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Numerical Investigations on the Effect of the Axial Interval between 
Intensifying Spacer Grids on the Critical Heat Flux Value for Fuel 
Assemblies with Non-Uniform Axial Power Distribution

D. Kireeva, D. Oleksyuk
NRC "Kurchatov Institute", Moscow, Russian Federation

In this paper a number of numerical studies on 
intensifying heat exchange conducted by NRC 
'Kurchatov Institute' are presented. 

A standardised heat exchange intensifying 
spacer grid (UDRI) can be installed at any height 
along the fuel assembly (FA) heat-generating sec-
tion. When installed at the bottom of a fuel assem-
bly, the UDRI facilitates intensive coolant mixing; 
the UDRI mounted at the top of a FA provides bet-
ter mixing and the enhancement in heat exchange. 
The application of the heat exchange intensifying 
spacer grids results in better fl attening of the cool-
ant parameters along the cross-section and high-
er critical heat fl ux ratio. The investigations were 
carried out by means of numerical code SC-INT 
using mesh generation that have been specially 
designed by NRC 'Kurchatov Institute' to perform 
calculations for fuel assemblies equipped with the 
intensifying spacer grids. 

The effect of the axial interval between UDRI 
grids on the critical heat fl ux value for two typical 
axial power shapes has been investigated. The 
derived optimal solutions for the positioning of in-
tensifying grids are also presented. 

1. Introduction

Development of methods for intensifying heat 
exchange is of great importance because of the 
current power ascension test programs. The in-
vestigations for optimization of intensifying grid 
(IG) design and improvement of IG performance 
are presently carried out by different organizations 
of the Russian nuclear industry. Advanced design 
concepts for fuel assemblies (FA) equipped with 
IGs are currently developed. A promising solution 
for heat transfer enhancement in FAs has been 
proposed by NRC 'Kurchatov Institute'. This solu-
tion involves installation of standardised intensify-
ing spacer grids (ISG). The designed UDRI grid 
combines both heat exchange enhancement and 
fuel rod spacing functions. An ISG of UDRI type 
has been derived from a standard spacer grid with 
fl ow defl ectors mounted at the top. 

A number of experiments on intensifi cation and 
mixing effi ciency of UDRI grids have been carried 

out using test facility 'KS' (NRC 'Kurchatov Insti-
tute'), however in all the experiments fuel rods with 
uniform axial power distribution have been em-
ployed. In the reactor cores of all operating NPP 
units axial power shapes are far from uniform. 
The experiments at test facility 'KS' showed that 
installation of UDRI grids in FAs resulted in critical 
power gain from 7 to 18 % depending on the oper-
ating conditions and axial interval between UDRI 
grids [1]. Calculation results for non-uniform axial 
power distribution presented in this paper allow 
one to evaluate the effect of UDRI installation in 
FAs of operating NPP units. The UDRI effi ciency 
has been investigated for two typical axial power 
shapes. The fi rst axial power shape simulated one 
for the beginning of the cycle (BOC), the second 
axial power shape corresponded to the end of the 
cycle (EOC). 

All calculations have been carried out by 
means of numerical code SC-INT using mesh gen-
eration for thermohydraulic analysis [2].

2. Description of Calculation Model

2.1. Numerical Code SC-INT

Numerical code SC-INT using mesh generation is 
designed by NRC 'Kurchatov Institute' for thermo-
hydraulic analysis of a selected fuel assembly (or 
its part), reactor core (or its part) of VVER reactors 
in stationary and non-stationary conditions.

Complex SC-INT is applied for calculations 
of hydraulic resistance of a selected reactor core 
section, axial and radial distributions of coolant pa-
rameters (coolant fl ow, enthalpy, steam content), 
critical heat fl ux ratio and temperatures of fuel rod 
clad external surfaces.

Complex SC-INT provides mesh generation 
on the cross-section surface of the selected reac-
tor core part (see Fig.1 ). The mesh cells are rep-
resented by parallel channels with turbulent and 
convecting mixing of transverse coolant fl ows.

Special models for calculations of a SG were 
used in the numerical code. The models have been 
optimized for the code using the experiments car-
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ried out at test facility 'KS' (NRC 'Kurchatov Insti-
tute') with simulators of 37-rod VVER-1000 fuel as-
semblies equipped with SGs of different designs [3].

For calculations of critical heat fl ux in fuel as-
semblies with SGs the following correlation was 
used:

qint  qbase Fint 
cr cr    (1)

qint  
cr  is critical heat fl ux near the surface of a 

hot fuel rod for the confi gurations with standard 
spacer grids and standardised intensifying spacer 
grids, MW/m2;

qbase 
cr  is a critical heat fl ux near a hot rod sur-

face derived from the generalized correlation with-
out accounting for the effect of heat transfer en-
hancement, MW/m2;

Fint  - the function accounting for the enhance-
ment in heat exchange.

The critical heat fl ux value is derived using the 
generalized correlation from the formula devel-
oped by OKB “GIDROPRESS':

0.5 0.105p 1 0.0185 p F1 xbase 0.127 0.311q 0.795 1 x Gcr

  (2)

and the function accounting for the enhance-
ment in heat exchange can be derived from the 
following empirical correlation:

1
n   G 0.7 int intF 1 K (c x) e

1000
  (3)

here Kint is a coeffi cient of intensifi cation for the 
grid; G is a mass fl ow rate (kg/(m2·s));

n is the index of power for the function which 
accounts for the mass fl ow rate effect on the inten-
sifi cation process;

x is the relative enthalpy of coolant;
с is an empirically determined coeffi cient;
ζ is an integral grid effi ciency parameter (here 

it is taken to be equal to the grid drag coeffi cient);
m is the index of power for the function which 

accounts for the drag coeffi cient (DC) effect on the 
intensifi cation process;

zint is the distance from the last grid (relative to 
the fl ow direction) to the FA cross-section under 
consideration, m;

b is the number of hydraulic diameters within 
the relaxation distance; 

dh is the average hydraulic diameter for two 
neighbour cells, m.

Figure 1. An elementary 
volume of the VVER 
reactor core.
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2.2. FA Model

For computer simulation a model for one VVER 
fuel assembly was created. The geometry of FA-
2M obtained from the technical project data was 
as following:

 ● across fl ats dimension;
 ● fuel section height;
 ● nominal outer diameter of fuel rods;
 ● nominal rod lattice pitch;
 ● nominal outer diameters of a guide channel 

and instrument channel;
 ● DC values for a bottom nozzle of a fuel assem-

bly and spacer grids.
Fig. 2 shows a meshed cross-section of a FA-2M.

In the central area of an assembly cells are 
bounded by fuel rod perimeter contours and lines 
linking fuel rod centres. Within the outer area of an 
assembly cells are bounded by fuel rod perimeter 
contours, lines linking fuel rod centres and perpen-
diculars drawn from fuel rod centres to assembly 
boundaries. Angular cells are merged with the cor-
responding neighbour outer cells. The total num-
ber of cross-section mesh cells is 660.

There are four types of the cells:
 ● 486 cells between fuel rods (for example, cell 
№ 7);

 ● 114 cells surrounded by two fuel rods and a 
guide tube (GT) (for example, cells 25 and 97);

 ● 48 outer cells (for example, cell № 602);
 ● 12 angular cells (for example, cell № 601).

1 - tvel; 2 - instrumentation channel; 3 - guide tube.

Figure 2. Meshed cross-section of a FA-2M
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Figure 3. Power distribution for the beginning of the cycle (BOC)
(a) - power shape for a fuel rod; (b) - axial power shape.

Figure 4. Power distribution for the end of the cycle (EOC)
(a) - power shape for a fuel rod; (b) - axial power shape.
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The height of the reactor core was divided into 75 
sections.

Power density distributions for radial and axial 
power shapes obtained by neutronic calculations 
using complex 'KASKAD' [5] were applied as initial 
data for modelling.

An axial power shape and power shape or 
each fuel rod for the beginning of the cycle (BOC) 
are given in Fig. 3; Fig. 4 shows those for the end 
of the cycle (EOC).

In the numerical investigations four confi gu-
rations for UDRI grids were examined. The fi rst 
(standard) confi guration was represented by a 

a) 3680

250 340 255

340*9=3060

b)

255250 340

340*9=3060

c)

250 340 255

340*6=2040 255*5=1275

d)

250 340 255 170

340*6=2040 170*6=1020

- SG - UDRI

Figure 5. Positioning of the grids along the height of a fuel assembly: a) SG grids spaced at 340 mm, b) 
UDRI grids spaced at 340 mm, c) UDRI grids spaced at 255 mm, d) UDRI grids spaced at 170 mm.

fuel assembly of FA-2M type equipped with 13 
standard spacer grids (SG), the axial interval be-
tween SGs was equal to 340 mm. The second 
confi guration employed a fuel assembly with 13 
intensifying spacer grids of UDRI type installed 
340 mm apart. The third confi guration included a 
fuel assembly with 9 UDRI grids installed at the 
bottom and 5 UDRI grids at the top with the axial 
intervals of 340 and 255 mm respectively. The 
forth confi guration was represented by an assem-
bly with 9 UDRI grids at the bottom and 7 UDRI 
grids at the top with the axial intervals of 340 and 
170 mm respectively. All the confi gurations are 
shown in Fig. 5.
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3.  Results

The most important parameter investigated in 
this paper is departure from nucleate boiling ratio 
(DNBR). Fig. 6-7 show DNBR distribution along 

the fuel assembly model height for all investigated 
confi gurations. It can be seen that, in accordance 
to a calculation model (1)- (3), DNBR increases to 
the immediate rear of each grid and exponential-
ly decreases toward the next grid. More detailed 
minimum DNBR distribution between the grids is 

Figure 7. DNBR distribution along the fuel assembly height for different axial intervals between spacer 
grids at the end of the cycle: 1 - SG grids spaced at 340 mm, 2 - UDRI grids spaced at 340 mm, 
3 - UDRI grids spaced at 255 mm, 4 - UDRI grids spaced at 170 mm.

Figure 6. DNBR distribution along the fuel assembly height for different axial intervals between spacer 
grids at the beginning of the cycle: 1 - SG grids spaced at 340 mm, 2 - UDRI grids spaced at 340 
mm, 3 - UDRI grids spaced at 255 mm, 4 - UDRI grids spaced at 170 mm.
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Figure 8. Limiting envelope curves for minimum DNBR values along the fuel assembly height for different 
axial intervals between spacer grids at the beginning of the cycle: 1 - SG grids spaced at 340 mm, 2 
- UDRI grids spaced at 340 mm, 3 - UDRI grids spaced at 255 mm, 4 - UDRI grids spaced at 170 mm.

Figure 9. Limiting envelope curves for minimum DNBR values along the fuel assembly height for different 
axial intervals between spacer grids at the beginning of the cycle: 1 - SG grids spaced at 340 mm, 2 
- UDRI grids spaced at 340 mm, 3 - UDRI grids spaced at 255 mm, 4 - UDRI grids spaced at 170 mm.

shown in Fig. 8-9.

The calculated values of minimum DNBR for all 
confi gurations are given in Table. The results show 
that for a FA equipped with standard spacer grids 
minimum departure from nucleate boiling ratio for 
the beginning of the cycle is 1.713 at the height of 

2993 mm that is 10.6% more compared to the end 
of the cycle (1.532 at the height of 3582 mm).

For a FA equipped with UDRI grids installed 
340 mm apart minimum departure from nucleate 
boiling ratio for the beginning of the cycle is 1.756 
at the height of 2993 mm that is 11.3% more com-
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pared with the end of the cycle (1.558 at the height 
of 3582 mm). For fuel assemblies with the axial 
interval between UDRI grids of 255 mm minimum 
DNBR for the beginning of the cycle is 1.781 at the 
height of 3091 mm and 1.568 at the height of 3582 
mm for the end of the cycle. For FAs with UDRI 
grids spaced at 170 mm intervals minimum DNBR 
values are 1.859 at the height of 3091 mm and 
1.628 at the height of 3435 mm for the beginning 
and end of the cycle respectively.

Comparison of the DNBR values for different 
confi gurations shows that the highest DNBR is 
obtained for a fuel assembly equipped with UDRI 
grids spaced at the top at 170 mm intervals. At the 
beginning of the cycle the gains are 4.1%, 5.5% 
and 7.9% compared with UDRI grids spaced at 
255 mm, 340 mm and SG grids spaced at 340 
mm respectively. At the end of the cycle the corre-
sponding gains are equal to 3.7%, 4.3% and 5.9%.

For UDRI grids spaced at 340 mm intervals 
the gains achieve only 2.4% and 1.7% at the be-
ginning and end of the cycle respectively. UDRI 
grids spaced at 250 mm intervals provide higher 
gains of 3.8% and 2.3% at the beginning and end 
of the cycle respectively. As discussed above, it 
has been shown that the confi guration with UDRI 
grids installed 170 mm apart allows one to gain 
the best performance. It is however to be noted 
that installing UDRI grids at 170 mm intervals at 
the top of an assembly results in considerable in-
crease in hydraulic resistance of the assembly that 
can negatively impact the coolant fl ow through the 
reactor core; in this case no signifi cant increase in 
DNBR is possible.

4. Conclusion

In this paper there are presented numerical inves-
tigations on the effect of the axial interval between 

Table 1. Minimum critical heat fl ux ratio

Confi guration Period of cycle Min DNBR

SG
BOC 1.713
EOC 1.532

UDRI
340 mm

BOC 1.756
EOC 1.558

UDRI
255 mm

BOC 1.781
EOC 1.568

UDRI
170 mm

BOC 1.859
EOC 1.628

UDRI grids on departure from nucleate boiling ra-
tio (DNBR) for two typical axial power shapes.

According to the results of the previous experi-
ments conducted by NRC 'Kurchatov Institute' [1], 
the UDRI grids were assumed to provide consider-
able critical heat fl ux enhancement. However the 
calculation results obtained using complex SC-INT 
showed maximum gains of 7.9% and 5.9% for the 
confi gurations with UDRI grids at the beginning 
and end of the cycle respectively. These values 
were obtained for six extra UDRI grids spaced 
at 170 mm intervals at the top of a FA; the other 
spacing intervals provided relatively little effect.

It is to be noted that the experimental studies 
have been carried out using 37-rod fuel assem-
blies with uniform axial power distribution. In the 
experiments heat production of the outer fuel rod 
simulators was about 20% lower compared with 19 
central fuel rod simulators, and installation of UDRI 
grids led to increase in critical heat fl ux due to en-
hanced mixing. The calculation results showed that 
for the central FAs mixing effect is considerably 
smaller. It should also be noted that intensifying 
performance of the grid is essentially affected by 
the coolant parameters in the crisis area. In par-
ticular, relative enthalpy values in the experiments 
were higher compared with those for calculations.

The effect of UDRI grids application for heat 
exchange intensifi cation near fuel rod surfaces 
should be investigated experimentally using fuel 
assemblies with non-uniform axial power distribu-
tion. UDRI design optimization is also to be pro-
vided in order to reduce its hydraulic resistance.

The obtained results allow one to select the 
optimal axial intervals between UDRI grids for 
non-uniform axial power distribution. A number 
of experiments are to be conducted at test facil-
ity 'KS' for non-uniform axial power distribution to 
validate the results of calculations.
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