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1. Introduction

During the  so called boron dilution or cold water transients at pressurized water reactors too
weakly borated water or too cold water, respectively might enter the reactor core. This results
in the insertion of positive reactivity and possibly leads to a power excursion. If the source of
unborated or subcooled water is not located in all coolant loops but in selected ones only, the
amount of reactivity insertion depends on the coolant mixing in the downcomer and lower
plenum of the reactor pressure vessel (RPV). Such asymmetric disturbances of the coolant
temperature or boron concentration might e.g. be the result of a failure of the chemical and
volume control system (CVCS) or of a main steam line break (MSLB) that does only affect
selected steam generators (SG) [1-3]. For the analysis of boron dilution or MSLB accidents
coupled neutron kinetics/thermo-hydraulic system codes have been used. To take into account
coolant mixing phenomena in these codes in a realistic manner, analytical mixing models
might be included. These models must be simple and fast running on the one hand, but must
well describe the real mixing conditions on the other hand. One possibility is to use pre-
determined mixing matrices mapping the contribution of each cold leg to each fuel assembly
at the reactor core inlet [2]. The coolant mixing in the downcomer and lower plenum depends

significantly on the construction of the reactor vessel and on the instantaneous flow condi-
tions. The models and assumptions for coolant mixing description to be used in the coupled
codes must be validated against experimental data and detailed computational fluid dynamics
(CFD) calculations. Therefore the Institute for Safety Research of Forschungszentrum
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Fig. 1: Systematic of investigations in mixing phenomena
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Rossendorf has constructed a 1:5 mixing test facility ROCOM (Rossendorf Coolant Mixing
Model) representing the geometry of the German Konvoi type pressurized water reactor.
Later on tests on the future European Pressurized Water Reactor (EPR) are planned. The nu-
merical simulations are based on the CFD-Code CFX-4.2. [4].

The scheme in Figure 1 shows the systematics of transient analyses reaching from mixing
tests and numerical simulations of the mixing up to the reactor dynamics calculations provid-
ing the reactor power and other safety relevant parameters [5].

2. The test facility

Table 1 compares the relevant parameters of the model with those of the Konvoi type reactor.

Table 1: Comparison original PWR - 1:5 scaled mixing model: coolant medium water, 20°C

Dimension Unit Original Model 1:5

diameter of the pressure vessel mm 5000 1000

height of the pressure vessel mm ~12 000 ~2400

inlet nozzle diameter. mm 750 150

downcomer gap mm 315 63

general mass flow of the coolant m3/h 92 000 1400

mass flow per loop m3/h 23 000 350

speed at inlet nozzle m/s 14.5 5.5

speed at the downcomer m/s 5.5 2.1

Re inlet nozzle - 8.4*107 8.3*105

Re downcomer - 2.7*107 2.5*105

Re Original / Re Model - 1 ~100

Fig. 2: RPV Plexiglas  Model   Fig. 3: Test facility ROCOM
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As mixing is less influenced by
the absolute temperatures and
by the static pressure but by
density differences and flow
velocity the vessel of the 1:5
scaled test facility could be
made of Plexiglas  and is oper-
ated at ambient pressure with
cold water (Fig. 2) This allows
flow visualisation and LDA
velocity measurements.

The test facility is furnished
with 4 separately controllable
coolant pumps (Fig. 3) to be
able to simulate different flow
conditions from nominal cool-
ant flow rate to natural convec-
tion and pump start-up.

To study the mixing phenomena
plugs of salt water are injected
into deionate in the RPV
through one of the cold legs.
The salt significantly changes
the conductivity of the water
what can be measured by con-
ductance methods. In the facil-
ity, the so called wire mesh sen-
sors are applied. The working
principle of the mesh sensors is

explained in „Wire-mesh sensors for two-phase flow investigations“ of this annual report and
in [6].

There is one sensor at the lower core support structure, two are in the downcomer and one in
one cold leg (see Fig. 4). The extensive instrumentation with these sensors permits a high
resolution of the concentration field in the RPV in space and time. The sensors are shown in
detail in Fig 5-7. The downcomer sensors and those in the cold leg have 16x16 measurement
points each. The sensor at the core bottom yields 193 points at the same time. This means,
there is one concentration measurement at the bottom of  each fuel element.

All sensors provide 200 measurements per second and work in the conductivity range of 10-
500 æS/cm. In the experiments, a time resolution of 20 measurements per second is sufficient,
i.e. 10 individual measurements are averaged.

Fig. 4: View of the Plexiglas  model
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The mixing measurements in the reactor model are realised by the following steps: First the
test facility is filled with low conductivity water (deionat). The wanted flow field is adjusted
by controlling the main coolant pumps. After this, the injection pumps forward a plug of
salted water continuously or discontinuously to the mixer in one of the cold legs. The concen-
tration profile is measured by the wire mesh sensor in that cold leg. All processes, including
the measurement of the mass flow, temperature, pressure, the tracer injection and the water
cleaning with ion exchangers are computer controlled.

The screen panels of the computerised process control system is shown in Fig. 8. It is based
on the software package DELPHI  -4.

Fig. 8: Process control system of the mixing test facility

Fig. 5: Sensor DC Fig 7: Sensor core inletFig. 6: Sensor inlet nozzle
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5. Experimental Results

Fig. 9: Injection of a salted water plug into one loop at nominal conditions

Figure 9 shows the concentration distribution in space and time after the injection of a short
salted water plug in one loop at nominal conditions, i.e. all four pumps were operating at full
speed. Conductivity distributions are shown at the inlet nozzle, at the end of the downcomer
and at the core inlet. The arrows are indicating the direction of the injection. The mass flow
rate was 50 m3/h in all 4 loops and the tracer injection lasts 0.7 seconds (1 litre salted water).

Fig. 10: Constant injection of a salted water plug into one loop at nominal condition

The diagrams show three time dependencies of the conductivity at the wire mesh sensors:
instantaneous values of the maximum, the minimum and the averaged conductivity over the
measuring planes at the core inlet sensor (core), the downcomer sensor (down) and the inlet
nozzle sensor (loop). The sensor in the inlet nozzle confirms the good mixing of the salt water
by the injection device. In the downcomer and at the lower plenum, the mixing is incomplete.
At the moment when the plug is entering the downcomer sensor and also at the core inlet, two
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maxima are clearly to be seen. This phenomenon is caused by a re-circulation area below the
inlet nozzle. Later on, these two maxima are merging together. The highest concentration
level at the core inlet is found at the periphery. It reaches only 31 % of the concentration at
the reactor inlet, which is caused by mixing due to the wide spectrum of travelling times in
the vortexes of the downcomer. When the plug is big enough, like in Fig. 10 (injection: 22
liters in 15 seconds, mass flow rate per loop: 100 m3/h), the maximum concentration at the
core inlet corresponds to the concentration at the inlet nozzle, i.e. there are several fuel ele-
ment positions, which are supplied with practically unmixed water from the disturbed loop.
At the same time, the minimum concentration remains at the initial level, i.e. the majority of
the measuring points are not reached by the water from the plug. In the process shown in Fig.
10, the injection conditions were constant for 14 s seconds. Despite of this, the concentration
distribution shows characteristic azimuthal oscillations with a period of about four seconds,
which are caused by the vortexes in the downcomer. The diagrams also show the second arri-
val of the plug after one turn around through the loops.

6. Outlook

To simulate real accident scenarios and for code validation an extensive test programme is
planned. The experimental results will be compared against CFD calculations for analysing
the dependencies of the power output of the reactor on the temperature and/or boron distribu-
tion. The classification of the tests is shown in Table 2.

Table 2: Classification of the Mixing Experiments

Group Experimental Objects

A Mixing under steady state conditions
B Mixing under quasi-steady state conditions
C Pump start-up scenarios
D Steady state or transient flow regimes as an input for an analytical model using

transfer functions
E Start of natural circulation
F Influence of internals on the flow field
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