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ABSTRACT 

The detailed flow field of water and steam mixture on the secondary side of horizontal and 
vertical steam generators of nuclear power plants (NPP) is fairly unknown. This is because of the 
lack of large experimental devices and the difficulties related to the measurements in real NPP's due 
to the complex geometry. Two-phase flow in a complicated 3D geometry is also very challenging to 
solve numerically. If the flow fields and temperatures of water and steam could be solved 
numerically, it would be useful in steam generator life time management and accident analysis. 

In this work, VVER-440 type steam generator is modelled with 3-D Euler-Euler 2-phase ANSYS 
FLUENT 12.0 model. Certain simplifications are made, of which the most significant is the 
modeling of primary tubes as porous media. Required physical models (source and interaction terms) 
are implemented in the computational fluid dynamics (CFD) -solver by using user defined functions. 

The primary circuit of the steam generator is calculated with the APROS system code model. 
The obtained temperature distribution of the primary circuit is interpolated to the three-dimensional 
CFD grid describing the porous media model tube banks. This approach provides a realistic 
temperature distribution to be used as boundary condition for the CFD simulations. 

Validation simulations are performed with feed water injection in the middle of the tube banks. 
Void fractions and velocities in few locations are compared to available measurement data. In 
addition the location of the mixture layer is discussed. Sensitivity analyses are performed by studying 
grid dependency, velocity formulation and the effect of the water mass on the results. With the 
validated model nominal power simulations with current feed water manifold are also made with the 
emphasis on the particle tracking. 

 
INTRODUCTION 

The detailed flow field of water and steam mixture on the secondary side of horizontal or vertical 
steam generators of nuclear power plants (NPP) is fairly unknown. This is because of the lack of 
large experimental facilities, and the difficulties related to the measurements in real NPP's. Two-
phase flow in a complicated 3D geometry is also very challenging to solve numerically. If the flow 
fields and temperatures of water and steam were to be solved numerically, it would be useful in 
steam generator life time management and in accident analysis.  

In this paper, a horizontal VVER-440 type steam generator is modelled with 3-D Euler-Euler 
multiphase ANSYS FLUENT model. Certain simplifications, of which the most significant is the 
modeling of primary tubes as porous media, are made. Primary side boundary condition is simulated 
with APROS (Advanced Process Simulation Environment) code. Physical models required to model 
the relevant phenomena are implemented in the ANSYS FLUENT computational fluid dynamics 
(CFD) -solver by using User Defined Functions, UDFs.  

In this paper, validation of the model against void fraction and velocity measurements is 
presented. In addition, particle tracking cases with new feed water manifold are simulated. 
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PHYSICAL MODELS 
 
Conservation laws 

The secondary side of the horizontal steam generator has been modeled using the Euler-Euler 
multiphase model of ANSYS FLUENT 12.0. In the following, the basic conservation laws of mass, 
momentum and energy in the Euler-Euler multiphase model are formulated.  The model equations 
are written in the form used in reference [1], but many ideas are adapted from the references [2, 3, 4].  

Conservation of mass of phase q is [1] 

qqqqqq S
t ,mass)()( =⋅∇+
∂
∂ vργαργα    (1) 

where γ is porosity, αq is the volume fraction, ρq is the density and vq is the velocity of phase q. The 
phases are indexed as follows: 

liquid phase: q = 1 
vapor phase: q = 2 

The sum of the volume fractions is 121 =+αα . The mass transfer between the phases, i.e., 
evaporation and condensation, is described with the source term Smass,q on the right-hand side. 

Conservation of momentum of phase q is [1] 

qqqqqqqqt ,M)()( Svvv =⋅∇+
∂
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The source term SM,q on the right-hand side contains interphase momentum transfer, lift force and 
virtual mass force. In addition, it includes effects of pressure gradient, gravitation and turbulence. 

Conservation of energy is [1] 
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where hq is the specific enthalpy of the phase q. The source term SE,q on the right-hand side includes 
the interphase heat exchange and the heat source from the porous material, i.e., the tube bundles. In 
addition, it contains effects of turbulence and changing pressure. 

 
Mass source terms 

The mass transfer between the phases is included as a source term in the continuity equation (1) 
for each phase. The source term for the liquid phase caused by condensation of vapor bubbles and 
evaporation of liquid is 

PR12,PR21,12211,mass mmmmS &&&& −+−=    (4) 
where pqm&  is the mass transfer rate from the phase p to the phase q due to bulk evaporation and/or 
condensation, and PR,pqm&  is the mass transfer rate from phase p to phase q due to the heat transferred 
from the primary circuit. The source term for the vapor phase is Smass,2 = –Smass,1. 

Evaporation occurs, when the liquid enthalpy is higher than the liquid saturation enthalpy, i.e., h1 
> h′ , whereas condensation occurs, when vapor is in contact with subcooled liquid, i.e., h1 < h′ . The 
following correlations are used for bulk evaporation and condensation 
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where τe is the evaporation relaxation time and τc is the condensation relaxation time. Constant 
values of 1 s have been adopted for both relaxation times. 
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The volumetric steam generation is given by 
( )( ) fg
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with ramp function β defining the ratio of the heat used for liquid heating or boiling and hfg latent 
heat of the evaporation. The volumetric heat transfer coefficient for the liquid heating in the porosity 
model formulation reads 
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where ''
1,wh  is solved from Dittus-Boelter correlation. As is the outer surface area of the of the primary 

piping and Vtot total volume of the control volume. Boiling has been added to the heat transfer when 
the structure temperature exceeds the saturation temperature 
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with the surface area heat transfer coefficient ''
wbh  derived from Thom pool boiling correlation. 

 
Momentum source terms 

In the conservation law of momentum, equation (2), the source term is 
( ) qqqqpqqqqqq p ,DF,vm,lift,CE,M FFFFRgτS ++++++⋅∇+∇−= ργαγγα  (9) 

where p is the pressure and g is the gravitational acceleration. The stress-strain tensor is denoted by 
τq and Rpq is the interphase friction force and FDF,q is the friction caused by the tubes of the primary 
circuit. FCE,q is the force related to momentum transfer between phases, when mass transfer between 
phases occurs.  In other words, when mass is transferred between phases, the momentum related to 
the mass is also transferred between the phases. Flift,q is the lift force and Fvm,q is the virtual mass 
force. The main forces driving the mixture circulation are the gravitational forces, wall friction 
affecting both phases and the interfacial friction. In this study the effects of lift force and virtual mass 
force are neglected. Pressure losses in the axial and perpendicular directions caused by the tube 
bundles are described based on the porous material formulation. Usually, correlations for the pressure 
loss in a porous material are presented for a single phase flow. In FLUENT, the pressure loss is 
divided between the phases as 

DFDF, FF qq αγ=       (10) 
where FDF is calculated as follows 
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In the porous media approximation, the drag forces on the fluid phases consist of two parts: a 
viscous loss term proportional to flow velocity, the first term on the right-hand side of equation (11), 
and an inertial loss term proportional to the square of the flow velocity, the second term on the right-
hand side of equation (11). In an anisotropic porous medium, such as the tube bundles, the 
proportionality coefficients describing the friction forces, Dp and Cp, are tensors. The effect of the 
viscous loss term has been ignored, Dp = 0, since the proportionality coefficient describing the 
inertial loss term, Cp, becomes dominant when flow velocities are large, also Cp is assumed to be 
diagonal. The pressure loss in the parallel direction of tubes is solved from Blasius correlation and 
the pressure loss in the cross-flow direction is solved from the equations in reference [3]. 

For the modeling of the phase-interaction drag model presented in reference [2] was chosen. 
Momentum transfer from the vapor to the liquid phase is proportional to the velocity difference 
between the phases: 

)( 122121 vvR −= K      (12) 
Several models exist for the interphase momentum exchange coefficient K21. The interphase 
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momentum exchange coefficient, K21, which is currently applied in the FLUENT model, was 
developed based on reference [2]:  
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2
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l221 4
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d
CK ρα      (13) 

with different equations for CD depending on the void fraction [2]. The symmetrical drag model of 
ANSYS FLUENT was also tested. In the comparisons made between the two models, the model 
presented above produced more realistic void fraction distribution throughout the steam generator in 
addition to a realistically shaped water surface level. 

 
Energy source terms 

In the conservation law of energy, equation (3), the source term is 

( ) qqpqqqqqq SSQ
t
pS ,PR,EC,E +++⋅∇−∇+
∂
∂

−= qv:τ γγγα  (14) 

where qq is the heat flux, Qpq is the intensity of heat exchange between phases p and q. The last two 
terms are related to condensation and evaporation and to heat transfer from the primary circuit. In the 
following, some of these source terms are discussed in detail. 

The source term of enthalpy caused by bulk evaporation and condensation in equation (14) for 
the liquid phase is 

))(( 112211,EC hhmmS −′′−= &&     (15) 
where pqm&  denotes the mass transfer rate due to bulk evaporation or condensation in equation (5). 
The corresponding source term in the enthalpy equation for vapor is 1,EC2,EC SS −= . 

The source term for the vapor due to the heat transfer from the primary side is 
'''

2,wfgPR12,2 PR, qhmS += &      (16) 
whereas the rest of the total heat flux used for liquid heating 
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APROS MODEL 

The primary circuit of the steam generator is modelled with Apros code [7]. It is multifunctional 
software for modeling and dynamic simulation of processes and different power plants.  

The primary circuit has been divided into five horizontal layers in the Apros model. The 
uppermost layer is presented in Fig. 1. Several tubes are modeled with the same Apros component: 
four consecutive tubes in the horizontal direction and fifteen in the vertical direction. The flow rate of 
the primary circuit is controlled by a control valve and a control circuit. 
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Fig. 1. The uppermost level of the primary circuit in the Apros model of the VVER-440 horizontal steam 
generator. 

 
The secondary side of the steam generator is presented in Fig. 2. The portion of the secondary 

side occupied by the tube bundles has also been divided into five horizontal layers. Five horizontally 
aligned downcomer nodes have been added to allow some recirculation, and the area above the tube 
bundles (steam dome) is modeled with two nodes. The heat transferred in each of the five layers of 
the primary circuit is conveyed into its own node on the secondary side. The feed water flow is 
adjusted with a three-point control, which monitors the water level of the uppermost downcomer 
node. 
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Fig. 2. The secondary side of the Apros model for the VVER-440 steam generator. 
 
As a result of an Apros simulation, the temperature distribution of the primary piping is obtained. 

It is used as a boundary condition for the CFD model. The tube bundle temperatures calculated with 
the Apros model for the upper feed water injection case are presented in Fig. 3. The outer wall 
temperatures that are shown have been interpolated to the porous media model of the tubes in the 
CFD grid. 

 



 TTThhheee    EEEiiiggghhhttthhh   III nnnttteeerrrnnnaaattt iiiooonnnaaa lll    SSSeeemmmiiinnnaaarrr    ooonnn   HHHooorrr iii zzzooonnntttaaa lll    SSSttteeeaaammm   GGGeeennneeerrraaatttooorrrsss    

OOOKKKBBB   “““ GGGIIIDDDRRROOOPPPRRREEESSSSSS””” ,,,    PPPooodddooolllssskkk ,,,    RRRuuussssss iiiaaa    

111999---222111    MMMaaa yyy,,,    222000111000  
 

 

 
 
Fig. 3. Temperature [°C] in the walls of the primary pipes on the hot and cold sides of the steam 

generator, as well as level 1.5 meters above the steam generator bottom as imported from Apros simulation. 
 
CFD MODEL 
 
Geometry and grid  

The geometry and computational grid were created using GAMBIT-preprocessor [1]. The steam 
generator is approximately 12 meters long, and has a diameter of approximately 3 meters. The 
geometry of the model is based on the original technical drawings of the Loviisa NPP steam 
generators. The upper part of the steam generator (steam drier) was not modelled and the primary 
tube bundles were modelled as porous media. Tube support plates were modelled as thin walls.  

Both the old and new feed water manifolds are modelled in the geometry. Geometry and the finer 
grid of the model are presented in Fig. 4. and Fig. 5. 
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Fig. 4. Geometry and the computational grid of the model. 

 

 
Fig. 5. Geometry and the computational grid of the model. 

 
Two different grids were used in the simulation. General info of the grids is presented in Table 1. 
            Table 1 
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The quality values of the used grids. 
 Cell count Max 

Volume 
[m3] 

Max 
skewness 

Max Aspect Ratio 

Grid01 120000 0.0077 0.97 500 

Grid02 950000 0.0013 >0.98 500 

 
Skewness and aspect ratio are variables used for grid quality observation. Aspect ratio is defined 

as the ratio of the max and min average lengths of the edges in coordinate direction. Skewness is 
defined as  
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where maxθ  and minθ  are the maximum and minimum angles (in degrees) between the edges of 
the element. For high quality grids skewness ratio does not exceed 0.4 and aspect ratio does not 
exceed 100 [1]. 

 
Boundary conditions 

As an inlet boundary in the model is the feed water injection. In the lower feed water injection 
case, the amount of feed water is 130 kg/s at 223 °C. Feed water is injected to the steam generator 
through the feed water injection nozzles, which are located in the middle of the tube bundles. For the 
pressure outlet boundary condition the operation pressure of 46.0 bars is used. [5] 

In the upper feed water injection case, the amount of feed is 138 kg/s at 230 °C. Feed water is 
injected to the steam generator through the feed water injection nozzles, which are located above the 
tube bundles. The water is distributed according to that of the Loviisa NPP. For the pressure outlet 
boundary condition the operation pressure of 44.8 bars is used. The locations of both feed water 
manifolds are presented in Fig. 5. 

In a real VVER-440 steam generator, the steam exits through five equally large pipes. In the 
model the upper part of the steam generator is not modelled, thus the outlet is presented as a 
rectangular face with an area that is approximately as large as the total area of the five pipes.  

Primary piping is modelled as porous media with a porosity of 0.72. For the porous volumes wall 
temperature values solved in Apros are given. The tube bundle temperatures calculated with the 
Apros model for the upper feed water injection case are presented in Fig. 3.  

 
Numerical models 

Turbulence is modelled with k-ε mixture model, which is extended to apply to the mixture of 
phases [1]. For discretization of momentum, turbulence and the energy second order upwind, and for 
volume fraction the QUICK method were used. For time the first order discretization was used. For 
velocity formulation in porous media two options are available: superficial and physical. When 
calculating with superficial velocity, ANSYS FLUENT calculates the velocity based on volumetric 
flow rate. The superficial velocity values within the porous region remain the same as those outside 
of the porous region. This limits the accuracy of the model where there should be increase in velocity 
throughout the porous region. For more accurate simulation the true physical velocity formulation 
should be used. For more details of the numerical models see reference [1]. Both formulations were 
tested; the effect of the chosen velocity formulation was negligible. 

 
Performed simulations 

The model was tested in simulations with coarser and finer grid, in order to get a better 
understanding of the behavior of the model. The final objective of the simulation was to validate it 
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against measurements [5] and to simulate magnetite distribution in the steam generator. The 
validation simulation was performed with lower feed water injection and the particle distribution 
with both feed water manifolds. The simulated cases are presented in Table 2. 

            Table 2 
 

Simulated cases. 

Case Grid Velocity 
formulation 

Power 
[MW] Qin [kg/s] 

Water 
mass [t] 

LF_1mm Grid01 superficial 242 130 kg/s 33.5 

LF_2mm Grid01 superficial 242 130 kg/s 33.5 

LF Grid01 physical 242 130 kg/s 33.5 

LF_fine Grid02 physical 242 130 kg/s 33.7 

LF_35.5t Grid01 physical 242 130 kg/s 35.5 

UF Grid01 physical 248 138 kg/s 33.5 

 
For the phase-interaction friction, the symmetric drag model with 1 mm and 2 mm droplet size 

was used in the cases LF_1mm and LF_2mm, respectively. In the case LF, the models presented in 
reference [3] were used for the interfacial friction and for the tube bundle pressure losses. The 
simulations were carried out as time-dependent. However, the goal was not to simulate any transient, 
but to find a reasonable steady solution for the flow field and water level in the steam generator. 

 
RESULTS 

The simulations were compared against the measurements found in the literature [5]. 
Measurement points of the experiments are presented in Fig. 6.  
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Fig. 6. Location of the measurement points at 70 mm below the top of the tube bundles (modified from 

[5]). 
 
Because the exact location of the observation points in the X and Y direction was not known to 

the authors of this paper, the values were taken as an average of wider area between tube bundles.  
The location of the observation planes used in the following figures are shown in Fig. 7. 

 



 TTThhheee    EEEiiiggghhhttthhh   III nnnttteeerrrnnnaaattt iiiooonnnaaa lll    SSSeeemmmiiinnnaaarrr    ooonnn   HHHooorrr iii zzzooonnntttaaa lll    SSSttteeeaaammm   GGGeeennneeerrraaatttooorrrsss    

OOOKKKBBB   “““ GGGIIIDDDRRROOOPPPRRREEESSSSSS””” ,,,    PPPooodddooolllssskkk ,,,    RRRuuussssss iiiaaa    

111999---222111    MMMaaa yyy,,,    222000111000  
 

 

 
Fig. 7. Location of the observation planes. 

 
Grid dependency 

The info of the used grids is presented in Table 1. Comparison of the calculated void fractions at 
different horizontal levels are presented in Table 3 for the two different grids.  

            Table 3. 
Grid comparison results. 

Case Pthermal 
[MW] 

Average void 
fraction at level 1.0 

[m] 

Average void 
fraction at level 2.0 

[m] 

Average void 
fraction at level 2.4 

[m] 

Average void 
fraction at level 2.6 

[m] 

LF 242 0.20 0.49 0.45 0.88 

LF_fine 242 0.22 0.48 0.47 0.82 

 
The average void fractions obtained with the two different grids are in fairly good agreement; a 

little more foaming appears in the coarser grid results. This is probably due to the larger numerical 
diffusion. The velocity field is slightly altered, but all in all it is very similar in both cases. More 
detailed comparison of void fractions and velocity values in the observation points are presented in 
Table 4, where the calculated results in the measurement points of Fig. 6 are shown.  
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            Table 4 
Grid comparison results. 

Case Void1 [-] Void2 [-] Void3 [-] Void4 [-] Vel1 
[m/s] 

Vel2 
[m/s] 

Vel3 
[m/s] 

Vel4 
[m/s] 

LF 0.31 0.42 0.31 0.30 0.31 0.30 0.07 0.26 

LF_fine 0.32 0.38 0.30 0.29 0.30 0.35 0.07 0.43 

 
Validation 

Validation was made with the coarser grid. Simulation results were compared to void and 
velocity measurements found in the literature [5]. For validation, the symmetric drag model of 
ANSYS FLUENT 12.0 with bubble sizes of 1 mm, case LF_1mm, and 2 mm, case LF_2mm, was 
tested along with a case with models adopted from [3], case LF.  The validation results are presented 
in Table 5. 

            Table 5 
Results of the validation cases. 

Case Void1 [-] Void2 [-] Void3 [-] Void4 [-] Vel1 
[m/s] 

Vel2 
[m/s] 

Vel3 
[m/s] 

Vel4 
[m/s] 

experiments 0.3 - 0.4 0.3 - 0.4 0.3 - 0.4 0.3 - 0.4 0 - 0.4 0 - 0.4 0 - 0.4 0 - 0.4 

LF_1mm 0.13 0.14 0.14 0.27 0.32 0.36 0.19 0.52 

LF_2mm 0.20 0.25 0.17 0.22 0.25 0.28 0.13 0.18 

LF 0.31 0.42 0.31 0.30 0.31 0.30 0.07 0.26 

 
Results obtained with the symmetric drag model show significantly lower void fractions than the 

experiments. The calculated velocities fall within the range of the experiments. In the case LF, the 
void fraction results are significantly better. Void fractions of the case LF at different cross-sections 
are presented in Fig. 8 and Fig. 9.  

 

 
Fig. 8. Void fraction at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot collector is 

located on the right-hand side. 
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Fig. 9. Void fraction on observation planes y0.4 (left) and ym0.4 (right).Case LF. 

 
More boiling occurs on the hot collector side, especially above the feed water injection. On the 

cold collector side, the void fraction is in axial direction fairly constant. At the ends, where there are 
no tube bundles, the mixture level locates lower and at the bottom there is more water. This is better 
illustrated in Fig. 10, where the location of the 70 % water-vapor surface in the axial direction of the 
steam generator on the hot side and on the cold collector side is presented. 

 

 
Fig. 10. Location of the 70% water-vapor surface above the tube bundles. Case LF. 

 
Qualitatively the calculated water level corresponds well to the measurements performed with 

similar water mass; see for instance references [5, 6]. However, since the exact definition of the 
mixture levels of the measured cases is not known, quantitative comparison can not be made.  

In Fig. 11 – 12, the velocity vectors of the steam and water phases are presented at the chosen 
cross-sections of the steam generator. 
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Fig. 11. Water velocities (m/s) at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot 

collector is located on the right-hand side. Case LF.  
 

 
Fig. 12. Steam velocities (m/s) at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot 

collector is located on the right-hand side. Case LF. 
 
Water flows downwards near the walls of the steam generator. Circulation from the hot collector 

side towards the cold collector side occurs. This is due to the temperature distribution of the primary 
piping, see Fig. 3. Because of that the stagnation point at the bottom is located more on the hot 
collector side.  

Velocities are higher on the hot side tube bundle areas, which is partly due to the physical 
velocity formulation and the higher tube temperatures on the hot collector side. Steam rises upwards, 
except in the feed water injection area and near the steam generator wall on the cold collector side, 
where the water flow forces steam to follow it. 

 



 TTThhheee    EEEiiiggghhhttthhh   III nnnttteeerrrnnnaaattt iiiooonnnaaa lll    SSSeeemmmiiinnnaaarrr    ooonnn   HHHooorrr iii zzzooonnntttaaa lll    SSSttteeeaaammm   GGGeeennneeerrraaatttooorrrsss    

OOOKKKBBB   “““ GGGIIIDDDRRROOOPPPRRREEESSSSSS””” ,,,    PPPooodddooolllssskkk ,,,    RRRuuussssss iiiaaa    

111999---222111    MMMaaa yyy,,,    222000111000  
 

 

Effect of the water mass 
The effect of the water mass in the steam generator was analyzed with the validated model. In 

Fig. 13, the 70 % mixture layer level of the case LF_35.5t with 35.5 t of water is presented. 
  

 
Fig. 13. Location of the 70% water-vapor surface above the tube bundles. Case LF_35.5t. 

 
Compared to Fig. 10, the addition of the water mass to the steam generator results to significant 

change in the water level. The level on the cold side is almost as high as on the hot side.  
 

Effect of the feed water manifold 
The normal operating case with upper feed water injection was simulated with the validated 

model. In Fig. 14 – 15, the void fractions of the case UF at different cross-sections are presented. 
 

 
Fig. 14. Void fraction at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot collector 

is located on the right-hand side. Case UF. 
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Fig. 15. Void fraction on observation planes y0.4 and ym0.4. Case UF. 

 
The changed location of the feed water injection has a clear effect on the void fraction field; the 

mixture level is slightly raised and the amount of the water at the bottom is decreased. In addition, 
the general void fraction field in the axial direction is not as constant as in the case LF with lower 
feed water injection, Fig. 8 and 9. 

In Fig. 16 and Fig 17 the velocity vectors of water and steam are presented. 
 

 
Fig. 16. Water velocities (m/s) at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot 

collector is located on the right-hand side. Case UF. 
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Fig. 17. Steam velocities (m/s) at observation planes x0 (on the left) and plane xm2.67 (on the right). The hot 

collector is located on the right-hand side. Case UF. 
 
The flow fields are generally very similar to those obtained with the lower feed water injection. 

Circulation from the hot side to cold side occurs, and the flow velocities are faster on the hot 
collector side tube bundles, where the temperatures are also highest.  

Magnetite particles with diameters of 1 mm, 0.1 mm and 0.05 mm were injected to the calculated 
flow field from the feed water injection surfaces. The density for magnetite was chosen to be 5000 
kg/m3. As the magnetite particles found in steam generators are very small, diameters below 1 mm, it 
was assumed that the particles do not affect the flow field in the particle tracking simulation. The 
deposition of magnetite is shown in Fig. 18. 

 
Fig. 18. Particle deposition at the bottom of the steam generator, view above the steam generator. Particles 

with diameters of 1mm, 0.1mm and 0.05mm are coloured red, blue and white, respectively. Case UF. 
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The particles end up on the hot side of the steam generator, which corresponds well to the 

stagnation point seen in Fig. 14 and is in accordance with the maintenance experiences. The fact that 
the feed water injection is located on the hot side, affects the deposition in the simulation. The 
particle size has also an effect on the deposition, with particles of diameter 1 mm ending up near the 
feed water injection. 

 
SUMMARY AND CONCLUSIONS 

In this work a horizontal VVER-440 type steam generator is modelled with 3-D CFD model. The 
geometry of the model is based on the original technical drawings of the Loviisa NPP steam 
generators. Certain simplifications, of which the most significant is the modeling of primary tubes as 
porous media, are made. Physical models required to model the relevant phenomena are implemented 
to the ANSYS FLUENT CFD -solver using User Defined Functions. 

The results obtained for the flow fields and void fractions behave qualitatively in a reasonable 
manner. The distinctive features of the hot and cold sides of the steam generator are found in the 
results. The results obtained for the water velocities and void fractions in certain observation points 
agree well with the measurements found in the literature. However, the location of the mixture layer 
seems to be higher on the simulation, although qualitatively it compares fairly well with the 
measurements. The amount of the water mass inside the steam generator defines the level of the 
mixture layer.  

The fine hexahedral grid used in the simulation makes also possible to describe quite accurately 
the regions outside the tubes, such as the narrow gaps between the tube bundles. 
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