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Abstract 
 

The paper examines the behavior of the steam phase in two-phase flow in the space 
between fuel elements of a transparent model of WWER FA with “Vortex”-type mixing grids. 
The model was a real subchannel scaled-up in the ratio of 5 to 1 and allowed for gas feeding 
through the walls of displacers to simulate boiling on fuel surface. Hydraulic resistances of 
intensifier simulators were determined during experiments and bubble paths were photographed 
at different velocities of the water flow. Experimental results made it possible to verify 
calculation models developed at SSC RF - IPPE for fuel assemblies with “Vortex”-type mixing 
grids. These models let calculate the effect of steam removal from fuel surface. 
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1. Introduction 
Increase in the reactor facility thermal capacity to 3200-3300 MW is provided for in the 

AES-2006 and WWER-TOI projects. The increase in the thermal capacity together with the 
increase in the secondary coolant characteristics leads to reduction of boiling margin in the FA 
outlet section and minimum CHF margin, which may have an unfavourable impact on the 
thermal reliability of the fuel element and the whole core.  

To maintain thermotechnical margins at a safe level, it is planned to install mixing grids 
(MG) in the FA. The ultimate goal of equipping the FA with mixing grids is to increase the core 
power density, to remove some operating limitations, to extend operating parameters while 
strictly observing requirements for thermotechnical reliability, dimensional stability and FA 
integrity [1-2]. Meanwhile, it is desirable that the MG designs used for the purposes above 
indicated should provide improvement of the FA thermal characteristics without significant 
increase in its hydraulic resistance. 

At present, two options for equipping the FA with mixing grids – heat transfer intensifiers 
– have been offered for WWER-1000 reactor facility. They are “Swirler”-type honeycomb grids 
for TVS-2M designed by EDO «GIDROPRESS» and “Run-through”-type plate grids for TVSA-
ALFA designed by OKBM. The former produce vortex flows in subchannels between fuel 
elements, the latter generate directed flows in a FA. 

The paper examined behaviour of the steam phase in two-phase flow in the space between 
fuel elements of a transparent FA model in a WWER with vortex mixing grids – heat transfer 
intensifiers. 

 
2. Experimental apparatus 

The inlet part of the test model contained a round tube with the inner diameter of 50 mm 
and inside the tube three segment displacers 50 mm in diameter were located. For viewing, video 
recording and photographing motion of gas bubbles in the flow, the outlet part of the test model 
had a transparent sector, its shape identical to that of the cross section. So, the model was a real 
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subchannel scaled-up in the ratio of 5 to 1 and allowed for gas feeding through the walls of 
displacers to simulate near-wall boiling on fuel surface.  

Provision is made for installing a standard grid (without flow rotation) and five options for 
“Vortex”-type grids, producing flow rotation in the space between fuel elements, at the inlet to 
the transparent part of the model.  

The grid model was construction made up of three plates 75 mm high, 50 mm wide and  
0,5 mm thick, bent at an angle of 120 degrees. The plates put together and welded at the ends 
formed a three-petalled model of a standard grid (not a vortex one). The petals of other similar 
grids were bent so that vortex intensifiers with different degrees of swirling were formed. 
Altogether four intensifiers with a different angulation θ tgθ=6/75; 10/75; 15/75; 20/75 have 
been made. Besides, to magnify the swirling effect, another model option of a vortex intensifier 
was made, which was a combination of two vortex grids arranged in series, each of the grids 37 
mm long with the angulation tgθ=20/37 (a double vortex grid of 2×20/37 type). 

The photos of the standard grid models (tgθ=0/75) and vortex grid (heat transfer 
intensifier) models which were used in the experiments (of the 6/75, 10/75, 15/75, 20/75 and 
2×20/37 types) are shown in Fig.1. 

 
 

 
        Standard grid 0/75                       Vortex grid 6/75                    Vortex grid 10/75  

 
          Vortex grid 15/75                        Vortex grid  20/7               Vortex grid    2×20/37 

 
Fig.1. Models of the grids 

 
To measure the pressure gradient and to find hydraulic resistance coefficients for both the 

grid types, pressure taps were made in the transparent part of the model. Besides, to let gas 
bubbles into the flow in the upper part of metal displacers (near the inlet to the transparent part) 
openings 1mm in diameter with welded restrictors were made.  

 

3. Experimental results 
In experiments with standard and vortex grid models, installed in the transparent part of the 

FA, hydraulic resistances of intensifier models were found. Also, paths of gas bubbles let into 
the flow through the opening in the fuel element simulator were photographed at different 
velocities of the water flow in the channel.  

Hydraulic resistance coefficients 2/2 VP ρξ ∆= were calculated according to the grid 
pressure gradients measured in the experiments. These are shown in Fig. 2. 
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ξ - hydraulic resistance coefficient; α - angulation of grid petals 

 
Fig.2. Hydraulic resistance of vortex grids 

 
The main task of the viewing experiments was to trace gas bubble paths in the flow swirled 

by vortex grids. The most important information obtained from processing the photo array 
relates to the speed of removing bubbles from the fuel surface due to the pressure gradient 
arising in the flow swirled by a vortex grid. 

To obtain such data vortex mixing grids were installed below the gas inlet opening, and 
the transparent part of the channel with bubbles going out through the opening was photographed 
using a side mirror fixed at an angle of 45 degrees to the left of the part. 

 The transparent part of the test section with displacers, the side mirror and the camera are 
diagrammatically represented in Fig.3а. Fig. 3b shows location of the double vortex grid in the 
transparent part. 

 

 

 
 

 

                             а)                                                                              b) 
 

Fig.3. Photo of the transparent part and view drawing of the double vortex grid 
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So, photos with two views of bubble paths were taken, bubbles moving in a swirled flow 
along a spiral curve (see Fig. 4). 

 
 

                     
Grid10/75, 
angulation 7° 

Grid 15/75,  
angulation 12° 

Grid 20/75,     
angulation 5° 

Grid 2X20/37, 
angulation 0° 

 
Fig.4. Typical paths of bubble plume 

 
It can be seen from the photos that with the increase in swirling the vortex grid the paths 

take the form of a progressively wound spiral with the increasing speed of removing bubbles 
from the fuel element simulator wall. 

Upon processing the photos, parameters of spiral bubble paths were obtained and 
tangential Vt and normal Vn bubble velocities near the surface of the fuel element simulator were 
determined at different axial flow velocities V in the channel (in the range from 0 to 7 m/sec). 
The ratio of velocities Vt/V, Vn/V is shown in Figure 5. 
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α - angulation of grid petals 

 
Fig.5. Tangential and normal bubble velocities near the surface of fuel element 
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4. Conclusions 

Thus, experiments with vortex grid models showed that the speed of removing bubbles 
from the surface of the fuel element simulator increases with the increase in the vortex grid 
swirling.  

On the other hand, experiments showed that the hydraulic resistance coefficient of vortex 
grids increases with the increase in the vortex grid swirling as well and, therefore, the positive 
effect of eliminating the steam phase correlates with the negative effect of increasing the 
hydraulic resistance of  vortex grids.  

Results of the experimental investigation made it possible to verify TURBOFLOW code 
developed at SSC RF – IPPE. The code allows calculating both the effect of steam removal from 
fuel surface and hydraulic resistance of vortex grids for full-size FAs. 

Variants calculations by TURBOFLOW computer code showed that the optimum model is 
a vortex grid model with the angulation θ=11 degrees, which does not only provide sufficient 
speed for removing gas (steam) from the fuel surface but also has relatively small hydraulic 
resistance.  

The work was carried out under the contract with TVEL Fuel Company as part of 
implementing the heat-transfer intensification programme for WWER FA. 
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