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An accurate analysis of the flow transient is very important in safety evaluation of a nuclear
power plant. In this study, analysis of a WWER-1000 reactor is investigated. In order to per-
form this analysis, a model is developed to simulate the coupled kinetics and thermal-hydrau-
lics of the reactor with a simple and accurate numerical algorithm. For thermal-hydraulic cal-
culations, the four-equation drift-flux model is applied. Based on a multi-channel approach,
core is divided into some regions. Each region has different characteristics as represented in a
single fuel pin with its associated coolant channel. To obtain the core power distribution,
point kinetic equations with different feedback effects are utilized. The appropriate initial and
boundary conditions are considered and two situations of decreasing the coolant flow rate in
a protected and unprotected core are analyzed. In addition to analysis of normal operation
condition, a full range of thermal-hydraulic parameters is obtained for transients too. Finally,
the data obtained from the model are compared with the calculations conducted using
RELAP5/MOD3 code and Bushehr nuclear power plant data. It is shown that the model can

provide accurate predictions for both steady-state and transient conditions.
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INTRODUCTION

Recent researches in area of the nuclear power
plants safety have signified the necessity of predicting
the plant behavior during normal and transient condi-
tions. In this respect, design basis accidents are one of
the most important transients in the nuclear reactor
safety. Instantaneous jamming of one primary coolant
pump set shaft, which would result in rapid coolant
flow decrease through the reactor core, is one of these
accidents. For such events, the most unfavourable mo-
ment is the time when the accident starts, because in
this case, simultaneous loss of coolant flow rate takes
place in other loops of the reactor. It is expected that
during this accident, the reactor protection systems
mitigate the consequences. However, if this system
does not work properly, the accident would cause un-
favourable conditions in terms of core cooling.

Almost no analysis regarding uncontrolled loss
of flow accident of a WWER-1000 reactor is reported
in the available literature, while controlled loss of flow
transient is addressed by some researches using ther-
mal-hydraulic codes. In this respect, Grudev and Pav-
lova [1] performed the loss of flow transient at partial
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power conditions caused by the trip of one main cool-
ant pump by a RELAP5/MOD3.2 model.
Additionally, a loss of flow transient analysis was de-
scribed for Kozloduy WWER-1000 nuclear power
plant by ASTRA plant analyzer, while the attention
was focused on the primary side behavior [2]. More-
over, Noori-Kalkhoran ef al. [3], investigated the ef-
fects of decrease of coolant flow rate in a
WWER-1000 core by coupling PARCS/COBRA-EN
codes.

Different computational methods and models
can be used to evaluate response of the systems in dif-
ferent situations. Nevertheless, finding the most ap-
propriate technique for a special issue is a vital task.
Totally, there are two main aspects in analyzing a tran-
sient: thermal-hydraulic and kinetics. Based on the
thermal-hydraulic aspect, although there is no net void
at the outlet of a PWR (here a WWER-1000 reactor)
under normal operating conditions, boiling can occur
throughout most of the core during some transients.
The drift-flux model, which is developed by Zuber and
Findlay [4], can be considered as one of the most com-
monly applied models for prediction of the two-phase
flows [5]. This model is an approximate formulation in
comparison with the more rigorous two-fluid formula-
tion. Therefore, one can greatly reduce the difficulties,
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commonly encountered when employing a two-fluid
model, such as mathematical complication and numer-
ical instability caused by interfacial interaction terms
[6]. However, because of its simplicity and applicabil-
ity to a wide range of two-phase flow problems of
practical interest, the drift-flux model is of consider-
able importance in two-phase flow studies [7].

Reactor kinetics, as another important aspect, can be
analyzed by different models. This model provides the
power behavior of the core during analyses. In fact, reactor
protection system is responsible for controlling the sys-
tem. Ifall the external control mechanisms of a reactor fail
to respond to transients, the reactor behavior is determined
solely by the reactivity feedbacks of the reactor. Therefore,
our objective in this article is simulating the behavior of a
WWER-1000 nuclear reactor during both protected and
unprotected loss of flow transients. To take into account
both of these situations, neutronic behavior of the reactor
is calculated by using the point kinetics model.

Finally, in order to validate the obtained results,
RELAPS and final safety assessment report (FSAR)
data of the Bushehr nuclear power plant (NPP), are
used. Itis shown that the system parameters such as re-
actor power, fuel and coolant temperatures, pressure
and void fraction distribution can be accurately deter-
mined for this accident.

COMPUTATIONAL MODEL
Thermal-hydraulic model

Formulation of the flow field equations is based on
a four-equation drift-flux model, in this paper. The most
important assumption associated with the drift-flux
model is that the dynamics of two phases can be ex-
pressed by the mixture-momentum equation with a kine-
matic constitutive equation specifying the relative mo-
tion between phases [8]. The one-dimensional unsteady
forms of the balance equations are [9]
— mixture continuity equation

apm + G(Vmpm)zo (l)
ot 0z
— gas continuity equation
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It should be mentioned that the physical values
and parameters present in these relations are explained
in the nomenclature section.

Constitutive models and materials

The equations listed in the previous section are
not complemented without applying the appropriate
constitutive equations. On the other hand, two most
important parameters used in the area-averaged veloc-
ity in the mass continuity of the gas phase in drift-flux
model are C, the distribution parameter and V;, the
drift velocity, which represent the effects of void dis-
tribution, and the relative velocity between the phases,
respectively. To obtain these parameters values, a
throughout survey of the literature is performed and
the most appropriate data are established in the present
study [8, 10, 11]. The area-averaged velocity can be
computed from [9]

Vg =((ve ) =) =({va))+ Co=D)) )

Different heat-transfer and flow conditions are
comprised in the presented model based on the consid-
ered situation. Heat transfer coefficient is applied to
relate the heat transferred to fluid and the heat pro-
duced in the heat structure. Furthermore, flow resis-
tance factor is applied to the momentum balance equa-
tion to estimate the friction pressure drop in a fluid
flowing through a channel. Accordingly, the main cor-
responding correlations for both flow resistance factor
and convection heat transfer coefficient are listed in
tab. 1 for different flow regimes.

Finally, the vapour generation rate per unit vol-
ume is calculated [16]

ot 0z oz
’ v v q"A w hl _hcr
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Table 1. Flow regimes, heat transfer and flow resistance factor correlations
Regime Heat transfer Regime Flow resistance
Darcy factor Re <2100 [15]
Single phase Dittus-Boelter [12] Single phase Blasius 2100 < Re <30000 [15]
McAdams Re > 30000 [15]
Nucleate boiling Chen correlation [13] Two phase EPRI correlation [14]

Critical heat flux EPRI correlation [14]
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where the quantity of &, as the pumping factor, is de-
fined b
mea by P1 (g =)

= (7)
pg (hg,sat _hl,sat )

In the above model, the enthalpy corresponding
to the bubble departure point, which is denoted as the
critical enthalpy, is estimated from

StC
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It should be mentioned here that the thermo-physi-
cal properties of water and steam are calculated using the
correlations from the international standard IAPWS-
-IF97 [17], while the properties of the heated structures
materials (density, thermal conductivity and specific
heat) are taken from temperature dependent correlations
of MATPRO-11 [18].

Kinetic and decay heat model

Power generation in the reactor core consists of
two parts: (1) the prompt power from fission (kinetic
energy of fission fragments), (2) decay heat from
short-lived and long-lived fission products. The time
dependent behavior of the prompt power generation is
calculated from a point-kinetics model with six groups
of delayed neutrons

dg(t) _R(t)-P
dt A

dCi(t)_&
a A

The appropriate initial conditions for egs. (9)
and (10) are

gt=0=gy Lg,-cu-0

The reactivity R(f), consists of the external reac-
tivity R, describing the control rod motion, and the
feedback reactivity Rpp describing the dependency of
power on the fuel temperature, coolant temperature
and coolant density

a(t)+ iiici(t) ©)

q(t)-2,C;(t) i=123,...,6 (10)

R(t)=R.(1)+R fuel(t)+Rc00]am(t)+Rdensity(t) (12)

The external reactivity describes the reactivity
effects of the control rods while the reactivity feed-
back contributions are calculated by the following
functions

R et () =1 et [Tt () =T et e ] (13)
Rcoolant (t) =M coolant [Tcoolam (t)_fref,coolant] (14)

Rdensity (t) = 77density [ﬁcoolam (t ) _ﬁref,coolant] (15)

where T'is the temperature and n — the reactivity coef-
ficient. All the average values are calculated applying
a volumetric averaging procedure. For unprotected
core situation, the term Ry in eq. (12) is omitted and
only feedback effects play the role of controlling the
reactor. Total produced power in the core is sum of the
decay heat power and power obtained from the point
kinetics equations. Decay heat is calculated based on
the American National Standard for decay heat power
in light water reactors, ANSI/ANS-5.1-1979.

Fuel heat transfer model

While balances equations describe thermal-hy-
draulic characteristics of the fluid flow, thermal be-
havior of the fuel rod is evaluated by one-dimensional
heat conduction equation. Heat balance equation in
cylindrical coordinate in unsteady form is written as

[19]
10 or or
P rki —+ ": C —_— 16

r@r( 6;’) = 7 ot (16)

where, the thermal source density, ¢?, depends on both
position and time. The heat transfer model, which im-
plies a wall-heating model and a heat transfer model
from a heated wall to the fluid's bulk, computes the
temperature distribution in the fuel at each axial seg-
ment. At the clad-coolant interface, the convection
boundary condition is applied. Heat transfer between
coolant and clad may take place by natural or forced
convection, nucleate, transition or fully developed
boiling, depending on the flow regime. The heat trans-
fer coefficient is evaluated explicitly while the wall
and fluid temperature are treated implicitly. Equation
(17) represents this relation
q,\,)vall =ht" (Twa]l _Tcoo]am )}Hl (17)
It should be noted that here the fuel rods are in
the forms of cylinders. The central holes in them,
which are typical of a WWER-1000 reactor, are con-
sidered in this analysis. Therefore, the zero heat flow
out of the inner surface of a fuel rod is used as another
boundary condition in the fuel heat transfer model [19]

oT
— =0 18

ar 7=Tinner ( )
where r is the radius of the rod and 7, 1s the radius of
the fuel rod hole.

NUMERICAL SOLUTION METHOD

The basic governing equations as well as consti-
tutive relations construct our basic mathematical
model. For coolant, based on the finite difference
scheme, implicit approaches are employed to assure the
numerical stability and computational efficiency. Using
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Figure 1. Nodalization scheme in the numerical modelling

astaggered arrangement of the variables based on fig. 1,
balances equations of mass and energy are integrated
over the mesh cells faces (fromj — 1 to j) while momen-
tum equation is integrated between the centres of the
mesh cells (from D to U). The state variables of pres-
sure, temperature and void fraction are cell-centred
while the flow variable is defined on junctions. Implicit
Euler method is applied for the temporal derivative
discretization (n + 1 for new time and n for old time). On
the cell faces, subscripts for the cell-centred quantities
are U and D, while on the cell faces j increments are
used (e.g.j, j+ 1, ...). With these backgrounds, the dif-
ference equations are obtained as follows

— mixture continuity equation
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Additionally, to obtain the difference equation
for heat conduction equation, the structures are di-
vided into an arbitrary number of mesh cells. The tem-
peratures are located at the edges of the mesh cells
while the material properties are evaluated in the cen-
tres of the cells (fig. 2).

Finite difference approximation of the heat con-
duction equation is obtained by integrating eq. (16)
between centres of two adjacent mesh cells, i. e. from
7,1 to7; 5. Since an implicit scheme is chosen for
temporal discretization of eq. (16), the difference
equation for the interior points in the fuel rod becomes

2
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For numerical solution of the ordinary differen-
tial equations of the point kinetics model, a fourth-or-
der Runge-Kutta method is used since these equations
are in the form of ordinary stiff differential equations.
Because of the stiffness associated with these equa-
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Figure 2. Fuel rod nodalization scheme in numerical
modelling
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tions, it is necessary to choose a numerical method
with the capability to take into account this character-
istic. Runge-Kutta method, applied in this paper, has
fourth-order accuracy, which is higher than conven-
tional first-order methods. However, this method does
not have the complicity associated with higher order
methods. Therefore, it is appropriate to be apply it in
the presented model. Additionally, when trying to ap-
proximate the solution of a stiff differential equation,
the step size considered in the discretization process
should be small enough to prevent unstable solutions.
In this study, time step size is chosen in such a way that
an accurate solution can be attained. The maximum
time step for the reactor kinetics advancement is one
percent of the hydrodynamic time step. If this time step
does not result to a stable solution, it is reduced until a
stable solution is attained. This procedure is repeated
in each time step.

The set of presented discretized coupled equa-
tions should be solved numerically. In fig. 3, a simple
scheme of the calculation flow chart is shown. Flow
chart has three main parts. In the fluid solution part,
coolant parameters will be calculated using heat trans-
fer rate from clad to coolant as input from fuel rod cal-
culations. In the second and the third parts, fuel rod pa-
rameters and total power are calculated from heat
conduction and point kinetics equations, respectively.
Although, the main calculation procedure is not as
simple as this scheme and each part itself includes
some sub-sections. In fig. 4, a more elaborate scheme
is shown for calculations.

Unknown main parameters of the pressure, tem-
perature and void fraction distributions, are estimated.
Meanwhile, each parameter is converged in a separate
iteration loop. Furthermore, during each loop just a
specific parameter is updated while all other main pa-
rameters are kept without change. This scheme contin-
ues for all the axial intervals. After acquiring the val-
ues of all the parameters, the calculations starts in the
next time step using old values as initial values. Calcu-
lations stop when the transient ending time is reached.
To make certain the calculations consistency, initial
guesses of parameters in each time step is obtained
from the previous time step values. This scheme
makes iterations proceed fast and accurate.

Coolant parameters  Fuel rod parameters Power
¢ i {
Fluid flow Heat
equations for %o aandustion | 7@ | Point kinatics w
coolant equation for equalions
fuel rod

Hmn\am ‘LHﬁ|B|
4

Figure 3. Relation between three different main
solution parts
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Figure 4. Flow chart of the solution

Fuel rod heat conduction equation is solved with
a Gauss elimination method to obtain the temperature
distribution of the fuel rod. The last part of the calcula-
tions is devoted to kinetics equations, which calculates
the total core power. This power is then distributed be-
tween core fuel rods based on the power distribution
factors.

Finally, in order to estimate the inlet flow distri-
bution to each channel, it is assumed that the total flow
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Figure 5. Coolant flow distribution in plenum
Aq-A4 — channel areas, A; — inlet flow area

is first entered to lower plenum and then, it flows
throughout the channels (fig. 5). Therefore, the flow
through each channel is estimated using an iterative
scheme, searching for the flow values that result in a
unique pressure drop for all the channels inlets. How-
ever, because the cross-sectional area of the inlet flow,
plenum and the channels are different, the dynamic
head loss for abrupt flow area change is considered
too. Since no heat is produced in the plenum, only con-
tinuity and momentum conservation equations are
solved for the plenum model.

Initial and boundary conditions for fluid equa-
tions are inlet pressure, temperature, and total coolant
mass flow rate. For kinetics equations external reactiv-
ity, as a function of time and initial reactor power,
should be known.

RESULTS AND DISCUSSION
WWER-1000 reactor

WWER-1000 reactor is a vessel Russian-type
pressurized water reactor with a four-loop primary
system. Some of the main specifications of a
WWER-1000 reactor (hear, Bushehr NPP) which are
used in this article are presented in tab. 2. The fuel as-
semblies in the core are divided into three groups
based on the power distribution. Radial power peaking
factor for each fuel assembly, radial power peaking
factor of fuel rods in each assembly and three constant
sub-factors (axial power peaking factor, engineering
safety factor and uncertainty coefficient) are assessed
to estimate the power distribution in each group.
Moreover, the individual corresponding channels of
the fuel assemblies are lumped together to give an
equivalent flow channel. Specifically, in order to per-
form the calculations in the present study, the core is
divided into four parallel channels (three heated chan-
nels and an unheated bypass channel).

Channels are axially divided into 10 equal inter-
vals while the fuel rods are divided into thirteen radial
intervals with four intervals in clad and gap, and others
in the fuel.

Table 2. Reactor specifications [20]

Reactor core operating conditions Value
System pressure [MPa] 16.0
Reactor thermal power [MWt] 3120
Inlet coolant flow rate [m3 h’l] 80000.0
Coolant temperature at the core inlet [K] 293
Maximum linear heat flux [Wem™] 448
Fuel
Hole diameter in the fuel pellet [mm] 15
Fuel pellet outside diameter [mm] 7.57
Cladding outside diameter [mm] 9.1
Fuel pellet material UO,
Cladding material Zr-1% Nb alloy
Length of fuel rod [mm] 3530.0
Engineering safety factor 1.16
Uncertainty coefficient 1.04
Maximum radial peaking factor of hot rod 1.6
Fuel assembly flow area [mm?] 25400.0
Fuel assembly wetted perimeter [mm] 9681.12
Fuel assembly heated perimeter [mm] 8919.0
Effective delay neutron fraction 0.007
Generation time [s™'] 0.00002
[F()lxceJlﬁemperature coefficient of reactivity ~0.000018
g;(ég\?ittyt?(r’r(l:p?]ramre coefficient of 0.0001

Verification of the model

Since the full-scale experiments in area of the nu-
clear power plants safety are usually unpractical, results
of'the proposed model are assessed throughout compar-
ing with the results from Bushehr NPP FSAR and the
RELAPS5/mod3 code. Analysis of the Bushehr NPP un-
der condition of jamming of one reactor coolant pump
is performed using code DINAMIKA-97, which is a
Russian analysis code. Code DINAMIKA-97 is in-
tended for analyzing the reactor plant conditions in-
cluding normal operating conditions and anticipated
operational occurrences [20]. On the other hand, The
RELAPS5/MOD3, which is a well-known system analy-
sis code, uses non-equilibrium, two-fluid partially im-
plicit general model for thermal-hydraulic analysis. The
RELAPS5/MOD3 code is developed for best-estimate
transient simulation of the nuclear reactor systems dur-
ing postulated accidents. More details of physical mod-
elsin RELAP5/MOD3 can be found in the code manual
reference book [21].

Steady-state results
Basic parameters of the system under steady-state

conditions are summarized in tab. 3. From this table, it is
obvious that the calculated values obtained by the model
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agree well with the normal operation values reported in
FSAR and those obtained by RELAPS5/mod3 code.
Steady-state results determine the initial conditions for
transient calculations.

Transient calculations

Transient considered in this paper is instanta-
neous jamming of shaft of coolant pump, which would
result to rapid coolant flow decrease through the reac-
tor core. Two situations of loss of flow in protected and
unprotected cores are considered. For protected loss of
flow (with scram enabled), it is assumed that the reac-
tor scram will occur within 1.9 s from the moment of
transient initiation. With considering constant motion
velocity of the control rods, their reactivity change
versus time is assigned as the external reactivity to the
kinetics equations. To perform the analyses, some ini-
tial and boundary conditions are extracted from FSAR
data (tab. 2). Based on the flow coast down character-
istics of the Bushehr NPP primary pumps, the coolant
flow rate decays exponentially with time based on the
data depicted in fig. 6, for both cases of transients. In
addition, inlet core temperature and outlet pressure as
other boundary conditions change during transient.
These conditions are assigned as input to the problem
(fig. 7).

With solving point kinetics equations, total
power history of the core is obtained and depicted in
fig. 8. It is evident from the figure that reactor power
decreases rapidly with time after the control rods enter
the core. Before this time, power essentially depends
on the neutronic and thermal-hydraulic feedbacks. Af-
ter scram, the power is determined totally based on the
decay heat values. The results are in good agreement
with results obtained from point kinetics model of the
RELAPS code and FSAR data.

With this power trend, figs. 9-11 show the core
outlet temperature of the coolant as well as maximum
fuel and clad outer surface temperatures. The tempera-
tures start increasing from initiation of the transient
and before scram occurs, because of loosing of core
mass flow rate. However, after scram initiation these
temperatures decrease due to a sudden decrease in re-
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Figure 6. Relative core inlet mass flow rate
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Figure 7. Relative reactor inlet temperature and outlet
pressure

actor power and higher speed of decreasing power in
comparison to the coolant flow rate.

The inlet coolant mass flow rate to channels ob-
tained from RELAPS5 code and the flow division
model of this study are compared in fig. 12.

In addition to aforementioned transient, a more
severe condition of loss of flow transient without core
protection is studied in this paper. For this transient, it
is assumed that only feedbacks contribute to the solu-
tion. Reactivity introduced by feedback decreases
power to some extent; however, this is not as effective
as rod scram, in controlling the reactor. Other bound-
ary and initial conditions are assumed same as before

Table 3. Calculated thermal-hydraulic parameters for the typical WWER-1000 reactor

Parameter Obtained results RELAPS results FSAR results [20]
Fuel inner surface maximum temperature [K] 2161.0 2120.0 2113.15
Clad outer surface maximum temperature [K] 623.9 623.7 <625.15
Mean coolant temperature at core exit [K] 597.9 598.2 598.15
Coolant maximum temperature at hot fuel channel [K] 610.0 609.0 n. a.
Channel 1 inlet velocity [ms™] 5.120 5.07 n. a.
Channel 2 inlet velocity [ms™] 5.133 5.10 n. a.
Channel 3 inlet velocity [ms’l] 5.151 5.13 n. a.
Mean coolant density at hot fuel assembly outlet 629.3 633.1 n. a.
Mean coolant density at core exit [kgm’B] 666.4 665.1 664.0
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Figure 10. Maximum fuel temperature for transient
with scram

in this condition. Total power change of the reactor is
shown in fig. 13. Results for maximum coolant, fuel
and clad temperatures, are depicted in figs. 14-16.
Coolant and clad outside temperatures start increasing
with decreasing of the coolant flow rate in this condi-
tion, while the fuel maximum temperature decreases
since the rate of flow change is larger than the power
decrease.
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Figure 12. Inlet mass flow rate distribution in each channel

Moreover, it is possible for the coolant to be-
come two-phase during this transient. Since the pro-
posed model is capable of simulating a two-phase flow
by taking advantage of drift-flux model, the void frac-
tion is obtained. The results for the maximum value of
the void fraction are shown in fig. 17. A good agree-
ment between the results ascertains the ability of the
presented two-phase simulation.

In order to show the compatibility between fuel
and coolant parameters, void fraction distribution along
the channels is shown in fig. 18 for time of 20s during
this transient and the results are compared with the re-
sults obtained from RELAPS5 code. Although there are
some discrepancies between the results due to different
solution methods, it is concluded that the model pre-
sented in this paper can estimate void fraction.

CONCLUSION

From the obtained results, it can be concluded
that in the case of a flow transient with scram, the reac-
tor remains in safe condition and all the temperatures
are controlled from increasing beyond the safety is-
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Figure 13. Total relative power of the reactor for
transient without scram
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Figure 14. Core outlet temperature for transient without
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sues; however, if scram cannot work well, only feed-
backs' roles are taken into account, which are not as ef-
fective as the role of the control protection system.
Finally, a good agreement between the computational
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Figure 16. Maximum clad out surface temperature for
transient without scram
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results by two sets of the models (two-fluid in
RELAPS and drift-flux in the present study) is ob-
tained, which proves the applicability and accuracy of
the proposed model.
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NOMENCLATURE

A — cross-sectional area, [m”]

C — specific heat, [kJkg ' °C]

C; — neutron precursor concentration of group 7, [kgm ]
D — diameter, [m]

f — friction coefficient

g — gravity acceleration, [ms ]

h — specific enthalpy, [kJkg ']

ht — heat transfer coefficient, [Wm K]
J — superficial velocity, [ms ']

k — thermal conductivity, [Wm 'K ']
m — mass flow rate, [kgs ']

Nu— Nusselt number, (=81k")

P — pressure, [Pa]

Pr — Prandtl number, (=Cuk ")

Pe — Peclet number, (=RePr)

q — heating power, [W]

Re— Reynolds number, (=Dvpu ™)

R — reactivity, [$]

r — radius, [m]

St — Stanton number, (=Nu/Pe)

T — temperature, [K]

t — time, [s]

V — volume, [m’]

v — velocity, [ms™']

z — height, [m]

Greek symbols

o — void fraction

B — delayed neutron fraction of group i
I — vapour generation rate per unit volume, [kgs 'm ]
A - difference

& — pumping factor

A — neutron generation time, [s]

Ai — decay constant of precursor group i, [s ']
u — dynamic viscosity, [kgm 's ']

€ — perimeter, [m]

p — density, [kgm”]

T — time constant, [s]

Subscripts and superscripts

"

flux

"' — per volume

cr — critical

fg — saturated liquid vapour difference
g — gas

gi — superficial gas

h — heated

i — inner

1 — liquid

m — mixture

0 — distribution

p — constant pressure
sat— saturated

w — wall

z — axial co-ordinate
Mathematical symbols

<>— area averaged quantity

<<>> — void fraction weighted area averaged quantity

mean value
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I'onu BATXBAH, Moxcen ITAJECTEX, Magun BAXOHAP, Peza CAJAPEX

CUMYJAIIMJA U AHAJIN3A HOPMAJIHUX U
MNPEJA3HUX CTABA PEAKTOPA WWER-1000

INpenu3na aHanmM3a TOKa MPEIa3HOT CTalkha BEOMA je BasKHA 3a OLEHY CUTYPHOCTH HyKJIeapHe
eJIeKTpaHe. Y OBOM pajly cripoBefieHa je ananmn3a peakropa WWER-1000, n y ToMm iiby pa3BujeH je MOJIeN
KOjH CHMYJIAIpa CIIPETHYTY KHHETHKY W TEPMO-XUAPAYINKY peakTopa IoMohy jeTHOCTaBHOT U IIPEI3HOT
HYMEPHYKOT alrOpuT™Ma. 3a TEPMO-XUIPAyINIHE IPOpaUyHe NMPUMEHHCH je MOJIEN YeTUPH je[IHAYMHE ca
npugToBaHuM (HIyKCOM. Je3rpo je U3[e/beHO Yy HeKOJIMKO O0JIaCTH Y CarjlaCHOCTH Ca BUIICKAHATHUM
TIPUCTYTIOM, TIPY Y€MYy CBaKa O0JacT MpuKa3yjyhu jelHy TOpUBHY HIUOKY ca OATroBapajyhmM KaHajioM 3a
xnmabeme MMa cOICTBEeHe KapakTepuctrke. [la ce moOmje pacmofesa CHare y je3rpy, KopuimrheHe cy
jemHaUMHE TayKacTe KMHETHKE Ca pPa3IMYUTHM IOBPATHUM crperama. Pa3marpanu cy ofrosapajyhu
UHHULUjalHd ¥ TPaHWYHM YCIOBM U aHAIM3HMpaHa Cy AiBa cilydaja crnabibema jaunHe TOKa XJIauola y
3amTrnheHoM u HesdamTtuwheHoMm je3rpy. Ilopep aHanm3e ycimoBa 3a HOpMasiaH paji, AOOWjeHU Cy
TepMO-XUpayIMIHN TapaMeTpPH 3a IIpeJa3Ha CTarba y IIyHOM orcery. Ha kpajy, KopumhemeM moyataka o
HYKJIEapHO] eJeKTpanu bymiep, pesynratu podOujeHH MopeiloM ynopebeHu cy ca mIpopadyHEMa
u3BpuiernM nporpamomM RELAPS5/MOD3. TTokasaHo je ga mofient o6e36ebyje npenusna npeasubama u
CTaOWITHHX ¥ IPEJIa3HUX CTamba.

Kmwyune peuu: RELAPS, mooen opughitiosarnoz ghaykca, HykaeapHu peakiiop, HyKAeapHa eAeKilipana,
WWER-1000



