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ABSTRACT 
This paper is about experimental study of hydrodynamics of target system construction with a spherical beam 

window (membrane). The visualization of current and current velocity fields in energy release area was considered. The 
findings are used to optimize the geometrical characteristics of target system. Also report contains the information about 
functioning accelerator-driven system, description it principle circuit and description of basic requirements what the 
target design should satisfy. 

INTRODUCTION 
The development of accelerator-driven systems has 

aroused considerable interest now. First of all this is due 
to searching for ways of solving major problems related to 
further development of nuclear power (radioactive waste 
processing, safety increase, etc.). 

The accelerator-driven system (ADS) operation is 
based on a nuclear reaction of interaction between high-
energy 1-2 GeV particles (protons, electrons) and nuclei 
of elements with a large atomic weight (lead, lead – 

bismuth, tungsten, etc.). As a result of this reaction a 
significant quantity of neutrons is released which can be 
used for transmutation of long-lived isotopes in 
radioactive waste, for fissile material breeding, or for 
control of subcritical reactor – accelerator system to 
generate electric power. 

A basic circuit of ADS functioning is presented at 
Fig.1: initial fuel components arrive at a special factory, 
the fuel assemblies are made of them, these assemblies are 
loaded in a blanket ADS, where they are irradiated by a 
target-generated neutrons flux.  
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FIGURE 1. This figures shows the general layout of accelerator-driven system components 



 

 

The heat removed from the blanket and the target is 
used to generate electric power, 10 % of which is 
expended for the installation requirements. After holding 
of fuel in the blanket fuel assemblies are directed to a 
factory processing, and then short-lived fission products 
are intended for engineering storage, while breeding fuel 
designed for other nuclear needs.  

One of ADS basic elements is a target, in which a 
nuclear reaction of interaction between charged particles 
and nucleui of heavy elements proceeds. 

Based on the functional purpose, the target design 
should satisfy the following basic requirements: 
• To provide effective spallation of neutrons; 
• To provide a temperature field in targets excluding 
inadmissible temperature values from the point of view of 
both local boiling liquid metallic coolant (LMC), and 
resource serviceability of construction materials. 

The target design should also meet the requirements 
traditionally specified to equipment of radioactive circuit 
with LMC: 
• Easy of manufacture of manufacturing, mounting and 
dismounting; 
• Reliability and resource serviceability; 
• Minimal hydraulic resistance; 
• The design should provide removal of reaction 
products from a target, including those with density 
different from LMC density (gaseous or vaporous). 

METHODS 
The term of “Nuclear and heat plants” chair of the 

NIZHNY NOVGOROD STATE TECHNICAL 
UNIVERSITY supervised by experts of The State 

Scientific Center – Institute of Power Plants Engineering 
takes part designing a target system construction with a 
lead-bismuth coolant. A construction with a spherical 
beam window (membrane) was chosen as an optimum 
design variant of this target. A basic circuit of the design 
is showed in (Fig.2). 

The hydrodynamics of liquid metallic target variants on 
water was studied experimentally to optimize the 
geometrical characteristics (distances between a membrane 
and resistance plate, and the resistance parameters, 
minimizing the stagnant and returnable current (vortex 
currents) areas on a membrane were determined. The works 
are performed in two stages. At the first stage the 
hydrodynamics was studied on two-dimensional (plane) 
models, in which a model represented a channel in form of 
longitudinal axial section of a target of 5 mm high. 
Visualization of a flux accomplished by air fed to the 
entrance of the model and to various areas of the model.  

The basic problems of hydrodynamics research on 
plane models were obtaining of a qualitative visual picture 
of current in a plane model, the influence exerted on it by 
a change of the resistance plate coefficient, and a change 
of the distance between a membrane and resistance plate. 
Photos of current visualization are given in Fig 3. The 
research results were used to choose an of the optimum 
value of the plate resistance coefficient and optimum 
distances between a membrane and a resistance plate 
providing the smallest areas of returnable current (vortex 
currents) near the central channel boundaries. 

The obtained data were used to specify geometrical 
parameters of the target design. At the second stage of the 
hydrodynamics research of the flowing part of the solid 
(three-dimensional) model of a target on water was carried 
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FIGURE 2.  This figure shows the basic circuit of target system construction with liquid metallic coolant 



 

 

out. The geometrical similarity factor for this model is 
equal 1. The hydrodynamics of the model was studied the 
current velocity fields were measured in the area of 
intense energy release of the model, the influence 
distances between the resistance plate and the membrane 
were considered. The experiments were performed at Re = 

71400. The velocity fields at distances of the resistance 
plate 50, 100, and 200 mm are shown in a fig. 3 (v/Vav – 
Ratio of the segment of the bore cross section velocity 
average velocity of the cross section r/R – relation of 
radius on which was measured speed to radius of the 
central channel). 

0.31

0.62

0

0.62

0.31

r/R 

FIG

a), b) – Visua
c), d), e) – Th  
targets model
 

          
a)       b) 

v/Vav

0.31 0.31 0.620.62 0
0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

0

v/Vav

r/R 

0.31

0.62

0.62

0.31

0.31 0.31 0.620.62 0
0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

 
c)       d) 

0.31

0.62

0

0.62

0.31

r/R 

0.31 0.31 0.620.62 0  
e) 

URE 3. This figure shows the experimental study of hydrodynamics of target system construction  
with liquid metallic coolant on water: 

lization of current  in two-dimensional targets model 
e measured current velocity fields on distance 20, 100, 200 mm from the resistance plate of volumetric
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RESULTS 
The experimental data show, that the optimized 

target design meets the specified requirements from the 
viewpoint of absence of area vortex current, stagnant 
zones in the area of a high power flux. The velocity 
distribution data indicate an opportunity of effective 
heat removal from this area, however a final conclusion 
should be based on thermophisical calculation taking 
into account the obtained hydrodynamical characteristics 
of the target. 

CONCLUSIONS 
Further optimization of the target (if necessary) can 

be carried out by means of experimental improvement of 
design variants of a levelling throttle and by choice of a 
proper place of its installation or by other measures of 
velocity profile in the peripheral channel. Solution can be 
also found to ensure such hydrodynamics in the central 
channel that effectively provides heat transfer from the 
central area of the peripheral channel (area of highest 
power fluxes) to its peripheral areas. 

 


