”, then Eq.(2-3-5a) gives ;
Ialpl Ga+ 4G22~ fa(pa .G h7)
(]21)n AGA
[a(ph+apl Gr hi)—fa(ph,Ga hi)
(Jﬂz)n A
4pn
(j23)n=0
(j24)n’“0
and
CGae)am [ [a(pl GE na+ard) — fp(pn Ga ha) 1 0hn/ B RG
2 no

Ahs

(e} Derivatives of ([3)n

There are three cases, depending on the type of the to—junction ;

(1) a "break™, (2) a G-source and (3) a!l others including p—sources.

Case 1 : The to—junction is neither a "hregk” ncr a G-source.

Bquaticn (2-3-6) gives ;

(J‘Sl)nso

(Jaz)a=0
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. GE_opi o

(sp)am (5 (TE =8 R

. o sEN2 _l_GiEﬁPELGBE_aP:n_}_f_ag{E
(J'M)n‘"(fn) {1 z(p)n(ap)n+2(ap)n Opf] Z(Gppf)"

.« _,eEya, A Gny2 00 £ 1 0B g OPle . B3hs
(Jasde (6207 L z(pf)(ah)n+2(ap)" ahf]ah:"'

_ ki 8 ¢ 5 dha
2 VYDA Pr" BRY

In THYDE-W, only p(G)- or p(i)—source is considered ( see BB13 ) so that

we can set in the above

ap;t’o =0
dhy

and
ap};? -0
Q pa

Case 2 : The to—junction is a "break”.
Bquation (2-3-6a) gives ;
{ja1)a=0

(fsz}n=0

Canym LnPE G 4G b ~/8(pE . Gr hy)

4G
(fsq)n=fB(pf+dpf'Gf'hf)‘fB(PE,GE,th)
4pn
-and
(Jas)n= (/55 GE hE+ahEY = fn(px,Gr ha) ) Qhal Qb2

ArE
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Case 3 : The to—junction is a G—sourcas.
Equation {2-3-6b) gives ;
(f21)n=0
(jaz)a=0

{j3z)n=1

. a0
(Faadn="— 5 '%

and

. _ 3G 8hp
{Jas)a="— ahf 3 hav

In THYDE-W, we consider only G(t)- or G{p)-source ( see BBL3 ) so that

we can set in the ahove

2G _
art

(d) Derivatives of ([f4)n

Differentiating Eq.{2-3-7), we obtain ;

ey
ay I Ln

: 2G5 av L
(J#l)n=—l.::—_w(pf)flu Gau{ Kn +D,¢Gﬁu IGn I ]_2A£

g a ap
+?(%‘E9Lhead)n

op av f?luL ay au o) ¢ av
(Gia)nm1( A)(;:,—I;)ﬁﬂap) (T G LG ) (500
( appLhead)n
. o ZGnE ]_ ¥ yav a.u f?len QY L . LH
(143)n4 Pf _"(If(pj In Gau{ n . Gnr IGn I) oAt

+%( aaG PLhead)'rJ\u
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_ 0B . & __ av ivL ay o _Eiav
E) (ap)n (ap n 4(xn+ D L=y 1 Ga |)(appf n

(jdd)n

0

3 P pIJﬁead)?lu

+

b0

(

and

. Gh o 3B . A ahn 3B . E dhE
(]45)1’!:—[ (p,q) (——h") +(_"6T}n] ahau [—_( A) ( )n+( ah) n ) hiu

n

(KGU+IY})LR

Gau [ Gau | )( ah pf )nau+g( hPLhead)n

(e) Derivatives of {fs5)r

Differentiating BEq.{2-3-8}, we obtain ;

A
(Js1)a=7,

. hau
(152)11 Zdt ( ah)
E

{(jsa)n=
REY dp

and
Ciss) _Gf oht Gn dhn PR tha(00/ dh)%
T8 n T Ry La 0hY 41

A.3 Malrix (bi)a  (i,j = to , from)

To obtain matrix (b;;j). given by Eq.(2-3-4), we first have to obtain

matrices
[ B3 n/ 0 Xirom }
Tn= | afu/Bxte

and
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! _[ of}rom/bxnil
n= 3Fi,/0Xn
(a) Matrix rn

lJBt

d(S1)n/ ap}rcm d(f1)n/ a'h}rcum

¢ a(fE)n/ ap}rom O(Jrz)n/ ah}rom
e 8 (f3)n/ 8 Pjrom O (fda/ Bhfrom
from a(frl)n/ ap}rom 0(f4)n/ ah}rcm
a(fﬁ)n/ ap}rom a(fﬁ)n/ ah}rom

(rll)n (rlz)n
(raidn (F22dn
= (ratin (razla
(r4l)n (r42)n
{rsi)n {rs2)n

and

a(fl)n/ apj’.—o a(fl)n/ ah:a

af a(f2)n/ @P?o O(fz)n/ ahto
2= o (fad)al 3 pio O (fadn/ 8 hto

0 Xto 8(f)n/ dpio B([S1)al BRis
3(fs)n/ O pto 3 (Ss)n’ Bhio

(riaia {(ruin
{(raa)a (raada
=1 (raz)a (raa)n
(resdn (raa)a
(rsa)e (rsadn

In the following, [or the sake of ¢clarity, subscript n for ry; wiil be

dropped. Then, differentiating Egs.{2-3-4) to {2-3-8), we obtain ;

_3 U g

i
3 Plrom

- a(fl)n_o
+
9 Pto
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a (fl)nﬂo
dhio

i

14

8 n
r21=———({2) =0 for a break
apfrom

o}
___({2)"=(gf)f‘ otherwise
apfrom

A (f2)n

=0 or a break
3 hjrom /

a2~

B hi
3R from

_0{/2)n A2 _g_;; 0p.4_,088B.a
By e R ST A T
3 hi

T otherwise
hfrom

w_‘fi( 8 ¢2)A
2 “an Bt g

0 (feln _,

gy~ +
0 Do

3 (f2)n _

0
dhio

a4 =

2 (fS}nmo

rs1= T
apfrorn

d (fS)n

=0
8 hyrom

raa™

)
O a)n =0 for a break or a G-source

ras= T
0 Peo

. ﬁ(f?;)n - (£Fy? otherwise
3 pio

3 (fada 0 (f3)n DR

aht, anf  ahi,

7347

— 248 —



JAERI-M 90172

with
8 (fa)n _J[B(DE,Gh BE+ART) ~[5(Pn,Cn hn) for a break
8 hE 4hE
=— :ﬁ; for a G-source
G_f 80 .5, 1,0B. 80P
= (£ ( 2( 22 ah)n+?(_g{)n_—ai?
n
E 2
Kn
_—2—”(%%‘)5 otherwise
Fai= a({‘()ngo
ap)‘rwn
= dUedn_0f s 3 hn
AdhFrom 3hr  Ohjrom
dp 0B
- ¢ A) P22+ () - (e Lead)
1 fﬁ”L av | v ahe
— Ly dnn ov g _Yn
4(“ G lG ;)(ahpf)n ]ah}rom
a(f&)n
rag— - =0
! 5}9:0
rrgm28)n O dhn
dhi, anE ki,
= [ — _ ﬂ__fi B
[ ( ) (ah)n 57 In
auv f:»UL a2 oy ﬂU ahE
_,._..,. + av
(" I) G IG [ )( )n 2 ( ahPLhead)n ] ah:a
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2 n
LAY £} L.y
apfrom
b0 ) B8 f5)n dhi _ Gn dha
o ahjrom ah: ah}'rom Ln ah}"ﬂm
a
AL €13 L
apto
and
L0 Us)a 0 Ue)n BhE __Gn 8hi
M anl, ohE ahi, Ln ani,
Thus, in general, matrices af,,/éx}rom and 8Ff./dx;, have the following
forms,
0 0
sy Faz
0fn 1 0 0 (A-3-1)
ax_,from ¢ ry2
0 52
and
0 0
60 0
aff =| T3a ra4 . ({A-3-2)
axto 0 14
0 V54
(b) Matrix I,
Let
af}rom{(zu)n (Li2)n (Lia)n (Lia)n (zmn]
X, (13130 (l22)n (L2adn (lagdn (l25)a
and

af:ag[(tin)n (laz)n (f33)n (La4)n (lss)n:l
3 Xn (L4)n (Laz)n (La3)a (Lag)a (Las)a

Differentiating Egs.(2-3-9) to (2-3-14), we obtain components Lij ( i=1 ~
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4 and j=1 ~ 5 ) as follows

[{ the from-junction is normal, then
(lli)n=An
(l21)nm0

and

=41 . Ay old
(Llas)n = e if (G = 0,

= 0 otherwise.

If the from—junction is a mixing junction, then
(lll)n=An
(L31)a= Anhi

and

3 h
(125)n=Ant a hev

1{ the from-—-junction is & break, then
(L11)a=0
(l21)a=0
and

(l25)n=0

I{ the to—junction is normal, then
(133)n=—An
(143)n20

and

=4t . Eyold
Lisdpy = ——=% i Gh > 0,
( 45) At"‘!‘f f ( )
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otherwise.

If the to—junction is a mixing junction, then

(l33)a=—4An

(L13)n= = AnhE

and
PR-1
(1'45)n”* AnGn ahgu
Thus, we can see that in general

8 ffrom T 1ig 000 0

dX, L3 0 0 0 Ilg5_ "
and

aﬁo=[o 0 [33 0 0O

3 Xn 00 Ll 0 Lys "
(c) Matrix (bl (i,j = to ,

Let

from )

(r10)n (Y12)n (Y1z)n (T1a)n
(ra1)n (Y22)n {(723)n {¥Y24)r
(J)™h = (r31)n (732)n (7v33)a {Y34)n
(Yardn (Yaz)n {743)n (Yaa)n
(Y510n (752)n (¥53)n (Y54)n

{(A-3-3)
(A-3—4)
(Tlﬁ)n
(7’25)7;
(73s5)n . (A-3-5)
(Y‘lﬁ)n '
(Yﬁﬁ)n

Then, substituting Eqs.(A-3-1), (A-3-3) and (A-3-5) into Eg.(2-3-40),

we obtain

(bjrom,fram)n =

Livriara: Lo rierse ¥ riars+visrsz) :l
(121712+ 005752} 721 Lo ¥izreatviaraatvisrsa) + Los(¥s2raat¥saraat¥ssrss)

Similarly, we obtain
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(bjrom,to}n -

Liirizras Lin(Yiaraa+viaras+ visrsg) :}
{11713+ 1a5Ys3) ras 121(713r344-714r444-Y15r54)4—£25(753r34+-754r444-755r54)

(bto,from)n =

Lys¥aaral Lag(7aarastvaaraztYasrse) :J
(Laarzztlas¥sz)ras lqa(732f22+'734r42*’735f52)4‘i45(752r224'T54r¢2*'Tssraz)

and
(bta,to)n =
[: {33Y337 a3 Laa{7r3aras+¥aarasat ¥ssrsa) :]
{Lg3vastlesrsalras l43(y33r34+‘734r44+-r35r54)4-145(753r34+-r54r44+‘y55r54)

A4 Malrix m;

[f juncticn j is a normal junction, then Eqs.(2-3-8) and (2-3-10) give

mf=[8 (1)

If junction j is & break, then Egs.(2-3-11) and (2-3-12) give

m;‘*[{l) ?:[

If junctien j is & mixing junction, then Egs.(2-3-13) and (2-3-14)
give

_ﬁ[ (d3p/ 0p); (do/ dh): ]
Mi=gr | hi(da/op); pi+RI(3p/ BR);

A5 Vectors Fj rom and Fj +o

Substituting Eqs.(A-3—4) and (A-3-5) into Lq.(2-3-37a), we obtain

~ — C]_
Fj prom=|_ s
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where
5
c1= { Easzrzifi)frum
sy
and
5 5
3= 14327’34‘fﬁ+ hszraafa)from
i=1 i=1

Similarly, substituting Egs.(A-3-3) and (A-3-5) into

obtain
¢
Fieo=[ ¢ ]
where
5
Ca=’(111§:Tlifi)to
i=1
and

5 g
C4=(l2i§jrlifi+z45§:72£f£)n
= 0

— 204 —

Eq.(2-3-37b),

we



JAERI-M 90-172

Appendix B Nomenclature

In the following, the symbols for use in this report will be shown
along with their units, e.g., keal/m?/sec. In general, a unit written as
A/B/C/..../H should be understood to be

A
BC....H

For example, we have

hcal/malsec=r~,k—(’ltLﬁw
m°X sec
B.1 Alphabetic Symbols
a Normalized shaft speed of hydraulic machine (—)
A Cross—sectional flow area (m?)
Ag Flow area of the 3 x 3 fuel rod matrix (mz)

A, Avogadrc’s number (—)

b Normalized hydraulic torque of hydraulic machine (-}
C Impurity concéntration {ppm)

B Momentum [lux due to weer ( kg/(seczm))

B Matrix defined by Egq.(2-3-28)

B, Coupling matrix between junction group k and mixing junctions
Bn, Coupling maetrix belween junction group k and mixing junctions

BL Percent blockage (-}

C Matrix defined by Eq.(2-3-53)
€e Convertion ratio (—)
cp Discharge coefficient for critical flow {(-)

ces; Discharge coefficient for non—critical flow(-)
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Cp Specific heat under constant pressure (kcal/m?'/0 c}

CVH Sign of Ly (=)

€ = cp(l-x) (ppm)

d Diameter of bubble or droplet (m)

dp Diameter of the burst rod node (m)

dn Diameter of the non—burst rod node (m)

D Hlydraulic diameter (m)

& =réi’/r%

L, Young’'s modules for cladding (kg/nl/secz)
f Friction factor (-)

f Tunction vector delined by Eq.(2-3-15)

F Function vector defined by Eq.(2-3-28)}

(f%); Mass conservation equaticn for junction j

(f5); Energy conservation equation for junction j
{(f1)n Mass conservation equation for node n

(f2)n Momentum ecoupling equation at point A of node n
(f1)n Momentum coupling equation at point E of node n
(f1)» Momentum conservation equation for node n

{fs)n Energy conservation equation for naode n

/B Tunction defined for a break by Ig.(2—-2-89)

g Gravitational acceleration hn/sec%

Sn Critical mass velocity by Mocdy (kg/nﬁ/sec}
G Mass velocity (kg/m?*/sec)

G Function vector delined by Eg.{(2-3-54)

Gr Grashof number (-)

G, = 273 kg/nf/sec (transition mass flux)
h Specific enthalpy (kcal/kg)
Rgop Gap conductivity without radiation (kcal/nﬁ/sec/oc)
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hiap Total gap conductivity (kcal/m?/sec/° ¢)

head Radiative heat transfer coefficient between pellet
and cladding (keal/m*/sec/” c)
Foer Heat transfer coefficient (kcal/mg/secfnc)

K. Rod-to-rod redisative heat transfer coefficient for burst

rod (kcal/mz/sec/ °e)

hir Coefficient of heat transfer from cladding to cooclant
(= RES + R (kecal/m?*/sec/® c) .
hir Coefficient of total heat transfer from non-burst cladding

node (kcal/mz/secloc)
[ Coafficient of total heat transfer from burst cladding node
(keal/m¥/sec/ " ¢)

hE“*  Convective or boiling or condensation heat transfer coefficient

(kcal/mzisec/O c)

T Ro—to-rod radiative heet transfer coefficient for non-burst

rod (keal/m*/sec/’ ¢)

e Rod—to-coolant radiative heat transfer coefficient

(kcal/mzlsec/o c)

ified Head-discharge curve for positive speeds ()

by Head-discharge curve for negative speeds {—)

5 Head speed curve for forward flow (=)

& Head—speed curve fcr reverse flow (=)

1 Enthalpy flux due to Ure: (kcal/(m?sec))

g Total enthalpy [lux due to u..: (kcal/sec)

I Moment cof inertia (kg.mz/radz)

J Number of junctions except boundary junctions (=)
J Jacobian matrix of thermal-hydraulic network

I Jacobian matrix associated with node n
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k Loss coefficient (—)
{ Neutron life (sec)
L Length of node (m)

Ly Height of node (m)

Inesd Hydraulic machine head (m)

Ir Size of junction group k

L, Coupling matrix between node n and junctionsl

lp Fuel cell pitch (m)

lw Wetted perimeter {m)

m Mass [low rate (kg/sec)

m; Jacobian matrix of junction j

M Mass (kg)

M Jacohian matrix of junctions

My Two-phase head multiplier for hydraulic machine ()
M, Molecular weight of the i~th component of gap gas mixture
My Number of non-burst off-diagonal rods of the 3 x 3

red matrix when the center rod is burst.

Mg Atomic weight of natural boren (g/mole)
M Number of non—burst off-diagonal rods of the 3 x 3
M, Two-phase torque multiplier for hydraulic machine {(—)

rod matrix when the center rod is non—burst.

Ngop Mcls of gas in fuel rod gap.

N Number of normeal nodes including boundary nodes

n Normalized neutron density (—)

Ny Number of radial nodes in fuel pellet

Nn Number of radial nodes in fuel rod

Ny - Number of non-burst diagonal rods when the center rod
is burst
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N, Number of non-burst diagoanl rods when the center rod is
not burst

NPSHn Required net positive suction head (m)

P Pressure (kgw/m?)

Dec Contact pressure between pellet and cladding

Pheaa Normalized hydraulic machine head (= Linesa? Lheaad) (=)

Pref Back pressure at break (ata)

Pr Prandtl number (-}

Psx Accumulator bottom pressure (ata)

a Number of chains with at leasl one normal junction
Q Heat transfer rate (kcal/sec)

q’ " Power density (kcal/sec/ma)

R, Coupling matrix between node n and junctions
Fe Cladding thickness (m)

rén Cledding inner radius {m)

rg Fuel pellet radius (m)

Fm Average clad radius (m)

raap Average fuel gap (m)

rm Tuel rod diameter (m)

rrome  Maximum radius of burst rod (m)

Racr Normalized actinides decay heat (-)

Re Reynelds number {(—)

Re, Transition Reynolds number {—}

Rg Perfect gas constant (kcal/sec)

Rypp Normalized fission products decay heat (=)
R, Jacobian matrix defined in Eq.(2-3-23)

Rag Normalized power decay [rom U (=)

Rzg Normalized power decay from NEE (-
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Heat transfer area (nﬁ)
Plastic/burst hoop strain at middle point of clad (=)
Plastic/burst strain of clad inner surface (-)
Interfacial area between gas and liguid (m?)
Plastic/burst strain of ciad cuter surface ()
Flastic strain of cladding inner radius due to
pressure change
Flastic strain of cladding inner radius due to
temperature change (m)
Function of ¢ defined in conjunction with Eq.(2-2-5)
Temperature (°c)
Average Temperature (% ¢)

Coolant bulk temperature (°c)

Thurs: Burst temperature (°¢)

7%

n
Th

Xn

XN+1

Clag surface temperature of burst node (°¢)

Clad surface temperature of non—burst node(oc)
Velocity (m/sec)

Drift velocity (m/sec)

TRelative velocity between vapor and ligquid (m/sec)
Specific volume (m?/kg)

Volume {(m")

Normalized volumetric flow rate of hydraulic machine (-)
Volumetric flow rate (m*/sec)

Mass quality (=)

S:ipte vector defined by Eq.(2-3-1)

Sﬁate vector of normal node n
Junctions vector defined by Eq.{2-3-3)

Molecular fraction of component gas in gap or {ission
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yield of nuclide ()

z Coordinate along initial coolant flow (m)

B.2 Greek and Russian Symbols

a Veid fraction (=)
8 Delaved neutron fraction (-}
B: Delayed neutron fraction of the i—th group (—)

Bsep Separation efficiency of steam separator (—)E

¥ 'sentropic exponent (—)

" Constriction factor at point A of a node  (~)

rF Constriction factor at point E of & node (=)

YT, Cootant temperature coelf{icient of reactivity ((GCU_I)
YT, Tuel temperature coef{ficient of reactivity ((oCﬁfl)

Ya Void coefficient of reactivity

(ri;)r {i,1) component of the inverse of the node jacobian
matrix Ja |

Tioe Total reactivity (§)

Fex External reactivity (%)

rr, Coolant temperature reactivity (§)

I'r, Fuel temperature reactivity (§)

I, Vapor generation rate (kg/nﬁ/sec)

4" Rated enthalpy loss of hydraulic machine node (kcal/kg)

', Density reactivity (%)

ARreae Heat of metal-water reaction (kcal/kg)

AT ..y Subcooling (°¢)

£ Emissivity (-)

3 Inputted constriction factor at point A of a nede {-)
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Inputted censtrietion factor at point E of a node{(-)
Linear coefficient of thermal expansion (°e™)
Thickness of zircaloy reacted {m)

Clad thickness {m)
Quantity defined by Eq.(2-2-4) (kg’/m"'/sec?)
Enthalpy flux (kcal/nﬁ/sec)
Thermal conductivity (kcal/m/° c/sec)
or decay constant {sec™!)
Viscosity (kg/m/sec)
Poisson’s ratio for cladding {(-)

Valve opening at point A of a node (-)

Valve opening at point E of a node(—)

Hent source in the luel rod (kcal/nﬁ/sec)

Normalized total power {(—)

Density (kg/m®)

Surface tension (rn/secz)

or microscopic cross section (barns)

Plastic hoeop strain (kgw/m®)

Macroscopic absorption cross section of fissile

material Unn”)

Macroscopic fission cross section of fissile meterial

(em™)

Time constant {sec)

Flectric torque (kg.nf/seczlrad)

Hydraulic torque (kg.nﬁ/secg/rad)

Rated torque (kg.nﬁ/seczlrad)
Torque-discharge curve for positive speed (—)

Toerque—discharge curve for negative speed (-)
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T4 Torque—speed curve for forward flow {—)
Tz Torque—-speed curve for reverse flow (-}
Te Nermalized electrie torque {=)
P Heat fiux (kcal/m*/sec) |

9" Rod—to-rod radiative heat flux from the burst rod
(kcal/ma/sec)

¢" Rod—to-rod radiative heat [lux from the non—-burst rod
(kcal/m*/sec)

P* Two—phase multiplier (=)

@, Quantity defined by Eq.(3-3-17) {(—)

v Momentum flux (kg/m/seca)

¥i; Quantity delined by Eg.{3-3-16)

w Branching ratio at a mixing junction {(—)

Q Pump speed {rpm)

DB.3 Subscripts

A Refers to A point of a node or a chain.
B Refers to boren.

ACC Refers ta accumuleter condition.

C Refers to equilibrium.

cd Relers to crack and dish.

CL Refers to cladding,

CLNT Refers to coolant.

core Refers toc core.

CHI Refers to critical heat {lux.

E Refers to E point of a node or & chain.
en Refers io pellet envelope.
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external quantity.

pump "eye”
ligquid.
fuel pellet or [uel pellet surface or film temperature.

feed water line.

change in fluid property when codition changes

[rom saturated water to saturated steam.

Refers to from-node or from—juncticn

Refers to saturated liquid.

Refers
Refers
Refers
Refers
Refers
Relers
Relers
Reflers
Relers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Relers

Refers

to

to

to

to

to

to

to

to

to

vapor conditiecn.

accumulator gas.

gap between pellel and cladding.
saturated vapor.

injection flew.

interfacial! gquantity.

loop juncticn or axial clad node.
accumulator liquid.

loop node or radial fuel nede.
inertial flow.

critical [low.

completely opened valve.

outer surface.

fuel rod surface or reverse [low.
saturated value.

prescribed value.

5G.

mede transition.

te—junclicn or to-node.
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Refers to total.

Refers to lower plenum of fuel rod.

Refers to upper ptenum of fuel rod.

Refers to wall condition.

Refers to zircaloy.

Refers to initial steady state condition.
Superscripts

Refers to A point of a node or a chain.

Relers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers
Refers

Relers

burst rod.

E point of a node or a chain.
forward {low.

accumulator gas.

hydraulic source.

inner surface.

interfacial quantity.
accumulater ligquid.

non—-burst rod.

present time.

time which is one—time step past.
initial steady state.

outer surface.

rated valué,

reverse [low.

cladding condition after burst.

junction condition.
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Appendix C Symbol Table for Plotter Output

The symbels of plotter output have the following format
XXX-YY
where XXX and YY stand for a variable and an index, respectively. Index
YY is used to indicate the number ol the node unless specified otherwise.
In the (ollowing, the .symbols as well as their units, the title along
the abscissa, the default values for YM1 and YM2 (see subsection 6.2.3)

and the type of the ordinate (l=linear and 2=logarithmic) will be shown.

s:2+x NORMAL NODE DATA =zsxss

Variable UNIT RANGE(MAX/MIN) TYPE
1 PRA PRESSURE(PASCAL) 2., 000E+07 0.0 1
2 PRA PRESSURE(PASCAL) 2. 000L+07 0.0 1
3 PRA PRESSURE(PASCAL) 2. 000E+07 0.0 1
4 GLA MASS FLUX (KG/SEC/M’) 1.000E+05 —~1.000E+05 1
5 GILE MASS FLUX (KG/SEC/M?) 1.000E+05 —1.000E+05 1
6 GLV  MASS FLUX (KG/SEC/M?") 1.000E+05 —1.000E+05 1
7 MLA ENTHALPY (KCAL/KG) 1.500E+03 0.0 1
8 HLE ENTHALPY (KCAL/KG) 1.500E+03 0.0 1
9 HLV  ENTHALPY (KCAIL/KG) 1.500E+03 0.0 1
10 RHA  DENSITY (KG/M®) 1.000E+03 0.0 1
11 RIIE DENSITY (KG/M?) 1.000E+03 0.0 1
19 RHV  DENSITY (KG/M*) 1.0005+03 0.0 1

13 XLA  QUALITY () 9. 000E+00 —1.000E+00 1
14 XLE QUALITY (-) 2.000E+00 —1.000E+00 1
15 XLV~ QUALITY () 2,000E+00 —~1.000E+00 1

16 ALA  VOID FRACTION (-) 1.200E+00 -8.000E-01 1

17 ALE  VOID FRACTION (-) 1.200E+00 ~8.000E-01 1
18 ALV~ VOID FRACTION (-) 1.200E+00 ~8.000E-01 1

19 QQQ Q (KCAL/SEC/M»+=3) 1.000E+05 ~1.000E+05 1

20 TMP BULK TEMP (DEG) 1.5005+03 0.0 1
2sx3xs PUMP DATA =2xx=s

Variable UNIT RANGE(MAX/MIN} TYPE

21 HDP PUMP HEAD (M) 2.000E+02 0.0 1

22 AAA PUMP SPEED 1.000E+01 —~1.000E+01 1

23 BBB PUMP TORQUE : 1.000E+01 —~1.000E+01 1

24 WWW PUMP FLOW 1.000E+01 ~1.000E+01 1

The variables 22 to 24 are relative values with respect to the steady
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state values.

s2sss ACCUMULATOR DATA sx=++»

Variable
25 PAC
26 GAJ
27 HAC
28 VAG
29 MAL

UNIT

PRESSURE (PASCAL)
MASS FLUX (KG/SEC)
ENTHALPY (KCAL/KG
GAS VOLUME (M%)
LIQUID MASW (KG)

sers+s CORE AND FUEL DATA sxs=x=

Variable
30 QCR
31 PG1
32 PG2
33 IIEl
34 TIE2
35 HC1
36 HC2
37 HG1
38 HG2
38 LI1I
40 LI2
41 L0t
42 1.02
43 QM1
44 QM2
45 TSl
46 TS2
47 TC1
48 TC?2
49 STR
40 IS8T
51 BTE

UNIT
RELATIVE POWER
PRESSURE (PASCAL)
PRESSURE (PASCAL)
IITR COLFF (KCAL/SEC/M*/DEG)
HTR COEFF (KCAL/SEC/M?/DEG)
HTR COEFF (KCAL/SEC/M®/DEG)
HTR COEFF (KCAL/SEC/M?®/DEG)
HTR COEFF (KCAL/SEC/M?/DEG)
TR COEFF (KCAL/SEC/M?/DEG)
ZR-REACTED IN (M)
ZR-REACTED IN (M)
ZR-REACTED OUT (M)
7R-REACTED OUT (M)
Q-MW (KCAL/M®)
Q-MW (KCAL/M®)
CLAD SURFACE TEMP (DEG)
CLAD SURFACE TEMP (DEG)
FULL CENTER TEMP (DEG)
FUEL CENTER TEMP (DEG)
PLASTIC HOOP STRESS (KG/M®)
HOOP STRAIN(-)
BURST TEMP (DEG)

[ I ) B ]

2
2
2
1
1
1
1
1
1
1
1
1.
1
1
1
2
2
2
2
1
i
2

Variables XX1 and XX2 refer to non-burst and burst

ively. Heat transfler coefficients HC and HE re

RANGE(MAX/MIN)
LO000E+07 0.0
.000E+04 ~5.000E+04
.000E+03 0.0
.000E+02 0.0
L000E+02 0.0
RANGE(MAX/MIN)
LO000E+00 1.000E-03
.000E+07 0.0
LO00E+07 0.0
L000E+02 1.000H-03
.0005E+02 1.000E-03
.000E+02 1.000E-03
L000E+02 1.000E-03
L000E+02 1.000E-03
.000E+02 1.000E-03
.000E-04 0.0
.000E-04 0.0
000E-04 0.0
L000E-04 0.0
.000E+08 0.0
.000E+06 0.0
.000E+03 0.0
L000E+03 0.0
.000L+03 0.0
.0D0E+03 0.0
.000E+03 0.0
L000E+00 0.0
LO00E+03 0.0

TYPE

b bk et

TYPE

Hr—‘b—dﬁr-dr—‘t—‘r—‘r—‘b—‘l—*b—‘v—dmmmmmmj-

rods, respect-—

correlations and values obtained by smoothing HC, respectively.

core and fuel variables except variables 45 to 48, Y

ssxse HEAT CONDUCTOR DATA =xe=»

Variable
52 BHR

UNIT
HTR COEFF (KCAL/SEC/M?/DEG)
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53 BHL HTR COEFF (KCAL/SEC/M?'/DEG) 1.000E+02 1.000E-03 2
54 BTR SURFACE TEMP (DEG) 2.000E+03 0.0 1
55 BTL. SURFACE TEMP (DEG) 2.000E+03 0.0

In variables 52 to 54, XXR and XXL stand for the right and left of
the heat conductor, respectively, and index YY is to be used to show the
heat conductor number. Plotting for fuel with gap can be made not by heat

conductor variables 52-55, but by core and fuel varimbles 33-36 and 45-48.
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Appendix D Control System Simulation Model

The objective of the control system simulation model (CSSM) is to
determine the output of the control system, given the varying input and
information characterizing the system. A control system may be divided
into a number of fundamental control elements called the control blocks
shown in Table D-1, where Fa, L{t;}) and Tr(t:;) mean the linear
interpolator, the logical value of a condition speciflied by trip action data
BR300, and the logical value of a trip specified by trip cntrol data BBO4,
respectively. In this table, symbols y and z stand for the dependent and
independent variables, respectively. Symbol t is used instead of z when
time is presumed as the independent variable.

The input cf a control system are as follows ;

{1} minor edit variables
(2) trip control cutput , i.e.,
1.0 if trip output is FALSE
0.0 if trip output is TRUE
(3) time
and

(4) elapsed time after a trip condition was gatified,

while the output of & control systenlis
{1) valve opening
{2) external heat input to coolant node
(3) hydraulic machine shaft speed
(4) hydraulic machine tcrque

(5) back pressure of hydraulic source or break
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(6) reactivity or reactivity coefficient
(7) boron concentration of injected water
(8) heat source in heat slab.

{9) sel point in trip aclion

(10) specific enthalpy of injected water

and

(11) external heat input to & mixing junction

The Input specification of CSSM is shown in Table D-2. For
interconnecied blocks, the order in which the output of each block is
calculated affects the numerical results. The order of computation is
determined by the inputted order of the control block description cards ,
which contain the interconnection information.

In Tahle D-2, we note that

Y=Ymax JOr Y Ymox
and

Y= ¥min for ¥y<ymin
where Yma: and Ymin are inputs.

Parameter n ,i.e., INC2Z in the control block description card for
ITYPE=DLY is related to the manﬁer in which DLY block steres the input
values in the past T sec. That is to sample the input at fixed time
intervals equal to (T/n) sec. and save; each sample for T sec. As n
increases, so does accuracy of the representaion of the past input at the
cost of more storage.

The OUT block does not represent an actaul control element. It prints

out the input or output of a specified control block at every time step

[or the purpose of debugging.
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Appendix E Sample Input Data Set

E.I lInput Data for First Job

8‘!***Zt*3i‘#l!‘lS*l*it’8tt#!ll!‘t’l‘tt‘ti#'S!lt*#i’.l!tﬁ**’ltt‘

—— 3,300 MW PWR NSSS (SPLIT DOWNCOMER NODING)

DATA TO BE CHECKED
HC DIMENSIONS
SCRAM LOGIC
TRIP LOGIC
TEMPERATURE COEFFICIENT
CONTROL LOGIC OF FW ETC
HEAT CONDUCTORS
PZR SPRAY DUCT : DIVIDE N58 AND N59 INTO PLURAL NODES.
AC DUCT . DIVIDE N0 AND Ng4 INTO PLURAL NODES.
CvCS DUCT . ATTACH NODE TO J49 AND J57.
NULL TRANSIENT LBLOCA
SB0419 ION 0 3001
BB0O1  NPERT 1 ’ 0

T e

»sxx PROGRAM CONTROL DATA +#x=

BBO1
/ LDMP NEDI NTC NTRP MTRP I10OUT NPERT ICLAS LSEC IDPSTP DMPTM

0 6 4 19 23 0 0 5 0 0 0.
/ NOCK
0
/' xxax MINOR EDIT DATA ==x=x=
BB302
PRA-44 GLE-44 GLA-13 GLE-31 GLE-50 GLE-64
/
/ sexxx TIME STEP CONTROL DATA =::=
BI303
SB0301
/ El E2 3
/0.2 0.2 100,
/ NMIN NMAJ NDMP NCHK DTMAX DTMIN TLAST EPSMX
SBe3oz

180 100 1006 O 1.0E~3 1.0E-6 0.5
Si30303

12¢ 100 100 O 4.0E-3 1.0E-6 20.0
SB0304

60 80 50 0 64.0E-3 1.0E-6 40.0
SB0305

8¢ 100 a0 0 5.0E-3 1.0E-8 1000.0
/
/  xxxx TRIP CONTROL DATA x«xs
BB04

/ IDTRP 1Z1 1Z2 1ION [OFF 10CS DELAY
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580401

401 2 1 0 30243 0 ] 0. / RCP-1 TRIP

S5B0402

402 2 2 ] 3023 0 0 0. / RCP-1A TRIP

SB0403

403 4 1 0 3003 3004 0 a. / PORV (PZIR)

5B0404

404 4 2 0 30056 3006 0 0. / SAFETY VALVES (PZIR)
SB04G65

405 4 4 0 3007 3008 0 0. / SAFETY VALVE (LOOP-A)
SB0406

406 4 6 0 3009 3010 0 0. / SAFETY VALVE (LOOP-B)
SBRg407

407 4 3 G 3011 3012 0 0. / 8G 2NDRY RELIEF VALVE
SB0408

408 4 5 0 3013 3014 0 0. / 8G 2NDRY RELIEF VALVE
SB0408

409 4 8 0 3015 0 o 22.2 /HPCI VALVE OPENS.
5130410

410 4 10 0 301& 0 0 22.2 /HPCI VALVE OPENS.
SBo411

411 4 18 0 3016 0 0 0. /LPCI VALVE OPENS.
S5Bo412

4112 4 19 0 3016 0 0 0. /LPCI VALVE OPENS.

SB0413
413 4 13 0 3020 0 0 0.5 / FW VALVE CLOSES.

5B0414
114 4 14 0 3020 0 0 0.5 / FW VALVE CLOSES.

SB0415
415 4 15 0 3020 0 0 0.5 / MS VALVE CLOSES.

SB0416

416 4 21 0 3020 0 0 3r. /AUX FW VALVE OPENS.

SBo417

417 4 22 0 3020 0 0 37. /AUX FW VALVE OPENS.

5130418

418 4 0 0 3023 0 0 0.1 / REACTOR SCRAM

SBU419

/419 7 11 0 0 0 0 0.0 / COLD LEG BREAK
419 7 11 0 3001 0 0 0.0 / COLD LEG BREAK

/

/ sx++ DENSITY DELAY TIME DATA s=+=

/BBBOS

/ NTAUD DTAUD ITAUD ATAUD

/0 0.

/3 0.

/37 40 41

/100, 160. 160,

/ NTAUDJ DTAUDJ ITAUDJ ATAUDJ

/0 0.

/1 0.

/ 98

/100,

/

/ ss+» PROBLEM OPTION DATA =e==

BBGT :

/ NMODIL 1EM NOPTF NOPTD ICHFOF1 ICHFOP2 IHTROP1 IHTROP ISTM EPS
0 1 0 2 1 3 2 1 1. 1.E-10
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/  ++s++ PROBLEM DIMENSION DATA =e+x»

BBO08

/ NNET NVOL NJUNC NMIX NHYDS NPUMP NSHFT NACCM KROD NCTOT
2 101 89 23 17 2 2 2 2 14

/ NCORE NSLB NRGN NMESH NVLV NSEP NIMP NMAT NHSTG NCI NCB
T 37 2 11 22 2 1 3 22 3] 14 6

/  x+xs INITIAL LOOP-WISE THERMAL-HYDRAULICS DATAs#»+
BBO9

SB0901
/INET ICLNT INLET LOOP QUTLET LOOP NADJ QOUT
1 0 6 0000 1 2000 1 8.Es 0. 0. 0.
/1VOL GA HA BC(PFPM)
/1 9.804E3 354.4 1.E3
1 9.804E3 3504.4 5.E2
SB0902
2 0 1 1000 0 06000 2 0. 0. 0. 0.
91 -508.8 224 .8 0.
92 ~508. 8 224.8 0.
/ xzx+x NODE DATA xx=s )
BB10O
/ HOT LEG 2/3 LOOP : CALL THIS LOOP AS LOOP-B
SB1001
/INO FJ TJ INU INET IXCV PA(K) AEFC BZAIA BZAIE DH
/ (ATM) (M=:2) (M)
1 48 49 1 1 0 154.0454 0.430 1. 1. 0.0
/ L LH KFORA KREVA KFORE KREV
/ (M) (M)
2.5 0. ~1. -1. -1. -1. 0.
SB1002
249 1 1 1 0 154.0305 0.430 1. 1. 0.0
2.75 Q. -1. —1. -1. -1. 0.
/ 8G. INLET PLENUM (LOOP-B)
SB1003
3 1 2 1 1 0 153.4832 2.898 1. 1. 1.92
1.664 1.6 ~1. ~1. -1. ~1. 0.
/ SG. TUBES, LOWER INLET (LOOP-B)
5131004
4 9 3 3382 1 0 153.3428 3.017E-4 1. 1. 0.
4.5639 4.539 -1. —1. -1, -1. 0.
/ SG. TUBES, MIDDLE INLET (LOOP-B)
SB1005
5 3 4 3382 1 0 152.7604 3.017E-4 1. i 0.
4.539 4.539 ~1. -1. —=1. =i. 0.
/ SG. TUBES, UPPER INLET (LOOP-B)
SB1006
6 4 5 3382 1 0 152.1714 3.017TE-4 1. 1. 0.
1.413 1. -1.  -1. =1. —1. 0.
/ SG. TUBES, UPPER OUTLET (LOOP-B)
SB1007
T 5 & 3382 1 0 152.0161 3.017E-4 1. 1. 0.
1.413 -1. ~1. =-1. =it. =-1. 0.
/ §G. TUBES, MIDDLE OUTLET (LOOP-B)
SB1008
8 6 7 49382 1 0 152.0018 3.017E-4 1. 1. 0.
4.539  —4.539 -1, -1. -1. -1. 0.
/ SG. TUBES, LOWER OUTLET (LOOP-B)
SB1009
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3382 1 0 152.0b649
4.539 ~4.539

/ SG. QUTLET PLENUM (LOOP-B}

SB1010

9 7 8

10 8 9 1 1 0 152.06436
1.664 -1.6
/ PUMP SUCTION (LOOP-B)
SB1011
11 9 10 1 1 0 151.99404
7.827 —3.5
/ PUMP (LOOP-B)
SB1012
12 10 11 1 1 0 151.3539
12.39 3.5
/ COLD LEG (LOOP-B)
SB1013 |
13 11 50 1 1 0 155.2586
0.144 0.0
SB1014
14 50 51 1 1 0 155.2485
3 0.0
SBL015
15 51 52 1 1 0 155.2278
3.144 0
SB1016
16 48 57 3 1 0 154.0454
2.5 0.
/ HOT-LEG (LOOP-A)
SB1017
17 BT 12 3 1 0 154.0305

2.75 0.

/ 8G. INLET PLENUM (LOOP-A)
SB1018
18 12 13 3 1 0 153.4832

1.664 1.6

/ SG. TUBES, LOWER INLET (LOOFP-A)

SB10189

19 13 14 10146 1 0 153.3428

4.53% 4.538

/ SG. TUBES, MIDDLE INLET (LOOP-A)

SB1020

20 14 15 10146 1 0 152.7604
4.539 4.538

/ SG. TUBES, UPPER INLET (LOOP-A)

SBiot

21 15 16 10146 1 0 152.1714
1.413 1.

/ 8G. TUBES, UPPER OUTLET (LOOP-A)

SB1022

22 16 17 10146 1 0 152.0161
1.413 —1.

/ SG. TUBES, MIDDLE OUTLET (LOOP-A)

SB1G23

23 17 18 10td6 1 0 1hH2.0018
4,539 —4.539

/ SG. TUBES, LOWER OUTLET (LOOP-A)

SB1624

90172

3.017E-14
-1. -1.
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24 18 19 10146 1 0 152.0549
4,539 -4.,538

/ S8G. OUTLET PLENUM (LOOP-A)

SB1025

25 19 20 3 1 0 152.0644
1.664 -1.6
/ PUMP SUCTION (LOOP-A)
SB1026
26 20 21 3 1 0 151.9940
7.327 -3.5
/ PUMP (LOOP-A)
SB1027
27 21 58 3 1 0 151.3539
12.39 3.5
/ COLD LEG (LOOP-A)
SB1028
28 58 59 3 1 0 155.2485
3.144 0. )
SB1029
29 59 61 3 1 0 155.2278
3.144 0.
SR1030
30 52 61 2 1 0 -5.
6.09 0.

/ DOWNCOMER (REACTOR VESSEL)
oB1631

3l 61 22 1 1 0 155.2068
4.577 -8.594
/ LOWER PLENUM
SB1G32
32 22 53 1 1 0 155.7456
6.10 0.686
/ NON-HEATED
SBL0O33
33 53 23 50752 1 0 156.1509
.11 0.11

/ LOWER CORE (REACTOR VESSEL)
SB1034

34 23 24 50752 1 0 1b55.5714
0.732 0.732
SB1035
35 24 54 50752 1 0 155.3624
0.732 0.732

/ MIDDLE CORE (REACTOR VESSEL)
SB103s

36 54 25 50752 1 0 155.1488
0.732 0.732
SB1037
37 25 26 50782 1 0 154.89312
0.732 0.732

/ UPPER CORE (REACTOR VESSEL)
SB1038

38 26 27 50762 1 0 154.6918
0.732 0.732
/ NON-1IEATED
SB1039
39 27 56 B0TH2 1 0 154.4621

3.017E-4

-1. —1.

3.645
-1. -1.

0.8788E-4
-1. -1.

0.8788E—4
-1. -1
0.8788BE-4
-1. -1.
0.8788L-4
-1. =-1.
0.8788E-4

-1. -1.

0.8788E—4
-1. -1.

0.8788E—-4
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156.1509

11

1565.5714
L7332

155.3624

0.11 0
/ NON-HEATED
SB1040
40 63 28 200 1 0
0.11 0
/ LOWER CORE (REACTOR VESSEL)
S5B1041
41 28 29 200 1 0
0.732 0
SB1042
42 29 55 200 1 0
0.732 0

/ MIDDLE CORE (REACTOR
SB1043

.732
VESSEL)

43 855 30 200 1 O 155.1487989
0.732 0.732
5B1044
44 30 31 200 1 0 164.9238
0.732 0.732
/ UPPER CORE (REACIOR VESSEL)
SB1043
45 31 312 200 1 0 154.6919
0.732 0.732
/ NON-HEATED
SB1046
46 32 bhe 200 1 ¢ 154.4605
0.11 0.11
/ CORE CROSS FLOW
oB31047
47 54 55 200 1 0 -0.01
0.1 0.0

/ CORE BYPASS (REACTOR VESSEL)

SB1048
18 53
/ UPPER
SB1049
49 56
SB1OGO
50 52
SB1051
81 37
/ UPPER
SBLO52

52 6C

¢ 154.7264778
3.88

0 154.33619

4.454

0 15b.2068
~8.994

0 1565.7456
0.66

VOLUME (PRESSURIZER)

56 1 1
J.88
PLENUM
48 1 1
4.454
317 1 1
4,677
53 1 1
6.1
33 1
3.43

/ INLET SURGE LINE
/ MIDDLE VOLUME (PRESSURIZER)

SB1063

53 33

34 1
3.43

1 3120 —-0.01

-3.43

1 3129 -0.01

—3.43

/ LOWER VOLUME (PRESSURIZER)

SB10564

54 34

35 1 1

3120 -0.01

0.8788E-4
-1. ~1.

0.8788E-4
-1. -1.
0.8788E-4
-1. -1.
0.8788F—-4
-1. -1.
0.8788L—4

-1. -1.

.8788LE—4
-1.

fon)

0.8788E-4
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3.43
/ OUTLET SURGE LINE
SB1055
55 3536 1 13
14.66
SB1056
56 86 57 1 13
14.66
SB1057
57 49 50 1 1
/ 2.El
1.E-9
/ SPRAY LINE (LOOP-B)
SB10658
56 50 60 1 1
44.9
/ SPRAY LINE (LOOP-A)
SB1059
59 59 60 1 1
44.9
/ ACC DUCT
SB1060
60 53 79 3 1
.El
/ 1.E-9
/Pl
SB1061
61 5963 3 1
1.E1
SB1062
62 63 71 1 1
1.E1
SB1063
63 63 72 1 1
.E1
/ ACC DUCT
SBLO64
64 5178 1 1
5.E1
/ 1.E-9
/ Pl
SB1065
65 51 62 1 1
1.E1
SB1066
66 6273 1 1
1.El
SB1067
67 62 74 1 1
1.E1
SB1068
68 57 58 3 1
1.E-9
/ 20.

/ PORV (PRESSURIZER)
SB1669
69 60 75 1 1

JAERI-M 90-172

-3.43
120 —-20.
—4.255b
120 —20.
—4.255
o -10.
0.
0.
0 —10.
18.8

0 -10.
18.8
0 -10.
0.
0.
0 -1.0
0.
0 -1.0
0.
0 -1.0
0.
0 -10
0.
0.
0 —1.0
0.
0 -1.0
0.
0 -1.0
0.

0 -10.
0.
0.
(LOOP-A)
0 -1.0

10.

10.

10.

-1 -1.
0.0616
_,1. —
0.0616 1
-1, 1
1.15 0.0337
2. 2.
2 2.
5.94E-3
4.1. _
5.94E-3 1
-1 -1
0.0388 1.
-1 id
-1 10
0.047 1.
-1 o |
0.047 1.
-1 -1.
0.047 I.
-1 -1
0.0388 1.
-1 10
-1 10
0.047 1
—-1. -1
0.047 1.
-1 -1.
0.047 1.
-1 -1
.15 0.0337
2. 2.
2. 2.
0.0184 1.

0.

0.

0.

0.

1.
1

0.0387

2.

2.

- G.
1.

-1

1.
10.
10.

1.
—1.

1.
—1.

1.
-1.

1.
10.
10.

1.
—i.

1.
-1.

1.
-1.
0.0337

2.

2.

Q.

0.

L=}

<

0
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0.1 0. -1. ~1. 13.
/ SAFETY VALVES {(PRESSURIZER)
SB1070
70 60 76 1 10 1.0 0.0184 1.
0.1 0.0 ~1. ~1. 53.3
SB1071
71 57 80 3 1 0 -1.0 0.047 1.
10. 0. 1. -1. —1.
/ UPPER HEAD
SB1072
79 48 77 1 1 0 -1.0 3.855 1.
3.658 3.658 1. -1.  —1.
/ SG. DOWNCOMER (LOOP-A)
SB1073
73 65 38 3 2 0 62.1502 1.0568 1
10.45  —10.45 “1.  -1. -1.
/ SG. RISER, LOWER REGION (LOOP-A)
SB1074
74 38 39 3 2 0 62.7072 6.4242 1
3.45 3.45 1. -1. -1.
/ §G. RISER, MIDDLE REGION (LOOP-A)
SB1075
75 39 40 3 2 0 62.585 6.4242 1
3.45 3,45 1. -1. 1.
/ SG. RISER, UPPER REGION (LOOP-A)
SB1076
76 40 41 3 2 0 62.5065 6.4242 1
3.45 3.45 1. -1.  -1.
/ SG. SEPERATOR INLET (LOOP-A)
SB1077
77 41 84 3 2 0 62.438 6.4242 1
0.1 0.1 -1, ~1. 100.0
/ SG. RECIRCULATION PASS (LOOP-A)
SB1078
78 64 65 3 2 0 62.1532714 0.7853 1
1. 0. 1. -1, 1.
/ 8§G. STEAM DOME (LOOP-A)
SB1079
78 64 47 3 2 0 62.1532714 8.7615 1
6.77 8.77 S S
/ STEAM LINE (LOOP-A)
SB1080
80 A7 66 3 2 0 62.063076 0.4560 1
126.7 -29.75 -1.  —~1. ~1.
/ STEAM HEADER (LOOP-A)
SB1081
81 66 70 3 2 0 62.043989 1.3705 1
5.151 0. 1. -1.  -1.
/ SG. DOWNCOMER (LOOP-B)
SB1082
82  B7 42 1 2 0 62.1502 1.0568 1
10.45  ~10.45 1. -1, -1,
/ SG. RISER, LOWER REGION (LOOP-B)
SB1083
83 42 43 i 2 0 62.7072 6.4242 1
2.45 3.45 1. -1. 1.

/ 8G. RISER, MIDDLE REGION (LOOP-B)
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SB1084
84 43 44 1 2 0 62.585 6.4242 1. 1. 0.0518
3.45 3.45 -1, -1, —=1. =1. 0.
/ 8G. RISER, UPPER REGION (LOOP-B)
SB1085
85 44 45 1 2 0 62.5065 6.4242 1. 1. 0.0518
3.45 3.45 -1. -1. ~-1. =-1i. 0.
/ SG. SEPERATOR INLET (LOOP-B)
SB1086
86 45 68 1 2 0 62.438 6.4242 1. 1. 0.0518
0.1 0.1 , ~1. -1. 100. -1. 0.
/ 8G. RECIRCULATION PASS (LOOP-B)
SB1087
87 68 67 12 0 62.1532714 0.7853 1. 1. 0.
1. 0. -1. -1. —1. -1. 0.
/ SG. STEAM DOME (LOOP-B)
SB1088
88 68 46 19 0 62.1532714 8.7615 1. 1. 1.16
6.717 6.77 -1. =1. —=1. =i. 0.
/ STEAM LINE (LOOP-B)
SB1089
89 46 69 1 2 0 62.063076 0.4560 1. 1. 0.
126.7 -29.175 -1. -t. -1, -1. 0.
/ STEAM HEADER (LOOP-B)
SB1090
90 69 70 1 2 0 62.043989 1.3705 1. 1. 0.661
5.151 0. -1. -1. -1. -1. 0.
/ ( FLOW AREA 3/4 TIMES AS PIUST7 )
/ 8G. MAIN FEEDWATER (B-LINE)
SB1091
91 67 84 I 2 0 62.10905127 0.92903 1. 1. 0.
10. 0. -1, -1. -1. -1. 0.
/ 8G. MAIN FEEDWATER (A-LINE)
SB1092
92 65 85 3 2 0 62.10905127 0.92903 1. 1. 0.
10. 0. -1.  -1. =1. -i. 0.
/
/ STEAM LINE SAFETY VALVE (LOOP-A)
SB1093
93 66 89 3 2 0 1. 0.0184 1. 1. 0.
0.1 0.0 —1. ~1. 74.45 74.45 0.
/ STEAM LINE RELIEF VALVES (LOOP-A)
SB1094
94 66 81 15 2 0 1. 0.0184 1. 1. 0.
0.1 0. -1. -1. 18.6 18.8 0.
/ STEAM LINE RELIEF VALVES (LOOP-B}
SB10¢95
95 69 83 5 2 0 -1. 0.0184 1. 1. 0.
0.1 0. ) -1. -1. 18.86 18.86 0.
/ STEAM LINE SAFETY VALVE (LOOP-B)
SB1096
96 69 B2 1 2 0 -1, 0.0184 1. 1. 0.
0.1 0. ~1. ~1. 74.45 74.45 0.
/ AUX FW
SB1097
97 67 88 1 2 0 -1. 0.1 1. 1. 0.
0.1 0 -1. -1. -1 -1 0
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S5B1098
98 65 87 3 2 0 —-1. 0.1 1.
0.1 0. -1. -1. -1. -1
SB1098
98 70 86 1 2 0 6£2.042319 1.3936 1. 1.
76.26 -6.1 ~-1. —-1. -1. -1. 0.

/

/ s2se JUNCTION DATA =+=xx=

BBl11

/ PRIMARY LOOP

/ JNO JTP INET IJU A.OR.V PRES HO BC
1 1 1 1 0 0. 0. c.0
2 1 1 3382 0 0. 0. 0.0
3 1 1 3382 ¢© 0. 0. 0.0
4 1 1 3382 0 0. G. 0.0
b 1 1 3382 0 0. 0. ¢.0
6 i 1 3382 O 0. 0. 0.0
T 1 1 3382 © 0. 0. 0.0
8 1 1 3382 0 0. 0. 0.0
g L 1 1 0 0. 0. 0.0
10 1 1 I 0 0. 0. .0
11 1 1 1 0 0. 0. 0.0
12 i 1 3 0 0. 0. 0.0
13 1 1 10146 O 0. 0. 0.0
14 1 1 10146 © 0. 0. g.0
3] 1 1 10146 O 0. 0. 0.0
16 1 1 10146 0O 0. 0. 0.0
17 1] 1 10146 O 0. 0. 0.0
18 1 1 10146 O 0. 0. 0.0
18 1 1 10146 0 0. 0. 0.0
20 1 1 3 0 0. 0. 0.0
21 1 1 3 0 0. 0. 0.0
22 1 1 1 0 0. 0. 0.0
23 1 1 50752 ©. 0. 0. 0.0
24 l 1 50782 0. 0. 0. 0.0
25 1 1 50752 0 0. 0. 0.0
26 1 1 580762 O 0. 0. 0.0
27 1 1 50752 0 0. 0. 6.0
28 1 1 200 0 0. 0. 0.0
28 1 1 200 © 0. 0. 0.0
30 1 i 200 0O 0. 0. 0.0
31 1 13 200 0 0. 0. 0.0
32 1 i 200 0 0. 0. 0.0
33 1 1 1 0 153.53 500. 5.EZ -
34 1 1 1 0 153.59 500. 5.E2
35 1 1 1 0 153.60 600. 5.E2
36 1 1 1 0 153.756 450, 5.E2
37 1 1 1 0 0. 0. 0.0
38 1 2 3 0 0. 0. 0.
39 1 2 3 0 0. 0. 0.
40 i 2 3 0 0. 0. 0.
41 1 2 3 0 0. 0. 0.
4% 1 2 1 0 0. 0. 0.
43 1 2 1 0 0. a. 0.
44 1 2 1 0 0. 0. 0.
45 1 2 1 0 0. 0. 0.
46 H 2 1 0 0. 0. 0.
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47 1 2 3 0. 0. G.
8 4 1 1 0.5 0. 0.
49 4 1 1 0.209 0. 0.
5¢ 4 1 1 .18 0. 0.
51 4 1 1 0.05 0. 0.
52 4 1 1 0.18 0. 0.
53 4 1 1 0.05 0. 0.
54 4 1 1 0.01 0. 0.
55 4 1 1 0.01 0. 0.
56 4 1 1 0.1 0. ¢.
57 4 1 3 0.209 0. 0.
58 4 1 4 0.18 0. 0.
5 4 1 3  0.18 0. 0,
/60 4 1 1 0.1 153.47519 310
60 4 1 1 0.1 153.5656525 500.
Bl 4 1 3 0.18 0. 0.
gz 4 1 1 0.0616 155.2285995 200.
B3 4 1 3  0.0616 155.2285995 200.
/ SEPARATER MIXING JUNCTION NO.70 AT SG SECONDARY-A
g4 4 2 3 14.7 0. 0.
65 4 2 3 0.323 0. 0.
66 4 2 3 0.1 0. 0.
67 4 2 1 0.323 0. 0.
/ SEPARATER MIXING JUNCTION NO.73 AT SG SECONDARY-B
68 4 2 1 14.7 0. 0.
B9 4 2 1 0.1 0. 0.
70 4 2 1 1.3 0. 0.
71 7 1 1 0. 158 100.
7207 1 1 0. 158. 100.
7307 1 1 0. 158, 100.
74 7 1 1 0. 158. 100,
75 7 1 1 0. 155 300,
7% 7T 1 1 0. 155. 300.
77 7 1 1 0. 153.8084291 300.
7% 5 1 I 158 250,
79 5 1 3 0. 158. 250.
g0 7 1 3 0. 0. 350.
g1 7 2 3 0. 0. 658,
82 1 2 1 0. 0. 658.
83 71 2 1 0. 0. B58.
84 7 2 1 0. 62.1322 0.
gs 71 2 3 0. 62.1322 0.
86 7 2 1 0. 61.997 0.
87 71 2 3 0. 0. 50,
gg 7 2 1 0. 0. 50.
g8g 7 2 3 0. 0. 658.
/
/ xes: MIXING JUNCTION DATA ==++
BB12
/ UPPER PLENUM (REACTOR VESSEL)
SB1201
/ JNO  IDCQ NOUT N1 N2 N3 N4
/ R1 R2 R3 R4
48 0 3
1 16 72
0.25 0.7B 0.
SB1202

JAERI-M 90172
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49

5B1203
50

S5B1204
51

SB1205
52

/ LOWER PLENUM (REACTCR VESSEL)

SB1206
53

SB1207
54

SB12038
85

SB1209
56

5B1210
57

SB1211
68

5B1212
59

5B1213
§0

/ DOWNCOMER TOP

SB1214
61

SB1216
62

0

3120

0

0

3

1

0

33

254.

JAERI-M 90-172
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1

SB1216 :
63 0 2
62 63
0. 0
SB1217
64 0 2
78 79
0.75 0.25
SB1218
65 0 3
73 92 98
1.0 -0.25 0.
SB1219
66 0 3
81 94 93
1.0 0. 0.0
SB1220
67 0 3
82 91 97
1.0 —0.26 0.
SB1221
68 0 2
87 88
0.75 0.25
SB1222
69 0 3
90 96 95
1.0 0.0 0.0
SB1223
70 0 1
99
1.0
/
/ see: HYDRAULIC SOURCE DATA xxs=
BB13
/ ———— LPCl
SB1301 :
/ NOPINJ 1J IFPT IHFLG IDC IDB  IDH
1 71 1 0 3115 0. 0
/) HPCI ————
SB130¢
2 72 1 0 3116 O 0
) CVCS BLEED ———
SB1303
3 80 1 0 0 0 0
/e HPCI ————
SB1304
4 73 1 0 3117 0 0
/e LPCclt -
SB13¢5
5 74 1 ¢ 3118 0 0
J FEEDWATER FLOW (INTACT) ———
5B1306
& 85 1 1 3108 0 0
/) ——— FEEDWATER FLOW (BROKEN) ———
SB1307 '
7 g4 1 i 3109 O 0
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655. —1

30.

30.

TORQR

.8307612E3

19.44

19.44

/ ————— TURBINE FLOW —————
SB1308

8 86 1 -1 3108 0 0 1
/ UPPER HEAD DEAD-END ———— =
SB1309

9 77 0 0 0 0 0 1
/o PORV ———
SB1310

10 75 2 0 3112 Y 0 1
/ SAFETY VALVE (PZR) ———
S5B1311

11 76 2 0 3112 0 ] 1
/ —————— 2NDRY RELIEF VALVE (V3) —
SB1312

12 81 2 0 3112 Q 0 3
[ = INDRY SAFETY VALVE (V4) ——
S5B1313

13 89 2 0 3112 0 0 3
/ ————— 2NDRY SAFETY VALVE (V6) —
SB1314

14 82 2 0 3112 0 0 1
f 9NDRY RELIEF VALVE (V5) ———
5813156

15 83 2 0 3112 0 0 i
[ AUX FW —
SB1316

16 87 1 0 3113 0 0 3
SB1317

17 88 1 ] 3114 0 0 1
/
/  eers PUMP DATA =x+x
BB14
5B1401
/SHAFT TRIP MODE IDC

1 1 o
/OMEGAR OMEGAO OMEGAS IM K1 K2 TAU

1190. 11%0. ©O©. 3455. 5. 1. 15.519 30350.
SB1402

2 1 0

1180. 1190. 0. 3455. 5. 1. 15.518 30350,
BI314
SB1501
/MACHINE SHFT NODES NODE TBL W HEADR DELH RHOR

1 1 1

12 1 5.58 84.

SB1502

2 2 1

27 1 5.58 84.

/
/  ++xx PUMP DATA TABLE »===
BB16
5B1601
/NPTB
1
/1P1 HEAD-FLOW (POSITIVE SPEED)
14
—1.00 3.55 —0.60 2.73 —0.32 2.20
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0.00 1.79 0.11 1.72 0.22 1.64
0.45 1.37 0.56 1.34 0.67 1.32
0.90 1.18 1.00  1.00
/1P2 HEAD-FLOW (NEGATIVE SPEED)
11
~1.00  0.00 0.00 -0.16 0.10 -0.12
0.28  0.00 0.40 0.09 0.60 0.31
0.80 0.50 0.88 0.54 1.00 0.59
/1P3 HEAD-SPEED (POSITIVE FLOW)
8
~1.00 0.00 0.00 -0.50 0.50 0.00
0.81 0.37 0.89 0.64 0.99  0.97
/1P4
/1P4 HIEAD-SPEED (NEGATIVE FLOW)
14
-1.00 3.55 -0.89 3.20 —0.74  2.80
—0.46  2.20 -0.20 1.73 0.00 1.40
0.43  0.74 0.50 0.68 0.58 0.64
¢.70  0.61 1.00  0.59
/1P5  TORQUE-FLOW (POSITIVE SPEED)
17
-1.00 2.98 ~0.82  2.40 ~0.60 1.87
-0.34  1.40 -0.20 1.21 -0.10 1.10
0.11  0.95 0.22 0.95 0.34 0.97
0.56  0.99 0.67 1.03 0.79 1.08
1.00  1.00
/1P6 TORQUE-FLOW (NEGATIVE SPEED)
8
-1.00 0.00 0.00 -1.00 0.25 —0.60
0.50 -0.25 0.60 -0.186 0.80 -0.01
/1P7 TORQUE-SPEED (POSITIVE FLOW)
8
~1.00 0.00 0.00 —0.60 0.50 0.00
0.8  0.54 0.89 0.76 0.99 0.99
/1P8 TORQUE-SPEED (NEGATIVE FLOW)
10 ’
~1.00 2.98 -0.91  2.80 ~0.80 2.60
~0.60 2.25 ~0.42  2.00 0.00 1.42
0.80 0.35 1.00  0.11
/IP9 HEAD DIFFERENCE-FLOW (POSITIVE SPEED)
12
-1.0 ~1.15 -0.9 -1.24 -0.6 -2.8
~0.4 -2.7 0.0 0.0 0.12 0.85
0.5 1.02 0.7 1.0 0.9 0.95
/1P10 HEAD DIFFERENCE-FLOW (NEGATIVE SPEED)
4
-1.0 0.0 0.0 0.0 0.5 0.8
/IP11 HEAD DIFFERENCE-SPEED (POSITIVE FLOW)
7
~1.0 0.0 0.0 0.0 0.1 —0.02
0.3 0.1 0.9 0.78 1.0 1.0
/1P1? HEAD DIFFERENCE-SPEED (NEGATIVE FLOW)
12
-1.0 -1.18 -0.8 -0.5 0.6 -0.2
-0.2 0.04 0.6 0.1 0.2 0.15
0.6 0.05 0.8 -0.5 0.9 0.9
/1P13
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.34
.19

.20
.10

0.74

.00

.60
.37
.64

.46
.00
.45
.90

.40
.00

0.74

.00

.70
.60

(o= I L |

W P

1.49

.30

.06
.42

0.18

[

p— D e

[ ]

.00

AT
.80
.62

.60
.01
.98
.06

.37
.11

.33
.00

.42
.61

w

4B

.03
.12
.46



0
/1P14
0
/1P15B
0
/1P1l6
0
/1P17
13
0.0
0.3
0.7
/IP18
11
0.0
0.4
0.8
/IP191
2 2

R N N N
[ e B o R - B R ]
0O Sy i Do O S Oy

~
e
(=)

SB1602
/NPTB

/1Pl
13
—1.00
-5.00
0.25
1.00
/1P2
15
—~1.00
-0.23
0.35
0.96
/1P3
11
—-1.00
0.00
0.80
/1P
12
-1.00
-0.50
0.30
/1Pb
13

HEAD MULTIPLIER

JAERI-M 90-172

0.

0.0 0.06 0.0 0.1
0.475 0.4 0.6258
0.87 0.8 0.84

TORQUE MULTIPLIER
.0 0.1 0.0
0.31 0.5 0.33
0.16 .9 0.08

1pi92 NPSHR

-1. 1.

0. 0.
0. 0.
6

0.2 0.4 0.6 0.8 1.0

0.0 0.0 0.0 0.0 0.0

0.0 3.0650E-5 7.7238E-5

0.0 4.8660E-5 1.2261E-4

0.0 6.3760E-5 1.6066E-4

0.0 7.7239E-8 1.9463E-4

0.0 8.9628E-5 2.2585E-4

2.50 -0.90 2.28

1.88 —0.42 L.60

1.38 0.35 1.35

1.00

-2.00 -0.68 -1.50

-0, 21 -0.13 -0.20

0.20 0.58 0.30

0.80 0.99 0.90

-2.00 ~-0.75 —1.94

~-1.02 0.10 -0.9¢C

0.40 0.85 .60

2.50 —0.90 2.28

1.68 ~{.42 1.60

1.10 0.50 1.00
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(%]

0.025 0.15 0.075
0.5 0.74 0
0.9 0.72 1
0.20 0.13 0
0.6 0.3 0.
1.0 0.0

0
1.3263E-4 1.8460E-4
2.1053E-4 3.0996E-4
2.7587E-4 4.0480E-4
3.3419E-4 4.9044-4
3.8780E—-4 5.6510E-4
-0.63 2.00 -0.
-0.18 1.40 0
0.65 1.20 0.
-0.45 -1.00 0.
0.00 0.00 0
0.70 0.40 0
1.00 1.00
-0.50 —1.80 -0.
0.37 -0.080 0.
1.00 1.00
-0.63 2.00 -0.
~0.15 1.40 0.
0.75 0.88 1.

g.2 0.18

0.82

0.08

0.24

7 0.23
2.6207E—4
4.1602E-4
5.4514E-4
6.6037E-4
7.6631E-4
55 1.74

.00 1.38
80 1.10

28 —0.40

.15 0.05
.86 0.60
12 -1.20

50 —0.2a

0o 1.74

00 1.30

00 1.00



~1.00 2.50 —0.80
—0.30 0.95 ~1.30
0.36 ¢.87 .50
1.00 1.00 '
F1P6
10
—-1.00 -2.00 -0.30
0.00 -0.92 0.30
0.75 0.25 1.00
IR
12
-1.00 -2.00 —~0.25
0.00 -1.00 0.13
0.50 0.198 0.56
/1P8
12
-1.00 2.50 -0.65
-0.13 1.50 0.00
0.33 1.10 .50
/1P9
12
-1.0 -1.15 -0.
0.4 -2.17 0
0.5 1.02
/IP10
4
-1.0 0.0
/1P11
7
-1.0 0.0 0
0.3 0.1
/1P12
12
-1.0 -1.156 —0.
-0.2 0.04 0
0.6 0.05 0
/TFP13
0
/1P14
0
/1P15
0
/IP16
0
/1P17
13
0.0 0.0 0.05 0.0
0.3 0.475 0.4
0.7 0.87 0.8
/1P18
11
0.0 0.0 0.1
0.4 0.31 0.5
0.8 0.16 0.9

/1P191 IP192
2 2
-1, 1.

o

oo

o
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2.00
0.80
0.93

-1.560
~0.60
0.57

~1.80
-0.80
0.20

2.15
1.44
1.00

0.1
.625

=

<

.33
.08

<

-0.60
0.00
0.60

-0.18
0.42

-0.12
0.30
G.50

—0.40
0.10
0.80

0.0256
0.5

[l =R -}
[e-J e p I 201
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1.45
0.80
g.85

-1.35
-0.40

—1.50
-0.60

OO D

o O o

0.80

1.79
1.40
0.80

=)

.18
.74
LT2

O L =

.85
.85

0.075

—

-0.46 1.18
0.23 0.80
0.80 0.96

-0.07 -1.00
0.50 -0.05

-0.08 -1.40
0.40 -0.40
1.00 1.00

(.30 1.61
0.22 1.20
1.00 0.57
-0.5 -—2.9

0.2 1.1
1.0 0
1.0 -1.46
0.2 0.0
~0.4 0.03
.4 0.12
1.0 —1.46
0.2 0.18
6 0.82
0 0.08
3 0.24
T 0.23

o o



JAERI-M 90-172

0. 0.
0.

<

4 0.6 0.8 1.0

0 0.0 0.0 0.0 0.0
_0650E-5 7.7239E-5 1.3263E-4
8B60F-5 1.2261E-4 2.1053E-4
_3760E-5 1.6066E-4 2.7587FE 4
7239E-5 1.9463L-4 3.3419E-4
9B28F-5 2.2585E-4 3.8780E-4

oo o o O @R
o s I Bio  JEN SN e e

Fa-Slloa e PRI ~S . B - Rt Bl e T o i
[ A VL

B e
[ N = I o i o I o e
oo 0D o OO

cxss ACCUMULATOR DATA s=es
BBL7
SB1701
/V J NPARA ISTC ENT(WATER) CROSS SEC VT
100 79 3 0 50 . 2.El 33.3 10.
SB1702
; V. J NPARA ENT(WATER) CROSS SEC VT
101 78 1 0 50. 2.F1 33.3 10.
/
/ s::: BREAK POINT DATA s»=x=
BB1S
; IBJ 1DCTB C2A CDA CEA C2E  CDE CEE
11 3110 0.8 0.6 0.6 0.8 0.6 0.6
/ KU(DIS) KU(SUC) KD(DIS) KD(SUC) TUK TLK
1. 1. 1. 1.

.9460E4
.0996E—-4
.0485E—-4
.9044E-4
.6910E-4

.6207E-4
.1602E—4
.4514FE-4
.6037E-4
.6631E-4

- O3 LA e B2

V(AIR) PRS PSET B

46. 60. 2.1E3

V(AIR) PRS PSET B
46. 60. 2.1LE3

/ =x::x SPECIFIC ENTHALPY OF INITIALLY STAGNANT DATA #xx=

BB19

/NODE HE
SB1901

68 15C.
S5B1902

o7 180.
SB1903

R 300.
SB1964

68 300,
SB190a

70 300.
SB31906

69 300.
SB31507

72 3860,
5B1908

60 250,
SB1809

6! 250.
S5B1910

62 2560.
SB1911

63 250,
SB1§12

64 250.
5B1913

65 250.
SB1914

66 250.
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SB1915

67 250,
SB1916

94 650,
SB1917

93 650.
SB1918

96  650.
SB1919

95  650.
SB1920

71 350.
SB1921

97 30.
SB1922

98 30.

/
/ ss:2: CORE DATA sx=s

BB20
SB2001
/ TROD
1
/ NROD NVB NVT NSB NST IGAP 1QMW
50752 33 39 1 7 1 1
SB2002
/ TROD
2
/ NROD NVB NVT NSB NST IGAP 1QMW
900 40 46 8 14 1} 1
BB21
/1DC1I  IREACZ 1DC2 IREAC3 IDC3 IREAC4 1DC4 IREACS 1DCS
3111 0 0 0 0 0 0 0 0 0
/ L
2.377E-5
/ RAMDA(J) — BETA(J)
0.0124 0.0212E-2 0.0305 0.1402E-2 0.111 0.1254E-2
0.301 0.2529E-2 1.13 0.0736E-2 3.00 0.0269E2
/ CR AMACRO FMACRO FLUX
0.6 0.1 0.04 5.E13
/xsx DENSITY REACTIVITY sx==
13
/ RHO/RHO(0) REACTIVITY
0. ~140.
0.2 -90.35
0.4 —42.26
0.6 ~20.12
0.7 ~13.16
0.8 ~7.734
0.9 ~3.448
0.95 ~1.63
1. 0.
i1 2.82
1.2 5.14
1.3 7.07
1.4 8.685

/exs FUEL TEMP — TEMP COEF sssx==x

2
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/ TMP REAC COEFFICIENT
50 . —0.0036
2980. —0.0036
/
/exx COOLANT TEMP — TEMP COEF sszzx=»
2
/ TMP REAC COEFFICIENT
50. 0.0
2280. 0.0
/
/
/  sszx M — W REACTION =»2»
BB22
SB2201
/ NN
2
/ TROD
1 2
/ HR K1 K2 LOUT
1.54103 0.775E-04 2.29K04 1.E-7
/
/  exssx FUEL GAP DATA ssx=
BB23
SB2301
/ NN
2
/ TROD
1 2
/ MOL PGC RGAP VPL VOPR
5.7F4 0.0 9. 48E-5 5.493E-6 0.0
/ VCD TPLC ENF ECL RAMDA
0.0 0.0 0.9 0.75 0.0
/ HE XE KR AIR N2
0.887 0.0355 0.0063 0.0 0.0712
/ H2 H20
0.0 0.0
/
/  asx: CLAD BURST DATA +=x=
BB24
SB2401
/ NN
2
/ 1ROD
12
/ NI MI
9 .2
/A C B D E
5.00E7 6.06E-08 2.87E4 2.86E-03 1.15E0
/ AD Al A2 A3 A4
| 528E0 1.49E-07 2.0E-08 1.25E-16 1.85E-01
/A B SBURST BLM PCORE
/ 8.0E09 3.3E-03 0.1 0.6 1.43E-2
/A B SBURST BLM
8.0E09 3.38-03 0.1 0.6

/
/ +s=2: HEAT SLAB DATA =s==
BB26
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/azerxxunsnsn AVERAGE CHANNEL E RS EREATAIERER R RS TEKE

SB2601
) SLBN! SLBN2 GEOMT KSLB NSLB NRGN RI RO TSINK COEF DE
1 7 2 1 50752 2 0. 4.75E-3 0. 0. 0.
; RGN1 IMAT NMESH IP WDTH
1 -1 7 0 4.0258-3
2 -2 4 0 6.400E4
/ COOLANT  COOLANT 1DCL IDCR CONDUCTOR HTRCV XLH  SGHFL
; NODE(IN) NODE(OUT) LENGTH '
0 33 0 0 0.1 0. 3.71
/ PWRD(0) PWRD(R)
0. 0.
0. 0.
0 34 0 0 0.732 0. 3.294
5.565E4 0.
0. 0.
0 35 0 0 0.732 0. 2.562
10.57E4 0.
0. 0.
0 36 0 0 0.732 0. 1.83
10.5784 0.
0. 0.
0 37 0 0 0.732 0. 1.098
10.57E4 0.
0. 0.
0 38 0 0 0.732 0. 0.466
5.565E4 0.
0. 0.
0 39 0 0 0.1 0 0.05
0. 0.
0. 0.

/
JrxrtrzeraErHRETEE HOT CHANNEL s E LT ELLETFEAETFE ARSI T LS R LT IE NS

SB2608
/ SLBN1 SLBN2 GEOMT KSLB NSLB NRGN R1 RO TEMP C
/ SLBN1 SLBN2 GEOMT KSLB NSLB NRGN RI RO TSINK COEF DE
8 14 2 1 200 2 0. 4,.75E-3 0. 0. 0.
/ RGNt IMAT NMESH IP WDTH
1 -1 7 0 4,025E-3
2 -2 4 0 6.400E-4
/ COOLANT COOLANT IDCL IDCR  CONDUCTOR HTRCV XLH SGHF
/ NODE(IN) NODE(OUT) LENGTH
0 40 0 0 0.1 0. 3.71
0. 0.
0. 0.
0 41 0 0 0.732 0. 3.294
7.23E4 0.
0. 0.
0 42 0 0 0.732 0. 2.562
13.75E4 0.
0. 0.
0 43 0 0 0.732 0. 1.83
13.75E4 0.
0. 0.
0 44 0 0 0.732 0. 1.098
13.75E4 0.
0. 0.
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0 45
0 46
/ 8G. TUBES
5B2616
15 20 2
1 1 8
4 83
G 84
6 85
1 89
8 84
9 83
/ 8G. TUBES
SB2619
21 26 2
1 1 3}
19 74
20 (i
21 76
22 76
23 (!
24 74
/
SB2620
217 0 2
1 2 4
31 45
SR2621
28 0 2
1 2 4
31 48
SB2622
29 0 2
1 2 4
2 3 8
0 31
SB2623

<
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3sz

1

0.732 0. 0.466
7.23E4
0.
0.1 0. 0.05
0.
0.
9.820E-3 1.112E-2 0.
1.30E-3
4.82 0. 9.58
0.
4.82 0. 4.76
0.
2.35 0. 1.175
0.
2.35 0. 1.178
0.
4.82 0. 4.76
0.
4,82 0. 9.58
0.
9.820E-3 1.112E-2 0.
1.30E-3
4.82 0. 9.58
0.
4.82 0. 4.76
0.
2.35 0. 1.175
0.
2.35 0. 1.175
0.
4.82 0. 4.76
0.
4.82 0. 9.58
a.
1.88 1.938 0.
0.0572
2.202 0. 0.94
0.
1.88 1.938 0.
0.0572
4,217 0. 2.135
0.
2.198 2.418 0.
0.00397
0.216
0.793 0. 0.3963
0.
0.
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.198
.00897
.216
.269

OO N

o

.0356

w
i
[y]

.198
.00397
.216
.793

far I Ta-a- Y S

.198
.00397
.216
.269

L R -

L)

.0366

1.88

3.0572
2.202

1.88
0.0572
4.27

30 0 9 0 1
1 2 4 0
2 3 5 0
0 31 0 0
SB2624
31 0 1 0 i
1 2 5 0
0 31 0 0
SB2629
32 0 2 0 50
1 1 4 0
0 51 0 0
SB2630
33 0 2 0 1
1 2 4 0
9 3 5 0
0 50 0 0
SB2631
34 0 2 0 1
1 2 4 0
2 3 5 0
0 50 0 0
SB2632
35 0 1 0 1
1 2 5 0
0 50 0 0
5132633
35 0 2 0 1
| 9 4 0
50 49 0 0
SB2634
37 0 2 0 i
1 2 4 0
50 48 0 0
/
/ wss: MATERIAL DATA ==+
BB27
SB2701
1
INCONEL
9
; TEMP (C) — DENSITY (NON DIMENSION)
20.0 1.0
1060.0 1.0
8

/ TEMP (C) — VOLUMETRIC HEAT CA

— 298 —

0.

.418 0.

.838 a.

2.135

PACITY (KCAL/K/M=23)

270.

270.

80.

90.

90.

90.

90.
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93.3 917.82

204.4 864.00

232.12 971.87

260.0 979.72

287.8 987.74

315.6 994.70

426.1 1028.34
537.8 1078.61
3

/ TEMP (C) — THERMAL CONDUCTIVITY (KCAL/S/K/M)
100.0 0.0041365

385.0 0.0045502

1000.0C 0.0074457
5B2702

2 .
STAINLESS STEEL ( 18CR 8NI )
2

20.0 7820.0 1000.0 7820.0

2

20.0 0.118 1000.0 0.118

G}

20 .0 3.5E-3 100.0 3.8L-3 200.0 4.0E-3 400.0 4.7E-3 600.0 5.5LE-3
/

SB2703
3
MN-MO-N1-STEEL
2
; TEMP (C) - DENSITY (NON DIMENSION)
20.0 1.0
1000.0 1.0
5
; TEMP (C) — VOLUMETRIC HEAT CAPACITY (KCAL/K/M==3)
75.0 2.999E2
225.0 3.071%2
275. 3.217152
395.0 3.31312
375. 3.458E2
4
, TEMP (C) — THERMAL CONDUCTIVITY (KCAL/S/K/M)
0. 0.0124
100. 0.0121%
200 . 0.0117
300. 0.01021
/
/ +x+ STEAM SEPARATOR DATA ==
BB28
/ J NMIX NFS  TAU
SB2801
64 75 78 1.
SB2802
68 88 87 1.
/
/ sst+ VALVE DATA =s=:
BB29
SB2901
/ VLVNO VLVTP VLVND
1 -2 B9 0 1. 1. / PORV (PZR)
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5132802

2 -2
SB2go3

3 -2
SB2504

4 -2
SB2505

5 -2
SB2906

] -2
SB2307

17 -1
SB29038

8 -2
S5B2509 ’

9 -1
5B2910

10 -2
SB2911
/11 2

11 —2
5B2912
/12 2

12 ~2
SB2913

13 2
5Bz2914

14 2
5B2916

15 2
SB2916

16 -2
SB2917

17 —2
SB2918

18 -2
SB2g19

19 -2
SB2920

20 -2
SBZ2921

21 —2
SB2922

22 -2

/

/  =x+s LOGICAL CONDITION DATA =xx=

BB30

/ IDSIG
SB3001

3001 1
SB3002

3002 -2
S5B3003

3003 2

70

94

93

95

96

60

63

64

66

68
68

o7
57

92

g1

99

59

58

62

67

71

98

97

X1

0

99

62

0

0

5.
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b.

IX2 1Yl 1Y2 SETPT

0.01

40.

159.81

SAFETY VALVE (PZR)
RELIEF VALVE -(LO()P—A)
SAFETY VALVE (LOOP-A)
RELIEF VALVE (LOOP-B)
SAFETY VALVE (LOOP-B)
ACC CHECK VALVE

HPC! CONTROL VALVE
ACC CHECK VALVE

HPCI CONTROL VALVE

FICTITIOUS VALVE
FICTITIOUS VALVE

FICTITIOUS VALVE
FICTITIOUS VALVE

FW VALVE

FW VALVE

MAIN STEAM VALVE
SPRAY CONTROL VALVE
SPRAY CONTROL VALVE
LPC] CONTROL VALVE
LPCI CONTROL VALVE
CVCS BLEED VALVE
AUX FW

AUX FW

TIME OF ACCIDENT OCCURRENCE
/ MS LINE PRESS LOW
/

/ PORV (PZR) OPEN : 2350 PSIA
/ PORV (PZR) OPEN : 2350 PSIA
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SB3004
3004 -2

SB3005
3005 2

SB3006
3006 —2

SB3007
apgor 2

5B3008

3008 —2

SB3009
3009 2

5B3010
3010 -2

SB3otLl
3011 2

5B3012
3012 -2

SB3013
3013 2

SB3014
3014 -2

5B3015
3015 -2

8133016
aple -2

SB3oL7
3017 -8

583018
gl -8

SB301g
3019 -8

SB3020
3020 -8

SB3021
3021 -9

SB3622
3022 4

52

52

a2

80

80

89

88

80

80

89

88

52

02

14

28

3017

3002

3018

3018
30135

3020

JAERI-M 90172

158.55

170.11

170.11

74.85

68.05

74.80

68.05

66.

64 .

66.

64.

123.8

10.

0.85E4

0.86L4

/ PORV (PZR) CLOSE :
/ PORV (PZR) CLOSE :

2330 PSIA
2330 PSIA

/ SAFETY VALVES (PZR) OPEN: 250
/ SAFETY VALVES (PZR) OPEN: 250

; SAFETY VALVE (PZR) CLOSE: 250
/ SAFETY VALVE (PZR) CLOSE: 250

ZNDRY
2NDRY

2NDRY
2NDRY

- ZNDRY

2NDRY

ZNDRY
2NDRY

SAFETY
SAFETY

SAFETY
SAFETY

SAFETY
SAFETY

SAFETY
SAFETY

VALVE
VALVE

VALVE
VALVE

VALVE
VALVE

VALVE
VALVE

{(A)
(A)

(A)
(A)

{B)
(B>

(B)
(B)

OPEN : 1
OPEN : 1
CLOSE: 1
CLOSE: 1
QPEN: 11
QPEN: 11
CLOSE 1
CLOSE: 1

SNDRY RELIEF VALVE OPENS.
9NDRY RELIEF VALVE OPENS.

9NDRY RELIEF VALVE CLOSES.
9NDRY RELIEF VALVE CLOSES.

sNDRY RELIEFVALVE OPENS.
oNDRY RELIEFVALVE OPENS.

9NDRY RELIEF VALVE CLOSES.
9NDRY RELIEF VALVE CLOSES.

PZR PRESS < 123.8 ATA

PZR PRESS < 10 ATA

COLD LEG G LOW

COLD LEG G LOW

/ 3017 OR 3018

3002 OR 30165
ECCS ACTUATION OR MSL ISCLATIO

/ REACTOR POWER >

/
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SB3oZ3

3023 -9 3021 0 3022 0 / 3002 OR 3015 OR 3017 OR 3018
0. / OR 3022 — (SCRAM CONDITION}

BB31

/=+++» CONTROL INPUT DATA

5B3101

T™MP -3101 49 1. /CORE OUTLET TMP

5133102

CONS -3102 0 1. /CONSTANT ( ONE )

SB3i1ca

TRTM 3103 418 1. /TIME AFTER SCRAM

5B3104

CONS 3104 0 Q. /CONSTANT (ZERO)

5133106

AAA -3105 1 1. /MCP1 SPEED

//

JITYPE IDC INCL INC2 INC3 INC4 GAIN CP1 CP2 CIC CMIN CMAX

//

/7 wser: MS FLOW RATE =exxs

i

SB3118

FGT 3107 0 3201 ¢ 0 1. 0. 0. 1. -1.E10 1.E10

7/

//  (SET ZERO IF 3020 IS SATISFIED.)

'y

SB31L7

I 3108 —-3104 3107 3020 0 1. 6. 0. 1. —1.E10 1.E10
/7

f/ sxxzx FW sexssx (DELAYED MS FLOW RATE)

Hf .

SB3118

LAG 3109 3108 0 0 0 1. p. 100. 1. —-1.E10 1.E10
7/

// xxsxx CONTAINMENT PRESSURE IN TBLOCA txxsx=zsxxx

7

SB3119

FGT 3110 0 3208 0 0 1. p. 0. 1. -1.E10 L.E10
I

// sxxz: SCRAM REACTIVITY zzzxzzssx

/7

SB3120

I'NG 3111 —-3103 3207 0 ¢ 1. 0. 0. 0. -1.E10 1.EL0
/i

i/ sess=  ATMOSPHERIC PRESSURE rxxss=z=a2s

/i

SB3121

FGT ar1z o0 3209 0 ¢ i. 0. 0. 1. -1.E10 1.E10
/I

Jf trxaxx AUX W R R T E L LR

SB3122

TIF 3113 -3102 —3104 416 O 1. 0. 0. 0. -1.E10 1.E10 /JAUX FW
SB3123

TIF 2114 —3102 —-3104 417 0 1. 6. 0. 0. -1.E1¢0 1.E10 /JAUX FW
7/

// sx2xzx  LIPPCI sEETEETEE

SB3124
TIF 3115 -3102 -3104 411 O 1. o. 0. 0. -1.E10 1.E10 /AUX I'W
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SB3125
TIF 3118 —3102 —3104 412 @ 1. 0. 0. 0. —-1.E10 1.E10 /
/Y
/) o exaxsx HPCI sxrrTRETE
S133126
TIF 3116 —3102 —3104 409 0 1. 6. 0. 0. -1.El10 1.ElO /
SB3127 .
TIF 3:17 —3102 —3104 410 0O 1. ¢. 0. 0. —-1.E10 1.Ei0 /
[
// wxsxs» PZR HEATER TRIDP =s»=x=
SR3128
IF 3119 -3104 -3102 3023 0 1. 6. 0. 1. -1.E10 1.E10 /
SB312e
LAaG 3120 3118 0 0 0 1. 0. 2. 1. ~-1.E10 1.E10 /
i/
B1R32
5133201
rxzzss MS FLOW RATE s==£x
/ {BEFORE [SOLATION OF MS LINE)
3201 3
/ TIME (SEC) RELATIVE FLOW RATE
0. 1.
1. 1.
10000, 1.
SRB3204
FEERE XS DUMMY Tr:raITE
3204 2
/ TIME (SEC) RELATIVE FLOW RATE
0. 1.
1.4 1.
58323205
sxrsezz  DUMMY  #=2xxss
32095 2
/ TIME (SEC) RELATIVE FLOW RATE
0. 1.
1.4 1.
/
SB3207
«s2:  SCRAM REACTIVITY =rexe=x
3207 10
/ TIME AFTER SCRAM SIGNAL 15 GENERATED REACTIVITY
0.0 0.0
0.05 0.0
.0 —0.24
9] -0.6
0 -2.05
.2 -4.11
4
7

[

~7.817

~8.15

0 —8 .42

B3 o ~§.42

SB3208

v+s: CONTAINMENT PRESSURE IN LBLOCA ==
3208 4 _

/ TIME(S)  PRESSURE(ATA)

0. 1.

7.5 2.7

— L3 D3 B DD
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16. 4,
10000, 4,
51332089
c2+» ATMOSPHERIC PRESSURE -
3209 2
/ TIME(S) PRESSURE(ATA)
0. 1.
1.E4 L.
BEND
END

E.2 Input Data for Resturt Job

/

/  =:++ PROGRAM CONTROL DATA =xs=x=

BBO1

/ LDMP NEDI NTC NTRP MTRP IOUT NPERT ICLAS LSEC IDPSTP DMPTM
pA 6 4 19 23 0 0 b 0 0 0.

/ NOCK
0

/ +::+ MINOR EDIT DATA ==+«

BEO2

PRA-44 GLE-44 GLA-13 GLE-31 GLE-50 GLE-64
/
/ sexs TIME STEP CONTROL DATA e=x=«
BBO3
5130301
/ El EZ E3
/0.2 0.2 100.

-2
/ NMIN NMAJ NDMP NCHK DTMAX DTMIN TLAST EPSMX
5B0302

180 100 100 O 1.0E-3 1.0E-6 0.5
530303

120 100 1060 O 4.0E-3 1.0E-86 20.0
S1$30304 :

60 80 50 ¢ 64.0E-3 1.0E-6 40.0
SB03056

80 100 50 0 6.0E-3 1.0E-6 1000.0
/
/ =::x TRIP CONTROL DATA s=x=

BB0 4

; IDTRP 1Z1 1Z2 ION IOFF 10CS DELAY

SB0401

101 2 10 3023 0 0 0. / RCP-1 TRIP

SB0402

402 2 2 0 3023 0 o ©. / RCP-1A TRIP

SR0403

403 4 1 0 3003 3004 ¢ 0. / PORV (PZR)

SB0404 ~

104 4 2 0 3005 3006 o 0. / SAFETY VALVES (PZR)
SB0405

105 4 4 0 3007 3008 0 0. / SAFEITY VALVE (LOOP-A)
SB0406 _
406 4 6 0 3009 3010 0 0. / SAFETY VALVE (LOOP-B)
SB0407
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407 4 3 0 3011 3012 0 0. / 8G 2NDRY RELIEF VALVE
SB0408

408 4 5 0 3013 3014 0 0. / SG 2NDRY RELIEF VALVE
SBu409 .

408 4 8 0 30165 ¢ 0 22.2 /HPCI VALVE OPENS.
SB0410

410 4 10 0 3016 0 0o 22.2 /HPCI VALVE OPENS.
SBO411

411 4 18 0 3016 0 0 0. /LPC] VALVE OPENS.
5B0412 '

112 4 19 0 3016 0 0 0. JLPCI VALVE OPENS.
SB0O413

413 4 13 0 3020 0 0 0.5 / FW VALVE CLOSES.
SB0414

414 4 14 0 3020 0 0 0.5 / FW VALVE CLOSES.
S130415

415 4 15 0 3020 0 0 0.5 / MS VALVE CLOSES.

SBO416
116 4 21 0 3020 0 0 37. /AUX FW VALVE OPENS.

SB0417
417 4 22 0 3620 0 0 37. JAUX FW VALVE OPENS.

SBe418

418 3 0 0 3023 0 0 0.1 / REACTOR SCRAM
SB0419

/419 7 11 ¢ 0 0 0 0.0 / COLD LEG BREAK
419 7 11 0 3001 0 0 6.0 / COLD LEG BREAK
BEND

END
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