
 

 

CFD Simulations of Boron Dilution Effect
(Joachim Herb)

Introduction 
In recent years boron dilution effects in the primary 
system of a PWR have been investigated, because 
these effects might result in recriticality after small 
break LOCAs. The investigations were base
on experiments, e.g. at the PKL and ROCOM faci
lities, as well as on computer simulations.  

In order to assess the applicability and accuracy of 
computational fluid dynamics (CFD) in predicting 
boron dilution effects a reference experiment at the 
ROCOM facility was simulated using different mo
delling approaches and grid resolutions. 

Reference Experiment at ROCOM 
The experimental facility is a 1:5 scaled model of a 
generic modern German PWR. The dimensionless 
numbers 
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have the same (Sr, Fr) or comparable (Re
to a full scale reactor. The restart of natural circul
tion was simulated with slugs of deborated coolant
in two loops.  

  
 

(Höhne et al., Nuclear Engineering and Design 
236 (2006), 1309–1325) 

At four measurement planes the “mixing scalar” 
was measured to investigate the remixing
deborated slugs with the borated coolant. 

CFD Simulations 
Five CFD simulations were performed using diffe
ent turbulence models (k-e, SST), different mode
ling of the density differences (two fluid versus di
ferent temperatures) and two different grids.

The simulation results fit well qualitatively with the 
experimental results, especially for the core inlet. In 
the downcomer deviations can be observed, both 
between the experimental results and the 
tions as well as between the different calculations
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CFD Simulations of Boron Dilution Effect s in the Primary System 

In recent years boron dilution effects in the primary 
system of a PWR have been investigated, because 
these effects might result in recriticality after small 

CAs. The investigations were based both 
on experiments, e.g. at the PKL and ROCOM faci-
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“mixing scalar” 
remixing of the 

Five CFD simulations were performed using differ-
fferent model-

ling of the density differences (two fluid versus dif-
ferent temperatures) and two different grids.  

The simulation results fit well qualitatively with the 
experimental results, especially for the core inlet. In 

observed, both 
between the experimental results and the calcula-

calculations. 

Simulations Turbulence 
Model 

Density Model

SST-A SST Temperature

SST-T1 SST Temperature

SST-T2 SST Temperature

k-e k-e Two fluids

SST SST Two fluids
 

Downcomer 

 

      

      
ROCOM SST-A SST-T1 SST-T2 SST k-e 

ROCOM

SST

 

 

95 %-Quantile

SST-A SST-T1 SST

RPV Inlet 
� � �

Upper Downcomer 
� � �

Lower Downcomer 
� � �

Core Inlet 
� � �

Conclusion 
The predicted minimal boric acid concentration at 
the core inlet fits to the experimental results with a 
accuracy of about 25 %. The main challenge is the 
required grid resultion. 
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s in the Primary System  

Density Model Grid Size  
(Elements) 

Temperature 41 Million 

Temperature 7 Million 

Temperature 7 Million 

Two fluids 7 Million 

Two fluids 7 Million 

Core Inlet 
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fits to the experimental results with a 

The main challenge is the 
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