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Abstract

As a part of expanding the capabilities of the reactor calculations group
at Soreq - NRC a new core fuel channel module is under development. The
module solves the energy equations inside the fuel rod and mass, momentum
and energy equations in the coolant channel. The module uses an approxi-
mation to the drift-flux model for the solution of the coolant conditions. This
module is a part of DSNP library of modules and is used in the transient
simulation of nuclear power plants. Several test cases were executed simu-
lating the AP600 PWR. Comparison of the channel model with COBRA-4I
and RELAP-5 calculations have shown good agreement. It was found that
the previous homogeneous equilibrium model produced adequate results for
power plant simulation until boiling conditions appear in a fuel channel.

Introduction

The DSNP is a special purpose block-oriented simulation language by which a large
variety of nuclear reactors can be simulated. The dominant feature of DSNP is
the ability to transform a flowchart or block diagram of the reactors' primary and
secondary loops directly into a simulation program. The user is required to recognize
the symbolic DSNP statements for the appropriate physical component, and list
these statements in a logical sequence according to the flow of physical properties
in the simulated power plant. At present most of the component modules in DSNP
are of the lumped parameter type. In order to upgrade the two-phase modeling
capabilities of the DSNP code a drift-flux model approximation is being introduced
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in certain components. This paper describes the improvements in the core fuel-pin
and coolant channel module.

The diffusion models (which include the drift-flux model) have been introduced
by Zuber and Findlay [7] and studied in detail by Ishii [3]. These models are based on
a two-fluid analysis and significantly reduce some of the difficulties associated with
the full two-fluid models. In two-fluid models an inaccurate modeling of the complex
inter-facial interaction terms can bring about incorrect results and sometimes can
induce numerical instabilities. The most important underlying assumption of the
drift-flux model is that the motion of both phases can be considered as a whole
single mixture whenever strong coupling between the phases exists. Therefore, the
model usually consists of four balance equations: mass, momentum and energy
conservation equation for the mixture and additional mass conservation equation
for one of the phases.

The next section describes the physical model of a core channel. Following is a
section presenting some reults for a small break loss of coolant accident (SLOCA)
transient for an AP600 reactor. The last section concludes this paper with a discus-
sion of the advantages of this module.

The Model

Axial and radial geometries of a fuel element and the surrounding cooling channel
are shown in Fig. 1. The fuel rod is built of a core of fuel material which is inside
a cylindrical clad. Between the fuel and the clad there is a gap filled with gas. The
fuel element is immersed in flowing coolant.

Coolant Channel

Figure 1: Fuel rod geometry.

The total heat, fission and decay heat, generated mostly in the fuel and partly
in the cladding, coolant and structure is calculated by other modules that solve the
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neutronic equations and calculate the thermal power. The new fuel channel module
that simulates the fuel rod and coolant channel is a part of the core module used to
simulate the whole core. The core module can receive any number of fuel channel
modules to describe the core with as much detail as needed. Together, they enable
the simulation of a reactor core including the feedback effects. This combination
of the new fuel-rod and coolant channel module and the other DSNP components
enables calculation of the power distribution along the core and the fuel and coolant
temperature in specified channels. Finally, the thermodynamics properties of the
various materials used are calculated by the relevant functions of DSNP and might
be of any functional form.

The core channel module solves the energy equation for the rod and the mass,
momentum and energy conservation equations in the coolant channel. The thermal-
hydraulic equations for the fluid are based on the "drift-flux model" [7]. The basic
assumption of this model is that the dynamics of the two phases can be expressed
by the mixture momentum equation with the kinematic equation specifying the
relative motion between phases. The use of the drift flux model is appropriate when
the motion of two phases are strongly coupled. This model is therefore different
from the previous model in which homogeneous flow and equilibrium conditions
were assumed. The equations for the coolant are obtained by an area averaging over
the flow cross section, A(z), of the local time-averaged equations of the basic drift
flux model derived in [3].

For system modeling one can greatly simplify the basic drift-flux model equa-
tions by using a simplified diffusion model. In this case, if the mixture is not far
from the homogeneous conditions and the drift velocity is small, the vapor differen-
tial conservation equation can be replaced by an algebraic equation and the terms
involving the slip velocity in the mixture momentum and energy equations can be
neglected. An extensive review of the model and its use is given in [6].

Results

The new model is under an extensive test program. One part of this program
includes solution of a small break loss of coolant accident (SLOCA) transient for
an AP600 reactor (see [4]). Results for this transient together with results from
C0BRA-4I and RELAP-5 are given in Figs. 2 to 3. Data relevant to these calculation
are summarized in Table 1. Results for a loss of feed-water ATWS in a PWR have
been presented at [5].

The DSNP and COBRA simulations of the LOCA transient are of the core
thermo-hydraulics only, while the RELAP simulation is of the whole primary loop.
The boundary conditions needed by DSNP and COBRA are taken from the results
of RELAP-5. These boundary conditions include the inlet flow rate, inlet coolant
enthalpy, exit pressure and power. Fig. 2 shows normalized values of the boundary
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Table 1: Parameters of the AP600 reactor core.

Active length of core
Fuel pin diameter
Fuel material diameter
Clad thickness
Coolant channel hydraulic diameter
System pressure

144
0.36

0.287
0.0228
0.144
2250

|in|
[in]
[in]
[in]
[in*]
[psi]

conditions given to DSNP and COBRA.
The transient starts at 50s by a break which causes a loss of coolant and a sharp

drop in system pressure. The pressure decrease initiates a scram to shut down
power. Although fuel and coolant temperatures decrease after the nuclear activity
is stopped, the decrease in pressure causes formation of voids as the liquid boiling
temperature decreases to the coolant temperature. Pressure decrease due to loss
of coolant is compensated now by pressure increase due to boiling and from about
100s the pressure remains constant. Together with the stopping of nuclear activity
the scram also stops the pumps of the primary loop and at i=220s the flow rate to
the core becomes almost zero.

Figure 2: The boundary conditions for the DSNP and COBRA simulations.

The coolant temperature, (fig. 3), decreases with the decreasing power. RE-
LAP gives that the coolant temperature, at the exit from the channel, follows the
saturation temperature which decreases with the pressure. COBRA and DSNP,
however, give that the initial decrease of the coolant temperature is faster and only
at about t = 90s the pressure reaches coolant saturation levels. From this time,
depending on the exact location, two phase flow is initiated, and the temperatures
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Figure 3: Coolant temperature transients as calculated by RELAP, COBRA and
DSNP.

follow the saturation line. The clad temperature (fig. 4), which is higher then the
coolant temperature follows closely the transient of the coolant temperature. As the
clad temperature increases above the saturation temperature of the coolant nucleate
boiling begins and the heat transfer coefficient increases (see fig. 5).
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Figure 4: Clad temperature as calculated by RELAP, COBRA and DSNP.

Figures 6 and 7, present the coolant quality and void fraction at the mid-point
and exit of the coolant channel. At about t = 90s, as the saturation temperature
decreases to the coolant temperature at the exit from the coolant flow channel voids
appear. Since COBRA uses an homogeneous model the void fraction it calculates
follows the results for the coolant quality. The new DSNP coolant channel model
is non-homogeneous, however, and can account for slip between the phases. This
effect can be noticed by comparing the results of COBRA and DSNP for the coolant
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Figure 5: Heat transfer coefficients as calculated by COBRA and DSNP.
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Figure 6: Coolant qualities as calculated by COBRA and DSNP.

quality and void fraction at the exit from the channel. Although the results of DSNP
for the coolant quality follows closely those of COBRA it gives much lower values
for the void fraction. The higher velocity of the vapor calculated by DSNP, since
it is able to account for the slip between the vapor and liquid, results in lower void
fractions than those calculated assuming that both phases has the same velocity, as
COBRA does.

Conclusions

From preliminary calculations with the new fuel channel model developed for the
DSNP it can be seen the the new model gives physically correct results. Comparison
of results of the DSNP using the new channel model, for loss of coolant transient
in a AP600 PWR, with COBRA-4I and RELAP-5 calculations have shown good
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Figure 7: Coolant void fractions as calculated by COBRA and DSNP.

agreement. Comparing the new module with old modules used by DSNP for core
flow calculations indicates that the new module extends the region of conditions
which can be analyzed by the DSNP and gives more accurate results.
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