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Abstract

A plant simulation code, MCSIM (Micro-Computer SIMulator), has been developed to simulate
plant transient accidents for pressurized water reactors. Reactor coolant system is modeled using
decoupled energy and momentum equations, drift flux two-phase low model and integral momentum
equation. A two-fluid pressurizer model is used to simulate the pressurizer dynamics. Pot Boiler
model is used for steam generator, steady-state decoupled energy and momentum equations for
secondary side system, and point kinetics equations for nuclear power calculation. For test of the

present version of MCSIM, complete loss of flow and RCCA withdrawal accidents are calculated
with MCSIM. The results are compared with those in FSAR of KNU 5 & 6.
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K =form loss factor

Nomenclature L —flow length, m

=flow crossectional area, m? . M=mass, kg

=total internal energy, kJ P =pressure, Pa

=friction factor Q —=heat transfer rate, kW
=enthalpy, kJ/kg i T =temperature, K
=specific enthalpy, kJ/kg V=volume, m
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W =water or steam flow rate, kg/s

a =shell side void fraction

B =effective fraction of delayed neutron
=density, kg/m

=reactivity

Subscripts

F =fuel

fd =feed water

I =impulse stage

i =inside control volume
M =moderator

!, v=liquid, vapor
g, f=gas, fluid

SL=steam line

1. Introduction

After the TMI accident, the necessity of
real-time simulators has been emphasized to train
operators and for helping operators diagnose or
mitigate accidents. For those simulators, a fast
running computer code with sufficient accuracy
is required. To meet this requirement codes, for
example (1] and (2], are under development.

The present work also contributes to the above
mentioned research field. A plant simulation
code named MCSIM (Micro-Computer SIMulator)
has been developed for pressurized water reactor
plants. The code can be used to analyze
transients. Fast running capability is considered
by use of decoupled energy and momentum
equations, integral momentum equation and large
control volumes. But, main effort has been made
to achieve sufficient accuracy of the code.

In the present work, palnt system models
adopted for MCSIM are described. Finally, some
application results of the code are discussed
comparing with results in FSAR for KNU

5&6.

2. Model Description

2.1. Nuclear Power Generation

Reactor kinetics is simulated by introducing
the point kinetics model with prompt jump
approximation[3). The point kinetics equations
can be derived from the continuous space-time-
energy dependent diffusion equations with inte-
gration concept. The general configurations of
these equations are given as,
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The time dependent reactivity term makes the
equations to be a nonlinear ordinary differential
equation set, and so, some numerical techniques
are needed to solve them. To avoid the numerical
instabilities due to the wide range of time
constants in these equations, the prompt jump
approximation is adopted. This can te accompli-
shed by only making the time derivative of
neutron power term equal to zero. This approxi-
mation removes the effect of very short time
constant, which may cause some numerical
instabilities. Using this approximation, the point

kinetics equations become,
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The major parameters which will affect the
reactivity changes are the moderator and fuel
temperature feedback effects and the control rod
motion. These quantities can be obtained through
the following equations;

o (& =an(Tu(® — Tuo), ®

pr(&)=ar(Tr(®) — Try) )
Then, the total reactivity insertion at any time
is given as,

p&)=pr (&) +om (@) +pex(t) o)



200 J. Korean Nuclear Society, Vol. 19, No. 8, September 1987

Because of the feedback reactivities coupled
implicitly with the neutron power, the reactor
power at each time step is determined by iterative
way.

Lumped parameter model(4] is used to evaluate
the fuel rod temperature changes with the
generated power and the moderator temperatures
are calculated by considering the moderator
region as a single node. The solutions of the
ordinary differential equation set, equation(3)
and (4,
Kutta fourth order formula. If we represent the
equation (3) and (4) as

%QL:fi(Ci(t), ), =1, 6 (8)
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are obtained by using the Runge-

The stability and convergence of Runge-Kutta
method (5] are well proved, and the truncation
error of the fourth order formula is known as
about 0(¢).
2.2. Reactor Coolant System
The following components are modeled as

PRESSURIZER

STEAM GENERATOR

1

UPPER
pewm || HOT LEG
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Fig. 1. Reactor Coolant System Control Volume
Noding Scheme

reactor coolant system and shown in Fig. 1;
reactor core, reactor vessel upper plenum, hot
leg, steam generator tube side, cold leg, reactor
vessel lower plenum, reactor coolant pump and
pressurizer. The momentum equation is decoupled

from the energy equation to get integral
momentum model [7].
Ldw fL
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Here, Dy and s mean the hydraulic diameter
and position vector, respectively. Pump head is
calculated using pump characteristic equations
{9]). The mass and energy balance equations

of the control volume i are:

dg{‘ =W — Wi+ W, an
dE;
~a¢ = (WH)i,—(WH)

+(WH")+Q: (€))
Equations (11) and (12) can be combined by
use of the average mixture enthalpy of control
volume 7, The resulting energy equation can
be simplified by assuming uniform loop flowrate.
For further development of the equation, the
linear enthalpy profile within control volumes
is assumed. In a saturated two-phase flow
condition, drift flux model is used to obtain a
relation between mixture enthalpy and mixing-
cup enthalpy H’ (6). The boundary conditions
are spray flow rate and enthalty, W,, and H,,
relief valve flow rate, W,, surge flow rate and
enthalpy, W,, and H,,, and heater power. The

mass and energy balance equations are for vapor

dgtlv == Wﬂ'— Wro— Wsc - Wru_ Wwf; (13)
d(Mk),
Cdt_> =Wey(hspy—hy) + Wik,
— (Wit Wk~ Wk,
dp
- Wmchu+ Vv dt ’ (14)

and for liquid;
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dgf’ =M+ W+ Wi
S+ Woe+ Wro— W, (15)
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The above 4 equations can be solved along
reactor coolant system with mass and energy
equations (11) and (12).
flow chart of reactor The computational flow

The computational

chart of reactor coolant system is shown in
Fig. 2. First, momentum and pump characteristic
equations are solved, then pressurizer and flow
path state equations are solved to get updated
properties within the control volumes of Fig. 1.
Boundary conditions are nuclear power and shell
side steam generator pressure.
2.3. Steam Generator Shell Side
Pot Boiler model {8] is used to simulate shell

Initial
Conditions

Boundary
Conditions: Pg, PR

Calculations of Qy, Pg

Momentum and
Pump State Egs.

Pressurizer and Flow
Path Component State Egs.

l Update Properties J

o

Fig. 2. Computational Flow Chart

New Time Step Size J

side dynamics of U-tube steam generator. The
control volume is the entire shell side. Assuming
complete mixing and thermal equilibrium, energy
and mass equations become;

d,
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Since reactor coolant system modeling includes
tube side dynamics, the above pot boiler model
is used to calculate steam generator pressure
and level at given conditions that is feedwater
flow rate and enthalpy.
2.4. Secondary Side
The major part of the secondary side modeling
is to obtain the thermohydraulic properties of
the main steam and main feedwater. The
properties can be calculated with boundary
conditions; the pressure and temperature of steam
generator and condenser. The model consists of
steam line, impluse chamber, high and low
pressure turbine, moisture separator and reheater,
low and high pressure preheater, main feedwater
pump, condensate pump and condenser. Two
control systems are considered in this model,
one is the steam generator water level control
system, the other is the feedwater pump speed
control system. Schematic diagram of the
secondary side of PWR plant is shown in Fig.
3. Steam line model simulates the dynamics of
the steam line in the secondary side. The line
are modeled with a single control volume, which
is total pipe volume from the main steam control
valves to the common header, with three inlet
and one outlet. The model is based on the

assumption that the steam is in saturated condi-
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Fig. 3. Schematic Diagram of Secohdary Side in MCSIM

tions_.in the control volume. Continuity equation
forjthe control volume can be given by;
dPs, _ XW,— W,

& ydp
dp

Flow rate from steam generators can be calculated

by;

i=1,2,3. 19)

Wi=K: v p;(Psc,i—Ps1) 20
Total steam flow leaving the steam line is divided
into three pathes, dump flow, bypass flow to the
turbines through the control valves and to the
high pressure feedwater preheater through the
MSR (Moisture Separator and Reheater). Flow
through the impluse chamber is assumed to be
sonic under all operating conditions. The flow

rate is given by;

CsX P
"TTUT, 1160 @y
The pressure at the exit of the impulse chamber
is given by;
P= g’ v T1+460 (22)

Turbine model consists of high and low
pressure turbine. The exit pressure of each
turbine is determined by using of above equation.
Turbine output power is easily obtained, because

the expansion process in each turbine stage is
assumed as isentrophic [10]. For the high and
low pressure preheater model, a counter flow in
tube and shell side is assumed. The flow in the
tube side is main feedwater and that in the
shell side is the steam expanded from each
turbine stage. Each preheater is simulated by
dividing into condensate and drain section.
Residual heat of the steam transfer to the feed
water in condensate section and heat transfer
in the drain section is completed by temperature
difference between condensate water and feed-
water. The exit temperature and exchanged
heat in the preheater can be calculated with
the two equations which are derived from energy
The heat
transfer rate of the MSR is assumed to be

balance equation of each section.
proportional to the generator power. The feed-

water flow rate to the steam generators can be

obtained by using momentum equation.

3. Results of Application

To test the capability of MCSIM code developed
up to now, two relatiirely short transients,
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namely complete loss of flow from 102% power
operation and uncontrolled RCCA (Rod Control
Cluster Assembly) withdrawal from full power
operation were analyzed by MCSIM for KNU
5 & 6. Herein, some conservative boundary and
initial conditions used in FSAR analyses were
considered by input preparation for MCSIM.
3.1. Complete Loss of Flow (CLOF) from
102% Power Operation
This accident is analyzed to verify the RCS

KNU 586
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Fig. 4. :Complete;Loss of Flow from 102% Power
(MCSIM:z-o-, FSAR —)
KNU 5&6
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Fig. 5. Complete Loss of Flow from 102% Power
(MCSIM: -o-, FSAR —)
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(Reactor Coolant System) model in MCSIM.
Because reactor control and protection system
has not been modeled in present MCSIM,
reactivity change corresponding to the nuclear
power change in FSAR was given as boundary
condition. The change of average channel heat
flux and pressurizer pressure calculated with
MCSIM is compared with result of FSAR in
Fig. 4 and Fig. 5,
occures at () sec., and the reactor trip follows

respectively. Pump trip

2.5 sec. after it. A satisfactory agreement can
be observed between result of MCSIM and
FSAR.
3.2. Uncontrolled RCCA Withdrawal from
Full Power Operation

To test the reactor core model in MCSIM,
this accident was chosen. The model can describe
the influence of reactivity change on thermohy-
draulic properties of RCS. The same variables
as in the analysis of complete loss of flow are
compared with FSAR
Fig. 7. The variation of these two variables

result in Fig. 6 and

throughout entire computation time has similar
trend with that in FSAR.
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Fig. 6. Uncontrolled RCCA Withdrawal from
Full Power Condition
(MCSIM: -o-, FSAR: —)
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Fig. 7. Uncontrolled RCCA Withdrawal from
Full Power Condition
(MCSIM: -o-, FSAR: —)

4. Conclusion

For transient analyses of a PWR power plant,
MCSIM code with NSSS model and BOP model
has been developed. The application results of
the present version of MCSIM for KNU 5 & 6
show reasonable agreement with those in FSAR.
Thereby, MCSIM has demonstrated it’s capability
to simulate plant transients. Verifications and
improvements of the each model in MCSIM will
be continued by KAERI.
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