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1. Introduction

During the phase of considering safety aspects of the nuclear power plant, one of the
fundamental criterions rests in determination of the thermal-hydraulic conditions in the active
zone of the nuclear reactor. Thermal-hydraulic performance of active zone is strongly
affected not only by distribution of power in active zone but also by coolant input parameters
like temperature and mass flow at inlet nozzles of fuel assemblies. These parameters depend
on homogenization of coolant in downcomer and in bottom of shaft core barrel. In reactor
VVERA440, there are 6 inlet nozzles for cold coolant water at the reactor pressure vessel. In
nominal operation of reactor the difference between temperatures of coolant at these inlet
nozzles should occur and it could be caused by several reasons. The most common reasons
are: different length and segmentation of steam piping, shut down of the one of steam
generators (SG), unequal area of heat transfer surfaces of SG [1].

The paper deals with CFD modelling of coolant mixing and homogenizing of
temperature in the mixing part of reactor vessel in respect to the temperature difference at
inlet nozzles of the reactor vessel. The inlet nozzle of fuel assembly is set up as output region
of the simulation model [2]. In CFD model, the flow in protective tubes for control rods is
also considered. The influence of different turbulent models, single and double precision of
numerical computation and number of finite volumes is investigated.

2. Geometry model of nuclear reactor VVER 440

To performed CFD simulation of coolant homogenization in downcomer of nuclear
reactor, 3D CAD geometry of reactor VVER 440 was created. Nevertheless that in this paper
only coolant in downcomer and bottom of shaft core barrel is investigated, whole reactor with
all internal components was modelled. The reason is that at the end of our VEGA project, we
should be able to simulated flow of coolant in the whole reactor. All geometry components of
nuclear reactor were considered without simplifications and final model of whole reactor with
all internal components is shown in Fig. 1 a) and b). This geometry model can be used not
only in the process of creation of coolant - which represents the negative volume of reactor,
but this model can also be used in structural (or thermal) analysis of pressure reactor vessel.
Next step is simplification of all internal components and creation of negative volume, which
as was mentioned above, represents volume of coolant - Fig. 1 ¢) and d).

149



a) b) c) d)

Fig.1: Geometry model of nuclear reactor (a) and b)) and model of coolant in reactor
(c)and d)).

3. Discretization of coolant volume

After creation of volume of coolant, the process of discretization has to be performed.
Specialized mesh tool ANSYS ICEM CFD [3] was used to create structured hexahedral and
tetragonal mesh in downcomer and bottom of shaft core barrel.

Fig.2: Discretization of coolant in downcomer nd bottom of shaft core barrel

In Fig. 2 we can see the details of the discretized model. Because one of our
goal is to investigate the influence of mesh density on obtained results, we created two
discredized model:
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e Mesh 1 - contains approximately 24 millions of elements
e Mesh 2 - contains approximately 31.5 millions of elements

4. CFD simulations and obtained results

The simulation was calculated as steady-state flow of coolant in ANSYS CFX [3]
software. The temperatures at six inlet nozzles of the reactor pressure vessel were set
according to Table 1 and Fig. 3. Velocity of coolant was set to value 9.2 m/s for all six inlets
and this value was derived from total mass flow of coolant through the nuclear reactor
pressure vessel. Reference pressure, which represents the pressure at Output, was set to 12.25
MPa. Material properties of coolant (water) were set according to material model in material
library IAPWS IF97.

Tab. 1. Temperature at Inlet nozzles of reactor pressure vessel.

Simulation Inlet nozzles
In1 In2 In3 In4 In5 In6
Temperature [°C] 268 267 267 267 267 267

Output

Fig.3: Boundary conditions for steady-state analysis, six inlets and one output.

Investigated turbulent models were BSL, k-omega and SST [4]. In SST turbulent
model we considered computation with single and double precision. The influence of mesh
density (Mesh 1 and Mesh 2) was also investigated using SST turbulent model.

Fig. 4 and Fig. 5 show the distribution of coolant temperature in downcomer and at
the output of investigated region, which also represents the inlet nozzles into the fuel
assemblies and inlet nozzles into control rods. As we can see from both figures, there is a
slight difference in the temperature distribution in downcomer and also at the output region.
As we can also see form Fig. 4, hotter stream of coolant from inlet nozzle In 1 is pushed into
space between inlet nozzles In 1 and In 6 and the result is, that the temperature distribution at
the output is more unsymmetrical - specially for SST turbulent model - see Fig. 5.

Also average output temperatures at the inlet nozzles into fuel assemblies PK1 and
PK2 and at the inlet nozzles into control rods (see Fig. 5) are slightly different - Tab. 2.
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Fig. 6 shows the distribution of coolant velocity at the bottom of shaft core barrel in
plane, which is defined by inlet nozzle In 1. There is visible difference in region, where
vertex is developed and this difference is caused by different formulations of individual
turbulent models.
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Fig.4: Distribution of coolant temperature in downcomer for all three investigated turbulent
models.
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Fig.5: Distribution of coolant temperature at the output (inlet nozzles of the fuel assemblies)
for all three investigated turbulent models.

Tab. 2. The influence of different turbulent models on output temperature.

Turbulent Average temperature at location [°C]
model PK1 PK2 HRK1 HRK?2
BSL 267,176 267,804 267,191 267,720
k-omega 267,131 267,865 267,136 267,733
SST 267,134 267,871 267,066 267,722
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Fig.6: Distribution of coolant velocity at the bottom of shaft core barrel.

5. Conclusions

The presented paper dealt with modelling of thermal-hydraulic conditions in the
nuclear reactor VVER-440 pressure vessel. Area of interest was the downcomer and the
bottom part of reactor vessel where the coolant from six inlets is mixing together. The goal
was to investigate the influence of different turbulent models, single and double precision of
numerical computation and number of finite volumes on simulation of coolant temperature
homogenization at the input nozzles of the fuel assemblies. Inlet temperature and the
generated power in the fuel assemblies influence the outer temperature which is one of the
limiting parameters in operation of the nuclear reactor. This is the reason why it is necessary
to determine temperature distribution in the individual fuel assembly input nozzles.
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