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ABSTRACT 
 
The Budapest University of Technology and Economics, Institute of Nuclear Techniques 
(BUTE INT) has been working since 2001 on the three-dimensional CFD model of the 
reactor pressure vessel of the VVER-440 type reactor. During this time period – due to 
the development of the available computational capacity – a very complex and detailed 
model of the RPV has been developed.  
The aim of the construction of the new model is to describe further internal structures of 
the RPV (e.g. correct modeling of brake tubes, or internals in the upper mixing chamber) 
and to perform an extensive sensitivity analysis on the different modeling and calculation 
parameters (e.g. porous region models vs. detailed modeling, or n different turbulence 
models). 
The new model can be applied for steady state calculation during normal operational 
condition and for different transient analyses as well. One interesting application is the 
participation in a planned benchmark exercise on the start-up of the 6th main coolant 
pump, which is aimed to compare the capabilities of mixing models of 1D system codes 
with the results of CFD simulation. 
 
 
INTRODUCTION 
 
The preceding CFD models of the VVER-440 pressure vessel – and the main results of 
the simulation made with them – have been presented on earlier AER Symposia. In the 
last years further development of the model has been performed in BUTE INT. For the 
meshing and simulation ANSYS software (ICEM-11.0 and CFX-11.0) were used. 
The building of the new model was based on detailed technical drawings using the Solid 
Edge V15 CAD software, which allowed more exact and detailed modeling of the 
internals.  
The detailed RPV model contains the main structural elements: 

• inlet and outlet nozzles 
• guide baffles of hydro-accumulators 
• alignment drifts 
• elliptical perforated plate 
• planar perforated plates of brake tube chamber 
• brake- and guide tube chamber 
• simplified core 
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• perforation of reactor pit 
• lower grid plate of guide tube chamber. 

In this paper the new, detailed model of the VVER-440 pressure vessel, and simulation 
performed with this model are presented. 
 
 
CFD MODEL OF THE PRESSURE VESSEL 
 
The inlet and outlet nozzles, the guide baffles of the hydro-accumulator coolant in the 
downcomer, and the alignment drifts were modeled in details, corresponding to the real 
RPV geometry. The modeling of the elliptical perforated plate was simplified in order to 
save up mesh elements. The perforated plate is modeled with 1344 holes on it, with a 
diameter of 40 mm. The consentaneity of the two models was shown with steady-state 
sensitivity calculation. 

 
 

 
Fig. 1: Most detailed CFD model of 

the pressure vessel 
Fig. 2: The modelled internals in the pressure 

vessel 
 
The modeling of the brake tube chamber was made with some simplifications: the lower 
planar perforated plate consists of 312 holes (with a diameter of 70 mm) instead of the 
real 1662 holes (with a diameter of 20 mm). Thus, the model of the upper and lower 
perforated plates is identical. The brake tubes were modeled in detail, i.e. coolant can 
flow into the follower assemblies through the 8 small holes on the tube wall. The flow 



resistance of the inner region of the brake tubes was set to zero. This corresponds to 
totally pull out control rods. 
The pressure lost in the core and the effect of the core on the coolant flow was considered 
with a porous region model of the core, modeling the walls of the fuel assemblies as well. 
A new feature of the CFD model is the modeling of the upper mixing chamber. This 
corresponds to the consideration of an upper guide plate above the core, the guide tubes 
above all 37 control rods and the perforated region, which distributes coolant flow at the 
cold leg nozzles and at the upper hydro-accumulator baffles. 
The new CFD model of the pressure vessel contained more than 18 million volume 
elements in a hybrid mesh, with 5-layers inflated boundary. 
 
 

 
Fig. 3: CFD model and meshing of the brake tubes (left) and the real brake tubes in the 

vessel (right). The simplified model of the lower planar perforated plate can be observed 
as well. 

 
 
SENSITIVITY STUDY WITH THE NEW CFD MODEL 
 
With the new vessel model a series of parameter studies were performed considering 
turbulence models, discretisation schemes, and modeling methods.  
For the sensitivity study a special vessel model has been used, which contained the 
geometry only up to the core outlet (see Version 1. in Fig. 4). This model contained the 
core as a porous region.  
For the parameter studies steady state calculations with nominal power condition were 
run. The boundary conditions were set as follows: 

• p= 123 bar 
• Tin= 266 oC 
• mass flow rate: 1500 kg/s per loop 



The different turbulence models (k-epsilon, SST, BSL Reynolds Stress) give quite similar 
conditions under nominal condition. For further investigations, SST turbulence model 
was selected.  
 

 
Fig.4: Three versions of the RPV model (Version 1. used for sensitivity studies, Version 

2. for mixing factor calculation, Version 3. is the complete model of the vessel) 
 
The steady-state results confirmed the sector-like flow in the downcomer with different 
velocity regions, the large stagnating regions under the alignment drifts, and the similar 
flow field as calculated from the older CFD models. However, with the new model a 
large, asymmetric swirl in the lower region of the downcomer was found in the case of 
using second order spatial discretisation scheme. The phenomenon could not be observed 
using upwind schemes (see Fig. 5). Subsequent simulation confirmed that the 
phenomenon is caused by the stagnating region under the hydro-accumulator baffles. 
 
 



 
Fig. 5: Streamlines of nominal coolant flow in different simulation 

 
For further investigations, new models of the hydro-accumulator baffles have been built, 
with different gap width between the baffles and the pressure vessel wall. The four 
models (fully closed downcomer gap, 21 mm gap width, 6 mm gap width, no baffles) can 
be observed in Fig. 6. The results of the steady-state simulation performed with the four 
models for nominal flow condition can be seen in Fig. 7. The differences between the 
calculated velocity fields give evidence for the necessity of proper geometry modeling. 
Based on the comparison of the calculated and measured mixing factors, for the further 
simulation the model No. 2 (i.e. gap with 21 mm width) was selected.  
 



 
Fig. 6: Sensitivity study for the hydro-accumulator baffle gap width 

 
Fig. 7: Velocity fields with different hydro-accumulator baffle gap width 

 
 
MIXING FACTOR CALCULATION 
 
For the mixing factor calculation a simplified core model has been added to the previous 
CFD model (see Version 2. in Fig. 4, SST turbulence model, high resolution spatial 
discretisation scheme, 21 mm gap with at the hydro-accumulator baffles). The simplified 
core model contained the core as a porous region, together with the fuel assembly 
shrouds. Mixing factors were determined by steady-state calculation, concerning nominal 
operational conditions. The coolant flow was “traced” with different scalar concentration 
at the inlet nozzles. The simulation results were compared with Paks NPP measured 
mixing factors data (available from FLOMIX project). The results show quite good 



agreement with the measured data (see Fig. 8.), however, the calculated maximum values 
are continuously higher than the measured ones.  
 

 
Fig. 8: Calculated and measured mixing factors at the core outlet 

 
 

FLOW FIELD IN THE WHOLE GEOMETRY 
 
The coolant flow path in the upper mixing chamber was determined with the help of CFD 
model Version 3. (see Fig. 4) by steady-state calculation, concerning nominal operational 
conditions. 

 
Fig. 9: Velocity field in the pressure vessel under normal operational condition 

 



The results (Fig. 9) show very weak coolant mixing in the upper chamber, and quite low 
coolant velocities in the vessel head. 
  

 
Table 1.: The performed sensitivity studies with the different RPV models 

 
 
SUMMARY 
 
In this paper the recent results of the coolant mixing simulation inside the reactor 
pressure vessel were presented, performed in the Budapest University of Technology and 
Economics, Institute of Nuclear Techniques (BUTE INT).  
Due to the development of the available computational capability, it is already achievable 
to include the direct model of all internals in the CFD model of the pressure vessel. The 
most recent CFD model of the VVER-440 vessel contains about 18 million volume 
elements. 
With the detailed model sensitivity studies were performed concerning the geometry 
modeling, different turbulence models or discretization schemes. From these studies the 
most suitable model parameters could be determined for further simulation (mixing 
factors and transient simulation). 
The selected model parameters were used for a transient simulation of the start-up of the 
6th loop. The first results of the simulation are ready, but not detailed in this paper. This 
transient could be the object of a benchmark study concerning the mixing models of 
different RPV models. 

 
 
 
 


