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ABSTRACT 

A computational fluid dynamics (CFD) k-ε model was developed to simulate the flow 
in a three-pump Circulating Water system (CW) water sump at NPP Krško. Preliminary 
results were obtained by non-commercial version of CFX 5.6 code. Among the flow features 
of interest are surface vortices and pump inlet velocity distributions. Two cases were 
simulated, representing two- and three- pump operations. Calculations for both cases showed 
similar flow behaviour. 

1 INTRODUCTION 

In the intake structure of a Nuclear Power Plant Krško (NEK), free surface or 
subsurface vortices may form in the circulating water pump bay. These vortices can lead to 
reduced flow, air entrainment, and inefficient equipment operation. Processes governing these 
vortices are too complicated to be represented analytically. Therefore, site-specific scaled 
physical models and/or CFD models are used to study phenomena in water intake structure.  

Good pump sump hydraulic properties are summarized in three good-practice operating 
guidelines ([1],[2]). Weak surface vortices (type 1 and 2) are acceptable for the good pump 
operation, whereas stronger vortices (dye core, trash, air bubbles or continuously air 
entraining vortices to the intake) are not allowed. Submerged vortices should not be 
connected to the pump bell mouth. 

The second guideline prescribes velocity variations at the pump section. Velocity in any 
point of the pump section should be in 10% limits regarding the mean pump section velocity: 

 
meanmean vvv ⋅<− %10  (1) 

 
The third guideline prescribes the swirling angle in the pump section: 
 

°<− 5tan 1

v
ndπ  (2) 

 
where d is the pump intake diameter, n is the rotation rate of the swirl meter in 

revolutions per second and v is the axial velocity at the location of the swirl meter.  
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2 PUMP SUMP NUMERICAL MODEL AND BOUNDARY CONDITIONS 

NEK Circulating Water (CW) pump sump (Figure 1, [3]-[5]) was modelled as a 
symmetrical sump, due to the geometrical properties of the sump. No water prerotation due to 
pump rotor inefficiency and no intake structure swirling water flow due to the river intake or 
cooling towers recirculation flow were taken into account.  

 

Figure 1: A geometric layout of the NEK CW pump sump model 

The purpose of the model was to investigate hydraulic characteristics in the pump sump 
without modelling an air entrainment of surface vortices and cavitation inception of 
submerged vortices. 

The numerical model solves the Reynolds Averaged Navier Stokes (RANS) equations 
with a standard k-ε turbulence model using the finite volume method on an unstructured grid 
with 1.7 million elements. Approximately 80 percent of mesh elements are tetrahedral and 20 
percent are wedges. Water flow was modelled as a non-buoyant one-phase flow since water 
compressibility changes due to pressure or temperature changes were neglected. 

A water surface was treated as a flat surface with a free-slip boundary condition. A LO-
LO water level was used as a surface level. No-slip boundary condition was prescribed on all 
solid surfaces. A similar modelling technique has already been used and experimentally 
validated ([6], [7]).  

Water inlet through six travelling screens (TS) (Figure 1, yellow surfaces) was modelled 
using the same inlet velocity boundary condition normal to each screen surface. Total mass 
flow through the inlets equals to total mass flow through the pumps at operating conditions. 
Water outlets at pump rotor inlet location (Figure 1, red surfaces) were modelled using an 
opening type boundary condition with a specified static pressure, so that water direction could 
be calculated according to the flow conditions. 

Table 1: Model properties 

Pump sump volume 999.6 m3 

Water temperature 25oC 
Water surface height (Lo-Lo) 4.5 m 
Pump rotor inlet height 3.2 m 
Pump rotor inlet tube diameter 1.07 m 
Inlet boundary conditions Mass flow (inlet type) 
Outlet boundary conditions Static pressure (opening type) 
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Two numerical simulations were made, one with all three pumps running and the other 
one with just the outer two pumps running (Table 2).  

 

Table 2: Pump operating conditions 

 3 pump case 2 pump case 
Pumps operating CWP01, CWP02, CWP03 CWP01, CWP03 
Mass flow modelled through 
each pump 6.5 m3 8.5 m3 

 
One should stress that anti-vortexing device was not modelled correctly yet due to the 

lack of data, missing the blades that break vortices and direct water flow. 

3 RESULTS AND DISCUSSION 

Figure 2 shows pressure values at the surface for the three-pump case. Positive values 
represent an increased water level while negative values represent valleys of the free surface. 
Incoming water bounces from the back wall where the water level is high. Vortices may occur 
at water level valleys. 

Main water flow initiating at the outermost travelling screen (from now on indicated as 
TS1) just below the water surface would first hit the back wall (Figure 3) and split in two 
parts. The outer part would sink near the outer wall and continue its way diagonally at the 
bottom towards TS2 and later towards the middle pump (pump 2), disturbed by the flow from 
TS2. The inner part would sink near the back wall and enter the outer pump (pump 1).  

The surface swirl at the TS1 (Figure 3) is actually a slowly rotating flow, sucking the 
bounced TS1 water from below, making a few swirls at the surface, and going downwards at 
the TS lock location. Since the speed of downward flow is low, no air entrainment is expected 
at this location. 

 

Figure 2: Pressure levels at the model surface for three-pump case 
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Figure 3: Streamlines from a line 10 cm under the surface for the three-pump case. Red 
colour indicates lower depth and blue colour higher depth. Arrows are drawn at 5-second 

interval. 

Figure 4 shows surface flows near TS2 and TS3. Main surface water flow from TS2 
would split at the pump 1 wall. The outer part would go downwards and would either enter 
the pump 1 or join the bounced bottom flow from TS1 and then enter the pump 2. The right 
part of the main surface flow from TS2 hits the pump1 wall and ends up in one of two 
vortices that lead into the pump 1.  

Main water surface flow from TS3 is a bit similar to the flow from TS1. It hits the back 
wall and splits. The left part either goes behind pump 1 and joins the flow from TS2 or ends 
up in the vortex near the pump1 since the pump wall blocks its way. This is a surface vortex 
with the highest vorticity in the pump sump (the maximum vorticity of 1.25 s-1). The 
generation of the other vortex in front of the pump1 is probably due to the main flow from 
TS3 obstructing the bounced flow from the pump 1 wall. The inner part of the surface flow 
from TS3 would also end up in a surface vortex. Therefore, there are 3 major surface vortex 
locations for the 3 pump case. 
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Figure 4: Streamlines from a line 10 cm under the surface for the three-pump case. Red 
colour indicates lower depth and blue colour higher depth. Arrows are drawn at 5-second 

interval. 

It is interesting that the water entering the pump 2 would mainly originate from TS1 and 
TS3, and not from TS2 and TS3, as one would expect (Figure 5). Therefore, most of the water 
entering the pump 1 would come from TS2. Such behaviour could also be a result of inlets 
boundary condition selection. 

 

 

Figure 5: Streamlines from a line 10 cm under the surface for the three-pump case. Red 
colour indicates lower depth and blue colour higher depth. Arrows are drawn at 5-second 

interval. 
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Calculated velocity variation at the inlet to the pump rotor position for the three-pump 
case shows that normalized velocities are within 10% deviation limit from the average 
velocity of each pump (Figure 6). The only exception could be detected at the front side of the 
pumps. Similar behaviour as in pump 1 in three-pump case was observed for the pump 1 in 
two-pump case (Figure 7). 

 

Figure 6: Velocity variation at pump rotor entrance position (looking down) for the 
three-pump case 

 

Figure 7: Velocity variation at pump rotor entrance position (looking down) for the two-
pump case 

 

 

 



103.7 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 6-9, 2004 

Fluid behaviour for the two-pump case is similar to the fluid behaviour for the three-
pump case. Water from the TS1 again hits the back wall and splits. However, the bounced 
bottom side diagonal flow for the two-pump case is less diagonal as for the three-pump case 
since it enters pump 1. Surface flow from TS2 and TS3 is very similar to a three-pump case 
(Figure 8 and Figure 9), except for the vortex in front of pump 1, which was not so strong. 
Again, a surface vortex with the highest vorticity in the pump sump was a vortex at the right 
side of pump 1 (the maximum vorticity of 1.15 s-1). 

 

Figure 8: Pressure levels at the model surface for two-pump case 

 

Figure 9: Streamlines from a line 10 cm under the surface for the two-pump case. Red 
colour indicates lower depth and blue colour higher depth. Arrows are drawn at 5-second 

interval. 



103.8 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 6-9, 2004 

4 CONCLUSIONS 

A preliminary numerical model for the NEK CW pump sump has been created based on 
similar experimentally validated models ([1], [6] to [8]). The model is capable of predicting 
the hydraulic characteristics, such as velocity, direction and distribution of flow in the intake 
structure. However, it cannot model cavitation at infinitesimal vortex cores or air entrainment 
vortices. Blades of anti-vortexing device have not been modelled yet.  

Although the model is still incomplete, it might give us some basic idea of the flow. 
Hydraulic behaviour of the pump sump for two outer pumps operating has been shown to be 
very similar to the case with all three pumps operating. In both cases, the highest vorticity 
vortex is a vortex next to the outer pump. The calculated pump inlet velocity distributions are 
within the allowed limits except for the small area close to the front wall.  

Besides the model improvements, real flow observations are still needed to confirm 
preliminary numerical model prediction. We are aware of the dangers of extrapolating an 
empirical model beyond its data range. If the choice of the inlet boundary conditions were 
appropriate the vortices locations would have to coincide with the real flow observations. In 
addition, vortex strengths would have to be compared to the real case. Although the resulting 
mathematical expressions of turbulence models may be quite complicated it should never be 
forgotten that they all contain adjustable constants that need to be determined as best-fit 
values from experimental data that contains experimental uncertainties. 

The additional work/study is needed in the near future to discuss uncertainty and 
validation of the current model and also to study more complex cases when river water 
contains certain amount of solid particles.   
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