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I. Introduction

During the course of accident in a CANDU reactor, large
amounts of flow mass, enthalpy and hydrogen could be
generated and released into the containment. The integrity
of the containment could be challenged by certain
hydrogen and hydraulic dynamic load. Therefore, a
detailed knowledge of containment thermal-hydraulics is
necessary to predict the local distribution of hydrogen,
steam and air inside the containment. Considerable
international efforts have been undertaken to better
understand the associated phenomena by conducting a
large number of experiments such as ISP 23, ISP29, ISP
35, etc. and then subjecting the test results to extensive
analytical assessment Moreover, the recent progress in
CFD methods has provided opportunities to predict the
pressure, temperature and hydrogen distribution under
accident conditions reflecting the actual geometry. This
capability will lead to a significant improvement of the
reliability of accident containment models for full-plant
analysis.

In this study, the CFD prediction of the thermal-hydraulic
characteristics inside a containment of a CANDU-6
reactor is carried out. A MSLB (Main Steam Line Break)
scenario was selected to analyze the thermal-hydraulic
behavior. The source of vaporized water mass flow rate
and enthalpy released for the FLUENT CFD analysis is
obtained from a RELAP/CANDU calculation. A
comparison between FLUENT CFD and PRESCON
results is also performed.

II. Geometry Modeling of CANDU-6 Containment

To model the CANDU-6 containment geometry, the 3-
dimensinoal geometric meshes were generated reflecting
the actual geometry of the CANDU-6 containment as
shown in Fig. 1.

Fig. 1 Containment cut drawing (a) vertical cut view and
(b) horizontal cut view

In the modeling of the actual containment geometry for
full-plant analysis, a complex geometry such as obstacles,
walls, and holes is also modeled. Fig. 2 shows the
modeled full containment geometry with internal
structures at the specified axial location and the total
number of mesh cells generated is about 90,544.

Fig. 2 3-D perspective view of CANDU-6 Containment
modeled for FLUENT CFD analysis

The CANDU containment is about 80m high concrete
structure from the reactor floor. It includes a lot of
compartments partitioned by walls such as the pressurizer
room, steam generator room, reactor cavity room, and
valve rooms etc. In order to evaluate steam concentrations
in each compartment the computational control volumes
modeled in the CFD analysis. The total volume in the
CANDU containment is about 48,000 m> and the
containment was modeled 40 compartments as shown in
Table 1.

Table 2 The compartments of equipment rooms in
CANDU-6 Containment




To simulate the droplet behavior and condensation effect
during dousing, there are modeling complexity and
numerical difficulties in the CFD analysis. Therefore, a
new numerical model such as the discrete phase model
(DPM) was applied more accurate and efficient particle
(droplet) tracking.

II1. CFD ANALYSIS OF MSLB

The selected MSLB accident scenario was calculated by
FLUENT CFD which is one of the most probable severe
accidents. Initially pressure and temperature of the
atmosphere in the containment are 1 bar and 313K
respectively. It is stationary before water and steam blow
out from the main steam line break through 22.02 m’
which act as mass, momentum, and energy sources of the
flow field. The source is obtained from the PRESCON
calculation for the MSLB. After breaking, the vaporized
water discharge rate is 500 kg/s and is discharged in
accordance with Fig. 3.
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Fig. 3 Mass discharge rate data

To find out the 3-dimensional flow behavior and
hydrogen concentration in CANDU-6 containment in
operation a FLUENT analysis was conducted. The
saturated water blowing out from the main steam line
break vaporizes in the isentropic process as shown in Fig.
4. And this vaporized water spreads into the steam
generator room. But because there is a large flow path
between two steam generator compartments and the
temperature of massively expanded water vapor is not so
much high, it spreads around easily. Some part of the
vaporized water source makes an upward flow and some
part spreads into the other steam generator room. The
vaporized water is mixed well in the containment
atmosphere because of its lower temperature.
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Fig. 4 Température development after break at 7 sec.

After the dousing initiates about 7 sec, water discharge
ended, super heated steam blows out from the cold-leg
break. Because the temperature of the jet is very high,
buoyancy force is large. And it makes the jet flow upward
only. As dousing initiation, the containment pressure
decreases quickly as shown in Fig. 5.
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Fig. 5 Pressure development with dousing

Figure 6 shows the vapor condensation development after
initiating the dousing (about at 7sec.) at t=16 sec and t=20
sec. It indicates that after dousing vaporized water begins
to condensate with dousing water at the most
compartments. In the meanwhile, at the compartments
near break position such as the steam generator room,
some part of the vaporized water source makes since the
jet flow spreads into the steam generator room and makes
an upward flow to the containment dome by buoyancy.

Fig. 5 Vapor condensation development after dousing (a)
after 8 sec (b) after 12 sec

4. Conclusion

To predict the thermal-hydraulic behavior inside the
CANDU containment with the actual geometry, the CFD
prediction is carried out for MSLB scenario. The released
vaporized water mass flow rate and enthalpy are
calculated with RELAP/CANDU and the predicted results
are compared with PRESCON code analyses.
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