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Abstract

CATHENA is a multipurpose thermahydraulic computer code which can be used for analysis of postulated
LOCA scenarios for CANDU reactors. The CWIT refill test facility at Stern Laboratories, funded by the COG
(CANDU Owners Group), has been used to investigate the flow and heat transfer behaviour as a function of
channel power, system pressure, liquid subcooling, header injection flow rates, and channel configuration (Hanna
and Mallory, 1989). The test No. 1465 was one of the refill experiments using the CWTT facility to investigate
the quench and refill behaviour of the feeders, end fittings and channel during some postulated LOCAs (Buell
and Kowalski, 1994). This test simulated a symmetric inlet/outlet header 50 mm break size with near-zero
header-to-header pressure drop.

A CATHENA representation of the CWTT facility was developed. The paper emphasizes the modelling
of some non-pipe components in the system. CATHENA provides the user many choices for modelling these
system components. Different code components were applied for modelling the header and end fitting, and the
refill transients were compared. The use of a solid-to-solid contact model, giving zigzag heat conduction along
the wall was investigated, to study the impact of axial heat conduction on a moving quench front. Suggestions
are offered for future applications of CATHENA to similar problems.

I. INTRODUCTION

The CATHENA (Canadian Algorithm for THErmalhydraulic Network Analysis) is a one-dimensional
two-fluid thermalhydraulic computer code developed by AECL which can be used to analyse postulated loss-of-
coolant accident scenarios in CANDU nuclear reactors. Evaluation of the capabilities of the CATHENA code
is being accomplished by comparing the code predictions with measured data from experiments. The CWTT
(Cold-Water Injection Test) facility at Stern Laboratories has been used to investigate the scenarios of many
postulated CANDU accidents since 1974. The CWTT No. 1465 test was conducted in 1990 to investigate quench
and refill behaviour and to provide data for validation of CATHENA. This paper presents some aspects of the
modelling of the CWIT No.1465 experiment using CATHENA.

The CATHENA code is a large, sophisticated analysis tool which has been under development for
several years. It is maintained and developed by Whiteshell Laboratories, AECL, and now provides the user with
multiple choices in many aspects of the idealization of a physical thermalhydraulic system. It requires the user
to have considerable CATHENA application experience and to be familiar with the experiment. In this paper,
modelling of CWIT No.1465 with some optional models provided by CATHENA is discussed. This includes
applications of the VOLUME COMPONENT, SEPARATOR model, SOLID-TO-SOLID contact model and the
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modelling of the annular flow channel. Detailed discussions about other options, such as initial condition,
boundary condition, flow resistance, flow regime and heat loss model, as well as the simulation results can be
found in a report (Han & Thompson, 1995). To help the discussion, the facility and experiment of CWTT
No. 1465 is briefly described in the next section.

II. CWITNO.1465

The CWTT No. 1465 test is one of a set of refill experiments which included a fuel-element simulator
with an axial cosine-power distribution and two CANDU 6 end fittings (G-II). The objective was to investigate
quenching and refilling behaviour after a simultaneous header break at inlet and outlet, resulting in a near-zero
inlet-to-outlet header pressure drop. Figure 1 shows the test facility at Stem Labs.

The test was described in detail by Shin (1992) and analysed by Buell and Kowalski (1994). It was
believed that the propagation of the quenching front through the bottom channel to the outlet end fitting and the
outlet feeder was primarily driven by the increased liquid density and the hydrostatic head as the inlet feeder
refilled. However, the propagation of quenching and refilling in the symmetrical feeder-channel-feeder system
with near-zero header-to-header differential pressure depends on many factors, particularly any differences
between the two feeders, such as initial temperature, heat loss, and flow disturbance. Successful modelling of
the test depends not only on the clarity of the experimental detail but also on a reasonable nodalization.

HI. CATHENA NODALIZATION

Modelling of a thermalhydraulic system using CATHENA is generally user dependent. This is due
to the multiple choices provided by the code for simplification of some complicated components and due to the
different interpretations of the physical system by different users. User-dependent effects may be reflected in:
the system nodalization, code options, physical model parameters, specifications of the initial and boundary
conditions, input parameter representing system characteristics and system components, and input errors, etc.

The general thermalhydraulic system behaviour is described in the code by code modules based on a
predominantly one-dimensional formulation of mass, momentum and energy equations for the separated phases.
However, for a number of system components this approach is not adequate and consequently additional, mainly
empirical, models have been introduced, e.g., for pumps, valves, separators, and a standard 37-element channel,
etc. It is always left to the code user to select module elements, such as branch components and multiple junction
connections, based on the user's expectations of flow conditions in the system. The code user's engineering
judgement plays a key role at this time. A conceptual nodalization for modelling the CWTT No. 1465 is
illustrated in Figure 2. The relatively complicated components in CWIT No. 1465 system are headers with
multiple connections, T-junctions and end fittings with annular flow channels. The following section focuses
on applications of the VOLUME COMPONENT, SEPARATOR and the SOLID-TO-SOLID contact model in
the nodalization of CWIT No. 1465.

Application of VOLUME COMPONENT

The most detailed description of how to use the VOLUME COMPONENT is given in the CATHENA
Primer (Rev. 1.0, May 1990, THB-CD-011). There still are, however, different opinions among users in
applying this component at a T-junction and other multi-pipe connections. Why and how to use it is not
uniquely defined in the code manual.

In the case of the CWIT system, the VOLUME COMPONENT can be used at the following junctions
as shown in Figure 1:

T-junction at the injection line where cold water is separated to the inlet and outlet headers;
Header and break line connection;
Header and feeder connection;



T-junction of the blowdown lines for flow from both headers to the blowdown tank;
End fitting inlet;

All the above-mentioned junctions consist of three pipe components and suggest the introduction
of the VOLUME COMPONENT. However, from previous idealizations of a similar system, this component
was: not used at all (Hanna, 1989), used at only a few locations (Coltatu, 1994), or used at the locations where
one of the three pipe components was a dead end (Tran, 1995). The advantage of using the VOLUME
COMPONENT at the junction of three or more pipe components is to simplify the multi-dimensional junction
with only a single node and may obtain more accurate momentum distribution according to the CATHENA Input
Reference (Rev. 0.0, May 1993, COG-93-140). Use of this model depends on the user's experience and
judgement since the model represents a "mixed" volume, and offers no internal resistance to flow. However,
it should be mentioned that at the connection between a VOLUME COMPONENT and a pipe component an
infinite area change is assumed. Because of this it is important to specify a JUNCTION RESISTANCE model
to avoid over predicting pressure changes due to this circumstance.

The problem in using this model lies in the specification of the VOLUME COMPONENT. The
volume of the VOLUME COMPONENT has to be provided by the user. The code manual recommends using
the flow area multiplied by a length of 1-2 diameters of the connected pipes. One has to make a decision to use
one or two diameters. If the connected pipes are different in diameter, one has to make a decision of using which
pipe's diameter and which flow cross section. The volume of the component is important when accounting for
condensation.

Having selected a volume for the VOLUME COMPONENT, one must decide how to account for the
physical space occupied by the VOLUME COMPONENT in the network. In the thermalhydraulic calculation,
the length of the connected pipes should be subtracted according to the volume of the VOLUME COMPONENT.
In heat transfer calculation, however, they should not be subtracted in order to account for the heat capacity and
contact areas of the connecting pipe wall.

Based on our experience as discussed above, we prefer to assign an arbitrary volume to the VOLUME
COMPONENT according to flow characteristics. The volume should not be accounted for in the connected pipe
components. At the junctions of the end fitting inlet and the header to feeder as well as feeder to break line, using
a separator model may be more reasonable due to complex flow configurations. This is discussed in the next
section.

Application of Separator Model

The separator model in CATHENA allows the modelling of the separation of gas or liquid from a two-
phase mixture at a pipe junction. One type of separator models accounts for the phase separation arising from
pipe area changes or elevation changes at connections to a horizontal pipe under stratified flow conditions.
Separation at these junctions takes place because the liquid level in a stratified flow is either below or above the
entrance of the connected pipe. The correlations for liquid entrainment and vapour pull-through at high gas
velocities and high liquid velocities, respectively, have been used to determine the effective height of the pipe
junction in the calculation. One of the examples of application of this model is for a feeder connected to a header
when stratified flow exists in the header. Provision is made for making the separation effect dependent on flow
regime.

In CWTT No. 1465, flow separation may exist at some locations in the network, such as at junctions of
header-to-feeder, header-to-break line, and feeder-to-end fitting. Taking the header as an example, the diameter
of the header is considerably larger (more than three times) than the connecting pipes, either feeder pipe or break
line pipe. Without using the separator model, any stratified flow configuration in the horizontal header section
may be forced to a mixed-flow configuration in the downwind pipes, which connect to the header at different
elevations other than the bottom. None of the previous simulation work considered the separation effect for these
junctions. It may only be adequate for some postulated situations when the flow at these locations was highly
mixed. For a CWTT No. 1465 simulation, however, it is necessary to use the separator model at these junctions
to account for the flow configuration.



Application of Solid-to-Solid Contact Model

In the wall heat transfer modelling, CATHENA can account for temperature gradients in both radial
and circumferential directions. Simulation of axial heat conduction along the pipe component, however, is not
available for the present version of the code. Due to the important role of axial heat conduction in the
propagation of the quench front and refilling within the feeder-channel-feeder section, a solid-to-solid contact
model was employed to provide a zigzag heat conduction route as shown in Figure 3. An assumed thin tube
of the same material as the pipe is attached to the outside surface of the original pipe with their axial nodes
staggered with each other. The outside surface temperature of the pipe wall is then smoothed along the axis.
This is similar to heat conduction in the wall along the axis. Simulation results have indicated an improved local
temperature distribution at the quenching front.

To employ this model, one has to choose the thickness of the assumed pipe and assign a reasonable
heat conduction coefficient to the contacted material. Such an assumed pipe can also be placed within the
original pipe as a sandwich structure or be attached to the inner surface of the original pipe. A combination of
one more assumed pipes may also be appropriate.

Modelling of Annular Flow Channel

The full size G-II end fitting in the CWIT No. 1465 is the most complicated structure in the system.
In the end fitting fluid flows along the annular channel between the end fitting body and the liner tube.
CATHENA is a one-dimensional thermalhydraulic code. Generally, a complex flow cross section is simplified
in the nodalization to an equivalent circular pipe cross section with the same flow area. Such simplification may
induce great error in the simulation, especially for a horizontal component like the end fittings. Stratified flow
is much more likely to occur in the annular channel than in a simple pipe and the heat transfer area as well as
flow resistance is also much larger (more than three times) than a pipe.

To simulate such an annular flow with the existing code, a multi-pipe component model can be used
to approximate the end fitting structure. Some examples are described in the following.

It is assumed that the flow is symmetrical about the y-axis to simplify the structure. Six pairs of PIPE
COMPONENTS, each with two parallel pipes at the same elevation, and a total flow area equal to the annular
flow channel, as shown in Figure 4, are connected at their two ends with connecting components. Figure 5
shows some types of connectors. These connecting components may be VOLUME COMPONENTS, as shown
in Figure 5(a). However, the VOLUME COMPONENT cannot tell the difference in elevation of the individual
pipes. Then, two vertical PIPE COMPONENTS can be used to connect the multiple pipes, as shown in Figure
5(b). In this case, separators may be used for each connection. A more complex arrangement is shown in Figure
5(c). Ten small vertical PIPE COMPONENTS are connected head to tail and a multiple horizontal pipe bundle
with twelve PIPE COMPONENTS is connected to the junctions of the vertical pipes according to their different
elevations.

In the corresponding heat transfer model, these PIPE COMPONENTS are assumed to have no wall
thickness. Each sector group of inner surfaces of the end-fitting body contacts with each PIPE COMPONENT
node according to its different location, as does the sector group of outside surfaces of the liner tube. In this way,
the heat transfer area is the same as the G-II end-fitting and the flow configuration can be more closely
represented.

IV. CONCLUSIONS

In conclusion, the CATHENA code provides users with the flexibility to model complex
thermalhydraulic networks in a variety of ways, from "simple" to "sophisticated". In this paper we have
described several modelling problems encountered in representing the CWIT facility, and have offered some
possibilities for improving the idealizations. The idealization of the CWIT No. 1465 and some simulation results



with the application of the above-mentioned models are included in two reports to be issued by Atlantic Nuclear
Services Ltd. (Han & Thompson, 1995a, b).
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Figure 1: Illustration of CWIT facility
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Figure 2: (TWIT No. 1465 idealization
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Figure 3: Solid-to-solid contact model



D = 0.128 m

d = 0.00699 m

hi = 0.0618 m

h2 = 0.0453 m

h3 = 0.01657 m

Figure 4: Model of annular flow channel
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Figure 5: Nodalization of annular flow channel


